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International Commission for the
Northwest Atlantic Fisheries.

Report of Working Group of Scientists on
Fishery Assessment in relation to Regulation Problems

SECTION 1. MEETINGS AND PARTICTPANTS

l.1 The first stages in assembling and processing the
available data followed the general plan drawn up at the Ninth
Annual Meeting of ICNAF at Montreal in 1959. Those scientists
concerned with sub-areas 1 and 2 had some discussions during
the 1959 ICES meeting. Compilations of data and some preliminary
assessments for sub-areas 3,4 and 5 were examined in December,
1959 at the Meeting of scientific advisers to these panels, and
detailed plans were drawn up for the next stage of the work. A
report of this meeting was presented at the Tenth Annual Meeting
of ICNAFs (Doc. 35 Appe II)e

1.2 Thereafter, three full meetings of the Working Group
have been heldy
(a) Lowsstoft; March 17-26, 1960
(b) Bergen; May 19-22, 1960, and during the following two
weeks
(e) Lowestofts; March 20-30, 1961

Plans for the final meeting (c) were worked out during
the meeting of scientific advisers to Panels 3y 4 and 5 during
their meeting in Woods Hole in December; 1960, which the Convenor
also attended.

1.3 Participants at all three full meetings were as follows:-

ReJ.H. Beverton (U.K.) {(Convenor)
L.M. Dickie (Canada)

V. Hodder (Canada)

E. Cadima (Portugal)

S.J. Holt (F.A.0.)

B.B. Parrish (U.K.)

JeA. Gulland (U.K.)

The following attended some but not all meetingss-

G. Saetersdal (Norway) lst and 2nd meeting)
A. Hylen (Norway) (3rd meeting)

R.P. 8illiman (U.S.8.) (lst and 2nd meetings)
R. Hennemuth (U.S.A.) (3rd meeting)

V Travin ) .S.5.R.
L.G. Nazarova) (U.8.8.R.) (1lst meeting)

Ju, Ju. Marty) (y.s.s.R.) (3rd meeting)

S«S. Baranov )
R. Jones (U.K.) (lst meeting)

SECTION 2 - SCOPE OF REPORT

2.1 The tasks set to the Working Group were as follows:~
To complete the processing and evaluation of studies made
on an area basis by groups of scientific advisors to panels.
In each of the five sub-areas ".... the prime objectives
would be to abtain the best estimates of the immediate and
long=-term effects of enforcing minimum meshes ofy say,
between 4 inches and 6 inchesy on a per-recruit basis for
each of the three species (cod; -haddock and redfishe..)
inecluding determinations of the minimum fish sizes appro=-
iate to the minimum mesh sizes postulated.
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These estimates should be made first in relation to the

present rate of fishing, and preferably also in relaticn to a
hypothetical (or; if possible; "expected", as determined by -
national forecasts) furture rate of fishing. The results should
be formulated so as to permit comparison of the individual
values with the results of applying overall any particular
minimum mesh and ... include... preliminary evsluations of
greater benefits to be expected in any instance where the

data suggested that increases beyond 6 inches were likely to

be more beneficial for that stock. The possible consequences
esofOor other fisheries should be borne in mind". The sub-area
reports; and subsequently therefore, that of the Working Group"
<+ should refer to the possible benefits to be obtained by
other conservation methods. "(Quotations from Report of the
Standing Committee on Research and Statistics, Annual Meeting,
Juns 1959, Proceedings No. 4; ICNAF Serial No. 643),

2.2 _ An evaluation of the influence of fishing on the stocks
1s fundamental to assessing the effect of applying a regula-
tive measure. This report sets out in summary form the con-
clusions reached by the Working Group on the effects of fishing
on the stocks in the ICNAF area. Ccneclusions are based for the
most part on research and statistical data up to and ineludir
the year 1958; but some 1959 data have been used where availa. _a.

2.3 For most of the main cod and haddock fisheries it has
been possible to establish that fishing is having an effect
on the stocksy and for these fisheries calculations have been
made of the probable long-term effects of increase of mesh
size at present levels of fishing intensity. The accuracy of
the assessments is seldom high, howevery, and the procedure is
adopted of giving a range of possible effects according to the
reliability of the data. In some fisheries, including most of
those for redfish; it nas not been possible to determine from
existing data whether or not the stocks have yet been affected
by fishing; and so the kind of assessments that can be made
are even more restricted. Of the minor species; some apprecia-
tion has been made for halibut in the whole area and for
Yellowtail flounder in Sub-area 5. Effects of fishing and
assessments of mesh increase at present levels of fishin
intensity are presented on a sub-area basis in Sections -8
(for Sub-areas 1 to 5 respectively). Halibut is treated
separately in Section 9. Conclusions on mesh effects are
summarized in Section 10, which also includes a considering _
of the consequences of adopting a uniform mesh throughout the —
Convention area compared with differential mesh sizes.

2.4 It has not been possible to make a comprehensive study
of the effects of mesh increase at levels of fishing intensity
other than the present one. Some general remarks on this
question, together with certain illustrative examples are,
however,” given in Section 11. Comments on other methods of
regulation are offered in Section 12.

2.5 Although not specifically mentioned in the tasks given
to the Working Group as set out above, reference was made in
the proceedings of the Ninth Annual Meeting to the question of
the adoption of a uniform mesh for the North Atlantie region.
The Working Group has not considered fisheries outside the
ICNAF areay; but wishes to draw the attention of the Committes
to recent developments concerning the northern part of the
Permanent Commission area. These are that a seientific report
on the state of the cod and haddock fisheries of the North-
east Arctic,and an assessment of the probable effects on them
of further increases in mesh above the present regulation si:
of 110 mm(= approx, 44"), was submitted to the Eighth Meeting -
of the Permanent Commission in May; 1960 by thearebic Fisheries
Working Group of ICES. Further; at the request of the Permanent
Commission; ICES has set up another working group (the North
Western Working Group) to make a similar appraisal for the
remainder of the northern part of the Permanent Commission areas;
which includes Iceland and East Greenland.
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The report of this latter group is due to be presented at the

Ninth Meeting of the Permanent Commission in May,; 1961. Thus, by
June 1961, the two ICES Working Groups and the present ICNAF Group
will, between themy have reported on the fisheries in the whole

of the Northern part of the North Atlantic. It is suggested that it
might then be desirable to make a joint scilentific appraisal of the
stocks of 1ts fisheries in the two Commission areas. duch a joint
study is particularly appropriate where (as at Greenland) there is
significant movement of fish between the ICNAF and Perm.nent
Commission areas. It is also important in so far as changes of
fishing effort in the two areas are inter-related.

During the course of its work,; the Group paid attention
to locating gaps in existing information and to delimiting the needs
for future research which might lead to a better understanding of
the effects of fishing on the stocks. The suggestions of the Group
are listed for the consideration of the Committee in Section 13.

