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1. Introduction 

The many separate, or partially separate, fisheries of the ICNAF area, 

some long-established, others of recent origin, with a variety of gears and 

varying amounts. of research data, present a peculiarly complex situation from 

the point of vielv of catch/effort assessment. No amount of theoretical mani-

pulation can overcome the lack of reliable estimates of stcck abundance or 

difficulties of age-determination which are still major obstacles in mapy of 

these fisheries. NeVertheless, a considerable amount of information exists 

which, if due allowance is made for the inevitable uncertainty attaching to it, 

can be used to malte a rough diagnosiS of the state of many of the ICNAF stocks 

in relation to fishing. 

2. Method 

Several authors (Jones, 1957: Holt, 1957, 1962; Beverton, 1963) have 

developed generalised forms of the yield equation by replacing age as an explicit 

variable by length and grouping the remaining parameters as ratios. That for 

equilibrium catch per recruit which is most convenient for the present purposes. 

although algebraically identical to the original form (Beverton & Holt, 1957), 

is 

where 

I 

Y = 
y 

RW 
000 

F M; 
= 1M (1 - c) K ! Un (1 _ c)n 

F nK 
1 + 1M +M 

n = 0 

R = number (arbitr~~) of recl~ts at age to o 

Lc 
c = IL 

CD 

(where L = mean selection length) o 

• • • (1) 

and the other parameters have their usual meaning. This is the same equation 

used by Beverton (1954) except that E (rate of exploitat~on) i:; replaced here 

by the ratio of fishing to natural mortality (F IIJ) from th~ lJenti ty 

FI _ E 
11 = ;-:-E • (2) 
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2. 

For the present purposes F/M is preferable to E since the former is directly 

proportional to fishing mortality ooeffioient and henoe, to a first approxi-

mation, to fishing effort. 

Equation (1) shoWS that the equilibrium relation between oatoh per reoruit 

and fishing mOl~ality ooeffioient (in the ratio F/M) is determined by two 
L 

parameters only, viz: M/K and 0 ('" OIL ), of' whioh the former oan be regarded 
00 

as an intrinsio biologioal property of the stook in question, wldle the latter 

inoorporates (in Lo) the seleotivity of the fishing operations. 

The theoretioal basis of the yield equation oontains a number of simpli-

fying assumptions which are too f'mniliar to need further streSSing here. Cer-

tain of' these, such as the assumption of a constant,f'ishing mortality coeffi-

cient with age of fish are clearly unlikely to be exactly true in many of' the 

ICNAF fisheries, especially those exploited by several different fleets and 

gears. This is accommodated when using equation (1) by calculating a weighted 

mean value of Lc and by setting appropriately wide limits to F/M • It will be 

reoalled that an analogous devioe is adopted in Gulland's (1961 b) method of 

mesh assessment, in whioh the exaot value of E oannot be ascertained without 

detailed knowledge of the trend of F with age; here too, the diffioulty is 

oircumvented by assigning sufficiently broad limits to the range of E used in 

the calculations. Although it is theoretically possible to make explicit 

allowance for a trend of F with age in yield assessments it is problematic, in 

cases where this trend is gen~rated by multiple gears, whether much is to be 

gained thereby, since such an assessment would be valid only for one po.r~icular 

arr~ of f'ishing intensities generated by the component gears. 

, Other kinds of simplications are dealt with in a similar w~. Thus, the 

growth pattern of cod in Subareas.1 and 2, with a "step" at about 75-80 cm, is 

manifestly not in accord with the von BertalanffY equation or any other simple 

function. Its effect can, however, be allowed for by setting an appropriate 

range to L and hence to c. 
00 

Estimates of the ratio MIl( are also bound to be uncertain, primarily through 

lack of knowledge of the natural mortality rate !.l but also, where age-determination 

is unreliable, of the growth parameter K. Although some di'stinctions can be 

made between oertain groups of stocks, it is,necessar,y to base oonclusions on 
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assessments using all appropriate range of !.11K for each stock. 

