RESTRICTED

INTERNATIONAL COMMISSION FOR THE NORTHWEST ATLANTIC FISHERIES

Serial No.2033 ICNAF Res.Doc.68/5%

(D.c.9)
ANNUAL MEETING - JUNE 1968
!Schaefer-type' assessments of catcl/effort relationskips
in North Atlantic cod stooks
by D. J. Garrod
Fisheries Laboretory, Lowestoft, England
11 oti

It is cbviously desirable to base stock sssessments upon critical analyses
of the parameters influencing population size in particular atocks. Mor the most
part these ltud.i:u bave in the past depended upon catch per unit effort/effort
anslysis, or more recently, upon !virtual Populstion' analysis which overcomes
in some measurs the inherent varisbility of catch per unit effort data, The use
of this technique has recently led to a substantial modifiocation of the assesa-
Bent of the Iceland cod stock based upon the oatch per unit effort data (Ices,
1968a), and it seems possible that analogous studies of the north-west Atlantio
ocod stocks will also be hampered By the difficulties of constructing an adequate
series orr consistent data, In this light it is relevant to seek confirmation of
the analytiocal models by the alternative, but less rigorous, approsch developed
by Schaefer (1954) and extended by Gulland {1961). This method does have the
advantage that its gemerality includes the variations in absolute yield which
are genersted by density dependent changes in the fundamental population para-
moeters and which are in practice excluded from most analytical assessauents to
date, owing to the difficulty of defining these factors with any degree of
precision, Moreover, the method facilitates rapid comparison of dats from
different fisheriss and ensbles one to drew upcon the effects of fishing in stocks
that .have 'boon-u;ploitod intensively for a longer period than the north-weat
Atlantic stocks, which have been sub jected to a rapid increase in fishing only
in receant years,

Methogd

Once recruitaent is complete the sbundance of an exploited fish population
is for the moat part determined Wy the amount of fishing to which the constituent
age groups have been exposed, However, in all exploited cod stocks it is easy to
identify a number of age groups which contribute the major proportion of the
abundance of the exploited stock in 0y yesar, and so, as an approximation, it
can be sald that the abundanoe in that year is determined by the fishing effort
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to which these age groups have been expesed. Nost of the ood stocks of the north
Atlantio make their major oemtribmtion as 5-, 6- and 7-year-olds, so the meammed

ahundance would inclwde primerily the effects of recruitsent, and of fishing
mmmdmmmmpmoﬁm&ym.

If the abundance is measured as the nusbers of fish caught per unit effort
then this index will decline expomentially with increasing fishing effort.
However, data for a series of years during which effort has changed considsrsely
are necesssry to deteot the effeot of inoreasing effort upon the abundance of
the stook, amd at the present time only the landed weight per unit effort is
evailable for the nacessary period for most stocks, The relationship betweea
the landed weight pesr unit effort and inoreasing effort is mathematically more
complex; in faot at high levels of effart this relation would be rather lower
than cne based on nusbers, owing to the lower mesn weight of fish caught at high
levels of exploitation, Comversely one can argue that this tendancy would be
offset by density dependent ahanges in the stock, or by & reduction in the rate
of diacerding on board the fishing vessels, Consequently it is meaningful to
approxisate the relationship between catoh weight per unit effort and effort by
the logarithmic regressiom that would be applied to catch nugbers, plotting the
logaritha of the catch per wumit effort sgainst the mean fishing effart in the
Year of sampling and the preseding two years,

This technique has been applied to data for the following cod fisheries;

Barents Sea : West Greenland
Bear Island Labrador
Tceland Newfoundland
Faroe

e

sot out in Table 1. There are difficulties in this area breakdown, »oceuss esch . .
area does not necessarily support one unique unit stock, The Barents Ses/Bear
Island fisheriea are part of the Arcto-Norwegian stock complex, so that the |
exclusion of the Narway coast fishery, which also exploits the same atoock, will
lead to an underestimate of effort. This is perhaps not important in this

oaafext, becauss the abundange of the stock in these two fisheries depends on

the abundance of the immature cod, and at this stage of 1life the two stocks are
independent . (Garrod 1967), At Faroe two stocks - the plateau and the bank -

are included in the one set of data (Jomes 1966), At Tceland the stock situation

is less well understood than had been thought, for it has become evident that the

