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1. Introduction

The meny 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 researcﬂ dete, present a peculiarly complex situation from
the point of view of catch/eff‘ort assessment. No amcunt of theoretical meni-
.pulation can overcome the lack of reliable estimates of stock sbundance or
difficulties of age—detemination ﬁhich are still major obstacles in many of
these fisheries. Nevertheless, a considerable amount of infor.-mation exiats
which, if due aellowance is made for the inevitable uncertainty attaching to it,
can be used to make a rough diagnosis of the atate of many of the ICMNAF stocks
in relation to fishing.

2, Method

Severel authors (Jones, 1957: Holt, 1957, 1962; Beverton, 1963) have
developed generalis;ad forms of the ylield equation by replacing age as an explicit
verisble by length end grouping the remaining paran_leters as ratios. That for
equilibrium catch per recruit which is most convenient for the present purposes,

slthough slgebraicslly identical to the original fomm (Beverton & Holt, 1957),

is M/
' Y F _ K n (1 -c¢)
Y - Ro‘l?w = /M (1 c) 1 +F/ +-r}.-[£ - [ I ] (1)
M M
. ns=2=09
where

R, = mnumber (axbitrary) of recruits at ege to

c = O/L (where L, = mean selection length)
®

and the other parameters have their usual meening. This is the same equation
used by Beverton (1954) except that E (rate of exploitation) is replaced here

by the ratio of fishing to natural mortality (F/M) from the identity

F/m-:- T%"ﬁ ... (2)
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2.

For the present purposes R/M is preferable to E since the former is directly
proportional to fishing mortality coefficient and hence, to a flrst approxi-
mation, to fishing effort.

Bquation (1) shows that the equilibrium relation between catch per recruit
and fishing mortality ooefficient_(in the ratio F/M) is determined by two

L
paremeters only, viz: ﬂ(K end ¢ (= c/L ), of which the former can be regarded
o

as an intrinsic biologicel propsrty of the stock in question, while the latter

incorporates (in Lc) the selectivity of the fishing operations.

The theoreticel basis of the yield equation contegins a number of simpli-
fying sssumptions which ere too fomiliar to need further stressing here. Cer—
tain of these, such as the assumption of a constant fishing mortality coeffi-
cient with age of fish are clesrly unlikely to be exactly true in many of the
ICNAF fisheries, especially those exploited by several different fleets amd
gears. This is accommodated when using equation (1) by calculating a weighted
meen value of Lc and by setting apﬁropriately wide limits to ?/M' It will be
recalled that an analégous device is adopted in Gulland's (1964 b) method of
mesh assessment, in which the exact velue of E cannot be ascertained without
detailed knowledge of the trend of F with age; here too, the difficulty is
circumvented by assigning sufficiently broad limits to the range of E used in
the calculations. Although it is theoretically possible to make expliecit
allowence for a trend qf F with age in yield assessments it is problematic, in
cases where this trend is generated by multiple gears, whether much is to be
gained thereby, since sucﬁ an assessment would be valid only for one particular
arrgy of fishing intensities generated bj the component gears.

Other kinds of simplications are deglt with in a similar way. Thus, the
growth petterni of cod in Subareas 1 and 2, with & "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 Loo'and hence to c.

Bstimates of the ratic k&&{ are elso bound to be uncertain, primarily through
lack of knowledge of the natural mortality rate Il but also, where age~determination
is unrelisble, of the growth parameter K. Although some &iétinctions can be

made between certain groups of stocks, it is necessaery to base conclusions on
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assessments using an appropriaste range of Q/K for each stock.

Given that it is possible, in certain stocks, to arrive at estimates of the
range within whici the perameters ¢ and Q(K are likely to lie, there remains the
problem of determining the current level of fishing intenéity, in terms of the
magnitude of the ratio E/M‘ There are two poasible ways of doing this. One is
{0 calculate ?/M, and its probable range, directly from estimates of F and M
(or from E, using equation (2)) obtained by snalysis of total mortality in rela-
tion to effort, by tegging experiments, or similar means. The other is to
use inf'ormetion on the extent to which the sbundence 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 decresse can be

interpreted in terms of ?/M’ and in what follows both methods of estimating ?/“

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

and fisheries.

