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ABSTRACT

A method, described by Gull&nd(l961), for estimating
the effects on fisherlies of changes in gear selectivity is
reviewed and applied to data of the major commercisl fish-
eries of the Newfoundland Area (ICNAF Subarea 3). Methods
of estimating the essentlal parameters are also briefly
described. The changes in gear considered are in reality
increases in the mesh size of trawls, the other gear con-
ponents remalning unchanged.

For assessment purposes the subarea has been divided
into several reglons, largely on the basis of a knowledge of
the cod stocks, and the flsheries in them have been consgid-
ered separately. Some evaluation of the effects of fishing
on the cod and haddock stocks has been made, and for these
fisheries both lmmediate and long-term assessments of in-
creeses in the mesh slze of trawls have been computed. Also
glven are the effects of such mesh size changes on the land-
Ings by gears other than trawls. Because of the recent de-
velopment of the redfish fisherles ln most regions and of the
scarclty of adequate date from the major redfish-producing
countrles, the assessments that can be made are restricted
largely to the calculation of the immediate losses.

The assessments indlcate that the mesh sizes required
to iproduce the optimum long-term yields vary greatly between

regions for the different species. Since two or more speciles




are often present on the same fishing grounds and caught

by trawlers, for practical reasons & uniform mesh-size
regulation must be considered for the subares as a whole.

A l3-inch mesh size in trawls is shoun to be the optimum
for the cod and haddock fisheries considered together.
Despite the lack of long-term assessments for the redfish
fisherlies, the available information suggests that long-
term benefits are unlikely from any lncrease in mesh size,
although an increase to L inches would result in only slight
immedliate losses for most regions. No long-term assessments
were made for the flounder fishery, but cursory examination
of selection ogives and length composition data indicates
that an increase in mesh size to 6 inches would not affect
the commercial landings. Since it 1s not practical to have
different mesh sizes throughout the subarea, it is concluded
that a minimum mesh size of lJ% inches mlight be a falr choice
for the regulation of the trawl fisheries on all specles.
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SECTION 1, INTRODUCTION

The need for conservation arises at some time or other
in nearly all fisheries which are intensively explolted. When
the fishing intensity increases on a virgin or unexploited
stock, the annual catches rise rapidly to a peak, but after a
few years they decline almost as rapidly as they increased and
gradually attain an equilibrium at a level somewhere below that
of the best years of the flshery. During the decline from the
peak level the demand for regulation usually arises, particularly
if a new and more efficlent method of fishing is Introduced, The
conception that the stock is being overfished, because it now
yields less than it originally did, is a false one, for the
catches during the peak years were not the yields of those years
but the withdrawal of reserves built up in previous years., In
fact, the thinning out of the population may be of great benefit
to man, for the removal of the old slow-growing fish that add
very little to thelir individual weights in the consumption of
large quantitles of food may result in their replacement by
many more young fast-growing fish that use thelr food mainly
in adding to their welght., However, it 1s inevlitable that, as
the fishing pressure continues to increase, the need for con-
servation measures becomes significant., The purpose of con-
servation 1s to control man's predation in such a way as to

malntaln the crop avallable for harvestling at the highest

sustalnable level,
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The fisheries of the Northwest Atlantic Ocean are the
oldest. in the Western Hemisphere (with the exception of any
fishing carried on by the original inhabitants of the Americas),
having been prosecuted by European fishermen for more than 450
years, Their methods of finding and catching fish were crude
when compared with the efficient fish-finding apparatus and
fishing gears of today. In recent years grave concern has been
felt for the fisheries because of the rapidly expanding fleets
of large trawlers which frequent the offshore banks off the
East Coast of Canada all the year round., With thelr modern
navigational aids, echo-sounders, fish-finding apparatus and
large bag-like nets which are dragged over the bottom, they are
very efficient in finding and catching fish, but they are
equally as efficlent in destroying large quantities of small
unmarketable fish, unless the meshes of the nets are large
enough to permit their escape.

Recognition of the problem of wastage of small fish as
well as that of reduced abundance and possible depletion of
the fishery resources of the Northwest Atlantic Ocean led to
the formatlon in 1950 of tﬁe International Commission for the
Northwest Atlantic Fisheries, commonly referred to as ICNAF,
The boundries of the ICNAF Area are shown in Figure 1. At
present the participating nations are Canada, Denmark, France,
Germany, Iceland, Italy, Norway, Portugal, Spain, the Unlion of
Soviet Socia.list Republies, the United Kingdom, and the United
States of America, The purpose of the Commission is contained
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in the preamble to the Articles of the Convention (Appendix 1
of the Report of the Filrst Annual Meeting of the Commission
held at Washington in 1951) and reads as follows : "The Govern-
ments whose duly authorlized representatives have subscribed
hereto, sharing a substantial interest in the conservation of
the fishery resources of the Northwest Atlantic Ocean, have
resolved to conclude a convention for the investligation, pro-
‘tection and conservation of the fisheries of the Northwest
Atlantic Ocean in order to make possible the maintenance of a
maximum sustained catch from those fisheries ... ".

One of the first duties of the Commission was to institute
an efficlent and detalled study of the various fisherles from
the viewpoint of determining the landings with regard to a
breakdown by gear and season into the smal}gst statistical
areas considered feasible., In addition, the participating
countries were urged to intensify thelr blologlcal research
program8 on the various fisheries 1in order that the necessary
blological information might become avallable as soon as
possible, All the statistical and blological data, submitted
to ICNAF, are made avallable to research workers in three
annual publications ¢ the ICNAF Statistical Bulletin, the ICNAF
Sampling Yearbook, and the ICNAF Annual Proceedings, It was
from these publications that the author extracted a very large
part of the informatlon necessary to effect this study of the
immedlate and long-term effects of regulating the trawl come

ponent of the major fisheries carried on in ICNAF Subarea 3.



The first objective of such a study must be the examin-
ation and interpretation of the changes that have probably
occurred throughout the history of the fisherles with a view
to establishing the effects of fishing on the stocks, both from
e study of long-term trends in stock abundance and by the
estimation of mortality rates, and to distinguishing between
the changes that may have been due to fishing and those resulting
from natural fluctuations in stock abundance., The second
objective 1s to utilize these results in an effort to make some
assessment of the effects on the fisheries of introducing reg-
ulations in order to eliminate as much wastage of small fish
a8 posslble, to avoid possible depletion in the future and to
maximize the yleld from the fisheries, With these objectives
in mind this study is a preliminary attempt to assess the major
commerclial fisheries of the Newfoundland area (ICNAF Subarea 3),
insofar as assessments are possible from the data availlable
at the present time,

Since the end of World War II there has been a very rapid
increase in the fishing effort of the relatively modern method
of fishing with trawls, which involves dragging over the bottom
a bag=like net capturing both large and small fish in its path,
a8 distinct from the more ancient method of hook and line
fishing, which is dependent on how hungry the fish are, For
many decades Newfoundland fishermen have depended on the
migration of cod into the shallow coastal waters during the

summer months., These fish belong to stocke of cod which in
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the autumn, winter and spring live in deep water on the offshore
slope and bank areas and are there fished extensively by large
trawlers from a dozeﬁ or more countries, Depletlon of these
offshore concentrations would have a detrimental effect on the
inshore flshery of Newfoundland. In recent years much concern
has been expressed for the future of the fisheries, and much
study has been devoted to methods of controlling the devastation
of small fish by trawlers and to methods of regulating the
fisheries such that the maxlmum sustained yleld may be obtained
from them. The present assessments for the various increases

of mesh size in trawls do not so much compare present ylelds
with future ylelds, but rather they compare the ylelds by small-
meshed trawls with the yields that probably would have been
obtalined had larger-meshed trawls been used during the perlod
under consideration,

For the cod and haddock fisheries of Subarea 3 1t has
been possible in some instances to show that fishing is having
an effect on the stocks, and for these fisherles calculations
have been made of the possible long-term effects of lncreasing
the mesh size of trawls, For the redfish fisheries, on the
other hand, existing date are for the most part inadequate and
the assessments that can be made are limited, Since the haddock,
redfish and flounder fisheries are carried on offshore.only by
trawlers, no other gear components will be affected by any
regulation of the mesh size in trawls., The cod flsherles are

prosecuted largely by trawlers on the offshore banks, but a
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large segment of the annual yleld 1s caught in the inshore
coastal waters of Newfoundland by such gears as codtraps, hand-
lines, linetrawls, Jjiggers, glllnets, etc,, which throughout
this study are classed together as inshore gears, Consequently,
any regulation of the mesh 8lze 1ln trawls will produce different
long-term effects on the landings of the unregulated gears.
Therefore, insofar as it was possible from the data avallable,
assessments have been made to demonstrate the effects that a
regulated trawl fishery would have on each important unregulated
gear component of the fishery., The assessments are based for
the most part on research and statistical data up to and
including the year 1958. Except when indlicated otherwise,

the mesh sizes referred to throughout this paper are internal
measurements of the trawl meshes in the wet condition, made by
an ICNAF standard longitudinel wedge-shaped gauge inserted in
the mesh under a pressure of 10-15 pounds,

In order to 1lllustrate the sligniflicance 1n the Northwest
Atlantic of the rich fishing grounds of Subarea 3, the recent
average annual landings of the four major commerclal fisheries
in each ICNAF subarea are shown in Figure 1. In Figure 2 are
glven the recent average annual landings of these same four
fisheries by trawlers and by other gears for the divisions of
Subarea 3., All references in this paper to landings of fish,

glven in tons, refer to metric tons of round fresh fish,
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SECTION 2, METHODS OF ASSESSMENT

A. Data Requlrements and the Methods Used

When the size of mesh 1s increased beyond that at present
in use by trawlers, a certain number of small fish that would
have been retalned by the small-meshed gear wlll escape capture,
Most of these will survive and grow to a larger size at which
they can be later retalned by a larger mesh, A certain pro-
portion of them will eventually be caught and thelr average size
when they are caught wlll be the same as that of the rest of the
fish in the catch by the larger mesh, If this proportion 1is high
enough and 1if considerable growth has occurred in the interim,
thelr total welght wlll exceed the welght of the fish releaseqd,
and so there will be & long-term gain to the fishery. In order
to assess the long-term effects on a fishery of an increase in
the mesh silze of trawls, the basic requirements are: (a) the
'present slze composilitions of the catches by all gears, (b) the
recent annual landings by gears, (c) the selection curves for
the various trawl mesh sizes under consideration, (d) an estimate
of the proportion of the released fish that wlll eventually be
caught, and (e) information on the growth rate of the species,
If preclse assessments are to be made, falrly rellable estimates
of the natural and fishing mortality rates are required,

A very efficient method of making an assessment of a fish-

ery when such data are available has recently been developed by

Gulland (1961). The more conventlonal methods, particularly
that of Beverton and Holt (1957), require the use of age-length
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data, by which the length compositions of the released fish are
converted to length-at-age frequencies by year-classes, and each
year-class has to be dealt with separately 1n a complex yleld
equation, Gulland'‘'s method, on the other hand, does not require
the use of age compositions, which are often inadequate or not
available, but treats the length composition of the catch direct-
ly and requires only a falrly rellable growth curve embracing the
selection range of the gear., As well as beling more efficient in
treating data, Gulland's method 1s much quicker to apply when the
essentlal parameters are known, and it is especially useful in
assessing complex fisherles, in whilch a number of different gears
are operating, the slze compositions of the catches of which are
very different., Gulland's method has therefore been used through-
out thls study, but in view of its very recent development and
limited distribution (a detalled description of the method was
8ti11l in press at the time of writing this peper) 1t is necessary
to outline the theory of the method as it pertains to the cal-
culatlion of the long-term changes in the yield for fisheries in
which a single trawl gear 1s operating, and also for fisherles

in which several different gears are used,

B. Gulland's Method of Assessment
1. Symbols and definitions

In order to avoild the repetition of definitions through-
cut thils section, the principal symbols with thelr definltions

are as follows:

vz s ———

R e T
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the number of flish released by an increase in the
mesh slize of trawls,

the welght of the gNy fish.

the number of fish in the lmmedlate kept catch of the
large-meshed trawls (i.,e, the number that would have
been retained if the larger mesh had been used),

the welght of the immediate kept catch (pNg).-

the welght of the fish caught by the small-meshed gear,
the weight of the fish landed from the catch by the
small-meshed trawls.,

the welght of the flsh landed from the lmmedlate kept
catch by the large mesh

the percentege lmmedlate loss to the trawl catch as

a result of an increase in the mesh size,

the percentage immediate loss to the trawl landing

as a result of an increase in the mesh size.

the number of fish landed by an unregulated gear.

the welght of the oN fish,

the number of fish landed by an unregulated geag of
silzes greater than the maximum length of the fish
released by trawls with the large mesh size,

the welght of the gN' fish,

the welghted portion of that part of the landings of
the unregulated gear whose flsh are within the length
range of fish released by the large-meshed trawls,
the welght of the gN" fish,

the proportion of the released fish that willl event-
ually be caught (= F/@+M) = F/z).
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M the instantaneous rate of natural mortallity due to the
death of fish by all ceuses except man's fishing, com-'
monly called the natural mortality coefficlent.

F the Instantaneous rate of fishing mortality, commonly
called the fishing mortallty coefficlent,

Z the Instantaneous total mortality coefficlent
(z = F+M).

At the increase 1ln the mean age at first capture result-
ing from an increase 1n the mesh slze,

e the base of naturzl logarithms,

2. Calculation of the lmmedlate loss
Any increase 1n the mesh size of trawllng gear must result

in an immediate loss to the trawl catch. This pergmeter (TL) 1s
- E{ﬂv&l

8imply the ratio of the welght of the released fish to the welght

—_—

of the fish caught by the 1nitial small-meshed gear, viz,

0ld catch(qW) - immediate kept catch(tWg) _ TWg ......(1)
old catch (TW)' TW

pl =

3, Calculation of the long-term change for a single trawling |
gear operating on a fish stock

In applying the method proposed by Gulland, we must con-
slder the fate of the pNR fish that would heve been released,
had the larger mesh size been in use at the time during which

the length composition is considered representative of the catch, !

They will be subjeeted to natural mortality (M) for a period

before they become liable to capture by trawls with the larger
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mesh size, This pericd (At) is the time between the mean
selection ages of fish caught by the small and large mesh sizes,
Some of the gNp fish, which are only just large enough to be
caught by the smell mesh, will with the introduction of a larger
mesh size be subjected to M for the whole of the perlod At.
Others, which would have been captured by the small mesh only
Just before they reached a size at which they would become liable
to capture by the larger mesh, wlll be subjected to M for only
& very short time. On an average the pNp fish wlll be subjected
to M for a period of about }At.
Y BQTe
The rate of natural mortality at any time t depends on

the number present at that time and can be written as

g—g - M ® ® 6 9 9 & 00 5 00 20 BSOSO O SPS O OO (2)
This form of expressing the rate of decrease of a population (N)
has been used by many authors, among them being Baranov (1918),
Graham (1935), Schaefer (1943), Ricker (1944), and more recently
Beverton and Holt (1957). The solution of this differential

equation gilves the number remaining in the population at eny

time t as

Ny = (constant)., e=Mt ... ..iiieiii(3)

where the constant of integration referred to 1is the lnitial
number in the population at time t = 0. Since we are interested
only in integrating (2) over the perlod #At, using the pNp re-
leased fish as the initial number, by substitution in (3) we have

g = oNpee=BMAE L iiiiiiiiae. (8)
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which 1is an expression for the number of the released fish that
will be expected to survive and to become liable to capture by
the larger mesh, Some of these will be caught at an early age
68 soon a8 they are large enough to be retained by the larger
mesh, but others wlll escape the large-meshed gear initially
and might live to an old age before belng caught, If E 1s the
proportion of these Np: fish that will eventually be caught,
the actusl number that will be caught in the long-term is

TNR" - E.TNR' = E.TNR.e-%MAt AR R R (5)

and the immedlate kept catch (pNg) will therefore increase
by the proportlion Q, where

Ng! N
@ = B o IR o aMat

- e 00 ccseco 000 6
TNK Nk (6)

In actual weight units the immediate kept catch {pWg) will

increase by an amount (Q.TWK), which 1s the expected gross gain,

Remembering that any increase in the mesh slze will result in

en immediate loss to the trawl catch of N flsh whose welght

is pWR, the net long-term change will be Q.qWx = Wi . Express-
ing this change relative to the catch (TW) by the small mesh
glves the long—~term change in the yleld by trawlers as

TG - Q.TWK - TWR S0 oeoe v 00000000 e 000 (7)

oW

and, since gL = qWgr/QW, and 1 - pL = Wg/oW from equation
(1), we may write (7) as
TG - (l - TL)Q had TL @000 B 0ceee s enoOOLTEE (8)

Wwhich 1s an expression for the change in yield relative to the
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catch by the small-meshed trawls, If G 1s positive, an increase
in thk mesh size would eventually be benefilclal, but a negative
rG means that a long-term loss would result, It must be remem-
bered here that the whole analysis i1s based on the assumptlons
that the stock of fish is in equilibrium with the environment

and that future levels of fishing intensity will be approximately

the same as at present,

4, Treatment of discards

For fisheries in which considerable quantities of fish are
discarded at sea as being too small for the market, any assess-
ments based entirely on catch data would not glve a very realistic
plcture of the changes in yleld resultling from an lncrease 1in
mesh slze, because the quantity landed rather than that caught
is the more important. Therefore, account must be taken of this
factor when meking assessments of such fisheries, The 1ideal
Situation would be to have avallable length composltions of both
catches and landings, from which data a "cull" or discard curve
can be calculated, However, even if only the proportlon by
welght of the catch discarded 1s known, 1t 1s better to estimate
a length composition for these discards rather than disregard
them altogether,

Taking discards into consideration, the immediate loss to
the landings as a result of an increase in the mesh size of

trawls 1s now calculated from landing data only as

WL, = (IWK)L o iiiiirerssenrrnncnanes (9)

L =
&L TWL

As before in equatlon (6)‘the value of @ 1s calculated

N
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from catch data only.
Uslng the value obtained for Q from equation (6) and the
value for qLp from equatlon (9), the long-term change in the

landings of trawlers can now be written as

7G, = (1 = L) Q = PLI, eeeecesccccscssscaasss (10)

5. Calculation of the long-term changes when several gears
are operating on a fish stock

So far the case in which a fishery 1s carrled on by a single
gear (i.,e, trawls, the mesh size of which is increased) has been
consldered, Most fisheries, however, are carried on by several
types of gear: for example, the cod fisheries of the Newfound-
lénd area (ICNAF Subarea 3) are prosecuted on the offshore banks
by trawls and lines, whereas in the coastal waters Newfoundland
fishermen use a varlety of gears., In such areas, where several
types of gear are used, the fish that are released by an Ilncrease
in the mesh size of trawls would most certainly benefit the land-
Ings by those gears which are not regulated, siiice some of the
fish released by the large-meshed trawls would survive and event-
ually be caught by the unregulated gears, Consequently, any
assessment of such filsherles must also take into account not only
the predicted gain or loss to the trawl fishery but also the ben-
eflits that would accrue to these unregulated gears which operate
In the same area or on the same fish stocks,

The calculatlon of the lmmedliate loss to the trawl catch is
the same as before in equation (1), or if the assessments are
being made in terms of landings equation (9) must be used,

In order to assess the long-term changes, 1t is now necessary



to make adjustments for the total number of fish caught by all

" the unregulated gears, For example, sSuppose an unregulated gear
operates on tnat part of a fish stock whose length composition is
completely below the selectlon range of the small-meshed trawls;
the landings from such a fishery cannot be considered in the
assessments, for no matter how many fish were released by large-

meshed trawls the fishery by the unregulated gear would not be

affected, since none of the trawl released fish would subsequently
be caught by this gear, If, on the other hand, all the fish caught
by the unregulated gear were of greater length then the meximum
length of fish released by the large-meshed trawls, the fishery
by the unregulated gear would receive 1ts share of the beneflt,
proportional to the ratlio of the catch by the unregulated gear to
the total catch of this gear and the trawling gear combined., IT,
however, an appreciable part of the catch by the unregulated gear
consists of fish within the length range of the fish released by
an increase in the mesh slze of trawls, the total catch of the
unregulated gear must be adjusted before it can be used in the
assessments, The procedure, as proposed by Gulland, is to cal-
culate the total numbef (oN') of fish caught by the unregulated
gear of lengths greater than the maximum length of the fish
released by the large-meshed trawls, To this quantity must be
added a weighted fraction (gN") of that part of the catch by the
unregulated gear whose fish are within the length range (Li to
Lp) of fish released by an increase in the mesh size of trawls,
This weilghted portion i1s found by the relationship

L2 L2

ON" = ZON; = Zpi.ONi @esosvsecscsnossooe (ll)
Iy Ll
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where ps = the proportlon of flsh released by trawls that
are smaller than length 1,
and oNy = the number of fish of length 1 caught by the

unregulated gear,
For each unregulated gear, the number (gN'4 gN") must be
calculated and also the corresponding welght (OW[+.OQ"). If there
are several unregulated gears 1in addltlion to trawls, the value

of Q in this case (compare Wwith equation (6)) is

N
T = +%%N,+ON,,) c E . e=BMAt  ............ (12)

It must be noted. that, In cases where the slze composltlion
of the catches of the unregulated gears 1s wholly above the range
of sizes of fish released by large-meshed trawls, ,N" will be
equal to zero., Also, any part of the catches by the unregulated
wholly below the smallest of the trawl-released flsh must be dis-
regarded completely in calculating the term (oN'+4 oN").

As before, the long-term change in yield for the trawl
fishery 1s glven by equation (8) for catch data and by equation
(10) for data of landings, but we must use the value of Q
obtained from equation (12). .

For any particular unregulated gear O, the long-term
change in its catch (or landing, 1f such data are used) will

be

W'+ oW
OG' = Qg-g-—o—ff——o—i e 0000600808 000a00800s0s0000 (13)

If the whole of the catch of the unregulated gear 1s above
the maximum size of fish released by the large-meshed trawvls,
then OG = Q .‘.......................‘........ (14)

since gW'" would be equal to zero and gW' would be equal to QW.



SECTION 3, ESTIMATION OF THE PARAMETERS

In order to i1llustrate the application of the Gulland
method of assessing a fishery, we shall utilize the data for
the cod fishery of one of the reszions considered in Section 5,
Before &olng this, however, the methods of estimating certain
basic parameters, apart from those obtalned from the length-
composition data, must be discussed., These parameters are the
total mortality coefficient (Z), the selection ogives for the
various mesh sizes, the ratio of fishing to total mortality (E),
and the estimation of At.

A. Estimation of the Total Mortality Coefficient (Z)

Throughout this study the total mortality coefficients
have been estimated by the standard method of determining the
rate of decrease 1in abundance of age-groups with increasing age
from age-composition data of the catches, It is customary to
combine age-composition data for several years in order to
eliminate or reduce the effects of fluctuations 1in recrultment
of fish to the exploited phase of the population,

The theory underlying the determination of total mortality
rates from age-composition data has been reviewed by Beverton and
Holt (1957), and it is sufficient here to give only the basic
relationships representing the decrease in abundance of an agé—‘.‘
group with increasing age. If Ny represents the number present
at age t, the numbers at successive ages, t+1, t+2, ... t+r,

are glven by the relationships:-
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Ni4p = Nte”a(F‘*‘M)
and Nt+r = Nte-r(F+M) ® &6 ® & 0O & 6O O 00 OO0 " OO e NS OE (15)

By taking the natural logarithme of (15) and rearranging the

terms, we obtain

F+M = -]-'-108 g-—b-‘—g— s 600600800 s00000008R00 (16)
r Ngtr

General experience in fisherles research has shown that,

when age-composition data are plotted on semi-log paper (see
Flgure 7), the descending right limb of the resulting catch

curve will generally be linear, and the slope of this line can
be used as an indication of the magnitude of the total mortality
coefficlent (Z), The estimates of Z, used in the cod and haddock
essessments, have therefore been found by plotting the age-com=-
position data on seml-log paper, by drawing the best-fitting
sbraight line through the points of the descending right limb

of the curve, and then by calculating the slope from equation

(16) using values of Nt and Ny, taken from the line,

B. Estimatlion of the Ratio of Fishing to Total Mortality (E)

In none of the reglons considered in this paper was 1t
possible with the limited data availlable to dlvlde Z Into 1ts
natural and fishing components (M and F) from which a reliable
value of E (= F/Z) could be obtained., It was therefore necessary
t0o use a range of E values, which was thought to embrace the true
value at present (1955-58) levels of fishling intensity. However,
some assurance that the lower limit of the range is a minimum

value can be obtained from tagging data, when the percentage of
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tag returns from a glven experiment over a perlod 1is known,
Without reviewling the theory underlying the use of tagging
data in estimating mortelity rates, which problem has been dis-
cussed in detall by Beverton and Holt (1957), it is only necess-
ary here to give one of their equations (page 189 of their paper)
and show how an estimate of the minlmum value of E can be obtalned,
The equation referred to glves the relationship between the total
recaptures over a period of time and the number of fish initially

tagged, viz,,

r
= EN -r(F+X) (17)
znx = ——Q(l—e ) S 0s 000000000 00000000800
Xml ™MX
r
where > Nx = N1+ N2+N34 eee.... +Ny,, Which represants the

X=]1
total recaptures over a period of r years for

the case where recaptures are consldered on
an annual basis;

No = the inltlal number of fish liberated;

F = the rate of reduction of tagged flish due to
fishing (the fishing mortallity coefficilent);

and X the rate of reduction of tagged fish due to all

other causes (the other~loss coefficient), in-
cluding naetural deaths, mortallity of tagged
fish due to tagging, and the detachment of tags
from living fish prior to recapture,

By rearranging the terms of equatlion (17) , we have

F_ _ m+NDo+4 eeeee +0p (

E_ 1 ) eieienne
P No (1 - e-r(F+X)) (18)

In cases where r represents afnﬁmber of years and F+X is a

-



velue not greatly different from the general 6rder of magnitude
of the values of Z considered in thls paper for the cod assess-
ments, the last term (in brackets) of equation (18) will be suf-
ficlently close to the value of one that we may write the

approximation F_ D+ nDo+eeee+Dp (19)
F+X - NO ® 0 00600 0o s 0o oe

(For example, if r = 6 years and F+X = 0,8, say, then from
e~X tables we find that the last term of (18) equals 1,008,)
The right hand side of (19) is simply the ratio of total
recaptures over a period of r years to the total number of fish
initlally liberated, The denominator of the left hand side can
be considered to have the same significance as the total mort-
elity coefflclent (F+M), which we have discussed previously;
but it will always be greater than F+M, because X 1s greater

than M. Consequently the ratio f%i will always be less than

ﬁ%ﬁ = E, but it serves the purpose of establishing a lower limit
for the range of E, Tagging data have been used for this pur-
pose in the cod assessments of Divisions 3K, 3L and 3P.