-

s~
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catch per unit effort given is not a neasure of the total abundance of the stock;
however, it does measure a part of it, in the same way as the Barents Sea and
Bear Island data measure a part of the Arcto-Norwegian stock, To this exent |
the eatimates of catch per unit effort are valid, but the total international
effort is certainly overestimated (ICES 1968a), The distribution of the north-
wost Atlantic cod stocks was descrided by Tespleman (1962); froa his analysis,
and subsequent national research reports (ICNAF, 1962-67), and the work of
Hodder (1965) it is clear that the Labrador stock extends into Subarea 3, ani.
even exoluding this the considsration of ths statistics from Subarea 3 as a
single unit clearly includes data from more than ome other stock,
To facilitate the camparison between stocks the catch per unit effort date

for the seven areas shown in Table 1 have been reduced to a standard unit, i,e,
the catoh per hour of a 760 ton English distant-water sids trawler. For the
north-east Atlantic fisheries this is available directly from national data sad
has been taken from the reports of various ICES Working Groups in recent years
(XCES 1967, 1968a, 1968b), For the north-west Atlantic stocks some conversion
device has been necessary, For West Greenland cod the basic catch per unit
effort is the mean of the index recorded by three groups of Portuguese dory
vessols, Portuguese side trawlers (901-1800 t), Spanish side trawlers (901-1800 t)
and German side trawlers (501-900 t), expressed relative to the index of abundance
that these groups recorded in 195,. This follows a procedure adopted »y the
West Creenland Working Group (ICNAF® 1966), Deta for the Labrador stook have
been derived from those given by Hodder (1965) for Partuguese trawlers in the
JMJune period, and for Newfoundland the basic unit is the mean of the
catch per unit effort of French, Portuguese and Spanish trawlers derived in a
manner analogous to that for the West Greenland stock (ICNAF 1954,-1967). These
various units of effort have then besen converted to the English unit by eppropriate
conversion factors based on the cowparisons of fishing between the various fl;ota
in recent years, when the English vessels have fished these Subareas to a
greater extent, In faot, provided that this ccmversion has remained constant
its accuracy dces not matter, because the subaequent trea.t.ment of the data
depends on the relative changes in catch per unit effgh’t?::;cher than between, stocks.

- The total international effort has been estimated in the conventional way
from the total catch and the English catch per unit effort.
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Resulta

The regression squations of thess relationships between catch and effort
are given in Table 2, giving the intercept as an estimate of the initial
abundance of the unexploited atock, and the regreassion coefficient as a measure
of the effect of fishing effort, The correlations am good for the north-east
Atlantic stocks, showing that deapite ths theoretical shortcomings the relation
batween catch ang eff'ort is adequately described by the technique used, Varia-
bility about the regression can be ascribed to variation in year-clase strength,
and sampling errcrs. If the errors in the treatment of data are comparable
between atocks, then the greater variability of the regression for the West
Greenland and Labrador stocks can be attributed to proportionately greater
fluctuations in year-class strength or availablity. There is ample evidence
of thia in more rigorous studies of those fisheries (Horsted 1967; MNay 1966),
There is no regression for the Newfoundland fishery, owing to its stability
during the periocd for which dats are availekle,

The regression cocefficient is a measure of the effect of the unit of effort
chosen, and clearly this generates a greater effect on scme stocks, But fishing
mortality is more correctly related to fishing intensitys it is only related to
offort where the area of a stock is constant, If a comstant fishing intensity
generates a constant fishing mortality, i.e. if the reaction of cod to fishing
gear is canstant, then the difference between the regression coefficients
reflects the greater effort required to generate equivalent fishing intenait;;r
in the different stocks, which itself might be expected to be related to
differences in the areas ococupied by them, Thet this is so will be showmn later
(see Appendix 1 and Figure 3). The fishing effort on each stock has therefore
been weighted to give a fishing intensity equel to that on the Farce stock (that
with the smallest area), using the ratios of the regression coefficients,