SECTION 3. MESH ASSESSMENTS - SOME GENERAL COMMENTS
ON METHODS AND INTERPRETATION

When the size of mesh is increased it will allow a certain
number of small fish to be released which would have been caught
with the original mesh. The number thus released can be calculated
from a knowledge of the size composition of the original catches
taken by the old mesh and the retention curves of the old and new
meshes. The total weight of these released fish, expressed as a
percentage of the original catch, is the immediate loss. A
proportion of these released fish will die before they have grown
large enough to be retained by the new meshy but in most of the
assessments considered here the time taken by the fish to grow
into the retention range of the new mesh is not great, and the
majority of the released fish will survive to increase the stock
of larger fish. The fraction of these survivors that will eventually
be caught during the remainder of their life is determined by the
ratio of fishing mortality to total mortality in the stock (denoted
by E)3 their average weight when caught can be estimated from
observed size composition of the catches after applying the
selection ecurve of the new mesh. Thus,y the long-term effect of the
mesh increase can be calculated as the difference between the
total weight of the fish when released to the total weight of the
survivors when caught later in their life. If the latter exceeds
the former, there will be a long-term gain from the mesh increase,
and vice-versa; in the assessments given below the long-term change
(gain or loss) is expressed as a percentage of the original catches.
In some fisheries a porportion of the cateh as taken by the present
mesh sizes is discarded at sea. Although this discarding does not
influence the actual quantity of fish released by a given increase
of mesh, it means that the effect, both immediate and long-term,
on the landings 1s different from that on the catches. Wherever
discarding is known to occur and can be estimated, assessments
are given in terms of the percentage effect on landings.

The information required to make an assessment of the
long-term effect of mesh increase is therefore the present quantity
and size-composition of the fish caught by each component of the
fishery (and of fish landed, if these differ from the catches), the
selectivity of the fear for various mesh sizes, the ratio of fish-
ing to total mortality in the stock (E), and the growth and natyral
mortality rate of fish in the selection ranges of the meshes
considered. The method generally adopted for making assessments
from such data is that developed by Gulland (1961), but for haddock
in Sub-area 5 assessments have been made by an extension developed
by Silliman of the more conventional methods based directly on age-
composition and length -at-age data.

The long-term assessments calculated by these methods
show how a given increase in mesh size would be expected to
influence the average future level of landings compared with what
would have been obtained had no change in mesh size been made.
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Except in Section 1l, the assessments are based on the propostion
that the present amounts of fishing by the various gears, and the
distribution of fishing on fish of various sizes, remain unchanged
In reality, even 1f the amount of fishing does not alter, it would __
be expected that an increase of mesh would have the ancillary

effect of tending to encourage vessals to fish more on grounds
containing larger fish. While neither the extent or detailed effect
of this can be predicted, it would certainly tend to improve the
general exploitation of the stocks and increase the share taken by
trawlers compared with other gears.

It has been supposed for the assessments of this report
that the selectivity of trawl gear only is regulated. For this
reasony and also because there are often differences in the size
compositions of catches and landings by the various trawl fleets
even when they are fishing the same stock, a given inerease in mesh
size will produce different long-term effects on the landings by
the various gears and fleets. Assessments have therefore been made,
so far as was possible from the information available, for the
effects on each major component of the fisheriese.

General experience in fishery research is that of the
quantities required for long-term assessment, the ratio of fishing
to total mortality (E) is the most difficult to estimate and may
critically affect the conclusions reached. The procedure has _
therefore been adopted of calculating long-term assessments for a
range of values of E within which the true value is thought to lie.
In most of the fisheries considered here it has been possible to
obtain only very approximate estimates of E, and the range of
values used in assessment is correspondingly wide. This sometimes
results in a rather wide range of assessments, but in certain
circumstances useful conclusions can nevertheless be drawn. In
some fisheriles (e.g. most redfish fisheries) no estimate of E can
be obtained from present data and so no long-term assessments are
yet possible. In such cases the value of E can be calculated
which, for a given increase in mesh size, would leave the long-
term landings unchanged; this critical value of E (called the

"bresk-even" value) serves to indicate in a general sense how in-
tense the fishing would have to be to enable the mesh increase
in question to result in a long-term gain.

I% is a feature of the stocks in the ICNAF area that they
are in many cases sub-divided into local "groups" between which
there is little or no mixing. In some instances a particular group
has a clearly definable fishery associated with 1t, in which case
assessments have been made in the first instance for that partic- —
ular group and its fishery, if sufficient data are available. In
others, the fishery extends over two or more groups3 the procedure
has then been to combine.data for these groups, weighted as
necessary by the catches from each, thus giving assessments which
relate as nearly as possible to the effective exploitation of the
component groups as a unit. '

Some comment is also required on the significance of the
assessments of immediate loss given in this report. They have been
calculated directly from the size compositions of catches and
selectivity of the gear, but in iInterpreting them the following
points should be borne in mind:-

(a) There 1s substantial evidence that an increase in mesh
size increases the fishing power of the gear and results
in greater catches of larger fish beyond the selection
range of the mesh.

(b) The reduced catches of smaller fish caused by an increase

in mesh size might result in vessals fishing more on

grounds where larger fish are relatively more abundant. -
(e) There may have been discarding with the smaller mesh in use.

It is to be expected that with the larger mesh proportion-
ally fewer of the small fish caught would be discarded.

B&6



-5

(da) The figures quoted are of the losses at the moment the
large mesh is introduced; but from then on the fish released
— grow into the retention range. The losses over the first
full year of fishing with the larger mesh will therefore
be less than the rate experienced 1pitially; in later
years the landings approach the figures given for the
long-term effects.

All the above points mean that the figures given in the
tables give an exaggerated impression of what the true effect on
the landings might be. In addition the practical significance of
the calculated immediate losses must be judged against the normal
seasonal and year=-to-year variastion in catches which is encountered
in each fishery, which is often much larger than the estimated
immediate loss.

3.8 As a guide to the various divisions of the ICNAF area, to
which frequent reference is made in this report, Figs. A, B and C
are charts of the ICNAF area showing the 1958 landings by divisions
of the three main species; (cod; haddock and redfish}), dlstinguish-
ing trawl, other gears and total landings.