3. Estimates of H/K’ ¢ and FVM for certain ICNAF stocks

These are summarised in Table 1, using dats from various published sources
and scme unpublished information kindly supplied at my request by people listéd
in the last column.

Teble 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 for a margin of uncer—
tainty. It is important to note that estimates of L0 and E (fron which ¢ and"
E/M are calculated), are nearly all teken from the 1961 Assessment Report and
therefore refer to the period 1956-8. No attempt has been made here to allow
forltrendé-since that time.

Whichever method is used for meking catch/effort assessments from equation
(1) and the data of Table 1, it is first necessary to decide on the range of
Lﬂq{ appropriate to each stocke. Inspection of column 8 shows that the ranges of

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

(a) '/, = 0.5-1.0
3ubarea 1 cod
Divs. 2 HJ cod
Subarea 5 heddock
I
(b) /I{ = 0-?5-105

Div. 4X haddiock
Divs. 4 V7 hoddock
Divs. 30 haddock
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(o) n/K  0.75=2.0

~ Divs. 3KL cod
Div. 3P cod
Divs. 4T and V(S) cod
Subarea 5 cod

(a). M/K = 4=2.5

. Divs. 4 RST redfish
Dive 5Y redfish
Divs. 3NO cod.

To some extent this grouping undoubtedly reflects real differences; this
is the case where K is large (e.g. 6.25—0.30 in Subarea 1 and 2 cod and Subarea
5 heddock), and for these stocks '/, cennot be much greater then 1.0 without
exceeding the observed range of %. Vhere K is low, on the other hand, the same
degree of uncertainty concerning if means that “/K has to be allowed a correspon-
dingly wide range. This is particularly tirue for redfish end some cod stocka,
though it mey weli be that the real range of Q‘K for these is not as large as
this. There are, in fact, indications from other studies (Beverton and Holt,
1959; DBeverton, 1963.) that M and K in different stocks of the same or related
species tend to vary together, thus reducing the spresd of their ratio g/K.' Ne
attempt has been made here to restrict the range of E/K on this basis, but the
guess may be hazarded that as more precise estimetes of M beuome available the
range of Q/K cen be made narrower than is listed ebove. This is particularly
the case with the stocks having the lowest K values (groups (o) end (d)) end it
is not without significence that in one of these (4T + V (Spr.) cod} Dickie
(1963) has estimated M to be in the region of C.1, although the author was
careful to stress that confidence limits could not yet be attached to this
estimate. The same mey 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 are true, M for redfish must be correspondingly low, in accordance with
its low K value. So far, however, these stocks have not showm as sensitive a
response to changes in fishing effort as would be expected if M were truly low
(Gulland; 1961 ¢; Assessment Report), but the possibility is atill oﬁen that
special features of redfish distripution ere masking the relstion beiween catch
per unit effort and stock ebundance in this species.

4. Graphicel presentetion of catch/effort assessments
Using the range of estimates of ¢ and.MVk:of Table 1; sets of curves of

‘yield per recruit as s function of E/{ can be calculated from equation (1) for
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each stock.* Alternatively, a generalised form of yield-isopleth diszgram cen
be calculated with F/M as gbscissa and o as ordinate; this would ensble the
effect of the possible range of ¢ end FyM in cambination to be visualised more
eesily, but a separate diagram would be needed for each value of g/K. If,

" however, diagnosis is limited to finding:-

(a) whether the present rate of fishing is 1likely 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 meximum by up to 10%, or by more,

then a simplified form of yield-isopleth disgram cen be constructed which enables
8ll the information for a particuler fishery to be combined on a single diegrem.
Such a diagram can be used to obteain a quick appreciation ;f tﬁe likely level of
exploitation of a stock in relation to the meximum yleld; where more deteiled
assessments are needed and are possible from the information available, this
presentation can be supplemented by the construction of individusl yield curves.