Similarly, although the absolute magnitudes of these stocks are different
they can be generalized by measuring the proportional decline from the original
unexploited stock size in relation to increasing fishing effort. The data in
this form are plotted in Figure 1. The lineesr regression is an adequate
expression of these data, It should perhaps be slightly concave downward, and
this would flatten a derived yield cuxve, bﬁt it has no bearing on the relative
positions of the various stocks on this curve, which is the object of this

contribution,
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This generalized yield curve and 'Schaefer plots' are given in Figure 2,
The implication of this technique is that all the north Atlantic cod stocks
have identical relative yield curves, Thia is not unacceptable when one con-
siders the logical oonclusgion of the constant parameter model as developed by
Beverton end Holt {1964). The values of W/K can be presumed to be nearly
constant, except for Faroce cod and, for practical purposes, the ratio Lo/Lm
is also approximately constant between stocks, since oomparabie mesh sizes are
in use throughcut the areas, and the asymptotic lengths are not very different,
within the socuracy of existing data, except for the Labrador stock.
Discussicy

The present level of exploitation of the various fisherles in these terms
is added to Figure 2, showing the present lével below the funotion, and, where
relevant,the peak resched in earlier years above it.

The Baxrents Sea flishing reached a peak fishing intensity beyond the optimum
in 1961-1963; this happened at Bear Island in 1957-1959, Since then effort has
declined, especially at Bear Island, Recent analytical assessment of the Arcto-
Norweglan stock as a whole showed that the maximum yield would bs achieved by a
25 per oent reduction in effort (ICES 1968b), . = It should be recalled that
this present result excoludes the effort in the Norway coast fishery, and to a
layge extent the contribution of mature fish to the yield., So, whilat the prasent
levels of effort may well relate to the potential yield of individual fisheries
as indicated, this cannot Be directly equated with the requirements of the entire
stock, In fact the yleld curve of Arcto-Norwegian cod under the present con-
ditions of exploitation is flatter than that shown in Figure 2, with a maximua
at a lower level of fishing intensity than this scale,

The recent assessment of the Iceland stock showsd that, at the most realistic
assumptions about the rate of natural mortelity, the present yield is close to
the maximum, though there is some doubt as to the correct measure of effort,

In this examination of the data this has been overcome by the adjustment of
effort to a common base, using the assumption that & common fishing intensity
will gemat_e the mame proportional decline in stock a.bund.ame;

The Faroe fishery reached a peak fishing intensity in 1960-1962, from which

| the level of exploitation has returned to something close to the cptimum, though

the stock has not yet returned to its equilibrium level,
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In the north-west Atlantic this treatment implies that the level of fishing
at West Greenland has resched the optimum, This is in broad agreement with
Gulland's conclusion (GULLAND 1967) 'that the 1965 level of effort is not sub-
stantially below the level giving the maximum sustained yield, and may well be
sbove it', Gulland was clearly inclined to the latter view bui this was based
on estimates of mortality derived ultimately from the age composition of
research vessel samples, Wherever virtual population analysis hes been used
in conjunction with ostech per unit effort analysis{e.g. for the Aroto-Norwegian
and Iceland stocks) it has shown the catch per unit effoart analysis to over-
estimate mortality, This is understandable, since the amize group cbjective cof
a fishery will decrease as fishing becomes more intense. In view of this the
ocnoclusion that the level of fishing at West Greenland is close to an optimun
is not unreslistic. |

The position of the Labrador fishery :I.u. less certain, owing to the limitat:
of the data at hand, particularly the exclusion of landings from Subareas 3K and
3L, The indication. from this analysis~that the level of exploitation is
probably to the left of the optimum (Figure 2}~ conflicts with the conclusions
drawn by May (1967). His estimate of ¥/¥ chosen for entry into the tables of
yield functions was deduced from age oocmposition data (May 1966),and it is worth
noting that it is rather higher (4.5) than Gulland's estimate (3,5) for the Welst
Greenland stock, which ocne might expect to be the more heavily exploited of tre
two by virtue of its greater accessibility, The gensral logic of the position
given for Labrador in Figure 2 can be seen by compariscn of thia fishery with
that of the Barents Sea., In the latter area a Tishing effort of 520 units

(Tsble 1) is adequate to reach a point close to the optimum, The Labrador fish. _

in Subareas 2G, 2H, 2J ocoupies an area equivalent to about one half that of the
Barents Sea fishery, so one would expect c, 250 units of effort to reach the
same level of exploitation at Lebrador., The present level is ¢, 180 units,
However, if Subareas 3K and 3L are included the area of the Labrador fishery
becomes almost equivalent to that of the Barents Sea, and if the effort at
Laborador is weighted up by the catches in theao. Subareas, then the labrador
fishery will alsc lie closer to the optimum level, at the alternative position