4,1  The Fisheries SECTION 4+ - SUBARFA 1

The principal species exploited in Sub-area 1 are cod,
yielding about 300 thousand tons annually, and redfish yielding about
20 thousand tons. A relatively small halibut fishery, yielding
about one thousand tons, also operates in the area, but no other
species are of major commercial importance. The average landings
of cod, redfish and other species in 1957 and 1958, by countries
and gears, are given in Table 4A. :

Table 4A. Subarea l: Average landings for 1957/58 b
countries and gears (thousands of metric tonsg

untry GreEEEMAﬁﬁrQ&S FRANCE GERMANY ICE- NORWAY  PORT- SPAIN U.K. TOTAL
1and | LAND UGAL ~ -
~ar L L 0T OT oT Of L OT DL OT OT O
Cod 26 16 22 25 20 10 26 2 7240 25 10 294
ydfish + - - - 14 g = +t - - - + 22
shers 3 + + - 1 + 1 - - - + + 5
JTAL 29 16 22 25 35 18 27 2 72% 25 10 321
L = Line (Long and handline)
DL = Line (Dory)
OT = Otter trawl

Cod were first exploited by line in the southern part of

the area, but with the spread northwards of the cod stocks in the
192078, following climatic changes in the area, this fishery
became more widespread, extending northwards along the west coast
of Greenland, to as far north as latitude 709N (Division 14).
At the same time, trawling developed over a wide area, especlally
on the offshore banks; and in the postwar years the trawl fisheries
have spread to all Divisions of the Subarea, and have taken

e approximately half of the total cod catche.

The line fishery can be divided into two components; a
long line and dory fishery, undertaken prrhcipally in the off-
shore regions by Portuguese; Danish and Norwegian vess@lsy and
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an inshore handline fishery; conducted by Danish and Greenland
vessels. The trawl fishery; since the war has been conducted

by a number of countries; principally Portugal; Spain; France; —
Denmark and Germany.

Although small quantities of redfish were landed from
the Subarea by long liners and trawlers in prewar years, a ma jor
fishery for this species did not develop until 1953, when it
became fished by Icelandic and German trawlers on the continental
slopey principally in the southern Divisions 1F - 1D.

Fishing for halibut in Subarea 1 dates back to the
beginning of the century. The period of greatest fishing was
during the 1nter-war years, when annual landings from United
Kingdom long liners ranged between one thousand to five thousand
tons. Since the war,; however annual landings have been around
one thousand tons,; taken principally by Norwegian long liners
and trawlers.

4.2  Cod

4.2.1 Division of stocks

The biology of the cod in the Subarea has been studied —
by Danish workers (e.g., Hansen (1949), T3ning (1937). The results
of tagging experiments and other studies indicate that the cod
population in the West Greenland area does not form a single
homogeneous unit (Wise and Jensen, 1960). The results suggest
that: (a) there is relatively little interchange between the
inshore concentrations and those on the offshore banks: (b) the
offshore concentrations do not mix I'reely over the whole of their
range; but tend to form two groups; a smaller northern group in
Divisions 1A and By and a larger southern one in Divisions 1C=F,
which is closely related to the East Greenland and Iceland cod
stockss with which mixing takes place to a varying extent from
year to years; (c) there is relatively little exXchange of adult
cod between Subareas 1 and 2. Because of the present uncertainty
concerning the actual degree of mixing between the offshore
groups inhabiting the northern and southern parts of the area,
for the purpose of the present mesh assessment all the offshore
fisheries have been taken together. It is also assumed that no
appreciable quantity of fish move from the coffshore fisheries into
the inshore region fished by the Greenland handline fishery.

The latter is therefore regarded as being unaffected by changes
in the trawler mesh size.

4,2.2. The total landings of cod from the Subarea; the landings
from the inshore Greenland fishery, and those from the offshore
line and trawl fisheries are given in Fig. 4.l. The data are also
given in Appe. ls;Table 4.1; and more detailed statistics of landings
by country; gear and statistical division are also given for the
more recent years in App. l;Table 4.2. These figures show that
whereas the total cod landings during prewar and war years
fluctuated about a mean annual level of about 60 thousand tons,
they increased rapidly after the war to a more steady level of
about 300 thousand tons in the peried 1954-58. This increase
was due principally to the offshore trawl fishery. which increased
to over 150 thousand tons after 1950.

4.2.3 For most of the cod fisheries; cateh per unit effort
data are available only since 1951. The longest series are for
the UK trawl fishery, conducted principally in Divisions 1F.
These, and Portuguese trawl and line data since 1951 are gilven in
Fige. 4.2. The data of catch per unit effort for all countries,
gears and Divisions for the years after 1951 are given in Apps. 1,
Table 4.3. Corresponding estimates of total effort; for each i
Division, and for the Subarea as a whole; are given by country
and gear in App. 1, Table L.l.
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These data show that the catches per unit effort for the main
trawl and line fisheries since 1951 fluctuate widely from year

to year; although in several of them the valuss follow the same
general pattern of increase up to 1954-56, followed by a decrease.
The estimates of total effort show a similar wide variation

and, from the limited series of effort data available, it is not
possible to establish that the decline in catch per unit effort
after 1956 is due to increased fishing.

Assessment of Mesh changes

Sample data collected during recent years reveal consis-
tent differences between the size copmpositions of the catches
taken by the trawl fisheries of the different countries. They may
be taken in three main groups; as follows:-

(a) Portugal,; Spain, France

(b) UK; Iceland

(c) Germany

The available data for these three groups in 1958 are given in
Fige. 4.3. The data for the countries in the first group are of
catchess while those for Germany and the U.K. are of landings.
Information on the proportions of the catch discarded by U.K.
trawlers in recent years gives an estimate of 5% by weight.

For the assessments it was assumed that equal numbers were dis-
carded by the German fisheryy; and that for both countries all
of the discards would be released by the larger meshes. Discards
by Portuguese trawlers in 1956-58 were 1-2% by weight and for
the assessment it was assumed that Spanish and French trawlers
discarded the same proportions.

Because of the substantial differences between these
size compositions; assessments of the immediate and long-term
changes in mesh size were made separately for these three groups,
as well as for the line and total fishery.

Estimates of total mortality rate (Z) and of its two
components; fishing and natural mortality, for the assessments
were made from serles of age composition data for the fishery.
The_average percentage age composition for 1952-1957 is plotted
in Fig. 4%.4; and the data for individual years is given in
Table 4.5. These data and the analysis of Danish tag recaptures
(Poulseny 1957); corrected for efficiency of recovery, gave a
value of Z of about 0.35; and of E of about O.5. Therefore,
values of E of O.% and 0.6 have been used in the assessments.

Selection curves were drawn up for each mesh size from
data obltained from a single set of selectivity experiments in
the southern part of the SBubarea; together with selectivity
and weight-length data from the north-east Atlantic. These data
gave selection factor of 3.7 and a selection range of 10 cm.

No corrections were made for possible seasonal changes in
selectivity; though it is known that there are marked seasonal
changes 1in weight at length in this region. The selection curves
are given in Appendix II.

Because of uncertainty about the mesh size currently
in use in the trawl fisheries in the Subarea, assessments were
made first on the basis of a small current mesh size, such that
the left-hand side of the length catch curve is not influenced
by mesh %election; and secondly of a current mesh size of 4}
inches. “hese assessments gave very similar results, so that
only those for the second assumption are presented here.