An example is shown in Fig. 1, for the first group of stocks in which M/K

lies between 0.5 and 1.0, As in a yield-isopleth diagram, the ordinate is a
scale of ?/M (proportional to fishing mortality coefficient) and the sbscissa
is a scale of ¢ (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 curves (end the loci of yields which are 95% and 90% of the maxima) are
drewn. Thus, the curve forming the upper boundary of the shaded zone defines
peirs of values of ?/M end ¢ generating a maximum yield when E/K = 0,5; that
forming the lower boundary defines peirs of FVM and ¢ generating & maximum
¥ield when 3/K = 1.0+ The shaded area can therefore be regarded as the "zone
of maximum yield", in as much as any pair of values of ¢ and ?/H falling within
it connot be distinguished (becguse of the uncertainty of the exact value aflbag
from those generating the true maximum yield.
The full end broken lines shown above the shaded zone refer to yields which
are 950 and 90j of the moxima defined by the wiper boundary of the shaled area
(i.e. fox‘lae: = 0.5); they therefore refer to points on the ascending limbs of

the constituent yield curves at these percentages of the maxims. Corvespondingly,

¥ Tubles of yield equation (1) are being prepared for publication; a
typescript version will be cveilable at the 196k meeting.
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the 955 and 905 lines below the shaded area refer to mexima defined by its lower
boundery (i.e. E/K = 1.0) end therefore to points on the descending limbs of the
conatitutent yield curves.

If the likely range of ¢ and F/H is known for any stock in the first group
(EV{ = 0.5 to 1.0), these can be drawn directly on this diagrem as a rectangle
(see Fig. 1). The location of this rectangle in relation to the shaded zone
and to the 9C7 and 955 contour lines indicates at once the state of the fishery
compared witih the requirements for obtaining the meximum yield or these percen-
tsges of it on each side, with allowance made for the uncertainty of the true
value oflﬁqr As better or more ﬁp-to-date estimates of the likely range of ¢
or F}ﬁ become aveilable, they can be entered directly on the same disgrame

Two other features of this and similer disgrams (Figse. 4, 5 and 6; for
other ranges of H/K) need mention. One is that their use for the kind of diagnosis
stated above makes no assumption sbout the form of the reletion between fishing
mortality coefficient and fishing effort, except that the twe should increase or ‘/
decrease together. If, however, ¥ cean be assumed to vary roughly in proportion
‘to effort, then the sbscissae of these diagrams can be taken as an gpproximate
scale of fishing effort. This permits certain conclusions to be drawn about
changes in catch per unit effort, as will appeér laten

The other point is that because the curves shown in these diagrams are the
loci of maxima (or percentages of tuose maxime) in curves of yield as a function
of F/M st fixed values of ¢, they define only one of the two sets of mexima
which can be distinguished in a full yield—isopleth diagrem, They must theré?ore

be real in the horizontal direction only, i.e. parallel to the scale of B}%r

Assessments of this kind for stocks in each of the four groups, listed _
above sccording to their range of Il'I/I‘,., will now be given.
9

5. Assessments for stocks with W/K = 0.5=1.0 (Fige 1)

() Subarea 5 haddock

This is a particularly useful example to begin with, since data of
both E and the decrease of catch per unit effort are available. The values’
of ¢ and E from colunns 9 and 10 of Table 1 give the rectangle shown by full

lines in Fig. 1. This covers a wide vange of '/y, extending to the 90%

The other set of maxima are those in the curves of yield as a function of
c at fixed velues of ¥/il, They ere similar in shape to those of Fig. 1 but
ave displaced upwards (i.e. lie at higher values of ¢/Loo), a@nd are true
eumotric fishing curves corresponding to curve BB  of Beverton and Lolt (1957,
Fige 47..14). They would be used to assess catch in relation to selection
Length (Fe) by this method.
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yield level on-either side of the meximum zone. This range of E/M (1~45)
is, however, much wider than is consistent with that which can be deduced
from the relation between catch per unit effort and effort for this stocke.
Fige 2 shows this relation, teken from the U,S. Hesearch 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 with some fishing. If
the theoretical catch per unit effort curves for E/K between 0.5 and 1.0, and
¢ between O.46 and 0.50, are calculated from equation (1) they sppear as the