C. The Selection Oglves

Experiments carried out by many workers in the fleld of
fisherles research have shown that the selective actlon of trawls
does not cause all fish to have the maximum probabllity of being
caught upon reaching a certain critical size; rather the prob-
ability of individuals being caught by trawls of given selectilve
Properties varies over a certain size range of flsh, known as
the "selection range". Typlcally the probability of retention
by trawls of fish in the selection range can be described by a

-
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S-shaped or sigmoid curve as in Figure 17. It 18 also common
knowledge that the main selective action of a trawl takes place
in the cod~end, and throughout this study the mesh sizes refer
to the cod-end of the trawl,

The propertles that usually define the selectivity of
trawls are the 25, 50 and 75% retention lengths of fish, or
often only the 50% retention length and the "selection span"
(distance between the 25 and T75% retention lengths) are given,
Jensen (1949) and others have shown that for many species of
fish there 1s an approximate proportional relationship between
the 50% retention length (1,) and the cod-end mesh size, given

b
y 1r-b-(mesh size) 0 6 00 ° 0000 OO0 0 0o 00 (20)

where b _1s a constant called the "selection factor", Con-
sequcntly, when for a particular species the selectlon factor
and the selection span are known, 1t is possible to determine
the 25, 50 and 75% retention lengths for each mesh size. When
these are plotted on probability paper and a straight line
drawn through them, the percentage retained for each length-
group over the selection range can simply be read off from the
stralight line, Flgure 3 shows on probabllity paper the lines
for ths 4-inch and the 6-inch mesh sizes, from which the cor-
responding selection ogives for cod have been prepared (see
Appendix II)., The data used refer to cod-end meshes of double
manila twine, and are from a summary of trawl selectivity data
for the Northwest Atlantic Ocean by Clark, McCracken and
Templeman (1958).
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D, Estimation of At

The value of At, required for the calculatlon of the
long-term changes in yield of a fishery, is the difference
between the mean ages at first capture for the large and the
small mesh slzes, This 1s best found by estimating the mean
retentlon lengths from the ascending left limbs of the curves
obtained when the length composition of the small-meshed trawl
catch and that of the lmmedliate kept catch of the large mesh
are plotted on graph paper. The mean retentlon lengths (1.)
are then converted to mean ages at first capture (tp) by the
relationship

tcgto-%—_—los él-i— I EE Y X (21)

Leo

where to,, K and Loy are the parameters of the approprliate
growth curve (see Figure 8)., This relationship (21) is a
rearrangement of the von Bertalanffy#® growth equation, which
has been discussed in detall by Beverton and Holt (1957).

The method of estimating the mean retention lengths is
shown in Table 1, These are then converted to mean ages at
first capture, and the difference between them 1s an estlmate

of At.

% von Bertalanffy produced a number of papers on the theory
of organic growth, but the mathematical representation of
growth discussed by Beverton and Holt 1s based largely on
his 1938 paper.
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E, Example of Computations Involved in Making the Assessments
The first essential for an assessment of this kind is a
representative set of catch (or landing) length composition for
each major gear component of the fishery., We shall consider
here the data for cod from ICNAF Division\BPL;which encompasses
the coastal waters along the south coast éngewfoundland and
also the offshore banks, The cod fishery in this region, dis-
cussed in detail in Section 5, has been divided into three
ma jor components by types of gear - trawl, offshore line, and
inshore gears - and the length compositions of these gear com-
ponents are glven in Appendix I, Table 5, In view of the
importance of the 1lnshore fishery, which would obviously receive
some benefits from any mesh slze regulation that might be imposed
on the offshore trawl fishery, we must apply the data to the
case of multiple gears (see pages 20~-22), In order that we
may obtain a more realistlic picture of the results, we must
take into account the discarding of small unmarketable fish,
From a knowledge of the offshore trawl fishery durilng
the 1955-58 period, gained by the author in reviewing many of
the research reports presented annually to ICNAF'by the various
countries fishing in the Newfoundland area and by hls attendance
at 2 number of ICNAF Annual Meetings, the effectlve trawl mesh
size in use was considered to be about 5 inches, Also 1t was
generslly customary for trawlers to discard, as too small, cod
below a length of about 45 centimeters, Lacking adequate data of

discards, therefore, "knife-edge" discarding was taken as lying

¢
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between the 42-44 and 45-47 centimeter length-groups.

In Table 2 1s given an example of the worksheet for the
computatlions Involved in determining the immediate effect of an
increase in the mesh size of trawls from an initial 3 inches
to a2 larger mesh size of 5 inches, The 3-centimeter length-
groups of column A are standard for the reporting of cod length
frequencies, The mean welghts of column B were obtained from
the measurement at the 5t, John's Blological Station, Newfound-
land, of several thousand cod taken by research vessels over
all seagsons and during a period of several years (Appendix III),
In column C 1s the length composition of the trawl catch by
the small mesh, Columns D and E are the selectlon oglves of
the small and the large mesh sizes respectively, and column F
the ratios of the large to the small mesh retentlion factors,

In column G 1s the length composition of the lmmedlate kept
catch, that 1s, the catch by numbers that would have been ob-
tained had a 5-inch mesh slze been used instead of the small
mesh, In column H are the numbers that would have escgped the
large~meshed trawls to grow larger and become liable to capture
at some later time, Column I glves the welght of the trawl
catch that was landed while the small mesh size was used, and
column J gives the welght of the immediate kept catch that
would have been landed had the large mesh been used, assumlng
that there would have been no change in the practice of discard-
ing small fish at sea, Using the weight totals of columns I

and J, the immediate change relative to the small-meshed trawl

N
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landings 1s computed from equation (9) as -=4,32%,

Since the length composition of the landings of the in-
shore gears overlaps conslderably the selection range of the
trawling gear, 1t is necessary to adjust these landings (note
that we consider landings instead of catches for the gears not
being regulated, since any discards that they might have does
not matter in the case where only the mesh slize of trawls 1s
being regulated), The procedure for adjusting these landings
i1s given on pages 21-22, and a worksheet showing the necessary
calculations for the inshore fishery 1s given in Table 3, The
length composition of the inshore landings 1s glven 1ln column C,
Columns D, E and F show how the welighting factors over the trawl
selection range are obtalned, and column G is the adjusted
length frequency, the total of which we must use in equation (12),
Column H 1is the welght of this adjusted frequency, and column I
the welght of the original frequency of the landings.

Actually we should also adjust the length frequency of
the offshore line fishery in the same manner, but it will be
noted from Appendlx I, Table 5, that thls fishery mekes only a
very minor contribution to the total cod landings from this
reglon, and also that the greater part of the length composition
lies above 61 centimeters (the upper limit of the trawl selection
range for the S5-inch mesh). Therefofe, any adjJustment would
have only a very slight, if any, effect on the final results,

For the long-term assessments an estimate of At is needed,

and the value that we shall use is At = O.4 years from Table 1,

N
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representing the difference between the mean selection ages of
fish caught by the 5-inch and 3-inch mesh sizes,

The only remaining parameter, E = Fyﬁﬁyﬂ is usually the
most difficult to estimate. However, a falrly consistent value
for the total mortality coefficient, Z = 0.6, has been esti-
mated for this region from age-composition data (see Figure 7),
and by considering a range of values for the natural mortality
coeffilcient (M) , within which the true value is thought to lie,
some appreclation of the possible effects of an increase 1in
the mesh size may be obtalned, A wide range of M from 0.10 to
0.30 has been used, giving corresponding values of E from 0.83
to 0,50 respectively, In Section 5 it is shown from tagging
date that the lower 1limit of this range of E values 1s not
unreasonable,

Having obtalned values for all the necessary parameters,
we can now proceed with the calculation of the long-term effects
of an 1ncrease in the mesh size of trawls, using equatiomns (10),
(12), (13) and (14) of the previous section, Table 4 is a
worksheet of the computations, Since we have not adjusted the
length composition of the offshore line fishery, the values of
Q represent the changes in the yield of this fishery directly
from equation (14), and the values of Q multiplied by 100 repre-
sent the percentage changes, With regard to the inshore fishery,

there is reason to believe that this fishery would not benefit

N

fully from an increase in the mesh size of trawls, since some

of the fish that would be released by the large-meshed trawls
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might rémain on the offshore banks where they would not be
liable to capture by the inshore gears, It was assumed, there-
fore, that about one-half of the released fish would subsequently
become liable to capture by the inshore gears, and the effects
of this assumption can be achieved in the computations simply
by considering only one-half of the values for ON'+—°N" and
oW'+ oW" from Table 3 . The percentage changes in the yield
of the inshore fishery over the range of E considered are
represented by the values of oG multiplied by 100, where oG 1is
obtained from equation (13). The percentage changes in the
yield of the trawl fishery are represented by the values of

pGy, multiplied by 100, where mGp, is obtalned from equation (10).
It will be noted that the values for the changes in both the
inshore fishery and the offshore line fishery are ali positive,
8ince any increase in the mesh size of trawls will always
provide some long-term benefits to these unregulated fisheriles,
For the trawl fishery, however, the first value of Gy, under

M = 0,30 1s negative, indicating that if the natural mortality
rate is as high as this it would be detrimental at least for
the trawl fishery to increase the mesh size, For M values of
0.20 and 0,10 the values of nG, are positive and an increase

in mesh size would be beneficial.,
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Table 1, Method of estimating the mean ages at first capture (to) from
the left limbs of length-composition catch curves. (Worksheet
refers to catch curves of 3=inch and 5-inch mesh sizes of
trawls for cod in Division 3P.)

Length Left limb of ro/r] Resultant First differences, d;
catch curve catech curve ‘

3=-cnm 3=inch Col. F, 5-inch 3=inch 5«inch

groups mesh Table 2 mesh mesh mesh
28 10 0.017 10
31 22 0.053 1 12 1
3k L3 0.105 L 21 3
37 108 0,183 20 65 16
LO 285 0.309 88 177 68
L3 657 0.455 299 372 211
L6 1033 0.610 630 376 331
L9 1Ly 0.760 1097 a1 467
52 1695 0.870 1475 251 378
55 1781 0.940 1674 86 199
58 1781% 0.980 17L5 71
61 1781 0.990 1763 18
6L 1761 1.000 17681 18

=d = 1781 1781
S$dily = 8206l 87596
The mean selection length is found from the relationship:
1c —z—% 1 .5 Chle
For the 3-inch mesh, 1, = §%$§%» =15 = LhL.S cm.
For the 5-inch mesh, 1, = 8Z79§ -1l.5 = 47.7 cm.

From the growth curve of Figure 8, the corresponding mean selection
ages by equation (21) are: t, = 3.9 years for the 3-inch mesh,

and tc = U.3 years for the 5-inch mesh.

# In cases where the selection range for the large mesh size extends beyond
the mode of the length-composition curve for the small mesh, it is customary
to apply the retention factors beyond the mode to the value of the mode
itself rather than to the decreasing values beyond the mode.
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Table 2. Method of computing the immediate effects of an increase in
the mesh sigze of trawls. (Worksheet refers to trawl-caught
cod in Division 3P.)

A B c D E F= G= H= I= J=
E/D C.F C-G  B.C B.G
1 W TN ry r2 r Tl tNR W, (TWgL

3-cm kg ('000) 3-in 5-in  rp/r; ('000) ('000) tons tons
groups mesh mesh

28 0.18 10 0.0 0.01 0.017 - 10
31 0.25 22 0.75 0.04 0.053 1 21
3L 0.33 L3 0.86 0.09 0.105 L 39
37 0.43 108 0.93 0.17 0.183 20 88

Lo 0.54 285 0.97 0.30 0.309 88 197
L3 0.68 657 0.99 0.45 0.455 299 358
L6 0.84 1033 1.00 0.61 0.610 630 LO3 868 529

L9 1.02  1hhh 0.76 0.760 1097 347 1473 1119

52 1.23 1695 0.87 0.870 1475 220 2085 1814

55 1.46 1781 0.94 0.940 1674 107 2600 24kl

58 1.72 1755 0.98 0.980 1720 35 3019 2958

61 2.01 1504 0.99 0.990 1489 15 3023 2993

6l 2.32 1197 1.00 1.000 1197 2777 2777

67 2.68 8oL 8oL 2155 2155

70 3.07 58l s8L 1793 1793

73 3.Lh9 510 510 1780 1780

76 3.95 115 L1s 1639 1639

79  L.iS 367 367 1633 1633

82 L.99 26, 264 1317 1317

85 5.58 125 125 698 698

88 6.22 56 56 348 348

91 6.89 39 39 269 269

oL 7.62 27 27 206 206

97 8.40 13 13 109 109

100 9.22 13 13 120 120
103 10.11 9 9 91 91
Totals 14760 12920 1840 28003 26792
plV ik My TW, (oW

From equation (9) the immediate change in the trawl landing would bes

v, = (TWK)L, _ 28003 - 26792

g = - 55003 = 0.0432 = L.32%




- 3T =

Table 3. Method of adjusting the length composition of gears which are
not being regulated. (Worksheet refers to inshore cod of
Division 3P.)

A B o D E F = G = H = I=
n;/ M F.C G.B C.B
1 W oN TR nff Pi oN'+oN"  oW!'+ouWh oW
3~cm kg ('000) ('000) ('000) tons tons
groups
28 0.18 10 10 0.005
31 0.25 21 31 0.017
34 0.33 7 39 70 0.038 2
37 0.43 69 88 158 0.086 6 3 30
Lo 0.54 336 197 355 0.193 65 35 182
L3 0.68 798 358 713 0.387 309 210 5Ll
L6 0.84 1167 403 1116 0.607 708 595 980
L9 1.02 1524 347 1463 0.795 1212 1236 1555
52 1.23 1689 220 1683 0.915 1545 1900 2077
55 1.46 1709 107 1790 0.973 1663 2L28 2L96
58 1.72 1546 35 1825 0.992 1534 2638 2660
61 2,01 1340 15 1840 1.000 1340 2693 2693
I 2.32 1218 1218 2826 2826
67 2,68 1015 1015 2720 2720
70 3.07 818 818 2511 2511
73 3.49 647 647 2258 2258
76 3.95 L59 L59 1813 1813
79 45 339 339 1509 1509
82 L.99 230 230 11,8 1148
85 5.58 157 157 876 876
88 6.22 110 110 68L 68L
91 6.89 88 88 606 606
oL 7.62 61 61 L65 Lé5
97 8.40 L9 L9 a2 a2
100 9.22 28 28 258 258
103 10.11 21 21 212 212
106  11.05 13 13 gl 1l
109 12.04 11 11 132 132
112 13.09 13 13 170 170
115  14.21 6 6 85 85
118 15.39 L N 62 62
121 16.63 6 g 188 lgg
2L 17.93 5
124 20.78 3 3 62 62
Totals 15486 13683 3088L 32362
ON 0 Nl-l-ONll OWI -|-0W|l Ow

# This column is simply the accumulated sum of column De
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Table L.
increase in the mesh size of trawls.

Method of calculating the long~term changes resulting from an

(Worksheet refers to an

increase in mesh size from 3 to 5 inches for cod in Division 3P.)

PARAMETERS
From Table 2, TNR
From Table 2, ok

From Appendix I, Table 5, oN (offshore)

From Table 3, 3(oN' + JNW) (inshore)

R -

1840
12929
1127 (not adjusted)
6842 (adjusted)
‘ TR

For equation (12), Total Wg (aisasted)

1840

THK + oN + Z(oN' + o)

o950 % 107 v ey - 0-08808
From Table 3 $(ow" + QW) 1512
From Table 2, oy, 0.0432
and 1- gy = 0.9568
From Table 1, At 0.4 years
From Figure 7 for Division 3P, Z=sF+ M 0.6
Range of M consi.dered 0.30 0.20 0.10
Corresponding range of E = F/Z 0.50 0.67 0.83
Mat 0.06 0.0L 0.02
e~Hat 0.9418 0.9608 0.9802
Eee~3lat 0.147090 0.6437h 0.81357
TR R .056 0.07166
Q R 1 oNﬂy-E e"s 0.041L8 0.05670 7
(BloW * i ) 0.0198 0.0271 0.03L2
oG Q( oW ) (inshore) 019
rq = Q1 - fdy) - s, (trawl) -0.0035 0.0110 0.025}4
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SECTION 4, COMMENTS ON INTERPRETATION OF RESULTS

The long-term assessments, calculated by the methods of
the preceding sections, indicate how a given increase in the
mesh s8lze of trawls would be expected to affect the average
annual level of the 1955-58 landings compared with what was
actually the case during this period, throughout most of which
the effective mesh size of trawls was assumed to be about 3
inches, The assessments are based on the supposition that
present levels of fishing intensity will remain unchanged., It
is also supposed that there would be no change in the distribution
of fishing on the stocks, However, ewen i1f no change in the
amount of fishing occurred, it would be expected that an increase
in the mesh size of trawls might in reallity have the useful
effect of encouraging trawlers to fish more on grounds contain-
ing larger fish, While it is not possible tompredict the extent
or the effect of this, such a tendency would certalnly improve
the overall general exploitation of the stocks,

For this study it has heen assumed that the selectivity
of trawling gear only is regulated, The trawl selectivity data,
from which the selection oglves were prepared (Appendix II),
have been obtained from experiments carried out largely by
small research vessels in the New England, Nova Scotia and
Newfoundland areas and reported by Clark, McCracken and Templeman
(1958)., No selectivity data are available for large travwlers
of the types used by the European countries, and no critical




evaluation of the existing data has been attempted, Although
it is known that selection curves obtained from research vessel
experiments, generally from relatively small catches, tend to
yleld higher selection factors than those obtained from large
catches, the assessments would probably not be significantly
affected, since any differences would be relative,

For the cod and haddock fisheries of Subarea 3 calculations
have been made of the probable long-term effects of increases
in the mesh size of trawls at present (1955-58) levels of
fishing intensity, Of the parameters required for long-term
assessments, the ratio of fishing mortality to total mortality
(E s F/Z) 4is generally the most difficult to estimate and this
parameter may critically affect the results of the computations,
In this study, therefore, the procedure has been adopted of
calculating long-term assessments for a range of E values, The
wide range of E used has generally resulted in a rather wide
range of predicted long-term changes in yleld for the various
mesh sizes, - However, useful conclusions can nevertheless be
drawn from them,

For the redfish fisheries the existing data are generally
insdequate and the assessments that can be made are even more
restricted than those for cod and haddock, The lack of age-
composition data does not permit the estimation of a total
mortality coefficlent (Z) much less the separation of Z into
its natural and fishing components, and no long-term assessments

can be made, In such cases, however, it is possible to estimate




- 4] -

a value of E which, for a given increase in mesh size, would
leave the long-term yleld unchanged, This value of E is derived
as follows: By equating the net long-term change in yileld

(page 17) to zero, we have
Q.TWK - TWR =0
and by rearranging the terms

Q'-TW——R © 0 000 00000000000 0000080000000 00000 (22)

TWK
By substituting for Q from equation (6) we obtain
INR, . e=2MAt _ TWR
K TNK

from which Ee= TNK.TWR’ 6cece0sc00c0esveves000 (23)

TNRe TWE (ca:EMA )
Considering the possible ranges of M and $At, the term (-3MAt)
is small and hence e~*MAY 31s not greatly different from the
1
value of one. Consequently the value of will be
- e:;MAt

sufficiently close to one that it can be disregarded in
equation (23), (For example, suppose that M = 0,20 and At = 1.0

1 - 1 - 1 -
years, then EM_A? - e-o.l - m = 1.105.)

Disregarding, therefore, the las®: term in equetion (23), we may

write an expression for the minimum value of E, viz,

E' - M = Iw_R 06000 cesrs0000s0000 00 (24)
tNRe pWg g

where W, = the mean weight of the fish released by an
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increase in the mesh size of trawls,
and oWy =  the mean welght of the fish in the immediate
kept catches of the large-meshed trawls,
This critical value of E' (called the minimum "break-even"
value) serves to indilcate how intense the fishing would have
to be 1n order for an increase of mesh size to result in long-
term gain,

Some conslderation must also be given to the significance
of the immediate losses to trawls indicated in Section 5, They
have been calculated directly from the size compositions of
catches and the selection ogives for the various mesh sizes,
taking discards into account where possible, but in interpreting
these immediate losses several polnts gahould be borne in mind:

() There 1s substantial evidence (Clark, McCracken and
Templeman, 1958) that an increase in the mesh size of
trawls increases the fishing povwer of the gear and results
‘1n bigger catches of larger fish above the selectlon range
of the mesh size,

(b) The reduced catches of smaller fish caused by an lncrease
in the mesh size might encourage trawlers to fish less on
concentrations of small and medium-sized fish and more on
grounds where larger fish are abundant in sufficlent
quantities to still make fishing worthwhlle,

(¢) 1In fisheries vwhere the discerding of small fish has been a

general practice, it would be expected that with a larger
mesh size proportionately fewer of the small fish caught
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would be discarded,

(d) The values of the immedlate losses, quoted in the assess-
ment tables of the next section, represent the losses at
the moment the large mesh size is introduced. From that
time onward the fish released by the larger mesh would
grow into the selection range and the immediate losses
would become progressively less, The losses over the
first full year of fishing by trawls with the larger mesh
size would, therefore, be considerably less than those
experlenced initlally. In later years the changes in
landings would approach the values given for the long-
term effects.

All the above points indicate that the true immediate
losses may well be less than the values given in the assessment
tables, and comnsequently the long~-term changes may be more

favourablee.




SECTION 5, THE ASSESSMENTS

A. Cod
l, Brief review of the filsherles

From 1ts beginning in the early sixteenth century, shortly
after Cabot's discovery of Newfoundland, the cod fishery on
the Newfoundland banks has been the greatest fishery in the
Northwest Atlantlic Ocean, It hae traditionally been an inter-
national one, the principal competitors during the first three
centurles after the discovery being Britain and France, Canadian
and USA dory-vessel fleets carried on extensive line fisheries
on the offshore banks during the second half of the nineteenth
century, but since 1900 these have declined rapldly and are now
negligible, Although Portuguese and Spanish veessels fished on
the Newfoundland banks before the present century, it has only
been since 1930 that their cod landings have formed a significant
part of the annual cod yields,

The Newfoundland cod fishery has always been almost
entirely an inshore fishery, carried on with a great variety
of gears, It is prosecuted largely during the summer months
when the cod are attracted towards the coast by.the onshore
spawning migration of capelin. Prior to about 1950 the tradit-
lional methods of fishing by the European fishermen on the off-
shore banks have been handline and linetrawl fishing from dories,
which operated from vessels called "dory schooners", Following

the introduetion of trawling in the 1920's, the once very

-
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extenslve offshore line flshery rapldly declined, Except for
Portugal, which still has a large dory-vessel fleet, most of
the offshore cod fishery 1s carried on at present by large
trawlers,

The earliest avallable statistics of the cod fishery are
those of Newfoundland landings from 1804 and of French landings
from 1874 (ICNAF Annual Report for the Year 1951-52), During
the perliod from 1804 to about 1880 the Newfoundland annual cod
landings show an upward trend from about 100 thousand to 250
thousand tons; between 1885 and 1900 the landings were fairly
steady at about 200 thousand tons; and the period since 1905 is
characterized by a stabllization of the landings at a level
between 220 thousand and 300 thousand tons annually. From 1874
the French landings fluctuated greatly between 20 thousand and
190 thousand tons annually, the low levels having occurred in
periode of depression and war-time (Figure 4).