The estimated immediate and long-term changes in landings
of the three trawl groupss; the line fisheries, and for all
fisheries combined, for mesh sizes between 44 to 6 inches are
presented in Table 4B.
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Table 4B, Subarea 1: Mesh assessments of Cod
Mash size 1 t % changes in 1957-58 landings
change ¢l ¢
(inches) (em} (yrs) Gear Tmmediate Long term changes for
Group
From W4} to| 52( 5.2 ookt 0.5 0.6 E
. 0.1% 0.175| 0.21 F
0.21 0.175| 0.1k M
Trawl A -0.5 =0.3 =0.1 +0.1
Tran B "002 +003 +0¢5 +O¢6
L"'% 53 5.3 Trawl C 0) +Oo3 +005 +Oo6
Trawl D =0e3 0 -0.1 +0.2
Line - +0.k4 +0.5 +0.8
TOtal -002 +O.1 +002 +0¢3
Trawl A ")+ "'108 =1ls1 -Oo]'['
Trawl B -2 +0.5 +1,2 +1.8 _
5 51{' 5."" Trawl C -0.8 +106 +2oa +209
TI'an D -3.2 ""100 "'00 “002
Line - +2.3 +3,0 +3.5
Total =-1.7 +005 +1.2 +1.8
Trawl A =9,7 =k, 6 ~3.3 -2+0
TI'an B _503 -0-7 +O.6 +200
5% 55 505 Trawl C -208 +2-5 +330 +5o3
Trawl D -803 ""301 "108 "‘"005
Line - +5.3 +6.6 +8.0
Total =l L +0.9 +2,2 +3.6
TI‘an A "18.0 "'807 "'6-6 "=)+-6
Trawl B =11.0 "2.7 =’006 +lo7
6 56 507 Trawl C "595 +3o3 + 95 +798
Trawl D -l""oo "'?'600 =4,0 "’109
Line - +905 +1105 +l3o6
Total -703 +l¢3 +3ol+ +5.6 —
A = Portugal, Spainy France
B = U.K,.
C = Germany
D = Norway, Denmark, Iceland
* Estimated.

Despite uncertainties concerning the biology of the cod
in this Subarea, and the lack of long series of population data
for the offshore stocksy; it is possible to conclude from these
results that, with meshes up tc 5 to 5% inches, long term changes
in landings would be small for the total fishery and for its trawl
and line components. However,; with a 6 inch mesh, long term losses
to at least some components of the trawl fisheries might Dbe
substantial. It should be mentioned that, as a result of these
changesy some small benefits should acerue to neighbouring
fisheries outside the ICNAF Area (East Greenland and Iceland),
due to a greater weight of immigrants from Subarea 1.
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Redfish
Division of Stocks

Little is known at present of the blology of the redfish
in Subarea l. The main concentrations of this specles, on which
the principal trawl fisheries are based, are located on the
continental slope in Divisions 1C, D, E and F. The available
length composition data from these Divisions show no major
geographical differences, and are similar for the two principal
fisheries (Germany and Iceland). Therefore, in the absence of
other biological evidences, the offshore concentrations in all
Divisions have been treated as one unit. Danish data indicate the
presence of concentrations of redfish, of smaller size, in certain
of the West Greenland fjords, but it is not clear whether they
are the younger members of the stock fished offshore, or members
of another, slower growing form. These concentrations are not
subject to exploitations; and so no account has been taken of them
in the mesh assessments.

Prior to 1953, landings of redfish from Subarea 1 were
very smally not exceeding 150 tons annually. In 1953, however,
Icelandic trawlers began fishing the specles in this regionyand
Germany in 1954, and landings have ranged from 1% to 30 thousand
tons since then. The available data are given in Figure 4.5 and
App. I, Table 4.6,

The available effort and catch per unit effort data, for
U.K.s Icelandic and German trawlers respectively, are given in
App- I, Table Ll'o?o

These data reveal wide annual fluctuations in catch per
unit effort and it is not possible to detect any significant trends
during the period. A factor contributing to these fluctuations
was undoubtedly the varylng proportions of the total fishery
devoted specifically to redfish, especlally during the earlier
years. This factor may account for the sharp drop in catch per
unit effort in both the German and Icelandic fisheries in 1956,

Assessments of Mesh Changes

The most extensive series of length compositions of
catches are for the German fishery, which are available for the
years 1955-59. These reveal little variation from year to year,
and are very similar to Icelandic data for the years 195h4-56.
The combined data for the German fishery, for the years 1955-59,
on which the assessments of the mesh changes have been made, are
shown in Fig. L.6.

In the absence of age composition data for the redfish
from this Subarea; no estimates of total mortality rate (Z) or of
its components can be made. Further, with the short series of
data availabley it is not possible to establish an effect of fishing
on the stock. The assessment of long term effects has therefore
been confined to estimating the minimum value of E (break-even
value) necessary to produce a long term gain at each mesh size.
Since the mesh size currently in use in the redfish fishery is
not known, the calculations have been made on the assumption that
it is not greater than 4 inches, so that the left-hand side of
the catch éurve is not affected by mesh selection.

Selectivity data are not available for redfish in Subarea
1. Therefore, selection curves were drawn up from published data
for other parts of the north Atlantic. The selection values used
are given in Appendix II. In the absence of length-weight data
for redfish in this area, a cubic relation was used for expressing
the length in terms of relative weight.

It is important to note that the selectivity values for
redfish used in these and other assessments in this report are

B1il
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based on data from experimental hauls in which the average quantity
of fish caught was probably less than is typical of the commerc
fisheries (especially those in the northern Subareas 1, 2, 3 KL_.
As there 1s evidence that the selectivity of redfish varies in-
versely with size cateh (von Brandt, 1960)y it is possible that

the selectivity values for redfish used in this report, and hence
also the assessments of immedlate loss calculated from them, are
somewhat too high.

The estimated immediate losses, and the minimum value of
Ey necessary to produce a long term gain, are given in Table U4C.