(6a} shown in Figure 2,
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' The only justifisble conclusion from this is that the proportional decline
in catch per unit effort at Labrador has been less than that cbserved elsewhere
in securing the optimum level of fishing, Moreover, recruitment to this stock
is apparently less variable than elsewhere, so that the observed maintenance of -
the catoh rates in that area is less likely to be caused by a favourable varia-
tion in recrui¥ment,

In the recent data for the Newfoundland stock the trend in effort is not
sufficient to permit the caloulation of a meaningful regression. There are signs
of increase in the last two years, but on the whole the fishery has remained
remarksbly stable since 1950, Its present position in Figure 2 has been estlmated
from data given by Beverton and Hodder (1962). In their Pigure 6.1 the catch.
per unit effort of trewl landings is given as ¢,35 for the period 1935-19!,.5,
and o, 22 for the period 1950-1956, and there is no evidence to show that it has
changed significantly since then, The corresponding erfo:;t figures for these
periods are 7 units and 16 units respectively, Thus the change from 7 to 16 units
generated a 37 per cent decline in stock sbundanoe, end on the logarithmic soals
this can then be related to the abundance of the unexploited stoock. The pro-l
portional decline to the present stook abundance can then be traced on Figure 1
and related to a level of effort for entry on to Figure 2, Similarly a regression
coefficient can be estimated for entry in Table 2, This implies that the levsl
of exploitation in Suberea 3 is in the region of its optimal level, or slightly
beyond it if the true yield ourve is flatter than that shomn,

Conglugiong

For an area such.as the north-west Atlantic, where very rapid changes in
fishing intensity have recently taken place, it is difficult to estimate the
population parameters vital for critical stock asaessment, but there is somethning
£0 be gleaned from comparisons with other stocks for which more consistent data
are available, .

The methods used in this paper are obviously very approximate, and the paper
ia contributed not as e definitive statement but to stimulate a coritioal appraisal
of catch and effort analysis before drawing far-reaching conclusions on the
preaent levels of exploitation in the north-west Atlantic, or for that matter the
north Atlantic as a whole, Although the precision of the present approech is
not high the results do indicate that the level of fighing in the north-west

Atlantic is probably very cloﬁe to the optimum required to secure a yield close
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to the potential maximum, and certainly not a long way beyond this level,
This points to the need to stabilize fishing effort at its present level,

rather then to restrict the expansion of the existing fleet capacity.

B9



Appendix 1.
The relationship between fishing effort, fishing intensity and the geo-

graphical area of distribution of the explolted stocks,

From basic theoretical concepts, and using the internetional notation

-

~Z
. . Iy = ? (1 = ™);
N here represents the initial abundance of the unit stock, and in the relative
terms of this inter-stockcomparison it is unity, i.e. N =N =N° ....., so that

=%
T F(1 - 8
N= ( A R

More precisely, F = gf/A, where A is the area of the stook, i.e. F is proportional
to fiahing effort per unit area, and the fishing intensity f/A = (£/4)' ete.

Herce
-Z
YN=£(1“03
A( 2
and %
AIN:Q(1 0;.
F (2

With the exclusion of the effect of area size upon catchability, the coefficient
qQ now has the narrower sense relating to the response of fish to fishing gear, and
the relative distributions of fish and fishing with time, These can also be
assumed conatent within the species, Hence when the proportional decline in

ebundance of two stocks N and N' 1s equal

Q E1 - e’zgg / a §1 -Ze‘zy 1
Ny - gﬂNi 1
K3 T ,
'YNf’] Al

and —_—
'INH’ A -

Furthermore, at this equal level of depletion the yleld will be an equal

propartion of the initial stock, so that ¥y = Yy and %'1-_- ]1;1,
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The fishing effort required to generate the equivalent decline in the two
stocks will be propartional, and the relative catch Per unit effort will be
inversely proportional to their respective areas, Similarly the regression
coefficient relating the change in catch per unit effort to increasing fishing
effort will be inversely proportional to this area, Conseqﬁently, if' the
theoretical concept that fishing mortality is proportional to fishing intensity
is valid, then a plot of the ratio of the regression coefficients against the
ratio of geographical areas, both referred to a standard, will also be
proportional,

The ratios of the regression coefficients and the geographical areas are
given in Table 2, uaing the data for Bear Island as standard. The geographical
aree has here been defined as the number of na.utié;l square miles lying between
the coastline and the 200 fathom isobath circumscribing the known distributicon