Since about 1935, for most of the countries fishing in
the Northwest Atlantic, statistics of cod landings are avallable
by ICNAF subareas and by methods of fishing. These are glven
in Appendix I, Table 1, for Subarea 3, During this more recent
period (1935-58) annual landings have increased from less than
250 thousand tons prior to 1945 to more than 400 thousand tons
in the 1950's (Figure 5), Newfoundland inshore landings
(excluding those of Labrador in Subarea 2) fluctuated between
125 thousand tons just prior to World War II and 250 thousand

tons immediately after the war; in recent years the annual
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landings have been just lesa than 200 thousand tons, The land-
ings from the offshore line fishery, mainly by Portuguese dory
vessels, have varied between 30 thousand and 80 thousand tons
over the same period, The offshore trawl fishery, carried on
largely by France, Spain, Portugel, and more recently by the
USSR, has developed raplidly, and landings have increased from
less than 30 thousand tons prior to World War II to an annual

average level of about 200 thousand tons in the 1950's,

2, The effect of fishing on the cod stocks

The only long series of landing and effort data avallable
are those of the Portuguese dory-vessel and trawl fleets from
1935 to the present time, but prior to 1952 these data are
reported as pertaining generally to the Newfoundland banks,
probably including small emounts of fishing off Labrador
(Subarea 2) end in the Gulf of St, Lawrence (Subarea 4), These
data have not been published but were obtained on request from
the ICNAF Secretariat, Halifax, Nova Scotla; a summary of these
data 1s given in Appendix I, Table 2.

The landings per day filshed by Portuguese trawlers, the
calculated total trawl effort and the calculated total effort
in Portuguese trawler unlts are shown in Figure 5. From 1936,

when the first Portuguese trawler operated in the ares, untll

1940 only one or two Portuguese trawlers were fishing, and the

landings per day fished fluctuated considerably; however, for

the period 1936-47 they averaged about 35 tons. With the rapld
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expansion of the trawling fleets during the post-war years,
resulting in an increase in fishing effort in the subarea from
a level of less than 1000 days fished to nearly 10,000 in the
1950's, the landings per day fished have decreased to a level
of 20«25 tons,

Prior to the introduction of trawlers in the 1920's, the
Grand Banks attracted hundreds of dory schooners, particularly
French and Canadian, which carrlied on an extensive line fishery;
for example, in the first decade of this century French landings
from the ICNAF Area ranged between 50 thousand and 175 thousand
tons, most of which were probably caught in Subarea 3, and the
landings of Newfoundland and Nova Scotian dory schooners were
together 50 thousand tons or more. During the war years, 1940-45,
the line fishery on the offshore banks dropped to a very low
level, and the landings per unit effort increased (Figure 5).
In 1946 and subsequently, when fishing conditions returned to
normal, the landings per unit effort tended to stabilize at a
level of about 35 tons per 100 dory days fished, During 1955-57,
however, the landings per unit effort increased to nearly 40
tons Instead of decreasing as would be expected when fishing
on a stock intensifies; but this increase is believed to be
due malnly to a very recent practice by the Portuguese dory
fishermen of obtaining large quantities of frozen squid bailt
at Newf;undland ports, Squid were very abundant in Newfoundland
waters during 1953-57 (Squires, 1959), and it is known that

squid balt is almost twice as effective in catching cod as any
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other commonly used bait (Templeman and Fleming, MS). The poor
fishing in 1958 1is largely attributed to higher than normal
temperature conditions throughout much of the area, causing the
cod to have been much less concentrated in the fishing areas
than normally (Templeman, 1959a),

Although there are inconsistencies 1n the avallable data,
it appears that the cod stocks have responded to changes in
fishing intensity., As the stocks in one area are reduced to
e low level, other areas with better concentrations are dis-
covered and undergo exploitation, Thus the increase in fishing
intensity, particularly by the trawling fleets, has in recent
years resulted in hitherto unexploited cod stocks belng fished,
This process 1is still continuing, so that the decline 1n landings
rer unit effort from the subarea as a whole is less marked than
might be expected from a consideration of the rates of local
depletion (see page 59),

Examination of data by ICNAF divisions since 1953 reveals
that in 3N and 30 (the southern part of the Grand Bank), where
the bottom is best for trawl fishing, the landings per unit
effort of the Spanish, Portuguese and Canadian fleets have
decreased significantly, end as a result a considerable decrease
in fishing effort has subsequently occurred (Appendix I, Tables
3 and 4), During the early 1950's the fleets had already moved
into Division 3L, and by 1957 and 1958 a decrease 1ln the landings
per unit effort in that division was apparent but small., The
northward expansion of the trawl fishery into Division 3K and

~



westward into Division 3P 1s taking place at present, but there
is no clear indication that the stocks in those divisions are

es yet being reduced,

3., Survival end nature of the cod stocks in Subarea 3
Consldering that they have withstood more than four
centuries of exploitation,the cod stocks show great ability to
withstand reletively constant but heavy fishing pressure, Many
factors favour the abundance and survival of cod in the area.
They feed equally well on the bottom and in mid-water and they
can accommodate themselves to a wide range of depth and temper-
ature conditions, although preferring cold water near 0°9C., The
great abundance of plankton as well as capelin and other food
fishes provide vast quantitles of food, sulteble for their
survival and growth throughout all stages of their lives, During
and after spawning adult cod may Spehd seversl weeks in the upper
water levels where they are not avallable to the ordlnary trawl-
ing gear, Also some relief from fishing pressure often occurs
in the winter and spring when the stocks off the east coast of
Newfoundland cennot be fished on account of 1lce conditlons., Young
cod during the first two or three years of life are not strictly
bottom feeders but tend to live farther off the bottom than the
adults; thus their premature destruction by trawls 1s probably
not & serious problem, The great expanse of Subarea 3 alone,
more than 100,000 square miles, provlides many sultable areas

for the settling of the pelaglc post-larval stages and renders




the complete fallure of year-classes unlikely,

Because of the resillency of cod to adapt themselves to
a wide range of environmental conditions, it is inevitable that
there must be great variation in the blological characteristics
of cod throughout the area, According to Templeman (1953),
three well-defined stocks of cod may be distingulished in the
subarea from studles of vertebral averages, tagging returns,
growth rates and the incidence of cod parasites, These are
(a) the east coast of Newfoundland stock (Divisions 3K and 3L)

which extends from the northern edge of the Grand Bank north-
vard into the Labrador area, (b) the central and southern Grand

Bank stock (Divisions 3N and 30), and (c) the south and west
coest of Newfoundland stock (Divisions 3P and 4R), In addition,
the Flemish Cap (Division 3M) appears to have a small stock of
its own as indicated by USSR catch statistics since 1956,

All four stocks are well separated from each other and
hindered to some extent from mixing by such natural barrlers
a8 deep channels and water masses of low temperature, Within
the 3K and 3L stock, which extends over a wide area, there are
no real barriers and the cod may mix freely, but thls does not

seem to be the case, Although there appears to be no distinect
difference in vertebral numbers, growth rate studies indlcate

that complete mixing does not occur (Templeman, 1953); rather,

the differences in growth rate are conslderable from north to

south in the reglon, and such evidence seems to indicate that

each submarine shelf off the headlands along the east coast




of Newfoundland has 1its own local population of cod which
tends to follow an inshore-offshore migratory pattern rather
than extensive north-south movements, The southern and central
Grand Bank stock (3N and 30) is considered to be distinct
because of its low vertebral average and very fast growth rate,
Tagging studies reveal that this stock has very little assoe-
iation with the coast or with the adjoining stocks, In 3P and
4R there are two or more divisions of the cod population as
indicated from more recent tagging studies (unpublished data
of the St., John's Blological Station, Newfoundland) and from
studies on nematode infestation (Templeman, Squires and Fleming,
1957), but those of Division 3P are here considered as a unit
because of the inadequate separation of cetch and effort state
istics for the individual stocks,

For purposes of the assessments, therefore, the subarea
has been divided into the four major regions glven above and

the stocks in them are treated separstelys

4, General notes on date used in making the assessments

The assessments were made by Gulland's (1961) method
using length compositions of catches (or sometimes landinge).
All available length data from the ICNAF Sampling Yearbooks
covering the period 1955-58 were considered in order to obtaln
adequate sets of length compositions for the offshore trawl
fisheries in recent years, In some cases the length compogitions

were stated as pertaining to catches and in other cases to

i
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landings, Where necessary, data of landings were converted

to catches by adjusting for discards before being used, The

ad justments were, however, sometimes rather arbitrary, part-
icularly for the 3P data which were scanty for the offshore
trawl fishery, By comblning length compositions, welighted to
the catches of the various countries for which data were avall-
able, sets of length eomposlitions of all trawl catches were
obtained on an annual basis, These were averaged to give for
each reglon a representative length composition of the average
annual trawl catch for the period under consideration (i.e.
1955-58), Representative length compositions of the offshore
line fishery and the lnshore fishery were obtained in the same
menner, except that no account was taken of discards, The length
compositions by gears for the various reglons are given in
Appendix I, Table 5, with notes showlng how they were obtalned,
and they are 1llustrated in Figure 6.

The length-weight relationships used 1in the assessments
are based on data collected by research vessels of the St., John's
Bilological Station, Newfoundland, and are given in Appendix III.
The immedlate and long-term assessments were made for increases

in mesh size from an initial 3 inches to 4 inches and there-

after by #-inch intervals to 6 inches, The selectlon ogives
for the various mesh sizes are given in Appendix II.

The average annuel cod landings, on which the assessments

are based, by countries, gears and regions for the perlod

1955-58 are given in Table 5.

.
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(see Appendix I, Table 5).
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5. Divisilons 3K and 3L assessments for cod

This region is by far the most important of the cod-
fishing areas of Subarea 3, accounting in recent years for
about 60% of the total cod landings from the subarea., OFf this
quantity the Newfoundland inshore fishery took 60%, Portuguese
dory-vessel and trawl fleets 18%, French trawlers 13% and
Spanish trawlers about 5%. The trawl fishery as a whole in
this reglon accounted for 31% of the cod landings, which for
the period 1955-58 averaged 232 thousand tons annually (see
Table 5),

This stock demonstrates a seasonal inshore-offshore
migratory pattemrn, the degree of concentration both in the
coastal waters and offshore depending largely on the temperature
conditions of the Labrador Current., During late autumn, winter
and spring, when the shallow water near the coast 1s too cold,
the cod live in deeper water offshore, where they are avallable
to the offshore trawl and line fisheries, In late spring, when
the coastal water has become sufficlently warm, large numbers
of cod move inshore in conjunction with the spawning mlgration
of capelin, and for about three or four months durling the summer
they are fished extenslvely by Newfoundland inshore flshermen,
Templeman and Fleming (1956) have shown that the cod caught
by inshore gears in shallow water near the coast are consider-
ably smaller than those caught by longlines in the deeper water
at the edges of the coastal shelves during the summer and 1n

other segsons,




Table 5. Subarea 3 cod: average anmual cod landings by gear, country
and region for the period 1955=58.

Gear Country Landings in thousands of tons{l)
3K 31 3H=0 3P 3NKVZ) Total
Trawl Canada (M) 2.h - 3.1 2.0 - 7.5
Canada (ifld) 1.8 - 2.5 1.7 - 6.0
France (M) 30.0 + L.O  10.2 + Uy .5
France (St.P) - - - - 0.9 0.9
Germany (E) - + - - - +
Germany (W) - - + + + +
Iceland + - - - - +
Portugal 23.8 + 4.0 L.7 - 32,5
spain (01)(3) 9.5 - 16,7 8.3 - 3]
Spain (PT) 2.5 + 30.6 Oy - 33.5
USSR 0.7 5.9 - - - 6.6
UK + - 0.4 0.6 0.4 1.5
Total 70.9 6.2 6l.3 28,0 1.4 167.7
Line Canada (M) 4.0 - 0.9 4.0 - 9.0
Denmark (F) - - - - 1.7 1.7
Norway + + - - 5.6 5.9
Portugal 18.0 + 15.2 0.8 - 34.0
Total 22.0 0.3 16.1 L.8 7.3 50.6
Inshore Canada (Nfld) 139.k - - 28.7 - 168.1
France (St.P) - - - 3.6 - 3.6
Total 139.4 - - 32.3 - 171.7
GRAND TOTAL 232.3 6.5 77.4 65.1 8.7 390.0

(1) From Appendix I, Tahle 3.
(2) 3NK = Subarea 3, division not known.
(3) Spain (OT) = Spanish otter trawl; Spain (PT) = Spanish pair trawl.
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The foregolng description of the migratory pattern is
generally true for the northern part of the region (3K), where
the deep water fishing grounds are adjacent to the coastal
waters of the east coast of Newfoundland, The southern part
of this region (3L) includes the northern helf of the Grand
Bank, the northwestern slope of which 1s directly continuous
with the coastal shelf in the Baccalleu area, and presumably
there 1s a gradual lessening of the coastal migratory tendency
as one moves offshore along the northern and northeastern
slope of the Grand Bank, since some of the cod move in summer
from the deep water slope onto the shallow bank areas rather
than to the coast, Along the western slope of the Grand Bank
facing the Avalon Penlnsula, tagging studles show strong shore-
vard mavement of cod at capelin spawning time but some tendency
also for cod to move eastward onto the bank durlng the summer
and stay in the vicinity of the Virgin Rocks,

The above conclusions are based on tagging experlments
and experimental fishing carried out in recent years by the
St, John's Biological Statlon (unpublished data).

The series of landing and effort data avallable for this
region is not long (Appemdiix I, Table 4), but examlnation of
annual landing per unit effort data by trawlers since 1954
gives no clear indlcation of a relation between effort and
abundance, Although there has been since 1956 a decline 1n
the landings per unit effort of all trawl fleets in Divislon

3L, 1t is not possible to conclude from such a short series
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of data that this has been caused by flshing, However, a con-
tinuing study of the Newfoundland inshore fishery since 1951
in the waters of the Bonavista Shelf area of Division 3L
indicates that this local fishery has heen seriously affected
(Templeman, 1959a and 1960), In 1950 and 1951 large unexploited
concentrations of cod were discovered in the deep water parts
of the shelf 15 to 20 miles from shore and an appreciable longe
line fishery subsequently developed, Up to 1956 the catch per
day's fishing was about 4.3 tons per boat, In 1956 a few large
trawlers began fishing in the area, and in 1957 and 1958 a much
larger concentration of effort by a large number of forelgn
trawlers and fleets of Faroese and Norweglan longliners occurred,
Subsequently the catch per day's fishing by Newfoundland long-
liners has decreased rapldly, averaging less than 2,0 tons per
boat by 1960. The inshore handline fishery in the area decreased
from a pre=1956 level of more than 1.5 tons per boat per day
to less than 0,9 tons in 1960, and the codtrap catches declined
from about 3,0 tons per haul to 1.5 tons over the same perilod,
Furthermore, the average size of cod caught by longlines and
other gears has decreased by about 10 centimeters between 1952
end 1959, and the cod landings from the inshore Bonavlsta Shelf
area are now not much more than one-half the pre-1956 level,
although there has not been any appreclaeble change in the
inshore fishing effort (Fleming, 1960b and 1961).

Scanty age-composlition data from Newfoundland research

vessel catches for the period 1948-53, when the offshore trawl




fishery was somewhat less Intense than at present, indicate
that the total mortality coefficlent (Z) was about 0.35, while
age compositlons of the Newfoundland inshore fishery during
1947-50 give a Z of sbout 0.6, Data of the inshore fishery
for the period 1955-58 indicate that Z was about 0,7, with
individual estimates for the four years ranging between 0,65
and 0,75, For the offshore trawl fishery age compositions of
Portuguese samples in 1955 and of Spanish and Portuguese samples
in 1957 both give estimates of Z of about 0,5 (Figure 7). The
difference between the estimates of Z for the inshore and the
offshore fisheries 1s probably reflected in the difference
between the inshore and the 6ffshore length compositions, since
the larger fish tend to remain offshore in the deep water and
to be more avallable to the trawl fishery than to the inshore
fishery (Templeman and Fleming, 1956). This is also evident
from the length compositions 1llustrated in Figure 6, Con-

| sidering the total mortality estimates of 0.7 and 0.5 for the
inshore and the offshore fisheries respectively during the
1955-58 period, an intermediate value for Z of 0.6 was used
for the assessments of the cod fisheries 1in this reglon,

No direct separation of Z into 1its natural and fishing

components, by analysis of changes in effort and abundance,

% can be made from the present data, However, from cod-tagging
experiments carried out in 1950 at two inshore locations (Fogo
in Division 3K and St, John's in 3L), total returns to the end
of 1960 were 38% for a S-inch internal tag and #7% for a small
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2-inch red pre-opepcular tag (Templeman and Pitt, 1961),

Furthermore, tagging experiments carried out in 1954 at various
locations produced during the 64-year period to November 1,
1960, a total return of 33% (Templeman, 1961), These results
Indicate that the ratlo of flshing mortality to total mortality
(E) is probebly not less than 0,5 and could be considerably
larger, A range of E values from 0.83 to 0.50, corresponding
to values of M from 0,10 to 0.30 for a Z of 0.6, 1s therefore
consldered reasonable for assessment purposes,

The cod along the east coast of Newfoundland tend to
remain offshore in the deep water as they become older, and a
large portion of the cod along the westerm, northern and north-
eastern slope of the Grand Bank migrates during the summer onto
the bank itself rather than inshore., Because of this, 1t has
been assumed for these assessments that fish released as a re;
sult of increases in the mesh size of trawls would subsequently
be relatively only about one-half as avallable to the 1inshore
fishery as to the offshore trawl and line flsherles,

Figure 6 shows, for the period 1955-58, the length com-
position of the average annual trawl catch used in meking the
assessments for this region (3K and 3L). The length compositlons
of the average annual landings of the Newfoundland inshore
fishery and the offshore line fishery for the same perlod are
also shown. In this reglon, where cod tend to be large, the
quantities discarded appear to be small. Estimates of the pro-
portion discarded by weight are 1.6% for Portuguese trawlers
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in 1957 and 2,8% in 1958 (communication to the ICNAF Secretariat
in 1960 from Capt. T, de Almeida, Lisbon, Portugal), For the

trawl fishery, therefore, it was assumed that all fish below
45 centimeters were discarde@, this being consistent with an
average discarding of about 2% by weight,

Age-length dsta used for the estimation of te are a
combination of Newfoundland data for 3K and 3L in 1947-50
(Fleming, 1960a) and Portuguese and Spanish data for 1956-57
(ICNAF Sampling Yearbooks), The growth curve is 1llustrated

in Figure 8,
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Figure 8., Subarea 3 cod: growth curves obtained from the
Bertalanfify growth equations fitted to the age-
length data of Appendix I, Table 7.
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The assessments of the immediate and long-term effects
of increases in mesh size, based on an initial mesh size of 3
inches, are given in Table 6., For all values of E considered
there would only be slight changes in total landings for all mesh

sizes up to 6 inches, This 18 mainly because the number of fish

Table 6, Divisions 3K and 3L assessments for cod

Mesh size 1, te Percentage change in 1955-50 landings
change Gear Immediate Long~term change for
group# loss 5:?55_-5737-_-5f83———ﬁ
(inches) (em) @Gm) 0,30 0,40 0.50 F
From 3 to 49,8 %%5 0,30 0.20 0,10 M
)4 50 oh 5 oh Trawl «0,3 +0,3 +0 -5 +0.7
Offsh. line 0 ¥0.6 +0.8 +l.1
Insh. gears 0 +0.3  +0.4 +0.5
Total -0,1 +0.3 +0.5 +0.6
It 51,1 5.5 Trawl =1.0 +0,2 +0.7 t+l.l
Offshe. line 0 +1.3 +l.7T +2.2
Insh. gears 0 +0.6 +0.8 +1.1
Total 0.3 +0.6 +0.9 +.2
Offshe line 0 +2,2 43,0 +3.8
Insh. gears 0 +1.1 41,5 +1.9
Total -0.7 +0.8 +1.3 +1.9
5% 53,9 6.1 Trawl -7.1 -3.0 =1.6 +0.1
Offsh. line 0 +4.2  +5.9  +7.7
Insh, gears 0 +2.0 +2.7 +3.6
Total ‘-2.2 +0.6 +1 .7 +2 .9
6 56.0 6.6 Trawl -13.5 «7.9 =5.5 =2.9
Offsh. line 0 +6.h,  +9.1 +12.1
Insh. gears 0 +2.9 #4455
Total <.l 0.1 +1.6 *3.6

#Trawl group - France (L42%), Portugal (3L¥), Spain (17%), Canada (6%) and
USSR (13).

Offshore line = Portugal (82%) and Canada (18%).

Inshore gears = Canada (Newfoundland) (100%).
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that would be released (pNR) is very small relative to the
total number of fish that would be kept (gNg). For the inter=-
mediate value of E (& 0.67) the optimum mesh size is about 4%
inches for the trawl fishery, but if E is as high as 0.8 a mesh
size of 5 inches would produce the optlmum long-term yield;
mesh size Ilncreases beyond 5 inches would not likely be bene-
ficlal, The offshore line and the inshore fisheries would
benefit from any lncrease in mesh size of trawls, the long-term

benefits becoming greater as the mesh size is increased,

6, Division 3M assessments for cod

This stock, separated from the others in 3K and 3L and
in 3N and 30 by a very deep channel, was not exploited to any
great extent prior to 1956 (Appendix I, Table 3), but since
then most of the cod caught there have been taken by USSR
trawlers in conjunction with thelr very extensive redfish
fishery in the region. The average annual landing for the
period 1955-58 was 6.5 thousand tons, which represents less
than 2% of the Subarea 3 cod total (see Table 5). The cod
are generally smaller than those of 3K and 3L and are believed
not to migrate nor to mix to any great degree with those in
nelghbouring regions,

Because of the very récent development of this cod fish-
ery and the lack of age-composition data, 1t 1is not possible at

present to estimate Z or its fishing and natural components,

The immediate losses for increases of mesh slze above an
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initlal 3 inches have been calculated from USSR length com-
positions of catches in 1958 (Figure 6), and the results are
given 1n Table 7., With regard to long-term changes it is not
possible to calculate more than the bresk-even values of E.
Using the growth curve for cod of Divisions 3K and 3L to con-
vert the mean retention lengths (l,) to mean retention ages
(te), and taking an M value of 0,2 (the intermediate value used
in the assessments for cod of the other regions of Subarea 3),
approximate break-even values of E have been computed from
equation (23), They range between 0,4 and 0,6 for the various
incresses of mesh size considered, suggesting that fishing might
not have to be particularly intense for any increase of mesh
8ize up to 6 inches to produce long-term benefits, Should the
growth rate of this stock be faster than that for cod of Divisions
3K and 3L, the break-even values of E would be correspondingly

Table 7. Division 3M assessments for cod

Mesh size 1p  tg Percentage change in 1955=508 landings
change Gear Immediate Long=-term

(inches) (em) (yr) group# loss Tinimum break-even
From 3 to  1L0.6 % value of E

h )-1203 3 9 Trawl =342 Ooh-h

h%' )-&3.8 h.l u -6.6 O.h8

5 45.0 L. " -12,0 0.51

5% 49,0 5.0 n ~23.4 0,56

6 53.4 6.0 " =34.8 0.62

#Trawl group - USSR (95% of 3M cod landings)
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lower than those indicated in Table 7, Lacking an estimate

of Z (and hence E) for this region, 1t 1is not possible to
predict which mesh size would likely provide the optimuﬁ long-
term beneflits, However, the immediate losses would be sub-

stantlal for increases of mesh size beyond 5 inches,

T. Divisions 3N and 30 assessments for cod

This entirely offshore fishery, prosecuted mainly by
Spanish trawlers and Portuguese dory vessels, accounts for
about 20% of the Subarea 3 cod landings, Of an annual average
of 77 thousand tons landed during the 1955-58 period, 61% was
taken by Spain, 25% by Portugal and 8% by Canade., The trawl
fishery took 79% of the cod total (see Table 5),

This stock 18 consldered to be relatively distinct from
stocks in neighbouring areas because of marked differences in
growth rate and vertebral numbers, Tagging studies also indicate
very little mixing with cod of adjolning areas malnly because
of surrounding temperature barriers (Templeman, 1953). Like
the cod of 3K and 3L a seasonsl migratory pattern is evident.
During the summer and sutumn the cod are generally concentrated
oﬁ the shallow parts of the Grand Bank where temperature con-
ditions are most suitable, In the winter months the shallow
water areas are usually covered with very cold water and the
cod are found on the deep water areas of the slopes, Also
there appears to be a tendency for cod as they grow older to

remain in the deeper water,

|
|
|
|
i
|




No long series of effort data is available for this
reglon, but landings per unit effort dince 1954 show steady
decreases for all fleets (Appendix I, Table 4). The fishing
effort by trawlers has declined considerably as the fleets
moved northward into Divisions 3K and 3L and westward into
3P and Subarea 4, The effort for pair-trawling has remained
about the same during the 1954-58 period, mainly because the
bottom in the region is most suitable for this type of fishing.