Table 4C. OSubarea 1l: Mesh Assessments for redfish

Mesh size % change in 1955 - 59 landings
ghange Gear
_(1nches) Group Immediate Long term
from 4 or , Break-even values of E
smaller to ' at least '
i o
hi -7 Okt
5 Trawl -1k 0.5
5% -25 0-6
6 -32 0.7
Having regard to the relatively small size and recent
origin of the redfish fishery in this area, the possible existence
of large oceanic reserves and the values of E observed in other
fisheries, it 1s likely that the present value of E is lower than
the estimated minimum values for meshes above 44 inches. Therefore,
it 1s expected thaty with the present level of exploitation in
this areay no long term gains would result from incereases in mesh
size above 4% inches, and with meshes above 5 inches, losses )
would probably be considerable.
(5.1)
SECTION 5 - SUBAREA 2
5.1 The Fisheries -
The fisheries in Subarea 2 are a Newfoundland inshore
trap and line fishery for cod, and more recent offshore trawl
fisheries for cod and redfish ( see Table 5A). The offshore cod
trawl fishery was negligible before 1952 and increased sharply
to about 100 thousand tons in 19533 it has since decreased to
less than 30 thousand tons. The landings from the inshore cod
fishery dropped from a level of 60-80 thousand tons in the periocd
1930-38 to about 10 thousand tons since 1955 (see appendix
Table 5.1). The redfish fishery did not begin until 1958.
Table 5A. Subarea 2: Recent landings ('000 metric tons
round fresh)
ountry Canada France| Germany | Iceland | Portugal | Spain | USSR| UK |USA| Tote
Gear M N
OT | OT  TRAP OT OT o7 OT QT OT | OT|OT
Cod + - 12 1 + + 8 1 | =] = 5
dfish | 3 1 - - 12, 33 - - 13 -] 2 |—olt
hers + + + - + - - - + -] + +
tal 3 1| 12 15 12 33 8 1 13| - 2 | 100
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Cod

Capadian data show that cod are distributed along the
whole Labrador coast and on the offshore banks. No sharp stock
divisions are evident either as between the inshore and offshore
grounds or from north to south. There is probably some mixing
of these fish with those off north-east Newfoundland (subdivision
3 K) but there appears to be a clear distinction between stocks
of Subarea 2 and of west Greenland. (Templeman and Fleming 1953,
Wise and Jensen 1960).

Landings of cod from Subarea 2 before 1953 were almost
entirely by Canadian inshore gears (see App.l, Table 5.1). The
decline in these annual landings from a peak of 70 thousand tons
in the 1930%s to the present level of about 10 thousand tons is
believed to be due to a reduction in fishing effort. Offshore
fishing by large otter trawlers started in 1952, and after a peak
of 100 thousand tons in 1953, there has been a fall in both catch;
and catch per unit effort (see Fig. 5.1l). This fall dpes not,
however, bear any obvious close relation to changes in effort.

At presenty Canadian inshore gears take about one third of the
total cod landings, and the offshore trawl catch is shared mainly
between France (20%) and Portugal (30%4) with Spainy Germany, U.K.
U.S.5.R. and Iceland taking smaller quantities.

Age compositions data for 1956-58 given in the ICNAF
Samgling Year=books, and unpublished Russian data for 1957 and
1958, have been combined to give an average peréentage age distri-
bution (Fig. 5.2.). The log catch curve is approximately linear
only for ages 13 and above, and for these ages gives an estimate
for Z of 0.5. The Z for younger fish (which form over 85% of the
cateh) 1s, however, probably less than this.

Length composition data for the Portuguese and Spanish
trawl catches for 1957 and 1958 (from the ICNAF Sampling Year-book)
have been used to estimate the immedliate effects of a mesh change.
These are shown in Fig. 5.3 No mesh selection data are available
for this subarea, so the values used for the Subarea 1 assessments
have been adopted. No account has been taken of possible discards,
so the immediate losses as calculated tend to be overestimates.

The immediate effects for mesh sizes between 44 inches and 6 inches
are given in Table 5B,

Table 5B. Subarea 2: Mesh assessments for cod

from

Mesh size change % change in 1 8 landings

+ to Gear Immedliate Break-even values
‘ of E

At least

-2 0e5
Otter -8 0.5
Trawl -16 0.6

-35' 006

-

2o

o

50245

and

Because there is no evidence on the effect of fishing
from which a value or probable range of values of E may be
estimated -nor indeed any very good estimate of Z - no long-term
assessments have been attempted. Break-even values of E have,
however, been calculated, and the results are shown in Table 5B.
These range from 0.5 for 44 inches up to 0.6 for a 6 inch mesh,
are of the same magnitude as the estimates of E for other sub-
areas in which the intensity of exploitation would be expected
to be high as, or higher than, in Subarea 2. Long-term gains to
the landings as a whole are therefore unlikely, though there would
be some gains (their magnitude being dependent on the degree of
in-shore-offshore mixing) to the non-regulating inshore gears.

B 12
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53 Redfish

5¢3.1 The redfish fishery in Subarea 2 is of very recent orig. _

Landings before 1958 were negligible, but in that year a major
fishery by otter trawlers developed, over 60 thousand tons being
taken mainly from the southern part of the area. The main redfish
concentrations exploited in the subarea are thought to be parts

- of a stock extending from the northern Grand Bank and the east
coast of Newfoundland (division 3K and L) northwards along the
Labrador shelf, (Templeman 1959).

De3e2 Length data are available for German catches in 1958 and
1959 and for Russian catches in 1957 and 1958 of Sebastes marinus
and S. mentella separately (the latter comprises about 90% of
the catches). These are shown in Fig. 5.4, Assessments of the
immediate effect of increases of mesh size have been made usin
the same selection curve as in Subarea 1 (selection factor 2.6%
assuming that the present gear 1s non-selective (see, however,
Para. 4.3.4). There were no substantial differences between the
results obtained using the three different length compositions,
and the mean values are shown in Table 5C,

Table 5C., Subarea 2: Mesh assessments for redfish

Mesh size changes % change in 1958 landings
from small to Gear Immediate Bresk-even value of E
at least
L1 -6 0.4
5 Otter -18 . 0.6
5% trawll =28 0.7
6 “38 008
5e3e3 No data are available for determining the magnitude of

Ey and in view of the very recent development of the fishery in
this area, the Group considers that for the present no useful
long-term quantitative assessments can be made. However, the break-
even values of E which are given in Table 5C appear highs part-
icularly for 5" and 6" meshes,

SECTION 6 - SUBAREA 3

6.1 The Fisheries
6elel From 1ts beginning in the early 16th century the cod-

fishery on the Newfoundland Banks (Subarea 3 mainly) has been the
greatest fishery in the Northwest Atlantic. It has traditionally
been an international one with Canmda, France, Spaim and Portugal
being now the principal cod-fishing countries. At present the
Canadian fishery is almost purely an inshore one, with a great
variety of gears, such as codtraps, handlines,longliness gill
nets, Jiggers, etc. France, Spain and Portugal operate on the off-
shore banks with large trawlers; Portugal also has a fleet of
dory vessels which carry on an extensive line fishery.

Since 1935 annual total landings have increased from an
average of about 250 thousand tons to more than %00 thousand tons
in the mid 1950's. A subsequent sharp decline from 450 thousand
tons in 1957 to 300 thousand tons in 1958 has been attributed to
unusually high temperature conditions throughout most of the area
in 1958 (Templeman, 195%9a). During the period under considerati )
the Canadian inshore landings fluctuated between 125 thousand
tons during the pre-war years and 230 thousand tons immediately
after the war; in recent years the average annual landing has
been Just under 200 thousand tons.

]
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The landings from the offshore trawl fishery have increased from
less than 2% thousand tons during the war years to an average
annual level of about 200 thousand toms in the 1950's. The off-
shore line fishery, mainly by Portugusse dory vessels has fluct-
uated between 30 and 80 thousand tons over the period. (Fig. 6.1
and App. Table 6.1).