s
shaded curve in Fig. 2. No great precision can be claimed for this fit;

in particuler, the high points for the years 1930-2 are aberrant by any
simple criterion. Nevertheless, a curvilinear relation is not only to

be expected theoretically but has been demonstrated in cases where a wide
renge of effort and catch per unit effort data are available {e.g. for
Icelandic haddock, Gullend, 1961 a). The 1960 catch per unit effort, accor-
ding to Fige. 2 corresponds to a reduction to between 1/6 and 1/7 of the
unexploited c/u; this is doubtless an optimistically narrow range, but it
is difficult to conclude that the decrease in stock sbundance dﬁe to fishing
could have been outside the limits of, say, 5 t0 3.

Fig. 3 (c) shows the relation between these estimates of stock decrease
and those of F?%Ixequired to generate them., The shaded curve is the decrease
of catch per unit effort (expressed as a fraction of the unexploited value)
with increasing ?/M’ for Q/K = 0.5-1.0 and ¢ = 0.46~0.50, again calculated
from equation (1). MNarked on this curve are the extreme values of ?/M

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

Fraction of F
unexploited c/u Range of /M

5 - 3 1el=301

1/6-1/7 2.1-2.7

In fitting the theoretical catch per unit effort curves to the data the
following equivelence of units has been tsken:-—

I"/K = 0.5 unit F/M = 3.25 units of effort
¢ = 046 and 0.5 P, = 75 units of c/u
Mo T .

x =1 unit /M = 3.5 units of effort
¢ = 0ub P =75 units of c/u
1 . F .
/k = 1.0 unit /H = 3,5 units of effort
c = 0.5 P, = 70 units of ¢/u

where P0 is the unexploited catch per unit effort,
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The wider of these two ranges of F/M are shown in the rectangle of Fig. 1 by
the outer dotted lines; the narrower by the central sheded zone., From the
former it would sppear that the 1960 level of effort generated an equilibrium
catch which could renge from just to the left of the meximum to sbout 95% 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. aré clearly of little significence, but it is important to note that
they correspond to a two-fold range of ?/J and hence, approximately, to a
similar range of fishing effort and catch per unit effort.

This exemple also enabies the correspondence between the generaiised
preséntation and the conventional yield curve graphs to be shown, Thus the
yield curves for B/, 0.5-1.0; o = 0.46-0.50, ere shown in Fig. 2 by the
sheded zone, all being adjusted to unit mexima. The exact maxime are shown
by the arrows; as expected from fhe inner shaded gzone of Fig. 1 they are

all to the left of the 1960 effort, but the sctual yields et 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 ¢), the range here gllowing for the "stepﬁed“ 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 May et al.
(1964). The range of M is not known for Subarea 2 cod but May et al.
report no difference in longevity compared with others and it seems
reasonable to assign to them provisionaelly the same range of M/K aslfor
Subarea 1 cod. The ranges of ¢ and E/M are entered on Fig. 1 but are
not bounded to the right because the fishing effort in both Subareas, and
particulerly in Subarea 2, has.probably increased substantially since 1958.

The left-hand side of the rectangle for Divs. 2HJ cod is set at
34& = 0.7; this is the lower limit corresponding to a decrease to % of
the unexploited catch per unit effort as seen from Fig. 3(a).

Since the upper limit of ?/M cannot be established in either case
without an analysis of recent increases in fishing effort in these two
Sdﬁareas, conclusions have to be left correSpondinglﬁ'vague. Iven so,
Fig. 1 shows that even at the lower limits of ¢ the fishing effort would
need to increase seversl-fold sbove the 1958 level to reach the zone of

maximun yield.
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6. Assessments for stocks with g/K = 0.75-1.5 (Fige &)

All the remeining haddock stocks (3NO, 4X and 4VW) fall into this group,
because they all have K values appreciably lower than that of Subarea 5 haddock
and tbere is no direct evidence to show whether M is correspondingly lower.
They &1l have somewhat higher ¢ velues than Subarea 5 haddock, partly because
they have lower L 's and partly becsuse L is higher (4X and 4VWW). The zones
of o and ?/M for these stocks are shown in Fig. 4. None extendsbeyond 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 cleerly important
here.