Given that it is possible, in certain stocks, to arrive at estimates of the 

range within whic" the parameters c and 1\I/K are likely to lie, there remains the 

problem of determining the current level of fishing intensity, in terms of the 

magnitude of the ratio F/J.l' There are tno possible ways of doing this. One is 

to calculate FIM , and its probable range, directly from estimates of F and M 

(or from E, using equation (2)) obtained by analysis of total mortality in rela-, 

tion to effort, by tagging experiments, or similar means. The other is to 

use information on the extent to which the abundance of the stock has been 

reduced by fishing up to the present time, as judged from the relation between 

catch per unit effort and fishing. It is shown below that this decrease can be 

interpreted in terms of FI M' and in What follows both methods of estimating F/l,! 

are used, according to the kind of information available for the various stocks 

and fisheries. 

3. Estimates of ),IlK' c and F 1M for certain ICNAF stocks 

These are summarised in Table 1, using do.ta froU! various published sources 

and some unpUblished information kindly supplied at my request by people listed 

in the last column. 

Table 1 is largely self-explanatory, though some supplementary notes to it 

are given in Appendix 1. Inevitably, the compilation of such a table involves 

a certain amount of personal interpretation, but as far as possible the ranges 

of parameter values have been made wide enough to allow fOl' a margin of uncer-

tainty. It is important to note that estimates of L and E (from which c and' c 
F ' 1M are calculated), are nearly all taken from the 1961 Assessment Report and 

therefore refer to the pel~od 1956-8. No attempt has been made here to allow 

for trends since that time. 

I'lhichever method is used for making catchleffort assessments from equation 

(1) and the data of 'rable 1, it is first necessary to decide on the range of 

!.11K appropriate to each stock. Inspection of column 8 shows that the ranges of 

MIK can be grouped into four categories, as follows:-

(a) 11/ ._ = 0.5-1.0 
" 

(b) !;l/K = 0.75-1.5 

Sub area 1 cod 
Divs. 2 ill cod 
Subarea 5 hado.ock 

D i v • 4X ha(lu. ock 
Divs. 4 V,'1 hadliock 
Di vs. 31':0 haddock 
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(c) !11K = 0.75-2.0 

(d) J,I/
K 

= 1-2.5 

1; .• 

Divs. 3KL cod 
Div. 3P cod 
Divs. 4!r and V(S) cod 
Subarea 5 cod 

,Divs. 4 RST redfish 
Div. 5Y redfish 
Divs.' ,3NO cod. 

To some extent this grouping undoubtedly reflects real differences; this 

is the case where K is large (e.g. 0.25-0.30 in Subarea 1 and 2 cod and Subarea 

5 haddock), and for these stocks M/K cannot be much greater than 1.0 without 

exceeding the observed range of Z. Where K is low, on the other hand, the same 

degree of uncertainty concerning bI means that !.11K has to be allowed a correspon

dingly Vlide range. This is particularly tl'Ue for redfish and. sane cod stocks, 

though it may well be that the real range of J'1 K for these is not as large as 

this. There are, in fact, indications from other studies (Beverton and Holt, 

1959; Beverton, 1963.) that 11 and K in different stocks of the same or related 

species tena to vary together, thus reducing the spread of their ratio M/
K

• No 

attempt has been made here to restrict the range of U/K on this basis, but the 

guess may be hazarded that as more precise estimates of ~! bet:ome available the 

range of H/K can be made narrOWer than is listed above. This is particularJ,y 

the case with the stocks having the lowest Ie values (groups (c) and (d) and it 

is not without significance that in one of these (4T + V (Spr.) cod) Dickie 

(1963) has estimated M to be in the region of 0.1, although the author was 

careful to stress that confidence limits could not yet be attached to this 

estimate. The same may prove to be the case for redfish; indeed if the,ages 

of up to 50 years or more not'infrequently recorded for this species by several 

authors aloe true, 11 for reo.fi$h must be correspondingly low, in accordance with 

its 101V K value. So far, however, these stocks have not shown as sensitive a 

response to changes in fishing effort as would be expected if 11 Vlere truly low 

(Gulland, 1961 c; Assessment Report), but the possibility is still open that 

speoial 'features of redfish distri~ution are masking the relati9n between catoh 

per unit effort and stock abundance in this species. 