" of the stock, and limited, where necessary, by the boundaries of the Statis-
tical Divisions from which the data have been taken, This assumes that any
unaccounted area of distribution beyond the 200 fathom isobath will be pro-
portional to the area within, Although necessarily approximate .this measure

is adequate to indicate the relative slzes of the areas occupied by the stocks

considered here,

The relationship between these ratios is a measure of the increase in
effart required to maintain an equivalent fishing intensity in each area,

This is illustrated in Figure 3 showing also the bisector., There iz a sub-:
stantial enomaly for the Iceland fishery. It suggests that the derivation of
a figure for the total international effart at Icelend from the statistics of
the English fishery has led to a serious overestimate, Subsequent investie
gation has confirmed this ; the English fishery is based meinly on immaturs
cod, but some 50 per cent of the international catch is com;'posed of mature
fish which are barely represented in the English catch per unit ef'fort data,
The method of derivation of the internmational effort figure thus leads to

'doubls counting',

B11



- 1|]_ -
Refeorences

Beverton, R. J. HE, and Holt, S, J., 1964, Tebles of yield functions for fishery
assessnment,
F-‘-.Oo Fiﬂho t”ho PQP- NO. 38’ l|-9 PP- l

Beverton, R, J. H, and Hodder, V. M., (Eds.), 1962, Repart of Working Group of
Scientists on fishary assessment in relation to regulaetion problems,
A. Prm. mt. Cm NTI'. Atlant. Fish..’ vol. 11 FY su.ppl.’ PG 2’.-.

Garrod, D. J., 1967. Fopulation dynanics of the Arcto-Norwegian cod.
J, Pish, Resa, Bd Can,, Vol, 24, pp. 145-90,

Gulland, J. A., 1961, A note on the population dynamics of the redfish, with
apecial reference to the prdblem of age determination,
Repp. P.-v. Réun, Cons, perm, int. Explor, Mer, Vol. 150, pp. 254-7.

Gulland, J. A., 1967, Biological and sconomic effects cn west Greenland cod of
conservation actions, A, Biologlical aspects.
1,¢,N.A.F. Comm, Doc,, No. 67/19, App. 2, pPe 1=3.

Hodder, V. M., 1965, Trends in the cod fishery off the east coast of Newfoundland
and Labrador,
Res, Bull, int, Commn NW. Atliant, Fish,, No. 2, pp. 31-41.

Horsted, S. A., 1967, Remarks on ysar-class fluotuations in the west Greenland
cod stocks,
I.C.N.A.P, Res, Doc., No. 67/10k, 8 pp.

1,0.E.S,, 1967, Report of the North~westerm Working Group,
Co-op, Res, Rep., Cons, perm., int, Explor, Mer, Ser, B, 1966, pp. 12-58,

I,0.E.3., 1968a, Repart of theNorth-westerm Working Group,
I,C,E.S3., CM. 1968 (Mimeo), In preas. '

1.C.E.3., 1968b, Report of theNorth~easternArctic Fisheries Working Group.
1.C.E.S., CM, 1968 (Mimeo), In press.

I,C.N, AP, 19621967, Research Reports by member countries,
Redbooks, 1962-1967, Part 2,

I,C.N.A.F., 1966, Report of meeting of Greenland Working Group, Copenhagen,
21-25 February 1966,
I,C.N.A.F. Res. Doc., No, 66/18, 17 pp.

Jones, B, W., 1966, The cod and the cod fishery at Feroe.
Fishery Invest., Lond., Ser, 2, Vol, 24, No, 5, 32 pp.

May, A, W., 1966, A note on natural mortslity in Lebrador cod.
I.C.N.A.F, Res, Doc., No. 66/26, 8 pp.

May, A. W., 1967. Biological date for bio-economic assessment of Subarea 2 cod.
" I.C,N.A.F, Res. Doc., No, 67/69, 5 pp.

Schaefer, M. B,, 1954, Some aspecta of the dynamics of populations important to
the management of the coumercial marine fisheriles,
Bull, inter=-Am, trop, Tuna Commn, Vol, 1, pp. 26-56,

Tewpleman, W., 1962, Divisions of cod stocks in the northwest Atlantiec,
Redbook int, Commn. NW, Atlant, Fish,, 1962, Part 3, pp. 79-123.