7. Assessments for stocks with ﬁ/x = 0.75-2.0 (Fig. 5)

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

0.15-0.25 (3KL, 3P and Subarea 5), end also one with a low K (4T + V(S); K = 0.10)
but in which the upper limit of M can reasonably be set at about 0.20, The first

two 3KL and 3P) are provisionally assigned a wide renge of o, since May et al.
(1964) have shown two distinct growth curves to exist within each of these divi-
sions with widely different Loo's. ¥ The zones of ¢ and F/M for 3 XL and 3P cod
shown in Fig. 5 are therefore correspondingly deep in the verticel 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 1t.
The range of ?/M for 4T + V(8) cod is based on that of Z for the years
1956-8 (0.4=0.60; Assessment Report) and the later estimates of F (043-0.5)
obtained by Dickie (1964) from tegging experiments. An upper limit of M in
the region of 0.20 is indicated from the fact that the estimate of Z in the

preceding period 19514 was itself only 0.24 {Assessment Report). These
values give the rather wide range of F/M shown in Fig. 5 of 1-5, which span
the zone of maximum yield down to thé 954 yield level on either side.

Just as evidence of the relation between catch per unit effort and effort
can be used to narrow the likely range of E/M in Subarea 5 hsddock, so can it
glso in Subarea 5 cod. Thus Fig. 8.2. of the Assessment Report suggests that
the decline in abundance of this stock attributable to fishing has been even
greater than that 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 sbundance of these growth types would enable this
wide range of ¢ to be substantiaslly nariowed by calculating ¢ from a weighted mean
value of Loo in each case.
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Fige. 3(b) shows that these limits correspond to a range of F/M from 1.5 to 3.5,
and this is indicated in Fig. 5 by the dotted lines. With this narrower range
of,g/M it appears that the 1958 level of effort could have generated a catch
ranging from about the meximum to about 9577 of it on the descending side.

[y

8. Assessments for stocks with M/K = 1.0-2.5 (Fig. 6)

This last grouploomprises the stocks with the lowest K values. These
include 3 NO cod and redfish of 4 RST and 5Y, ell of which have K velues in the
region of 0.1. Agein, the lack of precise estimates of M means that %(K for
these stocks has for the time being to be allowed a wide possible range up to
2.5. Fig. 6 shows the zones of ¢ and ?/M for these stocks. Only that for 3NO
cod extends to well beyond the zone of maximun yield due to the low ¢ value for
fhis stock, geﬁerated by a very high LOO {130 cm); in this casé‘ifﬁtheféfore
appeers that the 1958 1e§el of effort mey well have exceeded by a considerable
margin that corresponding to the meximum yield.

Changes in catch per unit effort due to fiéhing do not emerge clearly in
these stocks, though in the case of 4 R3T redfish it is concluded in the Assess-
ment Report that the stock has prabebly been reduced.to et leest ¥ by fishing.
From Fig. 3(d) this reduction corresponds to e minimum value of F/M = 0.5, which
relses slightly the lower limit of F/M (as shown by the dotted line in Fig. 6)but
does not materially elter the diegnosis.

9. Summaxy
(1} A generslised form of yleld equation is used in which equilibrium yield

per recruit is expreséed in terms of three perameters only, viaz:

_ F?ﬁ (incorporating the amount of fishing, as F)
L

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

g/K (the ratio of the netural mortality and growth coefficients;
en intrinsic biological characteristic of the stock in
question)

(ii) From a survey of the information available in the 1961 Assessment Repo}t,
supplemented by published and unpublished deta from other sources, esti-
mates of the likely range of these parometers are obtained for certain
of the ICNAF cod, haddock and redfish fisheries (Table 1).