4. Graphical presentation of catch/effort assessments 

M ' 
Using the range of estimates of c and '/ K of Table 1, 'sets of curves of 

yield per recruit as a function of 11M can be calculated from equation (1) for 
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• • 
each stook. Alternatively, a generalised form of yield-isopleth diagram can 

be calculated vii th F I M as abscissa and 0 as ordinate; this would enable the 

effect of the possible range of 0 and F/M in oombination to be visualised m01~ 

easily, but a separate diagram would be needed for each value of M/K• If, 

however, diagnosis is limited to finding:-

(a) whether the present rate of fishing is likely to be greater or less 

than that which would generate the maximum equilibrium yield (if one 

exists at a finite rate of fishing); and 

(b) whether the equilibrium yield generated by the present rate of fishing 

differs from the maximum by up to 10%, 01' by more, 

then a simplified form of yield-isopleth diagram can be construoted which enables 

all the information for a partioular fishery to be oombined on a single diagram. 

Such a diagram can be used to obtain a quick appreciation of the likely level of 

exploitation of a stock in relation to the maximum yield; where more detailed 

assessments are needed and are possible from the information aVailable, this 

presentation can be supplemented by the construotion of individual yield curves. 

An example is shown in Fig. 1, for the first group of stocks in which 11K 
lies between 0.5 and 1.0. As in a yield-isopleth diagram, the ordinate is a 

scale of F/M (proportional to fishing mortali~ coefficient) and the abscissa 

is a scale of c (proportional to mean selection length), but instead of show-

ing a range of contours of yield, only the locus of the maxima of the constituent 

yield ourves (and the loci of yields which are 95% and 90% of the maxima) are 

drawn. Thus, the ourve forming the upper bounda1'Y of the shaded zone defines 

pairs of val).les of F/M and c generating a maximum yield when M/K = 0.5; that 

fonning the lower boundary defines. pairs of F 1M and c generating a maximum 

yield when !.!/K = 1.0. The shaded area can therefore be regarded as the "zone 

of maximum yiel<1", in as much as any pail' of vclues of c an<1 F/J.! falling within 

11 
it -cannot be <1istinguished (because of the uncel'tainty of the exact value of II:) 

from those generatint; the true maximum yield. 

The full ru.1<1 bl'oken lines shown above the shaded zone refer to yields which 

al~e. 95::; and 905: of the m,;>;dma defined by tbe UH,er boundal'Y of the sha<1ed area 

(i.e. for j~" = 0.5); they therefore refer to points on the ascentlinc; limbs of 
" 

the consti t'~ent yielu. curves at these pel'centaces of the maxima. COl'l:esl'onainc;ly, 

$ '.rabIes of yield equation (1) are beine; prepared for publication; a 
typescl'ipt version will be available at the 1964 meetine;. 
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6. 

the 95~:' and 90;,: lines below the shade(l area refer to mu.-v:ima defined by i t3 1017e1' 

boundary (i.e. Mile = 1.0) amI thel'efore to points on the descending limbs of the 

constitutent yield curves. 

If the ljjcely range of c and Flu is known for £iXJY stock in the first group 

(11/1\ = 0.5 to 1.0), these can be drawn directly on this diagram as a rectangle 

(see Fig. 1). The location of this rectoot;le in relation to the shaded zone 

and to the 90'i; and 95~; contour lines indicates at once the state of the fishery 

compared with the requirements for obtaining the maximum yield or these percen-

tages of it on each side, with allowance made f01' the uncertainty of the tl"Ue 

value of 1'/1\' As better or more up-to-date estimates of the likely renee of c 

or F/ " become available, they can be entere(1 dil'eotly on the sOlUe dieeram. 
,',j 