Age-composition data from Newfoundland research vessel
catches in 1953 (unpublished data of the St. John's Blological
Station, Newfoundland) and from the catches of Spanish trawlers
during 1953-56 (ICNAF Sampling Yearbooks) both give estimates
for Z of about 0,7 (see Figure T7), and this value was used in
making the assessments.

No direct separation of Z into 1ts natural and fishing
components i1s possible at present from the very short serles
of landing and effort data avallable, However, Newfoundland
research vessel age compositions of catches, collected during the
period 1947-50, give a Z of about 0,3 for age-groups VIII to XII,
which lived through a war-time and pre-war period of relatively
low fishing intensity (Figure 7). Consequently, the values of
M used in the assessments for region 3K and 3L (i.e. 0.30, 0.20
and 0,10) were used also for thils region, giving corresponding
E values of 0,57, O.71 and 0.86 respectively. In view of the

low value of Z indicated above for the war years, it is believed

that M for this region may be in the lower part of the range used,.

-
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A representatlive length composition of the average annual
catch by trawlers for the period 1955-58 is illustrated in
Flgure 6, The length composition of the average annual landing
by Portuguese dory vessels is also shown, Since most of the
fish caught in thls region are smaller than those caught in
3K and 3L, and since the Spanish research reports to ICNAF
Indicate that the minimum commercial size is about 40 centi-
meters, for the trawl fishery it was assumed that all cod below
42 centimeters had been discarded as being too small, the amount
being 3,3% of the catch by weight and 14% by number. Rojo (1957
and 1958) states that in Spanish trawler catches the percent-
ages of cod below commerclal size vary considerably with the
season and with the area: in 1955 discards by number were
0.5% during the spring in Division 30 and 16% during the summer
in 3N; in 1956 during the summer 8,7% were discarded in 3N;
and from samples taken in August and September of 1957 discards
were 22,3% and 11.7% respectively. All these percentages refer
to cod smaller than 40 centimeters in the samples,

The growth curve used for the estimatlon of to represents
a combination of Newfoundland data from 3N and 30 in 1947-50
(Fleming, 1960a) and Spanish data for 1953-56 (ICNAF Sampling
Yearbooks), and it 1s illustrated in Figure 8.

The assessments of the immediate and long-term effects
of increases in mesh size, based on an initial mesh size of 3

inches, are given in Table 8. Long-term galns to total landlings
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Table 8., Divisions 3N and 30 assessments for cod

Mesh size 1, te Percentage change in 1955-53 landings
change Gear Immediate Long-term change for
groupi loss 0.57 0.71 0.7 E
(inches) (cm) (yr) 0.0 0.50 0.0 F
From 3 to 39,2 3.2 0.30 0.20 0.10 M
).l ).ll 03 3 -)-l Trawl =1.3 +2 of +3 o +)-l 08
Line 0 +4.0 +5.0 +6.1
Total -1.0 +3,0 +4.0 +5.1
hg L3l 3.6 Trawl -3.2 +4o3  +6.3  +8.5
Iline 0 +7 05 +9 05 ""11 .8
Total -2.5 +5.0 +7.0 +9,2
5 L5.5 3.9 Trawl ~6,6 +5.6 +9.1 +13.1
Line O +12 02 +15 .7 +l9 07
Total -5.2 +7,0 +10.5 +1L.5
5% b9.6  L.3 Trawl -14.3 +6,2 +12,7 +20.2
Line 0] +20,5 +26.9 +3L.4
Tota]. "ll 03 +9 02 +15 07 +23 03
6 53.3 4.8 Trawl =22.5 +4,7 +lh.2 +25.7
Line 0 +27.,2 +36.7 +48.1
Total -17.8 +9.0 +18.9 +30.h

#Tpawl group - Spain (77%), Canada (9%), France (7%) and Portugal (6%).
Line group - Portugal (94%) and Canada (6%).

are predicted for all increases in mesh size up to 6 inches,

and these would be substantial for the higher values of E.

The trawl fishery would also benefit from all increases to 6
inches, but the optimum yield for the lowest value of E (= 0.57)
would be obtained with a 5%-inch mesh slze, The line fishery
would benefit from any increase in mesh size and greatly so

for mesh sizes above 5 inches, The reasons for the great
difference between the predicted benefits for Divisions 3N and
30 and those for 3K and 3L are (a) the number of fish that

would be released by large-meshed trawls relative to the total
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number retalned by all gears 1s large for this region, and
(b) the cod in this region grow considerably faster than in

any other part of the subarea,

8. Division 3P assessments for cod

This region during the 1955-58 period accounted for 17%
of the subarea cod landings or an average annual landing of
65 thousand tons, The Canadian fisheries (mainly Newfoundland
inshore) took 56%, while France (mainly trawlers) took 21%,
Spain 13% and Portugal 8%. The average annual yleld was shared
by gears as followsg trawlers 43%, offshore line 7% and inshore
gears 50% (see Table 5),

The composition of this stock unit is more complex than
those considered previously in thet it consists of two or more
groups of cod, Tagging studies (Thompson, 1943, and unpublished
data of the St. John's Blological Station, Newfoundland)
indicate that cod in the eastern and southeastern parts of
this division move freely between the offshore banks and the
inshore waters aloﬁg the eastern half of Newfoundland's south
coast., These fish are known not to mix much wlth concentratlons
of cod which winter in the western part of the division (3P
north), providing a substantial winter inshore fishery thers,
and which in the spring migrate into Divislon 4R to provide an
inshore summer fishery along the west coast of Newfoundland.
French, Portuguese and Spanish trawlers often carry on &n

intensive fishery for a short period in March on a cod con-




centration in the Halibut Channel just east of St, Plerre Bank
(3P south), and during March and April they also fish the 3P
(north) concentrations as they move around the southwest corner
of Newfoundland into Division 4R, Because the decision by
ICNAF to divide Division 3P into 3P (north) and 3P (south) is
very recent (ICNAF Annual Meeting, 1957), it has not been
possible to consider separately the cod populatlions in these
subdivisions,

No consistent trend is detectable in the landing per unit
effort data for trawlers during the period 1954-58 (Appendix I,
Table 4)., The scanty age-composlitlion data from trawl catches
are inadequate to give a rellable estimate of the total mort-
ality coefficlent (Z); but returns from tagging experiments
carried out in 1954 on St. Plerre Bank and on Burgeo Bank in
this division (Templeman, 1961) gilve t z\of about 0,7. Age=
composition data from the Newfoundland inshore fiéﬂéry for
1047-49 give a Z of 0,5, and for the perlod 1953-57 individual
estimates ranged from 0,5 to 0,7 with the average belng about
0.6 (Figure 7). This latter value of Z was used in making the
assessments for this reglon.

No direct separation of Z into i1ts componente was possible
from the scanty catch and effort data avallable. However,
returns from cod tagged in 1954 on 8t. Plerre Bank were 26%
and on Burgeo Bank were 30% over a period of 64 years (Templeman,
1961), indicating that the values of E of 0,50, 0.71 and 0.86

used in the assessments are not unreasonable.

-
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Length composition datae of trawl catches from this region
are meagre; however, some of Newfoundland trawler landings in
1955 and 1958, Spanish in 1957 and Germen in 1958 were combined
and “then adjusted for discards (see Figure 6). In the com-
putations cod below 45 centimeters were considered as being
discarded, the quantity emounting to 2.3% of the catch by weight,
a figure in agreement with estimetes of discards by Portuguese
trawlers in Division 3P: 3.9% in 1957 and 1.7% in 1958 (commun-
ication to the ICNAF Secretariat in 1960 from Capt, T. de
Almeida, Lisbon, Portugal). The length composition of the
Newfoundland inshore landings for the period 1955-58 are also
shown in Figure 6,

The age-length data used for the estimatlon of t, are
Newfoundland data collected during 1947-50 (Fleming, 1960a),
The growth curve is illustrated in Figure 8,

The assessments of the immedlate and long-term effects
of increases in mesh size beyond an initlal 3 inches are glven
in Table 9, Long-term gains in total landings are predicted
for all increases in mesh size up to 6 lnches, the optimum slze
being 5 inches for the lower limit of E and increasing to 6
inches for the highest value of E consldered, For the trawl
fisheries, however, optimum mesh sizes over the range of E
are between 4 and 5 inches, the silze most likely to produce
the best long-term benefits being 4% inches, For lncreases in
mesh size beyond 5 inches, the trawl fishery would probably

experience long-term losses., The offshore line and the inshore




- T4 -

fisheries would gain from any increase in the mesh size of

travwls °

Table 9, Division 3P assessments for cod

Mesh size 1, t¢ Percentage change in 1955-58 landings
change Gear Immediate Long=-term change for
group# loss 0.50 0.67 0.83 E
{inches) (cm) (yr) 0.30 0.40 0.50 F
From 3 to LL.6 R 0.30 0.20 0,10 H

i LS. L4l4O Trawl =0.6 +Q.i  +0.7 +1 .0

Offsh. line 0 +1.0 4+l +1.7

Insh. gears 0 +0.5 +0.7 +0.8

Total =0.3 +0.5 +0.7 +1.0

L3 46¢3 L.l Trawl -1.9 +.3 +1.0 +1.8

0ffsh. line 0 +2,2 +3.0 +3,8

Insh. gears 0 +1.1 +l.4 +1.8

Total -0.8 +.8 +1.4 +1.9

5 47.7 43 Trawl -4.3 -0.3 +L.1 +2,5

Offsh. line 0 +h ol +5 .7 +7 02

Insh. gears 0 +2.0 +2.7 +3.4

Total -1.9 #l.1 +2.2 +3.3

5% 50.7 L4.7  Trawl -11.2 -3.6 =0.6 +2.5

° Offsh. line 0 +8.5 +1l.9 +15.4

Insh. gears 0 +4.0 +5.5 7.1

Tota.]. -h .8 +l al +3 oh +5 .7

6 08 ol Tran "19 03 -8 05 "'3 09 "'0.9

> g Cffsh. line 0 +13.p +19.1 +25.1 -
Insh. gears 0 +6.1 +8.6 +11.3
Total -8.3 +0.3 +4.0 *7.9

#Trawl group - France (36%), Spain (31%), Portugal (17%) and Canada (13%) .
Offshore line - Canada (83%) and Portugl (173).

Inshore gears - Canada (Newfoundland) (89%) and France (St. Pierre) (11%).




B. Haddock
1, Brief review of the fisheries

Although haddock were abundant on the southern part of
the Grand Bank (Divisions 3N and 30) in the 1930's (Thompson,
1939), the haddock fishery did not begin on a large scale until
1946, and the landings increased rapldly to 80 thousand tons
in 1949, The decline in numbers of large fish in the catches
and some relaxation in fishing effort resulted in a decline in
total landings to 45 thousand tons by 1953, However, a great
increase in fishing effort subsequently occurred as a result
of the recruitment of the very abundant 1949 year=-cless and
because of the utilization of small haddock by Newfoundland
fish plants, and a peak landing of 105 thousand tons occurred
in 1955, Since then there has been a steady decline to 35
thousand tons in 1959 (Appendix I, Table 8, and Figure 9).

Except for very insignificant quantitles taken inshore
along the south coast of Newfoundland, the haddock fishery 1is
strictly an offshore trawl fishery, and up to 1959 was carried
on almost exclusively by Canade end Spain, Up to 1953 Spanish
trawlers generally took about three-quarters of the annual
yields, but since then Canadian trawlers have taken more than

one-half of the annual landings.

2. Nature of the haddock stocks

There are three large and essentlally independent groups

of haddoeck stocks in the Northwest Atlantic - on Georges Bank
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in Subarea 5, on the Nova Scotlan 3anks in Subarea 4, and on
the Newfoundland Banks in Subarea 3 - separated from each other
by deep water channels,

In ICNAF Subarea 3, where the most northern of the stocks
1s located, the main haddock fishery normally takes place on
the southern part of the Grand Bank (Divisions 3N and 30), but
during the period 1954-56 there was a substantial fishery for
haddock on St, Pierre Bank in Division 3P as well (Figure 9,
and Appendix I Table 9), almost exclusively on the very abund-
ant 1949 year-class, Only very small quantities of haddock
were landed from the latter bank before 1953 and no significant
fishery for haddock has occurred there since 1957, Growth and
otolith studies indicate that the adult haddock on the Grand
Bank and on St., Plerre Bank are relatively distinct groups,
Some mixing may occur on the slope area in the deep water
between the two banks, but the moderately deep channel between
the Grand Bank and Green Bank and the generally low temperature
of the water in this channel and on Green Bank tend to limlt
the extent of mixing., Since haddock were not known to exist
in abundance on St. Pierre Bank except for the perlod 1950-56,
1t may be postulated that the water current pattern, immed-
lately following the Grand Bank haddock spawnlng in 1949, was
such that haddock larvae in great numbers drifted 1in the
general direction of St. Pierre Bank and the young settled on
the bottom there in the autumn of 1949, the population sub-
sequently developing its own distinct growth characteristics,
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Because there has been poor survival of year-classes on St.
Plerre Bank since that of 1949 and no fishery for haddock there
since 1957, the present analysis will not be concerned with the
transitory fishery there during 1954-56,

The Grand Bank (3N and 30) stock, which has been the main-
stay of the haddock fishery over the course of its short history,
1s usually located along the southwest slope (in Division 30)
during the winter and spring months when the shallow areas of
the bank are covered by cold water of unfavourable temperatures,
generally less than 1°C; the haddock are thus concentrated in
depths greater than 50 fathoms where the water temperatures are
higher and more favourasble., At this time most of the Canadian
trawl landings are taken, Usually by June, sometimes earller,
vhen the shallow bank water has warmed up sufficlently, the
winter and spring concentrations disperse and the haddock move
eastward across the Grand Bank, By mid-summer and later they
are concentrated agaln but now on the Southeast Shoal (Division
3N) in shallow water of about 25 fathoms, and they are there
fished (up to 1959) mainly by Spenish trawlers whose catches
are split and salted on board shlp. Cansdian trawlers do not
usually fish these summer concentratlons because of the greater
distances from the fishing ports and the spollage problems with
fresh f£ish during the warm summer months (the Canadian haddock
fishery 1s a fresh fish industry). As the sutumn progresses
and the shallow bank water becomes colder, the haddock are

gradually forced to return to thelr winter-quarters in the

.
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deeper water along the southwest slope of the bank. The above
1s generally the plcture, but hydrographic conditlons are
variable and the haddock schools may in an unusually cold year
remalin concentrated along the slope for a longer than normal
period, thus favouring the Canadian trawl fishery for them;

in an unusually warm year the haddock may disperse earlier in
the spring and remain spread out over the bank for a longer
than normal period, thus hampering the flshery,

Considerable differences in the survival of year-classes
occur in all the haddock populations of the Northwest Atlantle,
but these variations are much more extreme in the northern
than in the southern parts of the range of haddock in the ICNAF
Area, In Subarea 3 the survival of one year-class may be
several hundred times greater than that of another. On the
Grand Bank the most recent outstanding year-classes Were those
of 1946, 1949, 1952 and 1955, the others between 1946 and 1958
being almost complete fallures except for moderate survival
in 1953 and 1956 (Figure 10). During the period 1955-58, on
which these assessments are based, the 1949 year-class to a
large degree and the 1952 year-class to a much lesser extent
were dominant in the landings. Also it might be of interest
to mention here that the growth rates of the 1949 and of all
the more recent year-classes were considerebly less than
those of year-classes that were present during the early years

of the fishery.
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3. Divisilons 3N and 30 assessments for haddock

During the period 1955-58 the average annual landings
from Subarea > amounted to 75 thousand tons, of which Canadian
trawlers landed 50% and the Spanish fleet 45%, About 64% of
the total, or 48 thousand tons, were csught on the Grand Bank
(3N and 30) portion of the subarea (Table 10),

Table 10. Subarea 3 haddock; average annual landings by gear, country
and region for the period 1955-58

Gear Country Landings in thousands of tons(l)
JL=-N=0 3P Total
Trawl Canada (M) S.l 5.8 10.9
Canada (Nfld) L8 11.3 26.1
France (St. P) - 3.2(2) 3.2
Germany (W) + + +
Portugal + + +
spain (oT)(3) 23.0 5.2 28.2
Spain (PT) L.8 + L.9
UX + 0.8 1.1
USA . + +
Total L8.3 26.6(2) 4.9
Line Canada (M) - + ¥
Inshore Canada (ifld) - + +
France (St. P) - + +
GRAND TOTAL 48.3 27.0 753

(1) From Appendix I, Table 9.
(2) 3.2 thousand tons from unknown division included here under 3P.
(3) Spain (OT) = Spanish otter trawl; Spain (PT) = Spanish pair trawl.
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The only landing per unlt effort data available for
haddock are those fcr Newfoundland trawlers since 1954 (Figure
9, and Appendix I, Table 10). On St., Pierre Bank (Division 3P)
the landing per unit effort was at a high level in 1954 and
1955, but it decreased rapidly to almost nothing in 1958 and
the fishery 1ls at present negligible, On the Grand Bank the
best fishing occurred in 1955 and 1956, These years were
followed by a decline in the landing per unit effort, which
by 1958 was not much more than half the 1956 level, the total
trawl effort having increased by as much as 50% during the
same period, More recent observations indicate that there was
some improvement in the landing per unit effort in 1959 as the
abundant 1955 year-class began to dominate all others in the
commerclal landings,

Age-composition data from research vessel surveys through=-
out the area, conducted by the St. John's Blological Station,
Newfoundland, indicate that for the three main year-classes
for which sufficlent date exist (1l.e. 1942, 1946 and 1949) the
total mortality coefficient (Z) probably lies between 0.7 and
0.8. This estimate was obtained by plotting logarithms of
relative catch (in numbers) per unit effort at ages in successlve
years against sge, Another independent estimate for Z of 0.75
was obtained from the slope of the descending right limb of the
curve representing the logarithms of the numbers per unlt effort
of the 1949 year-class at successive ages for the years 1954

to 1959, the date having been obtained from samples of the




landings by Newfoundland trawlers (Figure 11), Consequently
e total mortality coefficient of 0.75 was used in meking the

assessments,

RELATIVE ABUNDANCE {LOG UNITS)

X s .
S5+ 6+ + 8+ S+ 6+ 7+ 8+ 9+
AGE (YEARS) AGE (YEARS)

Figure 11. Subarea 3 haddock: estimates of the total mort-
ality coefficient for the Grand Bank (3N and 30)
haddock fishery obtained by plotting the logarithms
of relative abundance against ages in successive
years: A, research vessel data; B, commercial
fishery data. (From unpublished records of the
St. John's Biological Station, Newfoundland.)

No direct separation of Z into its natural and fishing
components 1s possible at present from the catch and effort
data available, nor are there any tagging data to glve & direct
estimation of F or E. Some age-composition data exist for an

earlier period (1931-35) when there was very little fishing
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for haddock (Thompson, 1939), but these are not sufficient to
enable & flrm estimate of mortality to be obtalned. They suggest,
hovwever, that the relative abundance of older fish at that time
vas greater than 1n recent years, In the absence, therefore,
of an estimate of natural mortality, an assessment can only be
made by choosing arbitrarily a range of values within which

thé uubural mortality (M) is presumed to lie, A value for M
of 0.2 has been used 1in making assessments on haddock stocks

in other areas of the North Atlantic., Beverton and Holt (195T7)
used this value for North Sea haddock, and 1t was also used by
Graham (1952) and Taylor (1957) for the Georges Bank haddock
assessments, However, in view of the precarious position that
the Grand Bank stock occupies in the most northern part of the
range of haddock in the Northwest Atlantic, 1t 1is probable that
the actual value of M for this stock may be somewhat higher
than 0,2, The long-term assessments were computed for M values
of 0,15, 0.25 and 0.35, corresponding to velues of E of 0,80,
0.67 and 0,53 respectively, but it 1s thought that the higher
values of M (hence the lower values of E) are the more probable
ones,

In such a fishery, where there have been violent changes
not only in year-class streng&h but also in growth rate and
size composition, it is difficult to make assessments of the
effects of a mesh size regulation which will generally be
appliceble, The assessments are further complicated by an

inadequate knowledge of the size composition of the fish




discarded at sea by Canadian and Spanish trawlers, and, even
though rough estimates of the quantitles discarded are known,
these vary considerably from year to year and even from season
to season as a good year-class enters and grows through the
selectlion range of the commerclal gear, Unlike the cod fishery,
in which the quantities discarded at sea in Subarea 3 are at
present insignificant, the discanding of haddock below com-
mercial size has always been a serlous problem from the point
of view of conservation., Estimates of the quantities dlscarded
annually during the 1955-58 period varied between 6% and 23%
for Newfoundland trawlers, giving a weighted average for the
period of 15% by welght, No such estimates are avallable for
the Spanish fishery, but references to discards and to minimum
commercial size are given in the "Spanish Research Reports® of
ICNAF Annual Proceedings as follows: in the Report of 1954
there is one observation of 20% by number discarded, but this
occurred at the end of the fishing campalgn; in September of
1956 57% of 2242 haddock measured from a catch were discarded

as being too smell for the industxy; in 1957 1t 18 stated that,
of two samples taken in August and September, the quantities
discarded were largej in all instances the minimum commerclal
size was given as about 40 centimeters, By assuming for the
Spenish length compositions that "mife-edge" discarding occurred
between 37 and 38 centimeters, a value of 18% by weight discarded
is obtained, which value 1is similar to that given for Newfound-

land trawlers. In view of the variable nature of the quantities

N
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discarded, the assessments were made by assuming that discards
renged from 10% to 25% by weight,

The assessments for haddock are based on the average slze
composition of the catches for the pericd 1955-58, Because of
the simllarlty of the length composition of the catches by the
Nevwfoundland and by the Spanish trawlers (Figure 12), the
calculations are based on the combined data of both fleets,
The estimates of t, were obtalned from the growth curve shown
in Figure 13, and the length-weight relatlionships used are
given in Appendix III., The selection ogives (Appendix II)
were prepared from information published by Clark, McCracken
and Templemen (1958).

14
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_Figure 12, Subarea 3 haddock: 1length comp?sition of t?e
average annual catches by Canadian and.Spanlsh
trawlers for the period 1955-58 in region 3N-O.
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Figure 13. Subarea 3 haddock: growth curve obtained from
the Bertalanffy growth equation fitted to age-
length data from the Grand Bank stock.

The assessments, based on increases in mesh size from
an initial 3 inches by intervals up to 6 inches, are given in
Table 11, For increases in the mesh size of trawls to 4% inches
long-term geins would result over the entire ranges of M and
of dlscards considered. For increases above 4% inches the
effect depends very much on the wvalue of M: if M is less than
0.25 the gain for a 5-inch mesh would be substantial, but if
M 1s greater then 0.25 a long-term loss would probebly result;

for the 54 and 6-inch mesh sizes the long-term losses would be ‘
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large except for very low values of M (hence high values of E),
If we consider the intermediate values of E and of discards as
being on an average the most probable ones, a mesh size of 4%

inches would produce the optimum long-term benefits,

Table 11. Divisions 3N and 30 assessments for haddock¥

Percentage Mesh size 1. te Percentage change in 1955-58 landings
discards change Immediate Long-term change for

with loss WB_&-—O—.??__%G__E'
3=inch (inches) (em) (yr) 040 0.50 0.60 F
mesh From 3 to 31.l 3.0 0.35 0.25 0.15 M

104 L 35.h 3.8 =5.8 +2.,8 +5.5 +8.3

bz 37.5 L3 -15.6 0.7 46 +12.

5 L1.L S.h -38.5 -11.3 +0.2 +13.6

5% L6.0 7.1 =4h -32,5 =-15.0 +8.0

6 L9.9 9. =80 =53 =32.3 =l.2

17% L Same as S eh +i +7.2 +10.0

L3 above «12.7 +4.1 +10.1 +16.2

5 -3L.6 =5.8 +6.,5 +20.7

53 =62 -27.0 =8.1 +16.8

6 ~79 =9 =26.3  +7.5

25% N Same as -3.6 +5.2  +8,0 +10.8

Li above -11.1 +6,1 +12.,1 +18.4

5 -32.0 -2,0 +10.8 +25.6

ol -59 22,7 =2.6 +23.8

6 =77 =45 -21.0 +15.3

#Trawl group - Canada (L1%), Spain (58%) and others (1%).
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C. Redfish
l. Brief review of the fishery

The redfish fishery of Subarea 3 was begun in 1947 on
the southern part of the Grand Bank (Divisions 3N and 30) by
Canadian trawlers, and USA trawlers began fishing there in 1951.
There was a rapid rise in annual landings to a peak of nearly
416 thousand tons in 1952. By 1955 the landings had declined
to 18 thousand tons, due partially to a major shift in fishing
effort to redfish in the Gulf of St. Lawrence (Divisions 4R, 4S
and UT) and partly to a diversion of effort by Canadian trawlers
to fishing for haddock. In 1956 USSR trawlers started fishing
in Division 3M, where the redfish concentrations had not been
exploited previously, By 1958 their exploitation of redfish
had extended into Divisions 3K and 3L. Icelandic trawlers
started fishing in 3K in the autumn of 1953. Consequently there
has been a very rapid increase in total redfish landings fraom
Subarea 3 to 158 thousand tons for the year 1958, of which the
USSR took 60%, Iceland 28%, USA 6% and Canada 5% (Figure 1l,

and Appendix I, Tables 12 and 13).