Although haddock were abundant on the southern part of the
Grand Bank (Division 3N and 0) in the 1930's (Thompsons; 1939),
the haddock fishery did not begin until 1946 and the landings
increased rapidly to nearly 80 thousand tons in 19%9. Following
a decrease to 43 thousand tons in 1953, a peak landing of 105
thousand tons occurred in 1955, due to the presence of the very
abundant 19%9 year-class which by then had grown to commercial
size. There has subsequently been a steady decline to
thousand tons in 1958. The haddock fishery is strictly an offshore
trawl fishery and is carried on almost exclusively by Canada and
Spain. (Fig. 6.4 and App. I, Tables 6.4 and 6.5).

The redfish fishery was begun by Canada in 1947 and by the
U.S.A. 'in 1951. In the early 1950's landings rose to about 45
thousand tons. In 1956 the USSR began in Division 3M a substantial
redfish fishery which subsequently expanded into Divisions 3K
and 3L; and the landings by that country increased from an
initial 13 thousand tons to 96 thousand tons in 1958. Icelandic
trawlers entered the arsa in 1958 and landed ¥+ thousand tons
of redfish from it in that year. (Fig. 6.6 and App. I, Tables
6.6 and 6.7). There is every indication of a continuing increase
in the redfish fishery. In 1958 when nearly 160 thousand tons
were landed; redfish surpassed haddock to become the second most
important species in the Subarea.

The total annual yield of cod, haddock and redfish in
recent years has been almost 630 thousand tonsy of which cod
represents 63% (Table 6A).

Cod

Landing and Effort Data

The only long series of landing and effort data avail-
able are those of the Portuguese otter trawl and dory vessel
fleats from 1935 onwards, and prior to 1952 these data are
reported as pertaining to the Newfoundland Banks generally.

Fig 6.1 shows the landings per day fished for Portuguese
trawlers;, the calculated total trawl effort and the calculated
total effort in trawler units. From 1936 when the first Portu-
guese trawler operated in the area, until 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 rapid expansion of the trawl
fleets during the post-war yearss resulting in an increase in
fishing effort in the Subarea from a level of less than 1,000
days fished to nearly 10,000 in the 1950's, the landing per day
fished has decreased to about 20-2% tonse.

Prior to the introduction of trawlers in the 1920's, the
Grand Banks attracted hundreds of dory vessels, particularly
French and Canadians; which carried on an extensive line fishery.
For example; in the first decade of this century French landings
from the Convention Area fluctuated betwsen 50 and 175 thousand
tonss most of which were probably caught in Subarea 33 and the
landings by Newfoundland and Nova Scotia n dory vessels were
together 50 thousand tons or more. During the war years 1940-l1t5
the line fishery on the offshore banks dropped to a very low level,
and the landings per unit effort increased. In 1946 and subse-
quently, when fishing conditions returned to normal, the landing
per unit effort stabilized at about 35 tons per 100 dory days
fishede.
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During 1955-57 the landing per unit effort of the Portuguese line
fishery increased to nearly 40 tons. This is believed to be due
mainly to a very recent practice by the Portuguese dory fisher-
men of obtaining large quantities of frozen squid bait at
Canadian (Nfld,) ports. Squid were very abundant in Newfoundland
waters during 1953-57 (Squires, 1999)y and it is known that squid
bait is almost twice as effective as any other commonly used

bait (Templeman and Fleming, MS). The poor fishing in 1958 has
been attributed largely to unusually high tempature conditions
resulting in cod being much less concentrated in the fishing
areas than normally (Templeman, 1959a).

Although there are some inconsistencies in the available
data, it appears that the cod stocks have responded to increases
and decreases in fishing intensity. As the stocks in one area
are reduced tc a low level, other areas with better concentrations
are exploited. Thus the increase in fishing intensity, particu-
larly by the trawl fleets, has in reecent years resulted in hither-
to unexploited cod stocks being fished. This process is contin-
uing, so that the decline in landings per unit effort from the
Subarea as a whole is less marked than might be expexted from
consideration of the rates of local depletion.

Examination of data by Divisions since 1953 (App. Table
6.3) shows that in 3N and O (the southern Grand Bank); where
the bottom is best for trawl fishing, the landing per unit effort
of the Spanish, Portuguese and Canadian fleets has decreased .
significantly; and as a result a considerable decrease in fishing
effort subsequently occurred. During the early 1950's the fleets
had already moved into 3L, and by 1957 and 1958 a decrease in
landings per unit effort from that Division is apparent, though
small, The northward expansion of the trawl fishery into 3K and
westward into 3P is taking place at present, but there is no clear
indication that the stock is yet being reduced in those Divisions.

Division of Stocks

According to Templeman (1953),; studies of vertebral
averages,; growth rates and tagging returns indicate three well-
defined stocks of cod in Subarea 3: (a) the east coast of New-
foundland stock (3K and L) which extends from the northern edge
of the Grand Bank northward into the Labrador area; (b) the central
and southern GrandBank stock (3N and 0): and (c¢) the south and
west coast of Newfoundland stock (3P an& 4B). From more recent
tagging studies (Templeman; unpublished MS) and from studies on
nematode infestation (Templeman, Squires and Fleming, 1957) there
are at least three divisions of the cod population in 3P and 4R,
but these are here considered as a unit because of the inadeguate
separation of catech statistics for the indivdual stoeks. A
relatively small but distinct stock exists on the Flemish Cap
(3M). Accordingly for purposes of assessments these four divisions
of cod stocks in the Subarea have been treated separately.

General Notes on Data Used in Making the Assessments

The assessments wers made by Gulland's method using length
compositions of catches. All available data from the ICNAF Sampling
Year-books covering the period 1955-58 were considered, to obtain
an adequate set of length compositions for the off'shore trawl
fisheries in recent yearss In some cases the length compositions
were stated to pertain to catches and in other cases to landings.
Where necessarys; data for landings were converted to catches by’
adjusting for discards before being used. The adjustments were,
however, sometimes rather arbitrary, particularly for 3P data,
which were scanty for the trawl fishery. By combining length
compositions, weighted to the catches by the various counfries
for which data were available; sets of length compositions
of trawl catches for individual years were obtained, These were
averaged to give a set of length compositions of the average
annual trawl catches for the period under consideration.
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For 3Py however; the few available length compositions of trawl
landings were first combined and then adjusted to the average
annual landing for the 1955-58 period. Representative length ="
compositions of the offshore line and the inshore fisheries were
obtained in the same manner, except that no account was taken of
discards. The length~weight relationships used were based on
unpublished measurementsy at the St. John's Biological Station,
of several thousand cod collected over a number of years from
many parts of the Subarea. The representative length compositions
by reglons and gears are illustrated in Fig. 6.2.