Two other features of this and similar diagrams (Fi.:;s. 4, 5 and 6; for 

other ranges of hil K) need mention. One is that their use for the kind of diagnosis 

stated~above makes nO assumption about the fonn of the relation between fishing 

rnorto.li ty coefficient and fishing effort, except that the tvlo should increase or 

decrease together. If, however, F con be assumed to vory roughly in proportion 

to effort, then the abscissae of these diagrams can be taken as an approximate 

scale of fishing effort. This permits certain conclusions to be drawn about 

changes in catch per unit effort, as will appear laten 

The other point is that because the curves shown in these diagl'ams are the 

loci of maxima (or percentages of t"ose maxima) in curves of yield as a function 

of F I IJ at fixed values of c, they define only one of the two sets of maxima 

which can be distint;uished in a full yield-isopleth diagram. They must therefore 
~:I 

be read in the horizontal direction only, i. e. parallel to the scale of Yu• 

Assessments of this kind for stocl,s in each of the four groups, listed 

above according to their range of 1I/K. will now be given. 

5. Assessments for stocks with 1:/ K = 0.5-1.0 (Fig. 1) 

. " ,", ,~. ;:"'" -, 

.. 

(a)' Subarea 5 haddock 

This is a particularly useful eX!l1llple to begin with, since data of 

both E and the decrease of cn tch per uni t effort are available. The values' 

of c and E from columns 9 and 10 of 'fable 1 give the rectangle sholVn by full 

lines in Fit;. 1. This covers a wide l'e.n(;e of Flu, extending to the 90% 

The other set of m~ima are those in the curves of yield as a function of 
c at fixed values of FijI!. 'rhey are similar in shape to those of Fig. 1 but 

,are displaced upwarls (i.e. lie at higher values of LC/Loo), and are true 
eumctric fishing curves corresponding to curve BB 1 of Beverton and liol t (1957, 
n'ig. 17. 14). They llould be used to assess catch in relation to selection 
leneth (Lc) by this method • 
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yield level on either side of the maximum zone. This rnnge of FIM (1-4.5) 

is, however, much wider than is consistent wi tit that which can be deduced 

from the relation between catch per unit effort and effort for this stock. 

Fig. 2 shoVis this relation, taken from the U.s. Research Report for 1962. 

The 1960 level of catch per unit effort is about 13 units, which is about '* 
of the highest observed catch per unit effort, even vii th some fishing. If 

the theoretical catch per unit effort curves for MIK between 0.5 and 1.0, and 

c between 0.1.6 and 0.50, are calculated from equation (1) they appear as the 

'" shaded curve in Fig. 2. No great p~ecision can be claimed for this fit; 

in particular, the high points for the years 1930-2 are aberrant by III13 

simple criterion. Nevertheless, a curvilinear relation is not only to 

be expected theoretically but has been demonstrated in cases where a wide 

range of effort and catch per unit effort data are available (e.g. for 

Icelnndic haddock, Gull and , 1961 a). The 1960 catch per unit effort, accor

ding to Fig. 2 corresponds to a reduction to betvleen 1/6 and 1/7 of the 

unexploi ted c/u; this is doubtless an optimistically narrow range, but it 

is difficult to conclude that the decrease in stock abundance due to fishing 

could have been outside the limits of, s~, * to i. 
Fig. 3 (c) shows the relation between these estimates of stock decrease 

and those of Flu required to generate them. 'l'he shaded curve is the decrease 

of catch per unit effort (expressed as a fraction of the unexploited value) 

with increasing Flu, for 11K = 0.5-1.0 and c = 0.46-0.50, again calculated 

from equation (1). Marked on this curve are the extreme values of Fill 

corresponding to the possible extent of stock decrease, giving:-

'" 

Fraction of 
unexploited clu 

~ i 

1/6-1/7 

Rnnge of FIM 

1.4-3.1 

2.1-2.7 

-In fitting the theoretical catch per unit effort curves to the data the 
following equivalence of units has been taken:-

!.[/
K 

= 0.5 

~ 
unit FIM = 3.25 units of effort 

c = 0.46 and 0.5 Po = 75 units of clu 

II; 
~ unit FIM = 3.5 units of effort K = 1.0 

c = 0.1.,.6 Po = 75 units of clu 

1,\ = 1.0 ~ unit Flu = 3.5 units of effort 

c = 0.5 P = 70 un:L ts of clu 
0 

where Po is the unexploi toll catch per ill1i t effort. 
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8. 