2« Nature of the stocks

Because of the very recent development of the redfish
fishery on a magjor scale in Subarea 3 and because of the

scarcity of information on'the gtocks from the major redfish-

producing countries, it is not possible to divide the stocks

except perhaps on a very general basis. Templeman (1959b),

N
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from exploratory research vessel fishing carried out during
the period 1947-54, considers three major divisions of the
subarea from the point of view of redfish distribution ¢ the
deep water area extending from the southeastern slope of the
Grand Bank northward along the east coast of Newfoundland
(Divisions 3K and 3L), where the redfish are restricted in
thelr vertical movement by the overlying cold water of the
Labrador Current; the Flemish Cap (Division 3M), where there
are no such temperature restrictions; and the area along the
southwestern slope of the Grand Bank and along the south coast
of Newfoundland (Divisions 3N, 30 and 3P), where the redfish
are found in shallower water than to the north, The maln red-
fish concentrations of the Northwest Atlantic are found in depths
ranging from 100 to 300 fathoms, usually 1in the neighbourhood
of the deep bottom water where the temperatures range between
3 and 69C, For these assessments Divislon 3P 1is considered
separately from 3N and 30, mainly because the former region 18
the center of a small local Newfoundland fishery and also be-
cause the length composition of the catches 1n 3P 1s qulte

different from those of the Canadian and USA catches in 3N and 350,

3. General notes on data used in meking the assessments
Unlike cod and haddock, for which the problem of age

determination has been resolved for some time and agelng is

relatively simple, redfish combine slow growth and a long 1life

With the fact that they live 1in deep water where seasonal
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variation in envirommental conditions is not great, so that

age determination is very difficult and laborious. Consequently,

there are very little age-composition data available, from which

estimates of total mortality coefficients for the redfish stocks

can be obtained. It is not possible, therefore, to do more than

determine the Iimmediate effects of increases in the mesh size

of trawls and estimate the minimum break-even values of Ee
Lengtn compositions of the catches from the various regions

for 1958 are illustrated in Figure 15. Length compositions of

USSR catches were considered representative of all redfish

catches in Divisions 3K, 3L and 3M by countries not reporting

length-~camposition data. Those for 3K and 3L were combined for

the assessments because of their similarity. Likewlse Canadian

and USA length compositions of catches in 3N and 30 were taken

together. The data for the remaining two regions, 3M and 3P,

were considered separately. The discarding of small redfish

at sea was not taken into account in the assessments, for no

estimates of quantities discarded or minimum commercial sizes

are available and the discarding of small fish is not thought

to be a serious problem in the redfish fishery at presente.

Although marinus-type redfish are caught in small quantities

in some parts of the subarea, the assessments are based entirely

on the length compositions of mentella-type redfish.

The selection ogives and the length-weight relationships,
used to cglculate the immediate effects of increases in mesh

size, are given in tabular form in Appendices II and III
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respectively,
sizes were obtalned from the growth curve of Figure 16, which

is based on age=-length data of redfish from Hermitage Bay on

the south

trawl mesh size in current use was assumed to be 3 inches, and

increases
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coast of Newfoundland (Sandeman, 1959). The effective

by 2-inch intervals to 6 inches were considered.
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Figure 16. Subarea 3 redfish: growth curve obtaine

the Bertalanfify growth equation fitted to the

age-length data of Hermitage Bay redfish (from

Sandeman, 1959).

The values of t; estimated for the various mesh



4, Divisions 3K end 3L assessments for redfish

This fishery on virgin stocks began only in 1957, and
good fishing was experienced by USSR trawlers as is indicated
by the landing per unit effort data for 1957 and 1958 (Appendix
I, Table 14), From Table 12 it 1s noted that the USSR and
Iceland shared almost equally the total landings of redfish
from this region in 1958. As would be expected during the
initlal exploitation, the fish caught here were considerably
larger than those from any other region of the subarea, the
mode of the frequency distribution being at 35-36 centimeters
and the mean welght being 0.71 kilogramf (Appendix I, Table 15),

Table 12, Subarea 3 redfish: annual landings by gear,
country and region for 1958.

Gear Country Landings in thousands of tons (1)
S3K=L. M JN=-0 SP Total
Trawl Canada (M) + - 0.5 + 0.8
Canaeda (Nfld) + + 3¢3 3.1 6.8
France (St. P) - - - 0.6 0.6
Germany (E) - 0.6 - - 0.6
Germeny (W) - - + + +
Iceland 43,7 - - - 43.7
USSR 42,2 53.9 - - 96.1
USA - + 10,0 + 10.1
Total 86,2 54,5 13.8 4,2  158.7

(1) From Appendix I, Tsahle 13.




The assessments for this region are given in Table 13.
Fram the avallable length-composition data (and these may not
be Indicative of the size camposition of the stock after several
years'! exploitation), the immediate losses would be slight for
increases in the mesh size to L} inches but they would become
substantial for larger meshes, Considering the slight immediate
losses and the small values of At, the minimum break=-even value
of E suggests that the fishing intensity might not have to be
particularly high for mesh sizes up to Ui inches to produce
long-term gains, particularly if the natural mortality coefficient
(M) is of the order of 0.1l or less, which it is likely to be
in a long=living fish as the redfish.

5. Division 3M assessments

The fishery in this region was begun on a virgin stock in
1956 by USSR trawlers, and up to 1958 the annual landings have
increased from an initial 13 thousand tons %o 55 thousand tons.
For 1957 and 1958 the landings per unit effort were below that

for 1956 (Appendix I, Table 14), but no conclusions can be

drawn at this stage because scme of the effort, particularly

The length
e redfish

in 1957, may have been devoted to cod fishing.
composition of USSR catches in 1958 indicates that th
in this reglon are generally smaller than those in 3K and 3L,
ney distribution at 33-3L centi-

having the mode of the freque
ams (Appendix I, Table 15)

meters and a mean welght of 057 kilogr

The assessments for redfish in this region are given in

N
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Table 13. The immediate losses would be substantiagl for all
increases in mesh size above % inches. The minimum break-even
value of E suggests that fishing intensity would have to be
relatively higher than in, for exXample, Divisions 3K and 3L for
long~term gains to result from any increase in mesh size beyond

i inches,

6. Divisions 3N and 30 assessments

Redfish fishing began in this region in 1947 and the
annual landings rose rapidly to a peak landing in 1952 of L5
thousand tons, caught entirely by Canadian and USA trawlers
(Figure 14). Since then the annual landings have ranged between
6 and 15 thousand tons. Although “he landings have fluctuated
greatly, no consistent trend is detectable in the landing per
unit effort data (Appendix I, Table 1L); rather the fluctuations
are probably due to major shifts in fishing effort to other
areas of redfish concentration and eve.. to fishing for other
species, e.ge. haddock in 195,=56. Although adequate length

compositions of commercial catches are not avallable for the

early years of the fishery, some data collected by the Ste John's

Biological Station, Newfoundland, indicate that there has been

a gradual decrease in the average size of redfish caught by

Newfoundland trawlers since the fishery began. This is what

would be expected to happen as fishing intensif'ies on a prev-
iously unexploited stock, but a change of this kind can also

be exaggerated by a tendency for the fleets to fish concentrations

|
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of smaller redfish at shallower depths if the larger fish have
became less abundant in deep»r water. From exploratory fishing
carried out in this region in 1952, Templeman (1959b) shows
that a difference of as much as 9 centimeters existed between
the modes of the length~frequency distributions of redfish
caught in 110 and 200 fathamse The trawlers now land redfish
considerably smaller than they did during the early years of
the fishery, despite the fact that the price differential
favours the catching of larger fish. Although it cannot be
definitely stated that the stocks are being reduced by fishing,
there is some indication that redfish are not now as abundant
in the depths fished by the trawlers at the start of the fishery.
The modeé of the length composition of the catches in 1958 was
about 25 centimeters and the mean weight about 0.27 kilograms
(Appendix I, Table 15).

For all increases in mesh size beyond that at present in
use, the immediate losses would be large (see Table 13). The
high minimum break-even value of E and the large values of At
indicate that fishing would have to be quite intense for any
increase in mesh size to produce long-term gains, bearing in
mind especially that the break-even value of E of 0.7 1s a

minimum for an increase in mesh size to L inches.

7e Division 3P assessments

The Canadian redfish fishery in this region is carried

on by a few small trawlers on local concentrations in the deep
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Table 13. Subarea 3 assessments for redfish.

Mesh size 1, te Percentage change in 1958 landings
ICNAR change Immediate Long-term
Divisions loss Break-even value
(inches) (em) (yr) of E at least

3KL From 3 to 31.3 1L.8

,4 31.6 15 oll- -1.2 005

L 32,2 16.0 641

51 33.7 18.4 -18

55 36,1 24 ~37
3M From 3 to 28.3 12,0

L 28.8 12.L -2,9 0.6

Lz 30,1 13.6 -12.3

5 32.3 16.0 =30

5% 35.4 22 -5

6 38.6 35 =72
3N=0 From 3 to 21.9 7.8

)4 2502 9 06 -31 007

Li 28.1 11.8 -56

5 31 .6 15 0)4 "'76

5% 35.2 21 -89

6 38.6 35 -95
3P From 3 to 27.6 1l.h4

N 28.3 12.0 <Ly 0.6

Lz 29.8 13.L -16.3

5 32.2 16.0 -36

52 35. 22 -60

6 38.6 35 =71

water channels just off the south coast of Newfoundland. Small

quantities are also obtained from the western slope of St. Plerre

Bank. From 1953 to 1958 the annual redfish landings have ranged

between 2 thousand and 5 thousand tons (Appendix I, Table 13).

) tvdioat
Landing per unit effort data, available only since 195, indicate

' g i ings per
that there has been more than a 30% decline in the landings p

i ffort
hour fished since 1955 (Appendix I, Table 1) The e

A
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remained relatively steady between 195l and 1957, but a con-
siderable increase in effort occurred in 1958, probably due to
the decline in the haddock fishery on St, Pierre Bank.

The redfish caught in this region during 1958 were larger
than those landed from Divisions 3N and 30 (Figure 15), and
consequently the Immediate losses would be less, but they would
still be quite substantial for increases in mesh size beyond
L inches (Table 13). The minimum break-even value of E is not
as high as that calculated for 3N and 30, but nevertheless it
indicates that fishing would have to be fairly intense for mesh

size increases to produce long-term gailnse

D. Flounders (American plalce and witch)

Like the haddock and redfish fisheries, the flounder
fishery of Subarea 3 has developed only since the end of World
War II, and up to the present time it has been prosecuted mainly
by Canadian trawlers. Statistics of landings by countries and
ICNAF divisions are available only since 1953 and these are
given in Appendix I, Table 16, The annual landings for the
period 1953=-58 ranged between 1l thousand and 26 thousand tons.

The flounder landings consist largely of AMmerican plaice

(80-90%), the remainder being mostly witch flounder.

Calculations of the immediate and long-term effects of
increases in the mesh size of trawls have not been undertaken

in this study. However, in Figure 17 are illustrated American

; : r
plaice length compositions of catches and landings togethe
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with the lL-inch and 6-inch selection curves. The data are
sufficlent to show that, although no great saving of small fish
would be realized, an increase in the mesh size of trawls to

6 inches would not significantly affect the landings, the 50%
retention length being below the minimum length of fish in the

landingse.
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Figure 17. Subarea 3 American plaice: length composition
' of catches and landings, based on data collected
by observers on two trips on Newfoundland trawl-

ers in 1953; and the selection curves for the

L-inch and 6-inch trawl mesh sizes.
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SECTION 6. SUMMARY OF THE ASSESSMENTS

The assessments of increases in the mesh size of trawls,
given in the precedlng section, are sumarized in Table 1L,
which gives the immediate and long-term percentage changes in
landings by trawlers (T), other gears (0) and by all gears com=-
bined (Tot.). for each of the "stock units" or regions of Subarea
3¢ Only the assessments for a single value of E, the central
value which 1s thought to be the most likely, have been used
for each region, and these values of E are given in the last
column of the table. Also given are the average annual landings,
in thousands of tons, by the two major gear components; these
are the same quantities given in the tables of landings of the
preceding section. In sumary tables of this kind it is un-
avoldable that space 1s available for entries that are uncertain

or lacking altogether; to meet these situations the following

symbols have been used:
- no landings
° no assessments made
() estimates uncertain,

In Table 1l the last line for each species represents the per-

centage changes for the subarea as a wWholees These values were

obtained by welghting the regional percentage changes for each

mesh size by the landings glven in the left-hand part of the

table. For cod, listed from 3NK (division not known) and from

Division 3M, no long-term assessments could be made because of
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inadequate information, but the landings given are so insig-
nificant, relative to the total landings of cod, that the assess-~
ments for the subarea as a whole would not be affected. For
haddock in Division 3P no assessments were made because of the
transitory nature of this fishery, but in considering the total
landings for the subarea the 3N and 30 assessments are assumed
to be representative of the entire haddock fishery. For redfish
in all regions of the subarea only the immediate losses are
given because the available data were inadequate for the cal-
culation of 1ong-tenm effects,s The underlined values in Table
1} represent for the trawl fishery and for the total fishery

the optimum situations of the various increases in mesh sizee.

In considering the optimum conditions for a mesh=-size
regulation of the trawl fishery, 1t is essential for practical
reasons (l.e. the application of a uniform mesh-size regulation
thr oughout the subarea) to combine the effects of mesh=size

changes for all species that may be affected. In this study the

lack of long-term assessments for redfish does not permit such

a combination, It is possible, however, to treat the cod and

haddoek fisheries in this way. In Table 15, therefore, are given

the percentage changes for cod and haddock separately (from Table

14) and for both species combined. For reference the immediate

s 3 f
losses to the redfish fishery are given ln the last column O

the tablee.

From Table 15 the long=-term percentage change
ate that the total landings would

g for ggg

of the subarea as a whole indic
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increase steadily with increases in mesh size up to 6 inches.
The trawl fishery would also gain from increases in mesh size
up to 6 inches, but the optimum benefit would be obtained with
a mesh of 5 to 5% inches. The other unregulated gears would
gain increasingly as the mesh size of trawls is increased.

For haddock, the larger part of which was landed from the
Grand Bank (3N and 30) part of Subarea 3, long-term gains would
result from increases in mesh size to 5 inches, but losses are
predicted for the larger mesh sizes. The optimum long-term bene-
fits would probably result from a mesh size of about L% inches.

For cod and haddock combined the total landings by all

gears would reach an optimum level for a trawl mesh size of 5
inches but would decrease rapidly thereafter. The trawl fishery
would gain with a mesh increase .to 5 inches and probably to 5%

' inches, but a 6=-inch mesh would result in long-term losses; the

optimum mesh size is indicated as L} inches.

For redfish, because there are no long~term assessments,

nothing can be said about the mesh sizes which would produce

the optimum long-term yields. However, for the subarea as a

whole the immediate loss to the landings would probably not be
greater than 5% for a mesh-size increase to L inches, and this

might be compensated for in the long-term in all regions except

3N and 30 where the immediate loss would Dbe substantial. For a

. . =137
mesh size of L} inches, however, the immediate loss (=13%) for

the subarea is high enough that there i{s little probability

that this could be fully made up in the long-ter.

N
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Table 1. Summary of the assessments given in Section 5.

Species Stock Anmual Percentage changes in landings resulting from incz
unit landings i inches L% inches
area ('000 tons) Imm. Long~-term Imm. Long=term
T 0 Tot. loss T 0 Tot. loss T 0 Tot.
Cod 3K-L 71 161 232 -=0.3 +0.5 +0.5 +0.5 -1.0 +0.7 +0.9 +0.9
3M 6 + 7 =3.2 . . . 6.6 . . . -
3N=0 6L 16 77 =1.3 +3.7 +5.0 +4.0 -3.2 +6.,3 +9.5 +7.0
3P 28 37 65 =0.6 +0.7 +0.7 +0.7 -1.9 +L.0 +1.7 +l.
- 3NK 2 7 9 . . . . . . .

Total 168 222 390 =0.8 +1.8 +0.9 +1.3 -2,2 +2.9 +1.7 +2.2

Haddock 3N=0 L8 - U8 =heh +7.2 - +7.2 =12.7 +10.0 - +10.0 -
3P 27 + 27 e . . . ] . s

Total 75 + 75 (-hl)(47.2) - (+7.2) (<12.7)(+10.0) - (£20.0) (- p
Redfish 3K-=L 86 - 86 -1 ,2 . - . . =6.1 . - . -

3M 55 - 55 =2.9 . - o -12.3 o - . -

3N-0 lh - lh "'31 . . - . -56 . - . -

3P )-l- - )-I- -)-l-o).l. . - . "1603 D) - [ -

Total 159 - 159 =5 . - o -12.9 o - . -

Table 15. Predicted long-term effects of applying a uniform mesh-size regulation 1 Jth
and haddock fisheries of Subarea 3.

Mesh size Percentage long-term changes in landings for the various mesh sizes
change in Cod Haddock Cod and Haddock
inches T 0  Tot. T 0 Tot. T 0  Tot.
from 3 to —
i +1.8 +0.9 +1,.3 +742 - +7.2 +3.5 +0.9 +2.2
bz #2.9 +1.7 +2.2  #0.0 -  #0.0 i3l tLT7 43S
5 +3.9 +3.0 +3.3 +6.5 - +645 4.7 +3.0 +3.§
5% +1,0 +5,5 +4.9 -8.1 - -8.1 +0.3 +5.5 +2,€
6 +2.3 +8.0 :5_.5 -26.3 - -26.3 -6.5 +8.0 +0.)

h
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es of mesh size to 3 Value
5 inches 5% inches 6 inches of
e Long~term Imm, Long-term Imm. Long-term E
s T 0 Tot. loss T 0 Tot. loss T 0 Tot. used
L5 +0.5 +1.7 +1l.3 7.1 ~1.6 +3.2 #1.7 =13.5 -5.5 4.7 +1.6 0.67
oo . . ° -230)4 . N . -3)4.8 . . . °
6 +9,1 ¥15,7 +10.5 =1lh.3 +12.7 +26,9 +15.7 =22,5 +1l.2 +36,7 +18.9 0.71
L3 +l.l +3.0 +2.2 «=1l1l.,2 =0.6 +6.4 +3.4 ~19.3 =3.9 +10.0 +4.0 0.67
7 + o9 +3.0 +3.3 -ll.O +h.0 +5.5 +h.9 "'1806 +2.3 +800 +505
+6.5 - 46,5 =62 -8.1 - 8.1 =79 =26,3 - =26.3 0.67
(+6.5) = (*6.5) (-62) (-8.1) - (-8.1) (~79) (=26.3) = (=26.3)
e ° -37 . - o -57 L4 - L L4
. - . -Sh . . -72 L] - . .
. - * "89 . - ° "95 ° - e *
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° - - -’48 o - ° "66 o - . L)
fthe cod
Imm. loss
Redfish
T
"4-5
-12.9
=28
=};8
=66
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SECTION 7, DISCUSSION AND CONCLUSIONS

The assessments presented in the preceding sections are
strictly valid only if such ps. meters as the amount and the
distribution of fishing activity, growth rates, natural mortality
rates and recruitment remain unchanged from those estimated as
existing during the period 1955-58, on which the data are based.
No attempt has been made in this study to calculate In a com-
prehensive way the effects that changes in these parameters
would have on the assessments of changes in mesh size, but some
generalizations of the effeéts that might be expected can be
given.

A greater fishing effort will increase the total mortality
rates This will in the long-term reduce the number of large
fish in the catches, and consequently the number of small fish
will be greater, The immedliate loss for a given increase in
mesh size will be larger, but so also will be the number of
released fish. The long-term gain from the released fish will
be higher, since the proportion subsequently caught (E) will
also be higher than before. Therefore, the effect of increased
fishing effort will, for a given increase in mesh size, generally
result in greater long-term gains than those given in the pre-

ceding assessment tables. It 1s also true that the optimum

mesh size (iees that required to produce the maximum long=term

yield) will also increase as fishing effort increases (Beverton

and Holt, 1957, p. 318).
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It is inevitable that increased fishing effort will
result in changes in the distribution of fishing activity on
fish of different sizes. The decreases in catch per unit effort,
which must follow such increases in fishing effort, may cause
trawlers to fish in areas where small fish predominate, once
the larger fish have become scarcer on the normal fishing
groundss Also technological improvements in processing may
reduce the size of fish acceptable on the market. Consequently,
the catches under conditions of increased fishing effort would
consist of relatively smaller fish than before, and so the
fishery would become much more sensitive to changes in mesh
size (compare the length compositions and the long-term assess-
ments for cod in 3K and 3L with those for haddock in 3N and 30

Changes in the growth rate of a fish stock may greatly
influence the long=term assessments, particularly if the changes
occur over the selection range of the gear. A slower growth
will have the effect of increasing the value of At (the diff-
erence between the mean retention ages of the large and small
mesh sizes), thus reducing the number that will reach the
retention size of the larger mesh and diminishing any long-term
gain that might be indicated by a faster growth rate. Should
such a change in the growth rate occur, a smaller mesh slze
would be better, even if the larger one is considered best
under present conditions of growth. Of course, a faster growth
rate on the other hand would enhance the long-term benefits and

cause the optimum yield to be obtained with a mesh size larger
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than that predicted in the assessments.

Changes in natural mortality will greatly affect the
assessments, insofar as they affect the number of released
fish that will subsequently be caught with the larger mesh and
also the number of larger fish in the immediate kept catch.
Since it was not possible from the available data to obtain
rellable estimates of this parameter, same apprecilation of its
effect on the long~term assessments for the various mesh sizes
is given in the assessment tables of Section 5.

Changes in the recruitment of fish to the exploited stock
may in certain cases have a serious effect on the assessments.
Insofar as the assessments in this study compare not so much
the future yields with present yields but rather present yields
by small-meshed trawls with yields that might have been obtained
had a larger mesh been used during the same period, recruitment
changes wlll not critically affect these assessments., However,
if the amount of fishing on a stock depends largely on the
prominence of certain year=-classes (e.ge the St. Pierre Bank
haddock fishery which is an extreme case), the estimated long-
term assessments may not be as reliable as those for a fishery
on a stock which exists under more stable conditions. In such
a fishery as the St. Pierre Bank haddock fishery, the best
theoretical long-term yield from a single year-class might be
obtained by a large mesh if fishing extended over the full life-
span of the year-class from the time it entered the exploited

phase of its life. In practice, however, the yield from the



Year-class will not be as high as the theoreticel yield,
because the catch per unit effort will, unless there are other
good year-classes following along, sbecome so small during the
later years of the life-span that fishing will be unprofitable.
The best attalnable yleld might, therefore, be obtained by the
use of a mesh size smaller than that predicted and with intense
fishing oceurring over a relatively short period of time,

All of the above factors, if operating at once in the
same direction on any particular stock of fish, will greatly
affect the long-term assessments as calculated from the present
data by either greatly enhancing or diminishing the benefits
that are predicted to accrue from an increase in mesh size,
This 1s seldom the case, however, certalnly for the more stable
fisheries such as the cod fisheries throughout the subarea, for
changes in some of the parameters in one direction may be bal-
anced by changes of others in the opposite direction., Con-
sequently, if the parameters used for the cod assessments of
this study are representative of the stock units throughout the
Subarea, there 1s no reason to believe that the predicted long-
term changes at present effort levels do not glve a falrly
dependable indication of what mesh size would be best for the
trawl fishery. On the other hand, the long-term changes for
the héddock fishery are much more sensitive to mesh size changes,
and the predicted long-term changes are less rellable.