(iii)These estimates ere used in the generslised yiei& equations to meke a
rough diasgnosis by graphical means of the level of exploitation of

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

the maximun equilibrium yield.
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(iv) From this enalysis the following conclusions emerge:=

(a)

()

(e)

In only three stocks was the fishing effort dﬁring this period
¢learly below that giving the maximum yield. These are:-

cod of Subareas 1 and 2 (Figs 2)

~ haddock of divisions LYW (Tig. 5)

A number of stocks were fished at an intensity equal to or below,
but not appreciably sbove, that giving the meximum yield. These
are:—

ggg|of‘divisions 3KL and 3P (Fig. 6)

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

redfish of divisions 4 RST mnd 5Y (Fig. 7)
In the remeaining stocks dealt with here the possible rate of
fishing during the period 1956-8 sparmed that giving the maxi-
mun yield and extended well beyond it. These are:-

cod of divisions 3NO (Fig. 7) and 4T 4 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 figﬁing effort had clearly exceeded that
giving the maximum yield, but in all except cod of divisions
4T 4+ V(S) it is more likely than not to haﬁe done so, particularly

in 3N0 cod.
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dppendix.

Supplementary notes to Table 4.

Col. 1. (Lc)' Since the method does not teke seccount of a variation of F

with age (as probably occurs, for example, in multiple-gear
fisheries), the velue of L, is en average of the mean selection
lengths for the constituent gears and/or fleets, weighted by their
respective catches. The data are taken from the length ocompositions
of the commercial catches given in the 1961 Assessment Report and
therefore refer for the most part to the period 41956-58.

Cols., 2 and 3 (I.oo and X)

These are taken from published growth dste, or from published esti-
mates kindly provided by personal communication. Sources are given
in the last column. Values of L00 in parenthesis ere based, in

the absence of growth data, on the maximum length of fish in length
conpositions of commercial catches.

Colse L4y 5 and 6 (Z, E and M)

These are teken from the Assessment Report except in the case

of ¥ for 4T + V(S) cod, which is from Dickie (1964). The values of
Z and E therefore refer to the period 1956~8.

Col. 7 Estimates of the decrease in catoh per unit effort from the
unexploited level, due to fishing, are based on data from the
Assessment Report, except in the case of Subares 5 haddock which is
teken fron the 1962 U.S. Research Report._ As is described in the
text, the extent of the decrease in catch per unit effort canlbe
interpreted in terms of F}iv giving the estimates of this ratio

tabulated in col. 11.

. L
Cols. B snd 9 (1-‘/1{ and °/L )
o0

These are celculated from the estimates of the component
parameters given in cols. 1, 2, 3 and. 6.

Cols. 10 and '11(3‘/}1)

Two sets of values of F/ﬁ are given. One (ecol. 10) is

calculated from the values of I in col, 5 ffom the identity

PEOT-E

The other (col. 11) is estimated from the decrease in catch ver

unit elfort of col. 7 aos deseribed in the text.

Ccl14
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Figure Logends

Catch/effort nomogram for stocks with M/K = 0e5~1.0. The shaded

zone defines the range of values of ?/M (ratio of fishing to
netural mortality; epproximately proportional to fishing effort)
and ¢ (= L?/L ;3 proportional to mean selection length Lc) which
may generate :Dmaximum in the catch/effort curve, allowing for the
uncertainty of .the true value of "/, within the range of 0.5-1.0.
The actusl range of values of ¢ end ?/M (Table 1) for cod of
Subareas 1 and 2, and Subarea 5 haddock, ere shown on the diagrem.
Plot of catch per unit effort against fishing effort for Subarea 5
haddock (from 1962 U.3. 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 a

0.5-1.0 and ¢ = 0.46-0.50.

Grephs showing the theoretical decrease in catch per unit effort
(es a fraction of the velue in the unexploited stock) as a function
gf E/M (epproximately proportional to fishing effort) for certain

stocks. Marked on these graphs are the observed limits of decrease

of catch per unic effort and the values of E)gl-to which they

correspond.

Catoh/effort nomogrem for stocks with '/, = 0.75-1.5.
Catch/effort nomogram for stocks with QKK = 0.75-2.0
Catch/effort nemogram for stocks with 3/K = 1.0-2.5
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Catch per unit effort (Ib x 10™3 per day)
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‘Fraction of unexploited catch per unit effort
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