The wider of these two ranges of Flu are shown in the rectangle of Fig. 1 by 

the outer dotted lines; the narrower by the central shaded zone. From the 

fonner it would appear that the 1960 level of effort generated an equilibrium 

catch which could range from just to the left of the maximum to about 95J& of 

it beyond. The narrower limits would set the catch just below the maximum 

on its descending side. These differences in equilibrium catch of a few per 

cent. are clearly of 

they correspond to a 

little Significance, but it is important to note that 

two-fold rang e of F II' and henc e, approximately, to a 
.1 

similar range of fishing effort and catch per unit effort. 

This example also enables the correspondence between the generalised 

presentation and the conventional yield curve graphs to be shown. Thus the 

yield curves for }.IlK 0.5-1.0; c = 0.46-0.50, are shown in Fig. 2 by the 

shaded zone, all being adjusted to unit maxima. The exact maxima are shown 

by the arroVls; as expected from the ilUler shaded zone of Fig. 1 they are 

all to the left of the 1960 effort, but the actual yields at that effort are 

only a few per cent. below the maxima. 

(b) Subareas 1 and 2 cod 

These are characterised by relatively low values of Loo (and hence 

high values of c), the range here allowing for the "stepped" character of 

the growth curve of these stocks and, in the case of Subarea 2, for the 

differences between the growth of Divs. 2H and 2J reported by Ma,y et al. 

(1964) • The range of M is not known for Subarea 2 cod but Ma,y ~. 

report no difference in longevity compared with others and it seems 

reasonable to assign to them provisionally the same range of M/K as for 

Subarea 1 cod. The ranges of c and F/M are entered on Fig. 1 but are 

not bounded to the right because the fishing effort in both Subareas, and 

particularly in Subarea 2, has probably increased substantially since 1958. 

'rhe left-hand side of the rectaJlgle for Divs. 2ltJ cod is set at 

F/J; = 0.7; this is the lower limit cOrl'esponding to a decrease to i- of 

the unexploited catch per unit effort as seen from Fig. 3(a). 

Since the upper limit of F/J.! cannot be established in either case 

without an analysis of recent increases in fishing effort in these two 

Subareas, conclusions have to be left correspondingly'vasue. Even so, 

Fig. 1 shows that even at the lower limits of c the fishing effort would 

need to increase several-fold above the 1958 level to reach the zone of 

maximum yield. 
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6. Assessments for stocks with !.I/ K ., 0.75-1.5 (Fig. 4-) 

All the· remaining haddock stocks ONO, 4X and 4-Vvl) fall into this group, 

because they all have K values appreciably 10Vler than that of Subarea 5 haddock 

and there is no direct evidence to show whether M is correspondingly lower. 

They all have somewhat higher 0 values than Subarea 5 haddock, partly because 

they have lower L'S and partly because L is higher (4X and 4-VW). The zones 
00. c 

. F 
of 0 and /1! for these stocks are shown in Fig. 4-. None exteruls beyond the 

upper limit of maximum yield. 3 NO haddock is nearest to this, however, and a 

knowledge of recent trends in fishing effort on this stock is clearly important 

here. 

MI 7. Assessments for stocks with K" 0.75-2.0 (Fig. 5) 

Included here are the cod stocks with values of K in the intermediate range 

0.15-0.25 OKL, 3P and Subarea 5), and also one with a 10Vl K (4T + v(s); K = 0.10) 

but in which the upper lind t of M can reasonably be set at about 0.20. The first 

two 3KL and 3P) are provisionally assigned a wide range of 0, since May et al. 

(1964) have shown two distinct growth curves to exist within each of these divi-

* F sions with widely different L 00 IS. The zones of c and /1\ for 3 KL and 3P cod 

shown in Fig. 5 are therefore correspondingly deep in the vertical direotion. 

In neither case is it likely that the 1958 level of effort had appreciably 

exceeded that giving the maximum catch, though in both it might have reached it. 