The most critical fishery at the present tlme seems to
be the haddock fishery, in which there was great destruction
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of small haddock during the peak years of the fishery. For
comparison, 1et us digress here to briefly consider a parallel
situatlion for the haddock fishery of ICNAF Subarea 5. The
landings from that fishery reached their peak in 1930 as a
result of a very rapld rise in fishing effort, Coincildent with
thls rise 1in effort there was a fourfold decrease in the catch
rer unit effort to a level about which the catch per unit effort
fluctuated only slightly for the next 20 years (Herrington, 1941,
and Graham, 1952), Herrington (1935, 1936), in summarizing the
avallable information, reported that the small-meshed trawls
were destroylng each year very large numbers of small haddock;
for example, during the 9-month period from September of 1930

to May of 1931, it was estimated that 63 milllon small haddock
were destroyed, a number equivalent to nearly 100 thousand tons
of fish, i1f they had been permitted to llve and grow to a com-
merclally acceptable size., He proposed that four-fifths of

this wastage would be eliminated with no serlous effects on the
commercial landings by the introduction of a minimum legal mesh
81ze in trawls of 4 3/4 inches, new dry measurement between knot
centers (equivalent to a mesh size of about 4 inches, internal
wet measurement)., He warned, "It cannot be assumed that the
saving of undersized haddock will restore the fishery to 1its
1926 to 1928 level; in fact, no one can guarantee that the
fishery will be maintained at its present level., But we can

be sure that, 1f the destruction of small flsh 1s prevented,

the fishery will be maintained at & higher level than would
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otherwise be possible.," No action was taken on this or other
similar proposals to decrease the destruction of small haddock
until 1952, when, upon the recommendsation of the International
Commission for the Northwest Atlantic Fisheries after a special
assessment, regulations were introduced to prohibit the taking
of haddock in the New England area (ICNAF Subarea 5) with a
trawl net having a mesh size less than 4% inches when measured
wet after use,

In 1957 the 43-inch mesh regulations were extended to the
cod and haddock fisheries of Subarea 4, and 4-inch mesh size
regulations were introduced for the same two species in Subarea

3. Although no comprehensive long-terms assessments were made

as a basis for such a declslon, 1t was apparent from the start

of the Subarea 3 haddock fishery, particularly during 1954-56
when the very abundant 1949 year-class was undergoing intensive
exploitation and very large quantities of small haddock were
discarded at sea as being too small for the market, that there
was a need for some form of trawl regulatlon, As a result of
the experience gained from the mesh size regulatlions for trawls
in Subarea 5, it was decided that a 4-inch minimum mesh slze
for trawls could not be harmful to the haddock fishery but
Wwould permit the release of some of the small haddock that
normally would be destroyed by the continued use of trawls with
2 small mesh size (2 3/4 to 3 inches). The present assessments
indicate that the minimum 4-inch mesh regulations for cod and

haddock were a step in the right direction, but an increase in

-
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mesh slze to 43 inches 1s predicted to further reduce the wast-
age of small fish and enhance the long-term yields of these
fisheries,

Redfish, because of their very different blological
characteristics of a long life-span and slow growth, cannot be
consldered in the same light with the faster-growing cod and
haddock, However, desplte the lack of long-term assessments,
the minimum break-even values of E for the various regions are
such that appreclable long-term beneflts are unlikely from any
increase in the mesh size above that currently in use (a mesh
slze of 2 3/4 inches is generally used, since the 4-inch mesh
regulations do not include redfish)., Smell Ilncreases in the
mesh size, e.gs t0 4 inches, would probably result in only very
slight changes in the immediate and the long-term yields of
redfish from most reglons, and this may also be true for an
increase in mesh size to 4% inches except in Divisions 3N and
30. In this region, vhere the redfish caught and landed are
small, a mesh size regulation of 4% inches (minimum) to include
this specles might be beneficiel, despite the large immediate
losses indicated in this study, in encouraging trawlers to fish
at greater depths where larger redfish predominate or to fish
in other regions, thus enabling the 3N and 30 stock to recover
from the effects of past exploitation on small fish,

Although no long-term assessments were mede for the
flounder fishery in Subarea 3, 1t can be safely postulated that

any increase in the mesh size to 5 or even to 6 inches would



not affect the commercial landings of these species, 1f the
present discarding practices remain unchanged,

It 1s apparent from the foregoing thet the mesh sizes
required to produce the optimum yields from the four major
commercial fisheries are very different, Since two or more
of the specles are often present on the same fishing grounds
and caught by trawlers even when only one specles is sought
and landed, it would not be realistic to regulate these fish-
eries with different minimum mesh sizes; but rather a uniform
mesh-size regulation should be the aim of the legislators from
the practical viewpoint of enforcement and control over the
size of mesh required in the menufacture of trawls., The present
assessments indicate that a minimum mesh size of 4% Inches would
represent a fair medium for the regulation of the trawl fish-
eries in Subarea 3. However, if the present trend of rapidly
increasing fishing effort by trawlers continues, 1t might be
better from the viewpoint of conservation to increase the

minimum mesh size to 5 inches.
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APPENDIX I, BASIC DATA OF LANDINGS, FISHING EFFORT,

Table

Table

Table

Table

Table

Table

Table

Table

3.

Te

8.

LENGTH AND AGE COMPOSITIONS, AND GROWTH

Subarea 3 cod: landings (metric tons) by countries
and gears for the perliod 1935-59,

Landings per unit effort for cod by Portuguese

dory vessels and trawlers fishing on the Newfound-
land Banks during 1935-58, the calculated total
effort by trawls and the calculated total effort

by all gears in Portuguese trawler unilts,

Subares 3 cod: landings (metric tons) by countries,
ICNAF divisione and gears for the period 1953-58.
Subarea 3 cod: average landings per unit effort and
the calculated fishing effort for cod by trawlers of
the major cod-fishing countries during the perlod
195258,

Subarea 3 cod: length compositlons of the average
annual catches (trawls) and landings (other gears)
by regions for the period i955-58.

Subarea 3 cod: age composition data used in
estimating the total mortality.coefficients (z).
Subares 3 cod: age-length data used for the growth
curnes of Figure 8.

Subarea 3 haddock: landings (metric tons) by

countries and gears for the period 1935-59.
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10.

11.

12z,

15,

14,

15.

16,
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Subarea 3 hagdock: landings (metric tons) by
countries, gears and ICNAF divisions for the period
1953-58.

Subarea 3 haddock: landings per unit effort of
Newfoundland trawlers, and the calculated total
fishing effort by the Canadian fleet and by the
entire fleets of trawlers during the period 1954-58,
Divisions 3N and 30 haddock: 1length compositions

of the average annual trawl catches for the period
1955-58.

Subaree 3 redfish: landings (metric tons) by
cocuntries for the period 1940-59.

Subarea 3 redfish: landings (metric tons) by
countries and ICNAF divisions for the period 1953-59.
Subarea 3 redfish: landings per unit effort and
calculated effoxrt of the trawling fleets for the
period 1954=58,

Subarea 3 redfish: length compositions of the trawl
catches by ICNAF divisions for the year 1958.
Subarea 3 flounder: landings (metric tons) by ICNAF
divisions and countries for the perlod 1953-59.
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Table 1. Subarea 3 cod: landings (metric tons) by countries and gears for the periodl935

Den- Ger- Ger- Ice-
France France mark many many land

Year Canada (M) Canada (Nfld) (M) (5t.P) (F) (EB) W) Norwy
Of DV Or DV Inshore OT OT Iash. IL of of of 1o
1535 15252 - 18852 211038  + _ - - - -
36 14566 2682 34823 177229 @ + - - - - = (3
37 19047 7734 37992 112710 + - - - - - (L
38 1972 k9 41162 11,6827  + - - - L2
39 11865 - 36908 138,82 + - - - - - (s
Lo 9960 - 38594 129838 - - - - - - (8
L1 13335 - 31,38 1h6232 - - - - - - (10
L2 10668 - 9591 131121 - - - - - - (7
L3 11158 - 20442 162876 - - - - - - (13
L 17145 - 19707 195924 = - - - - - T
L5 12546 - 21335 226306 + - - - - - (26
L6 19223 188 24488 222473 + - - - - - (31
L7 223kl 490 28850 23528L + - - - - - (37
L8 18341 1361 28360 184398 + - - - - - (4o
L9 22905 2722 24385 191070 + - - - - - (65
50 15425 3266 8671 198507 + - - - - -1 (67
51 18346 4354 1067 203428 + - - - - -1 (73
52 5704 19017 L4890 315 179427 + - - - - - bl
53 9865 16150 6151 - 154432 26898 1045 4327 - - 705 - -| Lo
54 15479 13381 9532 - 208099 LLB36 864 L4760 - - - - -| 50
55 9548 15179 7357 - 173922 60828 415 L4430 - - - - - L3
56 6886 9819 625 - 189758 27252 804 L4198 - - - - 117 3%
57 8722 7786 6721 - 178050 54480 1330 3308 295 - 369 - 1617 35
58 4731 3104 3798 - 130695 35345 923 2572 3939 5 349 374 630 19
5o 8636 186654 38498 Lk92 7577 17 694 1549 LOG
Notes

ALl statistics of landings prior to 1959 were obtained from ICNAF Statistical
Bulletins, Vol. 1 = 8, except for those of Spain prior to 1951 and Portugal prior
to 1955 which were obtained from the files of the ICNAF Secretariat, Halifax, Nova
Scotia; the 1959 landings, which include 38 tons by Belgium and 7 tons by Poland,
were obtained from ICNAF Document Serial No. 780, 1960; the Spanish and French

landings prior tp 1954 have been increased by a factor 1.2 to compensate for a change

in the conversion factor used to convert wet salted cod to round fresh weight.
Explanatory notes by countries are as follows:

Canada (M) - 1935=51 landings are not reported by gears, tut they are mainly
from dory vessels engaged in the salted codfish industry.

Canada (Nfld) - 1935=51 landings are not given by gears in the ICNAF Statistical
Bulletins, but these have been estimated from information avail-
able at the St. John's Biological Station, Newfoundland.

France (M) - Prior to 1953 the landings from the Convention Area are not avail-

able by ICNAF subareas as indicated by the symbol (+).

France (St.P) = No reports prior to 1953.




rio§l935-59 (#¥landings for 1959 are provisional and are not yet available by gears).

. > ) Grand
Norwy ortugal Spain USSR UK Usa Total Total landihgs by gears

IL oT DV OoT oT oT OT All gears = Trawl Line Inshore

- 14200 (29472) 605 275 (289694) .(30352) L8304 211038
(3031) 22500 (13261) - 141L (269506)  (20388) 71889 1772%9
(L454) 19200 - 1271 (202408)  (13459) 76239 112710
(2260) 23500 - 2434 (237356) (6143) 84386 146827
(5267) 26300 (7607) 120 (2265L9)  (12994) 75073 138482
(8669) 18000 (1529L) 47 (220402)  (24010) 66554 129838

(10298) 13400 - 3 (214706) (10301) 58173 1h6232
(72hy) 5900 - 9 (164533) (7253) 26159 131121
(13218) 6200 (7109) (221003) (20327) 37800 162876
(17134) 8500 (9992) (268L02)  (27L26) L5352 195924
(26575) 28L00 (32268) (347430)  (588L43) 62281 226306
(31570) 25700 (39792) (36343L)  (71550) 69411 222473
(37430) 26000 (L438L4O) (394238)  (81760) 7719k 23528)
(LO151) 20500 (30092) 567 53 (323823) (72224) 67201 184398
(65468) 15200 (25627) Lldy - (347821)  (94261) 62490 191070
(67812) 23100 (37538) 32585 213 35 (387152) (141hh9) L7196 198507
(73640) 15600 (33558) L4371 63 83 (394510) (156069) 35013 203428
L4082 21427 (39215) 30054 - 6 (3h419L) (124008) LOT59 179427
Lou85 2651L L6832 27307 277 116 36114l 159721 L2664 158759
50713 22488 75310 28773 9u8 36 475219 226491 35869 212859
43699 34799 L8358 29LL9 ~ 1053 3 L290k4o 200720 L9978 178352

"
=

El
=l
o)

31329 L0076 30562 37186 3001 1390 15 389708 144679 51073 193956
L61P 35451 L0763 34690 37715 18041 2239 22 L48815 199780 67677 181358
63¢ 19589 20423 240OL 29802 5370 1472 - 292796 125762 33767 133267
LOG 73730 80899 15221 2521 13  L24551

Portugal, OT - Prior to 1952 the landings are bracketed because they are
reported as from the Newfoundland area, although it might be
assumed that most of the fish were obtained from Subarea 3.

Portugal, DV =~ Prior to 1952 the dory vessel landings are also reported as
from the Newfoundland area, bub, since these vessels do not
generally fish in Subareas 2 and l, their landings are consid-
ered to have been obtained from Subarea 3.

w

Spain, OT - 1935-50 landings are not available by ICNAF subareas, but they
are considered to have been obtained mainly from Subarea 3;
they are bracketed, however, since small quantities were
probably obtained in Subareas 1, 2 and L. The landing for 1951
includes 20625 tons and that for 1952 includes 842l tons, which
were reported as from Subareas 3 and 4 but mainly from 3.

Spain, PT - Pair trawlers started fishing in the ICHAF Convention Area
in 1950 and then only in Subarea 3.

Italy - Landings for 1948-59 ranged from about 2000 to 13000 tons from
the Convention &rea, but these have not been allocated by sub-
areas and consequently are not given in the table.
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Table 2, Landings per unit effort for cod by Portuguese dory vessels
and trawlers fishing on the Newfoundland sanks during 1935-58,
the calculated total effort by trawls and the calculated total
effort by all gears in Portugucse trawler units.

Landings per unit effort Calculated effort (thousands of

Year (tons) by Portuguese fleets days fished) based on
Dory vessel Trawler Portuguese trawler units
landings per landings Total effort Total effort
100 dory days per day by trawlers by all gears

fished fished

1935 2L .8 :

1936 21.1 25.3 0.61 10.7

2937 26.1 37.7 0.36 5.

1938 30.2 19.5 0.32 12.2

1939 29.6 63.L 0.21 3.6

1940 32.9 22.2 1.08 9.9

19l1 3L.2 32.3 0.32 6.6

1942 L3.k 39.7 0.18 L.l

1944 4.5 38.0 0.71 7.1

1945 58.4 33.6 1.75 10.3

1946 34.7 35.2 2.03 10.3

1947 39.6 3L.9 2.3h 1.3

1548 30,0 25.9 2.79 12.5

1949 34.0 21.2 L.bs 16.,

1950 34.0 2l .8 5.70 15.6

1951 30.7 23.2 6.73 17.0

1952 33.4 2.1 5.15 1L.3

1953 36.1 28.5 5.60 12.7

1954 30.4 21,3 10.63 22.3

1955 38.3 21.2 9447 20.2

1956 39.0 22.0 6.58 17.7

1957 32.8 21.7 9.21 20.7

1958 22.5 17.8 7.07 16.L

Notes

The Portuguese landing and effort data, from which the estimates

i i - i ved, were obtained from
of landings per unit effort for 1935-55 were derived, aine
the ICHAF Secretariat, Halifax, N.S.; the 1956=-58 data were obtalned

from the ICNAF Statistical Bulletins, Vol. 6 - 8.

i shi d by all gears
The calculated fishing effort values by trawlers an
were obtained by dividing the quantities landed (from Table_l) by the
corresponding landing per unit effort values for trawlers gliven in the

above table.

In 1935 no Portuguese trawlers fished in the ICHAF Area.
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Table 3. Subarea 3 cod: landings (metric tons) by countries, ICNAF divisions and gea:

Trawl
ICNAF Year Ca.nada___ France Germany Ice- Port- Spain Spain UK USA USS
Div. ™) (Mld) (M) (St.P) (E) (W) land ugal OT PT
3K 1953 - - + - -+ - 1050 + + + - -
5L - - 18530 - - - - Skl 659 - - - -
55 - 1 15837 - - = - 5906 13 11 - - -
56 - - 6595 - - - - 2203 3 281 - - -
57 - - 13589 - - - - 1701 62 - - = -
58 - - 22200 - - = 37h 7168 9268 6 + - Th
L 1953 2060 945 @+ - = o+ - 39121 + + + - -
sL 4198 1822 19724 - - - - 29365 98640 1 948 - -
55 45 2643 15945 - - = - 15300 3679 1291 - - -
56 2401 2289 17L33 - - = - 25427 9152 5881 - - -
57 1060 1574 19421 - - - - 26115 9654 578 666 = 160
58 1811 903 8828 - - - - 11262 6070 1996 + - L8
34 1953 - - + - - + - sh + + + - -
sl - - 189 - - - - - - 31 - - -
55 - - 780 - - - - - - 12 - - -
56 - - - - - - - - 1 5 = = 300
5T - 1 12 - - - - 298 - 52 - - 1643
58 - - - - 5 = - 59 - - + - a3
3 N 1953 1169 590 + + - + - 226 + + + + -
54 888 131k 57k + - - - 3517 3804k 28706 - + -
55 212 355 8052 + - - - 10240 27373 27873 - - -
g6 282 210 109 + - - - 116 8069 30906 971 1 -
57 150 378 136 + - = - 577 11296 35408 - - -
58 316 932 11 + - - - 28 1680 23240 + - -
30 1953 5075 3h04  + + -+ - 3k + + +* -
513; 7568 L4216  2U459 + - - - 12393 21889 35 - + -
55 1886 1156 5606 + - = - Lhshe  9u87 254 595 3 -
56 2938 1598 308 + - - - 60 3609 4o - 1 -
57 L4762 3774 1849 + - - - 333 3871 145 219 - -
58 1693 1lk9 L2 + - 65 - 9 1304 322 + - -




; and gears for the period 1953-58.

Offshore line gears Inshore gears TOTAL

S& USSR Trawl Can. Den- Nor-~ Port- Line Can. France Inshore ALL
Total (M) mark way ugal Total (Nfld) (St.P) Total GEARS
- - 1050 - - - - - 52292 - 52292 53342
- - 21,603 - - - - - 82591 - 82594 107197
- - 21768 - - - - - 59237 - 59237 81005
- - 9082 23 -’ + - 23 70281 - 70281 79386
- - 15352 - + 108 376 L84 6752l - 67524 83360
- W6 39762 - + + 42 L2 33711 - 33711 73515
- - 42126 7092 - - 13794 20886 76600 - 76600 139612
- - 65918 7354 - - 12107 19461 93153 - 93153 178532
- - 43003 8u3h - - 21325 29759 85075 - 85075 157837
- - 62583 6333 - 95 24711 31139 93322 - 93322 1870LL
- 1609 60677 1179  + + 19036 20215 80297 - 80297 161189
- 486 31356 37 + + 6466 6503 68038 - 68038 105897
- - 54 - - - - - - - - L1
- - 220 - - - 318 3718 - - - 598
- - 792 - - - - - - - - 792
- 3001 3007 - - + - + - - - 3007
- 16432 16795 - - 969 35 1004 - - - 17799
- 1138 4202 - - 73 340 113 - - - 4615
+ - 1985 3727 - - 12261 15988 - - - 17913
+ - 73043 291 - - 7087 7378 - - - 8oL21
- - 74105 222 - - 8Lu7 8669 - - - 8277
1 - Lo66l - - - 9722 9722 - - - 50386
- - L7945 2 - - 10235 10237 - - - 58182
- - 26207 53 - - 5157 5210 - - - 3117
+ - 8613 L9300 - - 22 L4952 - - - 13565
+ - L4B8s60 3110 - - 2773 5883 - - - 5&21;3
3 - 23529 2222 = -  LLB2 6704 - - - 30 32

1 - 855l 335 - - 5607 5942 - - - %W
- - 16223 575 - - 10595 11170 - - - 7§§3
- - Tk 369 - - 6L 6783 - - - LT
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Table 3. (Continued)

Trawl
ICNAF TYear Canada France Germa, Ice- Port- Spain Spain UK TUSA 1
Div. M N£ld) ~(M) (ot.P) (E) Zw%‘ land ugal oT PT

3P 1953 1561 1129 + + -+ - - + + .+
Sl 2825 2170 3360 + - - - 2, L858 - - 4+
55 3305 3202 14391 + - = - 71 7806 8 LS8 +
56 1265 2157 2807 + - - - 3523 9728 73 a9 13
57 2750 994 19192 + - 369 - 6427 9807 262 1354 22
58 911 514  L26h + - 125 - 1063 5682 1348 6y -
38K 1953 - 23 26898 1045 - T05 @ - - L6832 27307 277 116
5L - 10 - gey - - - - - - - 36
55 - - 217 5 - - - - - - - -
%6 - - = B8OL - - - - - - - -
57 - - 281 1330 - - - - - - - -
58 - - - 923 - 159 - - - - 1,08 -
Total 1953 9865 6191 26898 1045 - 705 -  LOWLB5 L6832 27307 277 116
Sub- 5L 15479 9532 Lu836 86 - - - 50713 75310 28773 9u8 36
area 55 95,8 7357 60828 25 - - - 143699 L8358 29449 1053 3
3 56 6886 6254 27252 8Ok - - - 31329 30562 37186 1390 15 3
57 8722 6721 5L4BO 1330 -~ 369 - 35451 34690 37715 2239 22 18
58 L4731 3798 35345 923 5 3L9 374 19589 2L00L 29802 1472 - 5
M
Notes

Trawl
France (M) - Landings for 1953 are not reported by ICNAF divisions.

France (St.P) - Landings are not reported by ICNAF divisions, but they presumably
were obtained in Divisions 3N, 30 and 3P.

Germany (W) - Landings for 1953 not reported by ICHAF divisions, and a small
quantity in 1958 has not been allocated by ICNAF divisions.

Spain, OT, PT - Landings for 1953 not reported by ICNAF divisions.

US4 - Landings for 1953 and 1954 not reported by ICNAF divisions, but
they presumably were obtained in 3N, 30 and 3P.

0ffshore line

Canada (M) - Landings mainly by dory vessels but they include.the followings
longliners - 1954, Division 30, 1 ton, and Division 3P, 26 tons;
1955, 3P, 32 toms; 1956, 30, 2 tons and 3P, 67 tons; 1957, 3N, 2 tons,
and 3P, 168 tons; 1958, 3L, 37 tons, 3N, 29 tons, 30, L tons, and 3P,
379 tons; Danish seiners, 1958, 3P, 1 ton.




Offshore line gears Inshore gears TOTAL

K USA USSR Trawl Can, Den- Nor- Port- Line fan, France Inshore HLL
Total (M) wark way ugal Total (Nfld) (St.P) Total GEMRS

+ o+ - 2690 Loi - - 437 838  255L0 L4327 29867 33395
—8 + - 13237 2626 = - 143 2769 32350 L4760 37110 53116
58 + - 36881  L301 @~ - shs  L8W6 29610 LL30  3LoOLO 15767
19 13 - 19985 3128 - - 36 3164 26155 L4198 30353 53502
oly 22 - L1177 6030 - - 486 6516 30229 3308 33537 81230
6y = - 13971 2645 - - 200, L6LS 28946 2572 31518 50138
T7 116 - 103203 - - - - - - - - 10320

- 36 - 910 - - - - - - - - 3913
- - - 632 - - - - - - - - 632
- - - 8ol - - 1083 - 1083 - - - 1887
- - - 1411 - 2956 15095 - 18051 - - - 19662
08 - - 21490 - 3939 6228 - 10167 - - - 12657
77 116 - 159721 16150 = - 2651l L2664 15h432 L4327 158759  36LLLL
L8 36 - 226491 13381 - - 221,88 35869 208097 L760 212857 L475217
53 3 -~ 200710 15179 - - 34799 49978 173922 L4430 178352  L4290LO
90 15 3001 144679 9819 - 1178 LoO76é 51073 189758 L198 193956 389708

39 22 18041 199780 7786 2956 16172 LO763 67677 178050 3308 181358  LL4BB1S
72 - 5370 125762 310 3939 6301 20423 33767 130695 2572 133267 292796

W

Denmark - K11 fishing by Faroese longliners; landings not reported by
ICNAF divisions but presumably from Divisions 3K and 3L.

Noxrway - Landings by longliners, not fully reported by ICUAF divisions,
but presumably from Divisions 3K, 3L and 3M.

hly Inshore gears

Canada (Nfld) - Landings largely from small boats fishing near the coast, but
small quantities from Danish seiners as follows: 1953, 3P, 5 tons;
1954, 3P, 1l tons; 1955, 3P, 14 tons; 1956, 3P, 8 tons; 1958, 3P,
10 tons.

France (St.P) - Landings from inshore fishery by motor dories, not reported
by LCIAF divisions, but considered from Division 3P.

General - Except where noted for Portugal and Spain in the notes of
Table 1, all landings were teken from the ICHLF Statistical

Bulletins, Vol. 1 - 8.

33 - The symbol (+) indicates that fishing presumably occurred,
2 tons, although the landings are not report_ed. ba_r ICHAF divisions
ind 3P, but are placed in 3NK (= Subarea 3, division not known).