B 12



-12 -

! f o I
g2°0 28 £2 9%*0 Lol L6¢ 65°0 €6 b qg - 96°0 £:6 682 ; 9%61
lg*o 204 iz P €70 226 K34 18°0 00k ¢ 04 6%°0 M Ve | G964
{2°0 96 G2 i 20 60+ a¢h 63°0 | 60F . 92k £5°0 33 ¢oz Kl
120 Chi 2 P60 &lg AN W0 ¢ ISE 1 9L 190 GGo oG ¢osl
61°0 621 2 I 9%°0 g 53 e ! ez gee 69°C 8L ong Z96t
9E°0 oLt {2 B e cég (4219 B6°0 . 622 | 22 . 9%°0 k(YA goh b6 L
Gz°0 09+ ¢ . €670 66¢ A 0g*0 ! 6zr ! 2Ok e 2oL oeg 0961
6z*o SOk 92 | 29°0 Y/ os% 260 |, loz | m ¢°0 zih €ze . 6GEY
820 WOk 82 i WLto 90¢ 025 260 1 162 i ez £€5°0 129 8R¢ | gsgl
0%°0 18 Y GL"0 19 L6Y €0°L | 6z | 6T L 99°0 249 0M 1661
9€°0 9l 92 G6°0 €g 28 gt ¢+ gli g i G6°0 g¢a {8l 9664
06°0 8L 6¢ l6*0 Log 444 6L°F 5 98 149 LGl vl 342! GGE L
6%°0 KA 9§ %6°0 185 oG 8¢t a2l 66 L0°L 1 g 864 w6
0% 0 ol L2 0" §i6 114 ol 9L 0 g0 ; lz& . M £G6!
6£°0 %9 1 58°0 L oM g7 L 2L 90+ 26°0 | M . =g 2661 |
AN og 199 18°0 66¢ A (4 sty .6 o' 66°0 . gt gOY a6t |
06°0 ¢t of 06°0 oM 29¢ 86° 3 94 450 S R+{ SR 114 0564 |
%50 14 514 90° e 29¢ g8°2 an Lzt gv'e - lzg ;. agW 6MEL |
0 14 vz 9i°i 192 zz¢ 85°2 26 1 L géty Lo | low ghE
640 ¢S 39 Ge't 0¢e 90% 49 Vg a9t 66°e Ptk LN
08°0 6< (229 9l°L 19 642 G6°9 L€ 042 22 g8 1 002 9NEL
H I
"E'N°d0 | FOJIT | uoged *E'0°d°0 | 3IW0IFT | qoyed ‘ETATD | 3E0IFE | uojed "E'A°d'0 | 3IIT | udFed
|
VS QNVTEOT ONVIST ¥VEH “ VES SIRFEVE
J8TMBI] SPIS U0 09l “¥°a Jroy I9d suoj - JaxcJ3e JTum aed yojesd
IeTawI} SPTS ucy 09/ Lq Burysty samoy 'Y'n jucTeaTnbe - 3I033¥
YS3JJ pUnO $uoj Jo SPURSNOY3 = UO3ED
BX0038 POD DTIUSTIV YRION JO SOTISTIEIS yO3ed OTSeg *| oTqe]

B 13



-13 -

) . T _ i _ T 1
Lo* 9%t  66% 9% E=] S <[44 P ol ® Qe | gof 996 | |
"96°0 116 . 98 2y g6v | zEE 02"+ 862 8¢¢ G964
gLl 1Zh 86 60°2 L 204 | ¢z & A% g2 0%¢ o6t
mei 2¢ 9% €62 I &g 1% 684 @z 96¢ €961
60} L6¢ 69¢ o2 - o1 N T4 86°% gze Wi 2%+
6+ f1:14 o g 601 . &92 e e ahe 196 4
Ko J® 697 or 09°2 8% 0%t Z0° (€2 9¢e 096+
T ¢le aZv 80°¢2 62 09 Tty 02 £e2 6S6t
68°0 0114 w62 26° ¢ +2 on 09"+ 002 0z¢ gG6+
0%} oz &' al°e r4® 49 A" 148 692 166+
k(" o (4 06¢ 9¢°¢ o] e [ rd et rA4 Y 966 ¢
60" k19 62h 69°2 Ok 92 g+*e 44" 292 GGh L
A" k14 AR lo°¢ L 22 e*2 6zZL lé2 oL
g n°d 0 | $XOJIH | U93RD *§°0°dTD | 3I03FE | HOIED “£°n°d°0 | MOJIL | UOIED
CNVIONOOIAT] “ EOATEIYT CIVINETD ISTM