The selection ogives (Appendix II) were prepared by
McCracken from data published by Clark, McCracken and Templeman

(1958).

Since, in such a eosmopolitan fishery as that for cod in
Subarea 3, there is likely to be considerable variation in the
mesh size of codends and in the use of chafing gear, two sets of
assessments were made; one assuming that the mesh size currently
used is 4" and the other that it is 3", with the presumption that
the actual effective mesh size may be within thils range. The
results were essentlally the samey and therefore only those for
the 4" mesh are given in the assessment Tables' 6B to 6E.

The values of the total mortality coefficient (Z) for the
various areas were estimated by inspection of the right-hand
limbs of the catch curves obtained by plotting age composition
data on semi-log paper (Fig. 6.3).

Divisions 3K and L

This area is by far the most important of the cod-
fishing areas of Subarea 3y accounting in recent years for about
60% of the total Subarea 3 cod landings. Of this quantity the
Canadian inshore fishery took 60%, Portuguese otter trawl and
dory vessel fleets 18%, French trawlers 13%, and Spanish otter
and pair trawlers about 5%. The trawl fishery as a whole accounted
for 31% of the total landings from this area, which for the period
1955-58 averaged 232 thousand tons annually. (Table 64).

This stock shows a seasonal inshore-offshore migratory
pattern and the extent of concentration both in the coastal
waters and offshore depends largely on the tempature conditions
of the cold Labrador current. The cod live in deep water offsho. .
during th autumn and winter months, when they are available to the
offshore trawls and lines, but in late spring they move inshore
in conjunction with the spawning migration of capelin. For about
three or four months during the summer they are fished extens-
ively by Newfoundland inshore fishermen. Templeman and Fleming
(1956) have shown that the cod caught inshore are considerably
smaller than those caught on the offshore banks in deep water
both during the summer and in other seasons.

The above description of the migratory pattern holds for
the northern part of the area where the deep water fishing
grounds are adjacent to the coastal waters of Newfoundland. The
southern part of this area (3L) ineludes the northern half of the
Grand Bank; and most of the cod on the northern and northeastern
parts of the bank move; in summer, from the deep water onto the
shallow bank areas rather than to the coast. Further, most of
the cod wintering in the deep water areas of the Avalon Channel
and northwest Grand Bank do not come inshore in summer but stay

in the vieinity of the Virgin Rocks.

The above conclusions are based on tagging experiments
and experimental fishing by the St. John's Biological Station
(unpublished data).
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The series of effort data available for this area is
not long, but examination of landings per unit effort by trawlers
since 1954 gives no clear indication of a relation between the
effort and abundance. Although there has since 1956 been a
decline in the landings per unit effort of all trawl fleets in
3L (App.I, Table 6.3), it is not possible to conclude from such
a short series that this has been caused by fishing. A continu-
ing study of the Canadian inshore fishery since 1951 on the
Bonavista Shelf area of 3L indicates, however, that this local
fishery has been seriously affected (Templeman, 1959a and 1960).
In 1950-51 large unexploited concentrations of cod were dis-
covered in the deep water parts of the Shelf 15-20 miles fronm
shore and an appreciable longline fishery subsequently developed.
Up to 1956 the catch per day's fishing was about 4.3 tons. In
1656 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 trawlers and fleets of longliners from the Faroe
Islands and Norway occurred. Subsequently, the catch per day's
fishing by Canadian longliners has decreased rapidly, reaching
less tha n 2.0 tons by 1960. The Canadian inshore handline catches
in the area decreased from a pre-1956 level of over 1.5 tons per
boat per day to less than 0.9 in 1960, and the codtrap catches
declined from about 3.0 tons per haul to about 1.5 tons over the
same period. Furthermore, the average size of cod caught by
longlines and other gears has decreased by about 10 cm between
1952 and 1958, and the cod landings from the inshore Bonavista
Shelf area are now not much more than half the pre-1956 level
without there having been any appreciable change in the inshore
fishing effort (Fleming, MS, l9£0b and 1961.),

Scanty age composition data from Camadian research vessel
catches for the period 1948-53, when the offshore trawl fishery
was somewhat less intense than at present, gave an estimate for
Z of about 0.35., Portuguese samples in 1955 and Spanish and
Portuguese in 1957 both give estimates for Z of about 0.5. Age
compositions from the Canadian inshore fishery for 1947-50 give
a 2 about 0.6 and for 1955-58 about 0.7 (Fig. 6.3), with indi-
vidual estimates for the four recent years ranging between 0.65
and 0.75. The differences between the estimates of Z for: the
inshore and for the offshore fisheries are probably reflected
in the difference between the inshore and offshore length
compositionsy since the larger fish tend to remain offshore in
the deep water and to be more available to the trawl fishery
than to the inshore fishery (Templeman and Fleming, 1956). This
is also evident from Fig. 6.2. Consequently an intermediate
value of Z of 0.6 was used for the assessments of the cod fishery
as a whole in this area.

No direct separation of Z into its components, by
analysis of changes in catches and effort, can be made from
present data . However, total returns to the end of 1960 from
tagging experiments in 1950 at two inshore locations (Fogo in

K and St. John's in 3L) were 38% for a 5 inch internal tag and
7% for a small 2 -inch red preopercular tag (Templeman and Pitts
MS’s 1961). Further experiments carried out in l95£ at various
locations gave during the 6#-year period ending lst November,
1960 a total return of 33% (Temﬁleman, MS, 1961). These results
show that E is not less than O.4 and could be considerably
larger. A range of E from 0.79 to 0.42, corresponding to values
of M from 0.15 to 0.35y is therefore considered reasonable for
assessment purposese.

The cod tend, as they become older, to remain offshore
in deep water along the east coast of Newfoundland (3K), and
along the western, northern and northeastern Grand Bank (3L) a
large proportion of the cod migrate during the summer onto the
Grand Bank iltself rather than inshore. It has therefore been
assumed for these assessments that fish released as a result of
increases in mesh size of trawls would subsequently be relatively
only half as available to the inshore fishery as to the offshore
trawl and line fisheries.
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Filg 6.2 givesy for the period 1955-58; length composi-
tions of the average annual trawl catches which have been used -
in making the assessments for 3K and L. The length compesitions
of the average annual landings of the Canadlan inshore fishery
and the offshore line fisheries are also shown. In this region,
where cod tend to be larges the quantities discarded appear to
to be small. Estimates of the proportion discarded, by weight,
are l.6% for Portuguese trawlers in this region in 1957 and 2.8%
in 1958 (private communieation to ICNAF Secretariat from Capt.

T, de Almeida; 1960). It was therefore assumed that for the trawl
fishery all fish below 45 cm were discarded; this being consistent
with an average discard of about 2% by weight.

Age=length data used in the estimation of t. are a
combination of Canadian data for 3K and L in 1947-58 (Fleming,

1960a) and Portuguese and Spanish data for 1956 and 1957 (ICNAF
Sampling Year-bcoks). The results of the assessments are given

in Table 6B.