Table lj. Subarea 3 cod: average landings per unit effort and the calculated fishing effort for cod
by trawlers of the major cod-fishing countries during the period 1952-58,

Average landings per unit effort (tons) Calculated fishing effart for cod
ICNAF  Year Canada France Portugal Spain Canada France Portugal Spain
Division (NF1LG) (M) oT PT (D 0T PT
L/hr L/day L/hr L/ir L/hr Hours Days Hours Hours Hours

fished fished fished fished fished fished <fished fished fished fished

3K 195) = + 1.48 1.91 - - + 3652 345 -
55 - + 1.29 (0.46) (0.88) - + L56l 28 13
56 - + 1.39 (0.19) 1.17 - + 1587 16 240
57 - + 1.17 0.61 - - + 57 102 -
58 - + 1.3k 1.25 (0.67) - + 5369 73917 9
3L 195} 1.34 + 1.54 1.46 (0.86) L506 + 19019 6777 1
55 1.32 + 1.51 1.22 1,35 5135 + 10146 3020 95h
56 1.54 + 1.72 1.0 1.59 3045 + 4757 6542 3703
57 0.92 + 1.61 1.2, 1.06 285 + 16220 7811 546
58 0.95 + 1.23 0.9 0.73 2860 + 91,0 6451 2749
3M 1951 - + - - (3.56) - + - - 9
55 - + - - (1.50) - + - - 8
56 - + - (0.33) (1.25) - + - 3 N
57 - + 1.27 - (1.26) - + 235 - i1
58 - + (0.80) - - - + L - -
3N 195) 1.04 + 1.19 2.1; 1.03 2128 + 2958 17811 27816
55 0.66 + 1.29 2,00 1.05 86L + 7956 13680 26445
56 0.69 + 0.62 1.80 1.35 715 & 188 Lh9o 22859
57 0.72 + 1.01 1.48 1.33 735 + 569 7622 26563
58 0.71 + (0.90) 1.07 0.91 1750 + 31 1567 25455
30 195l 0.97 + 1.82 1.69 (1.56) 121),8 + 679Lh 1294} 22
55 1.29 + 1.55 1.72 0.91 2356 + 2934 5509 280
56 0.95 + (1.11) 1.55 (1L.16) L775 + 54 2323 35
57 0.96 + 1.10 1.35 1.70 8892 + 302 2859 831
58 0.81 + 0.6l 1.1} 0.91 3893 + 10 1142 2e27
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vi/4 LaZUL [44

1,55  1.72 0.91 2356

22 L.2y + + 293Y 5509 280
56 0.95 + (x.11) 1.55 (1.16) L775 + N 2323 35
57 0.96 + 1.10 1.35 1.70 8892 + 302 2859 831
58 0.61 + 0.64 1.1 0,91 3893 + 0 1142 3537
3p 195l 1.33 + (0.97) 1.92 - 377 + 25 2525 -
55 1.30 + 2.10 2.28  (0.25) 14998 + 3681 3428 32
56 0.55 + 1.80 142 (4.29) 6177 + 1953 6860 17
57 1.34 + 2.30 1.59  1.09 2800 + 2797 616} 241
58 0.89 + 1.28 1.19  0.99 1608 + 829 L779 1358
Sub~ 1952 + + 1.83 + + + + 24047 + +
area 53 + + 1.88 1.73  1.15 + + 21550 27071 23642
3 5l 1.11 30.6 1.56 1.86 1.03 22529 466 32448 Loho2 27848
55 1.27 32.9 1.h9 1.88 1,06 13353 1847 29281 25665 27132
56 0.89 35.2 1.69 1,51 1.38 712 774 18539 20234 26858
57 1.01 30.2 1.64 .41 1.34 15281 1803 21580 24558 28222

58 0.81 23.6 1.26 1.13  0.90 10111 195 1558k 21336 33108

Notes

411 landing per unit effort values, except those for Portugal, are based on statistics of landings
and fishing effort obtained from the ICNAF Statistical Bulletins, Vol. 1 - 8; the landing per unit effort
values for Portuguese trawlers are based on adjusted landing and effort data obtained from the ICHAF
Secretariat, Haxifax, Nova Scotia. Individual explanatory notes are as follows:

Canada (Nfld) - Landing per unit effort values are based on "special effort! data for MNewfoundland trawlers.

France (i) - Landing per unit effort values are based on landing and effort data for vessels of the
68-meter class. :

Spain - secause the Spanish effort data are not reported for cod and haddock separately, the landing
per unit effort values of both otter trawlers and pair trawlers include cod and haddock, but
the fishing effort values are those estimated for cod only. :

The fishing effort values were calculated by dividing the quantities of cod landed anmually (Table 3)
by the corresponding landing per unit effort values given in the left~hand part of the above table, The
symbol (+) means that no effort data are available; the values in parentheses indicate less than 100 hours
fished.
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Table 5. Subarea 3 cod: length compositions of the average anmual catches
(trawls) and landings (other gears) by regions for the period 1955-58.

Mid-
Length point 3k 3 380 3P
group of Off= In=- Off- Off= In-
group Trawl shore shore Trawl Trawl shore Trawl shore shore
(em) (cm) line gears line line gears
21-23 22 1 1l
2U=26 25 3 1 17
27=29 28 15 2 149 10
30-32 31 29 10 187 22
33-35 34 100 3 13 L2 2 L3 7
36-38 37 399 132 135 1243 108 69
39=l1 Lo 987 L 693 239 2252 285 336

7
Sl R R
L5=47 L6 1391 56 3 3231

48-50 L9 1821 9L 6201 474 3561 18 Ll 23 1524
51-53 52 2152 109 7382 3670 16 1695 L5 1689
S4=56 55 3055  24h, 8989 3523 L5 1781 s 1709 .
57-59 58 3880 338 9609 3042 L3 1755 L2 1546
60-62 61 L639 sho 9658 2742 L7 150k 64 1340
63=65 6L LLkLo 737 8218 21.2 h 1197 103 1218
66-68 67 3510 692 6176 1732 50 8oL 116 1015
69=T1 70 2328 93 3906 1270 97 58L 63 818
72=74L 73 1491 658 2335 970 12 510 63 64T
75~17 76 927 L78 1185 yaun 164 115 63 L59

= oW
w @O NN HE
o\gonoo\&m\nqo\

- 6 88 675 21 L62 157 367 92 339
g?--'-gg gg 522 '317 398 9 347 167 260 10l 230
84-86 85 186 186 221 8 223 238 125 66 157
87-89 88 175 105 109 8 U6 157 56 Zh 1'153
90-92. 91 120 189 96 9 110 112 39 29 %
93=95 ol 78 99 42 7 86 86 27 176 o
96-98 97 33 32 34 L 71 73 13 1 A
99-101 100 L2 51 27 3 55 108 13 8
102-104 103 16 71 10 3 58 58 9 1(7) 2
105=107 106 13 21 16 3 67 gg 2 B
108-110 109 12 15 3 2 55 4 "
111113 112 6 2 1 1 5k 20 ! 2
14-116 115 3 3 1 32 g : X
117-119 118 2 1 26 2'31 ! :
120-122 121 2 2 1 15 e 3 z
123-125 124 2 1 i A 3 7
126-128 127 1 1 * 5 1
129-131 130 1 > 1
>131
Ng ('000) 33509 L2ué 35753 14760
Wg (m.t.) 72438 6200 63260 28672 —

2335 13635 1127 15

I o S e g on g s 2:131‘33 16]3.30 28000 L79k 32362

W, (m.t.) 70900 22000 135400
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Table 5. (Continued)
Notes

ALl data (except Newfoundland inshore) were obtained from the ICNAF
Sampling Yearbooks, Vol. 1 = 3, for the Years 1955-58; length compositiom
data of the Newfoundland inshore fishery were obtained from unpubli shed
records of the St. John's Biological Station. Notes on the treatment of
the length composition data are as follows:

3K-L
Trawl

1955. (a) Portuguese length compositions (2580 cod measured) and Spaiish
(1243 cod) both after discarding were combined and adjusted to the
total cod landings of France, Portugal and Spain. (b) Newfoundland
length compositions (2541 cod) after discarding were adjusted to the
total Canadian trawl landing from the region. (a) and (b) were then
combined and considered representative of the total trawl landings
from 3K-lL.

1956. (a) Portuguese length compositions (LO97 cod) after discarding were
adjusted to the total cod landings of France, Portugal and Spain.
(b) Canadian (Mainland and Wewfoundland) length compositions (3705
cod) after discarding were adjusted to the total Canadian cod landing
from the region. (a) and (b) were combined and considered represent-
ative of the total trawl landings of cod from 3K-L.

1955-56. The length compositions of the trawl landings for these years were
combined and adjusted for discards by comparison with the catch length
compositions for 1957 and 1958.

1957. Portuguese length compositions (1800 cod) and Spanish (6876 cod) both
before discarding were combined and adjusted to the estimated total
cod catches by trawlers, the quantity discarded having been accounted
for by an assumed "cull! curve, which was obtained by comparing the
1955 and 1956 length compositions of landings with the catch length

compositions of 1957 and 1958,

1958. (a) Portuguese length compositions (2287 cod) before discarding were
adjusted to the total estimated cod catches by trawl of Canada, France,
Portugal and Spain. (b) USSR length compositions (678 god) and Ice-
landic (309 cod) before discarding were combined and adjusted to the
cod catch by these countries. (a) and (b) were combined and considered
representative of the total trawl landings of cod from the region.

1955-58. The length composition of the average annual trawl catch was
obtained by averaging those of the catches for the four years (see

under 3K<L in the foregoing table).

Offshore line

1955-58. Length compositions of Portuguese dory-vessel lar.ldings of 12}1&83
cod in 1955 and 498 cod in 1957 were combined and adjusted to tge
average annual landings of all countries using line gears for the

period 1955-58.




- 129 -

Table 5. (Notes continued)

3M
Trawl

1955-58. USSE length compositions of catches in 1958 (6831 cod measured)
were adjusted to the average annual trawl landing for 1955-58.

3N-0
Trawl

1955. Portuguese length compositions (242 cod) and Spanish (7834 cod) before
discarding were combined and adjusted to the estimated total trawl
catch of the various countries (except Canada), discards having been
accounted for by assuming "knife-edge" discarding between 41 and 42 cm.
Newfoundland length compositions (1522 cod) after discarding were
adjusted to the total Canadian landing and then adjusted for discards
by a comparison with the Spanish data for this year. Both sets were
then combined and considered representative of the catch length com-
position for 1955,

1956. Spanish length compositions (3499 cod) before discarding were treated
in the same manner as 1955 above. Newfoundland length compositions
(1000 cod) after discarding were treated as for 1955 above. Both sets
were combined and considered representative of the 1956 trawl catch.

1957. Spanish length compositions (8027 cod) before discarding and Newfound-
land length compositions (3825 cod) after discarding were treated as

for 1955 above.

1958. There being no Portuguese or Spanish data, USSR catch length compositions
(1320 cod) before discarding were adjusted to the estimated total cod
catch of all countries except Canada and W. Germany. Canadian length
compositions (1138 cod) and W. German (518 cod) both after discarding
were adjusted to the total cod landing by these countries and then
adjusted for discards by comparison with the catch length compositions
of USSR trawlers. Both sets were combined and considered representative
of the total cod catch from this region in 1958.

1955-58. The adjusted length compositions of the trawl catches for the four
- years were averaged, and these are given under 3N-O in the table.

Qffshore line

1955-58. Length compositions of Portuguese dory-vesscl landings of 499 cod
in 1957 and 539 cod in 1958 were combined and adjusted to the average

annual landing of line gears during 1955-58.
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Table 5. (Notes continued) -

3F

Trawl

1955-58. Length composition data of cod catches or landings by trawls
are scanty. Canadian length compositions (2356 cod) in 1955 and
379 cod in 1958, Spanish data of 2706 cod in 1957, and W. German
data of 576 cod in 1958, all considered to be after discarding,
were combined and adjusted to the average annual cod landing by
trawls for the period 1955-58. Account of discards was then made
by using the Canadian inshore length composition data for com-
parison.

Cffshore line

1955-58, Newfoundland length compositions of 600 cod in 1956 and Port-
uguese of 343 cod in 1958 were combined and adjusted to the average
annual landing by line gears for the period.




Table 6. Subarea 3 cod: age composition data® used in estimating the total mortality coefficients (Z).

Trawl Inshore
Age 3KL 38=0 | 3K-L 3P
%;?;g? i;;;' Piiiigél Total  Canada (ifld) Spain Total  Canada (Mfld) Canada (Nfld)
(yr) 1948-53 1955 1957  1955-57 1I9L7-50 1953 1953-5L 1955-56 1953-56 1947-50 1955-58 19L7-L9 1953-57
2 1 14
3 1 8 9 2 7 134 11 18 8 L2 8
L 3 1 21 22 95 1 L9 232 282 132 123 L6 100
5 17 2 45 L7 58 38 95 272 L05 202 280 165 410
6 L8 19 52 71 L7 2 80 191 512 136 332 104 610
7 87 &L 70 12 88 259 L 107 L0 188 252 63 797
8 66 156 99 255 89 59 21 72 152 151 281 L3 665
9 8L, 131 108 239 58 26 7 3L 67 187 250 31 L92
10 80 148 168 316 55 18 L 26 L8 122 182 15 303
11 78 yin 128 202 52 7 5 6 18 97 109 8 20l
12 3 L5 98 143 29 L 3 2 9 105 59 13 65
13 ol 32 55 87 20 2 6 3 68 26 9 52
pE I L1 18 37 55 10 3 1 3 1 30 17 10 27
15 16 12 23 35 N 1 1 9 11 11 6 N 19
16 25 3 11 1, 3 1 3 L 10 2 1 23
17 5 2 9 11 L 2 2 L L 1 12
s17 9 2 13 15 2 1 13 1L 5 5 1 28
Total 686 700 ous 1645 616 660 320 1126 2106 1466 1937 555 3815
Ist., Z 0,35 0,50 0.50 0.50 0.30 0.68 0.75 0.70 0.70 0.60 0.70 0.50 0.60

#Canadian (Nfld) data were made available through the courtesy of A. M, Fleming, Fisheries Research BSoard of

Canada, Biological Station, St. John's, Hewfoundland; Portuguese and Spanish data were taken from the ICNAF
Sampling Yearbooks, VoL, 1 - 3.
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Table 7. Subarea 3 cod: age-length data® used for the growth cirves of Figure 8 (average lengths are in
centimeters, and the figures in parentheses are numbers of cod on which the averages are based).

13  70.4 (77) 67.3 (15) 67.8 (LO) 91.9 (20) 107.5 (2) 99.0 (3)  95.4

3K<L 3N-0 3P
Age  1947-50 1957 1957  Unweighted  1947-50 1953=5L 1955=56 Unweighted  19L47-50
Can.(M1ld) Portugal Spain average Can. (Nf1ld) Spain Spain average Can. (Nfld)
(yr) 3K<L 3K 3L 3K<L 3N-0 ‘3N 3N 3N=0
2 28.8 (14)  28.8 2h.6 (51)
3 37.h (16) 38.7 (8) 33.0 Lh.o (2) Lho (7)  39.4 (13L)  L2.5 36.5 (70)
L hhJy (115) 3.8 (21) L. 49.0 (95) L6.7 (L9) L6.2 (232)  L47.3 LWi.9  (95)
5 L.y (164) L8.2 (5) L7.0 (LO)  L8.2 51.6 (58) 52.5 (95) 51.5 (272)  51.9 51.3 (197)
6 5Sh.5 (128) 53.5 (10) 52.3 (k2)  53. 59.7 (47) 58.0 (80) 57.5 (191)  58.L 55.7 (94)
7  59.6 (170) 55.8 (22) 5L.9 (4L8)  56.8 69.8 (88) 63.4 (Lh) 63.8 (107) 65.7 65.6 (67)
8 62.9 (134) 58.7 (31) ©58., (68) 60.0 76.8 (89) 70.6 (1) 72.1 (72) 73.2 68.9 (L9)
9  65.0 (200) 61.8 (38) 6h.3 (70)  63.7 83.5 (58) 75.1 (7)  75.6 (34) 78.1 4.1 (3k)
10  66.9 (153) 63.6 (68) 64 (100)  65.0 87.6 (55) 90.2 () 8L.6 (26) 87.5 76.7 (2L)
11 67.6 (115) 648 (51) 65.9 (717)  66.1 904 (52) 88.6(5) 88.9 (6) 89.3 83.8 (8)
12 48.7 (122) 6L.0 (36) 66.1 (62) gg.é 91.2 (29) 97.0 (3) 90.h (2) 92.8 86.5 (15)
1, 73.5 (45) 69.9 (12) 70.5 (25) T71.3 95.8 (10) 110.9  (3)

15 7.5 (6) 76.8 (A7) 75.6 108.1  (7)

16 81., (21) 85.8 (4) 69.3 (7) 78.8 100.9 (3)
17 67,0 (1) 86.h (8) 109.9 (1)
18 79.0 (3) 110.9  (3)

#Canadian (¥ewfoundland) data were obtained from Fleming (1960a); Portuguese and Spanish data were obtained
from the ICHAF Sampling Yearbooks, Vol. 1 - 3.
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Table 8. Subarea 3 haddock: landings (metric tons) by countries and gears for the period 1935-59.

Year Canada (M) Canada(Nfld) France(St.P) Ger- Portugal Spain UK USA GRAND
0T Misc. OT Misec. 0T Misc. many OT DV oT PT oT 0T TOTAL

1935 - 538 - = 1385 - - - 1923
36 - L73 - - 235 - - 3 m
37 - 856 - - - - - 123 979
38 - 782 - - - - - I 823
39 552 - 23 210 1367 - - 194 2346
Lo 258 2 6L 372 1818 - - 29 2540
L1 155 162 85 L39 - - - - 8la
L2 103 15 - - - - - - 118
L3 129 2L - - L2s - - - 578
Lh 134) 239 - - 217, - - - 3757
L5 150 551 - = 7770 - - - 8471
L6 616 262 - - 14963 - - 27 18248
b7 1507 4756 - - 17440 - - 7 23710
48 11406 10187 - - 11652 - - 790 57035
L9 2282 12573 - = 63656 - - - 78511
50 1586 10598 L4s 59 L7747 1158 - 148 61741
51 939 321 595 143 L3322 3065 - 8 51286
52 28712 77 Lsol 192 - 347 240 34134 L4158 - L L6527
53 64Ol 159 7566 - - - 309 538 222 22840 4230 236 334 42835
S, 9045 245 220hL 935 1628 Lo8 - L9 83 16886 2465 757 390 55335
55 13910 230 28570 Lk3 2122 235 - 778 =~ 51843 3940 2386 1 104471
56 13387 89 34620 300 3846 - - 307 - 27,18 2930 1195 190 8,282
57 9866 23 24556 158 3623 - 59 o - 24747 L4382 622 10 68086
56 6456 3 16815 131 3235 - 254 7 = 8949 8289 192 6 L4337

59% 6566 15764 3810 10 -

8560 223 26 35088%

#Statistics for 1959 are provisional; the 1959 total includes 9 tons by Denmark and 120 tons
by Belgium.
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Table 8. (Continued)

Notes

411 statistics of landings prior to 1959 were obtained from ICNAF
Sta'ltistical Bulletins, Vol. 1 - 8, except those for Spain prior to l9§l
which were obtained from the files of the ICNAF Secretariat, Halifax
Nova Scotia; the 1959 landings were obtained from ICNAF Document Ser:‘i’.al
No. 7?0, 1960. The Portuguese and Spanish landings prior to 1954 have
been increased by a factor 1.2 to compensate for a change in the conversion
factor used to convert wet salted haddock to round fresh weight. Explanatory
notes by countries are as follows:

Canada (M) - Landings prior to 1952 were not reported by gears, but these
were probably largely by trawlers; landings by miscellaneous
gears, 1952-58, were mainly by dory schooners, but longliners
landed { ton in 1955, 6 tons in 1956 and 3 tons in 1958.

Canada (Nfld) - Landings prior to 1952 were not reported by gears, but they
were largely by trawlers; landings by miscellaneous gears
Wwere by small inshore boats and longliners.

France (St.P) - No reports prior to 1953; misc. landings were by small
motor dories fishing inshore.

Germany - No reports of landings prior to 1952.

Portugal, OT =~ Trawl landing of 173 tons reported from Subarea 2 in 1953,
but this quantity is here included in Subarea 3, since
haddock are not known to occur in abundance in Subarea 2.

" , DV - Landings of 240 tons in 1952 and 222 tons in 1953 were
reported by dory vessels, subarea unknown, but these are
here included in Subarea 3, since dory vessels do not fish
in other areas where haddock occur.

Spain, OT - Landings for 1935-50 were not reported by subareas, tut, since
Spanish trawlers fished primarily in Subarea 3 and since
statistics during 1953-57 indicate that only very small
quantities of haddock (less than 3%) were reported from
other subareas, it has been assumed that all haddock were
landed from Subarea 3; landings of 23348 tons in 1951 and
1,357 tons in 1952 were not allocated by subareas, but are
here included in Subarea3, since Spanish trawlers did not
fish in other subareas where haddock occur; 1953 includes
192 tons reported from Subarea 2.

" PT - Pair trawlers started fishing in the ICNAF Comm‘.sglon Area
in 1950 for the first time, and up to 1953 they fished only

in Subarea 3.
USA - Landings not reported by gears prior %o 1950, but they .

were presumably by otter trawlers.




Table 9. Subarea 3 haddock: landings (metric tons) by countries, gears and ICNAF Divisions for the period 1953-58.

Trawl Line GRAND

ICNAF Year Canada France Ger- Port- in UK USA Trawl Canada France Port- Line TOTAL
Div. | (M) (Nfld) (St.P) many ugal O% PT Total (M) (M1d) (St.P) ugal Total

3K<L 1953 B w1 - - 265 + + - - Lo7 - - - - - Lo?7

54 230 23 - - 13 86 - 77 - 1109 39 - - - 39 1148

55 42 83 - - 3 6 51 - - 2 1l - - - 1 245

56 32 60 - - 16 o 100 - = 249 1 - - - 1 250

57 65 - - - L 6L 113 17 - 390 - - - - - 390

58 150 35 - - 1 23 215 - - 65 - - - - - 695

3M 1953 - - - - - + + - - + - - - - - +

54 - - - - - - 33 - - 33 - - - - - 33

55 - - - - - - - - - - - - - - - -

56 - - - - - - - - - - - - - - - -

571 - - - - - - 6 - - 6 - - - - - 6

58 - - - - - - - - - - - - ~ - - -

3N 1953 58 L2 - - - + + + + 100 - - - & + 100

sk 66 629 + - 120 9206 24,08 - + 124429 - - - 83 83 12512

55 50 270 + - 630 296 3832 - 6 26753 = - - - - 26753

56 179 U84 + - - 21046 2812 368 3 25892 - - - - - 25892

57 286 1435  + - - 20394 LO53 - - 26168 - - - - - 26168

58 1765 L4752  + - - 7923 7189  + 2 21601 - - - - - 21601

30 1953 2919 5058 - « 100 + + + o+ 8077 1 - - + 1 8078

5L 1518 325 + - 312 698 24 - + 12016 = - - - - 12016

5 943 1816 + - 28 1383 50 291 8 17319 - - - - - 17319

56 5866 15597 + - - 2800 17 - 73 24354 - - -~ - - 24354

57 6706 21840 + - - 2883 145 236 10 31820 - - - - - 31820

58 L4386 11949 + 1o - 5718 513 + L 17630 - - - - - 17630

3P 1953 3383 2308 - + - - - + o+ 5691 158 =~ - + 158  568L49

5h 7231 18118 + - L 685 = - + 26038 206 935 LOo8 = 1549 27587

55 12875 26401  + - 117 15630 7 2095 - 57125 229 Li3 235 = 907 58032

56 7310 17479 + - 291 3531 - 827 114 29552 88 300 - - 388 29940

57 2809 1281 + 59 36 1409 65 239 = 5898 23 158 - - 181 6079

58 155 9 + 19 6 21, 282 67 - 822 3 11 - - 13 956

ANk 101 - [nde ] M0 172 228).0a )220 294 21, 281 70 - - - 209 209 28),01

_Sg'[..



L dad b’ 2 4 Pl d b

SL 7231 18118 + - L 685 - - + 26038 206 935 LO8 - 1549 27587
55 12875 26401  + - 117 15630 7 209 -~ 57125 229 443 235 - 907 58032
56 7310 17479 @+ - 291 3531 - 827 114 29552 88 300 - - 388 29940
57 2809 1281 @+ 59 36 14,09 65 239 = 5898 23 158 - - 181 6079
58 155 79 + 19 6 22, 282 67 - 822 3 131 - - 134 956
3NK 1953 - 51 - 309 173 22840 L4230 236 334 28179 - - - 222 222 28401
CI— 20 1628 - - 1 - - 39 239 = - - - - 2039
55 - - 2122 - - - - - - 2122 - - - - - 2122
56 - - 3846 - - - - - - . 384 - - - - - 3846
57 - - 3623 - - - - = - 363 - - - - - 3623
58 - - 3235 95 = - - 125 - 3455 - - - - - 3455
Sub- 1953 6LOL 7566 - 309 538 22840 L4230 236 334 L2hsy 159 - - 222 381 L2835
area 5S4 9045 220y 1628 -  LL9 16886 2465 757 390 5366L 245 935  LO8 83 1671 55335
3 55 13910 28570 2122 - 778 51843 3940 2386 14 103563 230 LL43 235 - 908 10L4T71
56 13387 34620 3846 - 307 27118 2930 1195 190 83893 89 300 - - 389 8l282
57 9866 24,556 3623 59 Lo 24747 L4382 622 10 67905 23 158 - - 181 68086
58 6456 16815 3235 25 7 8949 8289 192 6 L4203 3 131 - - 134k hLh337
Notes
Canada (M), Line - Landings mainly by dory vessels engaged in halibut fishing and in the salt cod fishery.