(penur3uod} °T °T1qBL

B 14



- 14 -

ATuo sanTeA pelowTIss oJe sasayjussed ur saamoTd

ciL°2 bLi 0¢2°2 - - {60200°0-) - TUBTPUNOJAIN
f9'z 6%l lgi°e +95°0~ S0L00°0 £1200°0- Gl& o+ JopBIqe]
96° ) 8 286"} 26n°0- 6£100°0 G¢200° 0~ ¢eg o+ PUSTUSSIY °H
ZL*0 9 Lo 9160 GL00°0 1goL* o~ G2l 0 soxey
00"t e G90°¢ 608°0- 12000°0 264000~ 804 *OF pueTso]
00°} rA4 000° + GOL 0~ ¢£L00°0 99"00 0~ coR* o+ PUBTS] J8Sg
w0 oie £69°¢ 99.L°0- G£000°0 €L100°0~ N TAde s gsg SjuULTR(
¥8Je PURTE] JBag nmoﬂﬂa "gneu 70038} A FUSTOTIIE0D FUSTOT JJOOD jdearagut |58
BoTe ¥003§ *be jo spuesnoy}) | (Puelsl 4e9d) § g Jo H'Q edoTs
Jo ot3sy }OO3E JO vaxy Jo oTyey UOTIEILII0N uoTEsaIBay | uorsssxBoy Burus g

530048 POO OTFWET3IV YRION JI0J ‘SITun Jo[mudy “Y°() DIepwe)s uT

‘q30339 Burgsty TeuUOoTjEuIajul jsuTele fanoy zed suojy ur ‘yogso ®30T7 go suotTyenbs uorssesdey °*z STqR]

C1



_.]_5_

*$3003S poD DIFUETIY
JlIoN =wos I0J] PIZI[E
—Jau28 *“jaojye BurysItJ
TerUOTIRWASIUT Jsurese
31033J9 3Tun 1ad yo3Ed
Jo uvorss=sa8ea ayj

T "3714

03l

071

SRSl S RS N A

ozl 0L 08 09 0 02

i

rfi_f|_=mm _mma %\ pubisp ypegx T &

vcu_muﬁ v R o

: X

e mmm $3u3ing -? S

w I I ] o
| R L
M.. — - - - - .- - - - - | H.| -
P —— T P
- N = B
wa
h o - o T 1 A
: R A
r R NN < 4
T : W
w.lli.-__i‘l!.iﬂl|.lbi-.llx.---ILI-L‘.!_E:J‘-.. = A : e e e m.\_uleri
A o _ R
T PR 4 A~
§ x S e -
T N 1302
! : oo R D -
T — _dyg-5-
_.. \, . - “
o BEES--H-J o B B
- Eu_cmms 1M o - 8- =
B !-.i-I.i‘.--@o._@.._l.y--i e

c2



-16 -

*uoIleIol
33103139/31033°

aTun 1a3d yojEd

9yl WOIF PBATIIP
,S10Td 13zeeyosg,
pue °s¥io031s Pod
DTIUETIV YIIOoN IWOS
103 @AIND pIITL
paziTRIauaE 9yl

091
H

0%l
!

Ayisuaju

buiys!

}

J0 Xapu]

07

0¢

\
\

\

0cl 001
| |

puDIpUNOMay
1€ PuD )¢ spasngng snjd ‘iopoiqoT
Jopniqo]
puUD|U33lq }SIM
30404
puD]al]
puD|S] Jnag
D3G S}UaJDg

08
i

PRV

09
I

|
7-0
Y RERES

10

]
£-0
Xapu]

c3



=

o

e}

Ratio of geographical areas (Bear Island standard)

—

eFaroe

-17 -

Barents Seq e

Labradore

Newfoundland

eWest Greenland

Bear Island e [celand

| i i !

Fig. 3.

] 2 3 k
Ratio of regression coefficients (Bear Island standard )

The relation between fishing effort and fishing area in the North Atlant’c.
The ratio of regression coefficlents represents the ratio of fishing effort
required to generate a given proportional decline in stock abundance,
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