The range of F/u for 4T + V(S) cod is based on that of Z for the years 

1956-8 (0.4--0.60; Assessment Report) and the later estimates of F (0.3-0.5) 

obtained by Dickie (1964-) from tagging experiments. An upper lind t of ].I in 

'- the region of 0.20 is indicated from the fact that the estimate of Z in the 

preceding period 1951-4- was itself only 0.24- (Assessment Report). These 

values give the rather wide range {)f F /11 shown in Fig. 5 of 1-5, which span 

the zone of maximum yield down to the 95~; yield level on either side. 

Just as evidence of the relation between catch per unit effort and effort 

cnn be used to narrow the likely range of F / M in Subarea 5 haddock, SO can it 

also in Subarea 5 cod. 'rhus Fig. 8.2. of the Assessment Report suggests that 

the decline in abundance of this stock uttributable to fishing has been even 

greater than thut of the haddock; the 1958 level of catch per unit effort 

would seem to be something between 1/5 and 1/10 of the uneXploited level. 

" Some idea of the relative abundance of these growth types would enable this 
wide range of c to be substantially narrowed by calculating c from a weighted mean· 
value of Loo in each case. 
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Fig. 3(b) shows that these limits correspond to a range of Flu from 1.5 to 3.5, 

and this is indicated in Fig. 5 by the dotted lines. With this narrower range 

of.F/l.! it appears that the 1958 leyel of effort could have generated a catch 

ranging from about the maximum to about 95i~ of it on the descending side. 

8. Assessments for stocks with Mile = 1.0-2.5 (Fig. 6) 

This last group comprises the stocks with the lowest le values. These 

include 3 NO ced and redfish of 4 RST and 5Y, all of which have K values in the 

region of 0.1. J~ain, the lack of precise estimates of M means that MIK for 

these stocks has for the time being to be allowed a wide possible range up to 

1'1 . 2.5. Fig. 6 shows the zones of c and hl for these stocks. Only that for 3NO 

cod extends to well beyond the zone of maximum yield due to the low c value for 

this stock, generated by a very high L (130 cm);. in this case it therefore 
ro 

appears that the 1958 level of effort may well have exceeded by a considerable 

margin that corresponding to the maximum yield. 

Changes in catch per unit effort due to fishing do not emerge clearly in 

these stocks, though in the case of 4 RST redfish it is concluded in the Assess

ment Report tllat the stock has probably been reduced .. to at least ~ by fishing. 

From Fig. 3(d) this reduction corresponds to a minimum value of F 1M = 0.5, whioh 

raises slightly the lower limit of F I M (as shown by the dotted line in Fig. 6) but 

does not materially alter the diagnosis. 

9. S tunnlar.Y 

(i) A generalised form of yield equation is used in which equilibrium yield 

per reoruit is expressed in terms of three parameters only, viz: 

FIM (incorporating the amount of fishing, as F) 

L 
c/L (incorporating the selectivity of fishing, as L ) 

ro c 

hl/K (the ratio of the natural mortality and growth coefficients; 
an intrinsic biological characteristic of the stock in 
question) 

(ii) Fr~ll a survey of the information available in the 1961 Assessment Repo~t, 

supplemented by published and unpublished data frcm other sources, esti-

mates of the likely range of these parameters are obtained for certain 

of the ICNAF ced, haddock and re<lfish fisheries (Table 1). 

(iii)These estimates are used in the generalised yield equations to meke a 

rough diagnosis by graphical means of the level of exploitation of 

those stocks during 1956-8 in relation to the requirements for obtaining 

the maximum equilibrium yield. 
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(iv) From this analysis the following conclusions emerge:-

(a) In only three stocks was the fishing effort during this period 

clearly below that giving the maximum yield •. These are:-

~ of Subareas 1 and 2 (Fig. 2) 

haddoc)c of divisions l,Vi'[ (Fig. 5) 

(b) A number of stocks were fished at an intensity equal to or below, 

but not appreciably above, that giving the maximum yield. These 

are:-

Cod of divisions 3KL and 3P (Fig. 6) 

haddock of divisions 3NO and 4X (Fig. 5) 

redfish of divisions 4 RST and 5Y (Fig. 7) 

(c) In the remaining stocks dealt with here the possible rate of 

fishing during the period 1956-8 spanned that giving the maxi-

mum yield and extended well beyond it. These are:-

~ of divisions 3NO (Fig. 7) and 4T + V(S), and Subarea 5 

(Fig. 6) 

haddock of Subarea 5. (Fig. 2) 

In none of these can it therefore be established on the evidence 

considered here that the fishing effort had clearly exceeded that 

giving the maximum yield, but in all except cod of divisions 

4T + V(S) it is more likely than not to have done so, particularly 

in 3NO cod • 
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AppencUx. 