Canada (Nfld), Line - Landings mainly by small boats fishing near the coast with codtraps, handlines, etc.

Portugal, Trawl - Landing of 173 tons in 1953 was reported from Subarea 2, but this amount is here
included in 3NK, since haddock do not occur in Subarea 2.

Portugal, DV - Landing of 222 tons in 1953 was reported as from an unknown subarea, but the amount
is here included in 3NK, since dory vessels fished only in Subareas 1 and 3 and
since haddock do not occur in abundance in Subarea 1.

Spain, OT - Landings of 192 tons in 1953 and 1 ton in 1954 were reported from Subarea 2, tut these
are here included in 3MK, since haddock do not occur in Subarea 2.

General - All statistics of landings were obtained from the ICNAF Statistical Bulletins, Vol. 3 - 8,

- The symbol (+) indicates that fishing probably occurred, but the quantities are given
in 3NK (= Subarea 3, division not known).
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Table 10. Subarea 3 haddocks landings per unit effort of wWewfoundland
trawlers, and the calculated total fishing effort by the
Canadian fleet and Ly the entire fleet of trawlers during
the period 1954-58,

Landings per hour Calculated effort in thou-
Region Year fished by New- sands of hours fished
foundland trawlers Canadian A11 trawl
(metric tons) trawlers fleets
Grand Bank, 1954 0.99 5.8 25.8
Divisions 4 2.02 1.6 21.9
3L-N-C 56 2.08 11.2 2.3
57 1,83 16.6 31.9
58 1.08 21.3 36.9
St. Pierre
Bank, 3P 1954 1.97 12.9 13.2
55 2.17 13.1 26.3
56 1.72 h.b 17.2
57 1.15 3.5 5.1
58 + + +
Total, 195h 1.67 18.7 39.0
Subarea 3 55 2.16 19.7 Lh8.2
56 1.88 25.6 1.5
57 l.71 20.1 37.0
58 1.08 21.5 37.6
Notes

The landings per unit effort of Newfoundland trawlers were obtained
from the “special effort® data of the ICNAF Statistical Bulletins,

Vol. L - 8.

ishi i r dividi the landings
The fishing effort values were obtained by dq.ncb.ng
(from Table 9) by the landings per unit effert of Vewfoundland trawlers

given above in the table.

The symbols (+) for St. Pierre tank in 1958 indicate'that thert::
was insufficient fishing effort to obtain a reliable landing per unmit
effort value.
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Table 11. Divisions 3N and 30 haddock: - length compositions of the
average annual trawl catches for the period 1955-58.

I;:gg;h fgdrggggt Number of haddock in thousands*
(em) (cm) Canada Spain Total
2021 20.5 50 70 120
22-23 22.5 119 166 285
2ly=~25 2L4.5 178 248 426
2627 26.5 502 701 1203
28=29 28.5 1138 1588 2726
30-31 30.5 1358 1895 3253
32-33 32.5 1955 2729 468l
3435 3L4.5 3474 4850 832l
36=37 36.5 L342 6061, 10403
38=39 38.5 5341 7456 12797
Lo=L1 L0.5 5801 8098 13899
L2-43 42.5 5523 7L05 12928
LL=k5 Lk .5 L367 618L 10551
L6~4T L46.5 2609 3050 5659
L48-49 48.5 1218 2142 3360
50-51 50.5 551 1075 1626
52-53 52.5 247 Los 652
54-55 54.5 127 299 426
56-57 56.5 72 233 305
58=-59 58.5 52 135 187
60=61. 60.5 37 11, 151
62-63 62.5 19 110 129
6L4~65 6.5 8 59 67
66-67 66.5 2 15 17
68«69 68.5 1 13 iV
Mumber caught, Ng ('000) 39112 55130 oL242
Weight caught, W¢ (m.t.) 23539 31123 57662
Mumber landed, N, ('000) 28995 36793 65788
Weight landed, W, (m.t.) 20000 27857 47857
Percentage discards 15.0 18.4 17.0

i 4 ight of the haddock
#Canada and Spain together landed 995 by wsalgh ¢
landed from catches on the Grand Bank during the period 1955-58.
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Table 11, (Continued)

Notes

All aata were obtained from the ICNAF Sampling Year-
books, Vol., 1 - 3, for the years 1955-58.

The Canadian data represent the measurement of fish
in the landings rather than in the catches, but they were
adjusted for discards by comparison with the length-com-
position data of catches by Spanish trawlers. The length
compositions of Table 11 are based on the following data:

1955. Canada (Nfld), 19416 haddock measused from the landings
of commercial trawlers.

Spain, 7080 haddock measured, before discarding.
1956, Canada (Nfld), 21693 haddock measured, from landings.

Spain, 2422 haddock measured, before discarding.
1957. Canada (Nfld), 35851 haddock measured, from landings.

Spain, 1715 haddock measured before discarding.

1958, Canada (Nfld), 31057 haddock measured,from landings.




- 139 -

Table 12. Subarea 3 redfish: landings (metric tons) by countries for the
period 1940-59.

Canada France _Germany Jce- UK USA USSR GRAND
Year (M) (Nf1d) (St.P) (E) (W) land TOTAL
1940 - - - - - - - - - -
L1 - - - - - - - - - -
L2 - 5 - - - - - - - 5
L3 - 12 - - - - - - - 12
Ly - 37 - - - - - - - 37
45 - ), - - - - - - - 1L
Lé - 26l - - - - - - - 26l
L7 - 17 - - - - - - - 171
L8 25 L4572 - - - - 2 - - 4599
L9 33  7L37 - - - - - - - 7470
50 261 11716 - - - - - 282 - 12259
51 1096 16211 - - - - - 13562 - 30869
52 2140 12582 - - - - - 31464 - L6186
53 210 10377 - - 5 - - 33114 - L5600
5L 1918 3999 32 - - - 1 31269 - 37219
55 763 3306 128 - - - 13406 .- 17603
56 603 2941 88 - - - 3 13304 12908 29847
57 L26 3377 273 - 2 - 33 L748 L8805 57664
58 772 6751 567 596 87 L3668 - 10211 96046 158698

59 1297  L999 701 107h 879L 25115 3L  16L83 151986  21197hs

sandings for 1959 are provisional; the total includes 1475 tons by Belgium
and 66 tons by Poland.

Notes

A1l statistics of landings prior to 1959 were obtained from the ICNAF
Statistical Bulletins, Vol. 1 = 83 the 1959 landings were obtained from
ICHAF Document Serial No. 780, 1960. Explanatory notes by countries are
as followss:

Canada (M) - Landing for 1958 includes 2 tons by Danish seiner.

Canada (Nfld) - Landings for 1942-51 were not reported by gears, but they
were mainly obtained by trawlers; landings for 1952-58
include the following small quantities by Danish seiners:
26, 297, 26, 81, 62, 31 and 22 tons respectively.




Table 13. Subarea 3 redfish: landings (metric tons) by countries and ICNAF divisions for
the period 1953-59.

Bel-

Pol- UK

ICNAF Year Canada France Ge Ice- USA USSR  GRAND
Div. (M) (N£1d) (St.P) (E) (W) gium land and TOT4L
3K 1953 - - - - - - - - - - - -

195, - - - - - - - - - - - -
1955 - - - - - - - - - - - -
1956 - - - - - - - - = - - -
1957 - - - - - - - - = - - -
1958 - - - - - - 13668 - - -~ 29204 72872
1959% = - - - - +  2353L 66 10 - 78357 101967
3L 1953 25 1751 - - - - - - - - - 1776
195 L 392 - - = = - = 1 - - 397
1955 12 5 - - - - - - - 100 - 117
1956 - 16 - - - - - - - - - 16
1957 13 5 - - - - - = 33 - 17232 17328
1958 L2 339 - - - - - - - - 12947 13328
1959% 208 32 - 843 879L + 15681 - 1. 287 20347 32103
34 1953 - - - - - - - - - - - -
1954 - - - - - - - - - - - -
1955 - - - - - - - - - - - -
1956 - - - - - - - - - 5l 12908 12962
1957 - 1 - - - - - - - - 31573 3157k
1958 - 9 - 596 - - - - - 32 53895 54532
19594 - - - 231 - + - - - - 51977 52208
3N 1953 977 5062 - - - - - - - + - 6039
1951 L51 712 + - - - - - - + - 1163
1955 8, 258 + - - - - - - 3903 = L2hs
1956 1022 160 + - - - - = 3 7226 - Thol
1957 28 1225 + - - - - - - 2502 - 3755
1958 258 152l + - - - - - - 5959 - T7h
1959% 109 1433 + - - - - - 9 8083 84 10478
30 1953 879 632 - - + - - - + - lS:L'L
195} 7h9 139 + - - - - - _ o an00

- ONT =



Lypy® 109 A433 + - - - - - 9 8083 844 10478

30 1953 879 632 - -4 - - - - - 1
1954 749 339 + - - - - - - + - 1088

1955 274 68 + - - - - - - 8080 - 8l22

1956 Lol 50 + - - - - - - 5564 - 6015

1957 238 78 + - - - - - ~ 2031 - 2347

1958 246 1786 + - 2 - - - - L4037 - 6071

1959% Th5 963 + - - - - - 2 7230 328 9268

3P 1953 223 2932 - - + - - - - + - 3155
1954 T 2447 + - - - - - - + - 3161

1955 393 2975 + - - - - - - 1323 - L691

1956 100 2715 + - - - - - - 460 - 3275

1957 147 2003 + - 2 - - - - 215 - 2387

1958 226 3093 + - 8 - - - - 183 = 3510

1959% 235 2571 + - - - - o= 2 883 83  377L

3NK 1953 - - - - 5 - - - - 331 - 33119
195 - 109 32 - - - - - - 31269 - 31410

1955 - - 128 - - - - - - - - 128

1956 - - 88 - - - - - - - - 88

1957 - - 2,3 - - - - - - - - 273

1958 = - 567 - 17 - - - - - - 6l

1959% - - 701 - - 1475 - - - - - 2176

Sub- 1953 2104 10377 - - 5 - - - - 331y - 45600
area 1954 1918 3999 32 - - - - - 1 31269 - 37219
3 1955 763 3306 128 - - - - - - 13406 - 17603
1956 603 2941 88 - - - - - 3 13304 12908 29847

1957  L26 3377 273 - 2 - - = 33 L7u8 L4BBO5 57664

1958 772 6751 567 596 87 - 13668 = - 10211 96046 158698

1959% 1297 L4999 701 107h 8794 1475 25115 66 34 16483 151936 21197L

s#landings for 1959 are provisional

Notes

General - All statistics of landings up to 1958 were obtained from the ICNAF Statistical
Bulletins, Vol. 1 = 8; the 1959 landings were taken from ICNAF Document Serial
No. 780, 1960.

- The symbol (+) indicates that fishing probably occurred, although the landings
have not been reported by ICHAF divisions and are placed in 3NK (= Subarea 3,
division not known).
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Table 14. Subarea 3 redfish: landings per unit effort and calculated
effort of the trawling fleets for the period 1954-58.

Landing per unit effort (m.t.) Calculated effort
ICNAF Year Canada USSR USA Canada USSR UsaA
Div, L /hr L /hr L /1‘711‘ Iceland
fished fished fished Hours Hours Days
3K 1954 - - - - - -
1955 - - - - - -
1956 - - - - - -
1957 - - - - - -
1958 - 2.6l - - 27603 -
3L 195k 1.87 - - 212 - -
1955 + - - + - -
1956 + - - + - -
1957 1.23 1.72 - 51 10013 -
1958 1.33 2.56 - 288 5067 -
3M 19?% - - - - - -
19 - - - - - s
1956 - 2.17 - - 5943 -
1957 + 1.53 - + 20634 -
1958 + 1.82 - + 29575 -
3N 195)4 1023 - + 9)4‘3 - +
1955 1.k - + 299 - ¥
1956 1.19 - + 220 - +
1957 1.55 - + 808 - +
1958 1.99 - + 895 - +
30 1954 1.30 - + 836 - :
1955 + - + + - :
1955 + - + + - :
1957 + - + + - .
1958 1.30 - + 1559 -
3P 1954 0.76 - + 45k - +
1955 0.80 - + 14205 - :
1956 0.68 - + L41hé - *
1957 0.60 - + 3571 - N
1958 0.53 - + 6322 -
Sub- 1954 0.95 - 17.5 6261 - :1L:7ng
area 1955 0.82 - 11.9 4938 113 513
3 1956 0.71 2,17 1h.1 5027 59 288
1957 0.78 1.60 16.6 41863 30647 7
1958 0.83 2.10 15.6 9075 66530 3




Table 1h. (Continued)

Notes

The landings per unit effort for Canada were obtained from the
Wspecial effort® data of Newfoundland trawlers given in ICNAF Statistical
Bulletins, Vol. 4 - 8; those for USSR trawlers were obtained from the
landind and effort statistics of ICNAF Statistical Bulletins, Vol. 6 - 8;
and those for USA trawlers were obtained from data supplied the author
by the Fisheries Laboratory, Woods Hole, Mass.

The fishing effort for redfish by the fleels indicated were obtained
by dividing the appropriate landings (from Table 1B) by the landing per
unit effort values in the foregoing table.

The symbol (+) indicates that effort data were lacking or inadequate.
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Table 15. Subarea 3 redfish: length compositions of the trawl
catches by ICNAF divisions for the year 1958.

Mumber of redfish in thousands

range Jceland USSR USSR Canada USA Canada
(em) USSR  Canada nad
15 Z
16 2 .
17 20 28
18 2 =
=7 86 316 3
20 122 595 18
el 3 1077
22 2 L8 632 2211 26
2 1286 3372 2
- S -
23 21,0 389
5 1138 192 1565 s 125 5
1589 3
gg 3561 4og 5736 1266 2276 13519;
800 2397
gg 6636 67L 13872 “§° 137§ ggg
2 100
3 men  ase 1883 2 %
3 111 92
g 1521 2667 17420 8 s 5
35 99 307
-Zf 24523 330L 19260 4 g % ﬁé 2 |
! w379 2702 10261 3% 219 §_§§
18 19
22 1ees 226 5947 1 2 5
2
i 9,07 1899 210 L 2
1 9
b e 120 550 :
L5 2
L6 1724 541 125
L7
L8 213 133
L9
50 76 27
51 7
a 6660 66L0
N (‘000) 104598 17638 95976 .u%uz. 39996 éauo
W (m.t.) 72872 13328 54532 381

.51
W (kg) 0.70 0.76 0.57 0.27 0.27 0.5
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Table 15. (Continued)

Notes

A1) redfish length-composition data, on which the catch length
compositions of the table are based, were obtained from the ICHNAF Sampling
Yearbook, Vol. 3, for the year 1958. The USSR length compositions for
Divisions 3K, 3L and 3M were reported by 2-centimeter groups. Explanatory
notes by ICNAF divisions are as follows:

3K - USSR length compositions (36L92 redfish were measured) for 1958
were weighted by months and then adjusted to the total quantity of
redfish landed by the USSR (LO%) and Iceland (60%).

3L --USSR length compositions (32648 redfish were measured) for 1958
were weighted by months and adjusted to the total quantity of red-
fish landed by the USSR (97%) and Canada (3%).

3M - USSR length compositions (62209 redfish were measured) for 1958
were weighted by months and adjusted to the total quantity of red-
fish landed by the USSR (99%) and East Germany (17).

3N-0 - Newfoundland length compositions (6655 redfish were measured) for
1958 were adjusted to the total quantity of redfish landed by

- USA length compositions (3900 redfish were measured) for 1958 were
adjusted to the total quantity of redfish landed by the USA (72%) .

3P - Newfoundland length compositions (5887 redfish were measured) for
1958 were adjusted to the total quantity of redfish landed by

Canada (95%) and the USA (5%).



Table 16. Subarea 3 flounder: landings (metric tons) by ICNAF divisions and countries

for the period 1953=5%.

ICHAF Year Canada France Ger- Spain USSR UK USA Total

Division (M) (Nfld) (St.P) many

3k 1953 - = - - - - - - -
Sk - - - - - - - - -
55 - 433 - - - - - - 433
56 - 5Bl - - - . - - 58y
57 - 465 - ~ - - - - 65
58 - 812 - - - - - - 812
59 - 2 - - - 20 10 - 253

AL 1953 2031 2408 - - - = - - Lh39
sk 201, 1108 - - - - 22 - 31L)
55 620 5639 - - - - - - 11643
56 152 5089 - - - - - - 92l
51 4518  Lo56 - - - 314 2k - 8912
58 7106 5801 - - - 17 - - 1292l
59% 5020 7605 - 180 - 132 5 - 12942

34 1953 - - - - - - - - -
5L - - - - - - - - -
55 - - - - - - - - -
56 - - - - - 12 - - 12
57 - - - - - 505 - - 505
58 - - 2 - - - 150 - - 152
59 - - - - - 302 - - 302

3N 1953 3740 L4253 - - - - - - 7993
Sl 1351 1991 - - b - - - 3346
55 1207 111k - - - - - 3 232l
56 829 2390 - - - - iIh 5 3238
57 - 1058 2835 - - - - - - 3893
58 1277 16l - - - - - 1 539
59 401  L18o - - - 1 3 1 4586

an 102 N24R 29nKE

L9713

- ant -



21 . FEVIv]

58 1277
59% Lo1
30 1953 2768
54 1499
55 1202
56 1923
57 5252
58 816
59% 975
3P 1953 851
54 639
55 . 1259
56 402
57 2989
58 1151
59+ 2039
38K 1953 -
5L -
55 -
56 -
57 -
58 -
59% -
Sub= 1953 9390
area 54 5503
3 55 9872
56 7306
57 13817
58 10353
59% 8L35

ey

L161
4180

2205
1052
163
1024
2127
923

752

1086
81
1688
159
1112
1034
1762

g
13
3
3

10093
5645
9037

102,46

10598

12736

14301

lt)-'lllll;

%lllll-c;

11 111 F1

12

819
249
676

10

22

20

115

10

36

[\
[ACN N B B |

Co &=~
11t 1t 1 NO 1

o
weR&H KE

- S

5439
4586

4973
2551
1,04
2957
TLho
1747
1738

1937
2120
296l
202}
L1153
2196
3812

199
193
L10
956
1097
701

19541
11354
19379
18056
2632},
2hlh9
2433L

#The 1953-58 data were obtained from the ICNAF Statistical Bulletins, Vol. 3 = 8; the

1959 landings were obtained from ICHAF Document Serial No. 780, 1960, and are

provisional,
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APPENDIX II. SELECTION OGIVES OF THE VARIOUS TRAWL MESH SIZES
FOR COD, HADDOCK, REDFISH AND AMERICAN PLAICE ¥

Table 1. Selection ogives for cod.

Midpoint . .

of 3-cm Percentage:.retention by

length 3-inch L-inch A4%-inch 5-inch 52-inch 6-inch

group me sh mesh _mesh mesh mesh mesh
13 L
16 9
19 17 1
22 30 3 1
25 Ly 7 2
28 60 14 5 1
31 75 25 11 L 1
3, 86 LO 20 9 2 1l
37 93 53 34 17 5 2
L0 o7 70 50 30 11l I
L3 83 66 L5 21 9
L6 100 91 79 61 3L 17
L9 96 89 76 50 30
52 98 95 87 66 b
55 100 98 9Ly 79 60
58 99 98 89 75
61 100 99 95 86
6l, 100 98 93
67 99 97
70 100 99
73 100

% These selection ogives were prepared from information
reported by Clark, McCracken and Templeman (1958).
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APPENDIX II. (Continued)

Table 2. Selection ogives for haddock.

g%dggzgt Percentage retention by

length 3-inch L4-ineh Lz-ineh 5-inch 5%-ineh 6-inch
group mesh mesh _mesh mesh mesh me sh
12.5 5

14.5 10

16.5 18

18.5 28 1

20,5 L0 3

22.5 S5k 6 1

24 .5 66 10 3

26.5 77 18 5 1l

28.5 86 28 11 2

30,5 92 L1 18 L 1

32.5 96 5k 28 8 2

34.5 98 67 LO 1k 3

36.5 99 78 5L 22 6 1
38.5 100 87 68 3k 11 3
L0, 93 79 L7 18 6

L2.
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APPENDIX II. (Continued)

Table 3. Selection ogives for redfish.

Length Percentage retention by
3-inch A-inch Lz-inch 5-inch 5%-inch 6-inch

cm mesh mesh mesh mesh mesh mesh

12 L

13 8

1, 1

15 22 1

16 33 2

17 L5 3

18 58 5 1

19 70 8 2

20 80 12 L

21 88 18 6 1

22 93 26 9 2

23 96 35 13 L

2L 98 L, 18 6 1

2 99 5 25 8 2

26 100 6l 33 12 3 1

27 73 Ll 17 5 2

28 a2 8 4

29 7 59

30 92 67 37 15 6

31 95 75 b5 20 8

32 97 82 5k 26 1l

33 98 87 62 33 15

3L 99 91 70 L0 20

35 100 oL, 76 L8 26

36 96 82 56 32

37 o8 87 6L 39

38 s 75
100

38 96 83 60

L1 98 88 67

12 99 91 73

L3 100 9L 79

96 8L,

ﬁ 97 88

L6 98 o

“g 108 8¢

L 97

s o8

51 100
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APPENDIX II. (Continued)

Table 4. Selection ogives for American plaice.

‘Midpoint

of 2-cm Percentage retention by
length L~inch 6-inch
group mesh , mesh
10.5 2
12.5 5
14.5 11
16.5 22
18.5 38
20.5 56 1l
22.5 72 )
24 .5 85 9
26.5 93 19
28.5 98 33
30.5 99 50
32.5 100 67
% .
38.5 96
L0.5 99
L2.5 100
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APPENDIX III, Length-welght Data for Cod, Haddock and
Redfish (Round Fresh Fish)

CoD HADDOCK REDFISH
3-cm Welght 2-cm Welght l-cm Weilght
groups (kg) groups (kg? ' groups (kg?
15-17 0.04 16=-17 0.04 15 0.05
18-20 0.06 18-19 0,05 16 0.06
21-23 0.09 20-21 0.07 17 0.07
2426 0.13 22-23 0.10 18 0.09
27-29 0.18 2425 0.13 19 0.10
30-32 0.25 26-27 0.16 20 0.12
33=35 0.33 28-29 0.20 21 0.14
36-38 0.43 30-31 0.25 22 0.15
4547 0.84 36=3T7 0. 44 25 0.23
48.50 1,02 38-=39 0.52 26 0.26
51-53 1.23 404 0.61 27 0.29
60-62 2,01 4647 0.93 30 0.39
66-68 2.68 50-51 1.20 32 0.48
69~-T1. 3,07 52-53 1.35 33 0.52
T5=-77 3.95 56=-57 1.70 35 0.63
78-80 4,45 58-59 1.89 36 0.68
81-83 4,99 60-61 2,10 37 0.T4
84-86 5.58 62-63 2.32 38 0.80
87-89 6,22 64-65 2,55 39 0.86
9092 6.89 66-67 2.80 40 0.93
93-95 7.62 68-69 3.07 41 1.00
96-98 8.40 T0-71 3,36 42 1.08
102-104 10.11 44 1.24
105=107 11.05 45 1.23
108-110 12,04 46 1. g
111-113 13,09 47 1.2
114-116  14.21 48 1'72
117-119  15.39 29 1.72
120-122  16.63 20 'k
123-125  17.93 21 2°38
126-128  19.31 2 At
129-131  20.75 53 .

Source: Unpublished date of the 5t. John's Bilologlcal
Station, Newfoundland.
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APPENDIX IV

Abbreviations Used

Canada (M) = Canada Mainland

Canada (Nfld) = Canada (Newfoundland)

Denmark (F) = Denmark (Faroes)

Denmark (G) = Denmark (Greenland)

France (M) = France (Mainland)

France (St.P) = France (St. Pierre and Miquelon)

Germany (E) or (W)a Germany (East) or (West)

UK = United Kingdom

USA = United States of America

USSR = Union of Soviet Socialist Republics

1L = Longliner

DV = Dory vessel, line fishing

oT = Otter trawler

PT = Pair trawlers

NK = Not known; used when the subarea or

division not given for aata.

List of Species

Cod Gadus morhua_ L.

Haddock Melapogrammus aeglefinus_ (L.)

kR
American plaice Hippoglossoides glgtgig;geg (Fab,)
Witch Glyptocephalus_cyngglogsus_(L.)
Redfish (ment.) §ega§tgs_marings_mgnge;Lg(Ergy;nl

" (mar.) Sebastes_marinus marinus_(L.)
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