SupplementaI;'{ notes to Table 1. 

Since the method does not take account of a variation of F 

with age (as probably occurs, for example, in multiple-gear 

fisheries), the value of L is an average of the mean selection 
o 

lengths for the oonstituent gears and/or fleets, weighted by their 

respective catohes. The data al'e taken from the length oompositions 

of the oommercial oatches given. in the 1961 Assessment Report and 

therefore refer for the most part to the period 1956-58. 

Cols. 2 and 3 (Loo and K) 

These are taken from published growth data, or from published esti-

mates kindly provided by personal COIlUllunication. Sources are given 

in the last column. Values of Loo in parenthesis are based, in 

the absence of growth data, on the maximum length of fish in length 

oompositions of commercial catches. 

Cols. 4-. 5 and 6 (z, E and 11) 

Col. 7 

Cols. 8 and 9 

These are taken from the Assessment Report except in the case 

of M for 4!r + V(S) cod, which is fran Dickie (1964-). 'fhe values of 

Z and E therefore refer to the period 1956-8. 

Estimates of the decrease in catch per unit effort from the 

unexploited level, due to fishing, are based on data from the 

Assessment Report, except in the case of Subarea 5 haddock which is 

taken from the 1962 U.S. Research Report. As is descl~bed in the 

text, the extent of the decrease in catch per ·unit effort can be 

interpreted in terms of FiLl' giving the estimates of this ratio 

tabulated in col. 11 • 

. I' L 
("IK and clL ) 

00 

These are calculated from the estimates of the component 

parameters given in cols. 1, 2, 3 and. 6. 

Cols. 10 and 11(F/U) 

'1'1'10 sets of values of F/lI are given. One (col. 10) is 

calculated from the values of E in col. 5 from the identity 

F; E 
1I::: 1=E 

l'he othel' (col. 11) is estimated from the decrease in catch per 

uni t c~fort of col. 7 no. described in the text. 
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Fig. 1. 

Fig. 2. 

Fig. ,; 

Fig. 4 

Fig. 5 
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Figure Legends 

Catch/effort nomogram for stocks with M/K = 0 • .5-1.0. The shaded 

zone defines the range of values of FIM (ratio of fishing to 

natural mortality; 
L 

and c (= elL ; 
00 

approximately proportional to fishing effort) 

proportional to mean selection length L ) which 
c 

may generate a maximum in the catch/effort curve, allowing for the 

uncertainty of the true value of M/K within the range of 0.5-1.0. 

1'he actual range of values of c and FIM (Table 1) for Qod of 

Subareas 1 and 2, and Subarea 5 haddock, er~ shown on the diagram. 

Plot of catch per unit effort against fishing effort for Subarea 5 

haddock (from 1962 U.S. Res. Rept.). Shown also are the theoreti

cal catch per unit effort/effort curves (left hand scale) and the 

corresponding yield/effort curves (right hand scale) for M/K = 

0.5-1.0 and c = 0.46-0.50. 

Graphs showing the theoretical decrease in catch per unit effort 

(as a fraction of the value in the unexploited stock) as a function 

~f. FIM (approximately proportional to fishing effort) for certa,:i.n 

stocks. j.\ar.lS:eo. on "t/lelle graphs are the cb6erved limits of aecrease 

ot catch per uni,; effor"t and the values of F/J,l to which they 

correspond. 

Catch/ effort nomogram for stocles with ).II K = 0.75-1.5. 

M Catch/effort nomogrSln for stocles with IK = 0.75-2.0 

• 11 
Catch/effort nomogram for stocks with IK = 1.0-2.5 
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