Offshore line group
Inshore gears group

Table 6B. Divisions.3K and L: mesh assessments for cod
Mosh size (lﬁ) (tg) Gear % change in 1955 -~ 8 landings
change ¢ y Groups*
 (inches) Immediate Long term change for
From I"l' to )+300 )+.O Ool"'g 0-58 00?5 E_
0.25 0e35 0,45 |F |
0635 0.25 0.15 (M
ll-'é‘ I-|-5.O Ll-.3 Trawl “007 =0,1 +0.2 +O-5
O0ffshore 0 +006 +009 +1.1
line
Inshore 0 +0a3 +0.k4 +0.5
gears
Total =0.2 +0e2 +0.k +0.6
5 47.0 | k.7 Trawl -2.1 -0.8 -0.2 +0.5
" Offshore 0 +1.k4 +2,0 +2.7
line
Inshore 0 +Oo7 +1.0 +1o3
gears
Total «0.6 +0.3 +0.7 +1,2
5%‘ 1‘"9.5 5-2 Traw.l -608 ""ll'cl "2.8 "1-3
Offshore] O +2,9 +4,3 +5.9
line
Inshore ] +lol+ +2,0 +2o7
gears
Total -2,1 ~0.1 +0-8 +108
6 52.0 5.7 TI‘an "1303 -2.3 "7-3 -l+.8
Offshore 0 +4.,5 +6.8 +9.6
line
Inth’bI‘e 0 +2,0 +3. 0 +’+o3
gears .
Total "LI'.O “102 +Oo2 +2.0
* Trawl group - France (42%), Portugal (34%), Spain (17%),

Canada (€6%), USSR (1%).
- Portugal (82%), Canada (18%).
- Canada (Nfld.) only.
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For all values of E considered there would be only
slight changes in total landings for all mesh sizes up to 6 inches.
This is mainly because the number of fish that would be released
(Ng) 1is very small relative to the total number of fish that
would be kept (Ng). The trawl fishery would gain slightly with
an increase in mesh to 434 inches; losses would be slight with a
mesh of 5 inches but become rather greater for a 6 inch mesh.
The offshore line and the inshore fisheries show increasing
gains throughout.

Division 3M

This stock, separated from the others in 3K and L and in
3N and O by a very deep channely was not exploited to any great
extent prior to 1956, but since then most of the cod caught there
has been taken by USSR trawlers in conjunction with their very
extensive redfish fishery in the region. The average annual
landing for the period 1955-58 was 6.5 thousand tons, which rep-
resents less than 2% of the Subarea 3 cod total (Table 64).

The cod here are generally smaller than those of 3K and L and
are believed not to migrate or to mix to any great degree with
those in neighbouring areas.

Because of the very recent development of this cod
fishery and the lack of age composition data, it is not possible
at vresent to estimate 2, nor its filshing and natural components.

The immediate losses for increases of mesh size above
an initial % inch and also above an initial 3 inch have been
calculated from USSR length compositions for 1958 (Fig. 6.2).
The results in both cases are very similar, and only those for
the former are shown in Table 6C.

Table 6C. Division 3M: mesh assessments for cod

Mesh size % change in 1955-58 landings
change-
(inches) Gear/ Long term

country Immediate

From 4 to value of E

Break-even

at least:

b

)
g%

Trawl-USSR -4.2
n n ~10.3 Oe5

It n _22.

" " -3)"'03

6.2.5-“‘

64246
6.2.6.1

The break-even values of E, calculated from these length
datay are in the region of 0.9 for all mesh sizes, and this sug-
gests that fishing would not have to be particularly intense for
an increase in mesh size to produce long-term gains.

Division 3N and O

This entirely offshore fishery, conducted mainly by
Spanish otter and pair 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 Canada. The
trawl fishery took 79% of the cod total (Table 6A).
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6e2.6.2 This stock is considered to be relatively distinect fror
fish in neighbouring areas because of marked differences in
growth rate and vertebral numbers. Tagging studies also indicave
very little mixing with cod of adjoining areas mainly because
of surrounding temperature barriers (Templeman,; 1955). Like the
cod of 3K and L a seasonal migratory pattern is evident. During
summer and autumn the cod are generally concentrated on the
shallow parts of the banks where temperabzxe conditions are most
sultable. In the winter months the shallow water areas are
covered with very cold {<0°C) water and the cod are found in
the deep water areas of the sloupes. Cod also tend, as they
grow older, to remain in the deeper water.

6.2.6.3 No long series of effort data is available for this
areay; but landings per unit effort since 1954 show steady decreass
for all fleets; and the fishing effort by otter trawlers has
declined considerably as the fleets moved northward into 3K and L
and westward irto 3P and Subarea % (App. I, Table 6.3). The effort
for pair trawlers remalined about the same during the 1954-58
period; mainly because the bottom of this area is most suitable
for this type of fishing.

6.2.6.4 Age composition data from Canadian research vesssl
catches in 1953 (unpublished) and from the catches of Spanish —
trawlers in 1953-56 (ICNAF Sampling Yearbookss; Vols. 1 and 2)
both give estimates for Z of 2.7 (Fig. 6.3); and this value was
used in making the assessments.

6624645 No direct separation of Z into its components was
possible from the very short series of landing and effort data
available. However; Canadian research vessel age compositions
(unpublished) collected during 19%7-50 gave a Z of about 0«3 for
age groups VIII to XII; which lived through a wartime and pre-
war period of relatively low fishing intensity (Fig. 6.3). Con-
sequently; the values of M adopted for area 3K and L (035, 0.25%
and 0.15) were used also for this area, giving corresponding E
values of 0.50; 0.6% and 0.79 respectively. It is considered
that the lower values of M (and hence the higher values of BE)
are the more probable ones.

6e2.6.6 Representative length compositions of the average
annual catch by the trawl fisheries for the period 1955-58 are
illustrated in Fig 6.2. Representative length compositions of
the average annual landing by Pertuguese dory vessels ars also _
given. Since most of the fish are smaller in this region than in
3K and L and since the Spanish Research Reports to ICNAF
indicate that the minimum commercial size is about 40 emy it was
assumed that for the trawl length compositions all cod below
42 cm had been discarded as too small, the quantity amounting
to 3.3% of the catch by weight and 14% by number. Rojo (1957 and
1958) states that in catches the percentages of cod below conm-
mercial size vary considerably with the season and with the area:
in 1955 discards by number were 0.48% during the spring in
Division 30 and 16% during the summer in 3N; in 1956 during the
sumner 8.7% were discarded in 3N3 also from samples taken in
August and September of 1957 discards were 22.3% and 11.7% re-
spectively. A1l of these percentages refer to cod smaller than
40 ¢m in the samples. The age-length data used for the estima-
tion of %, represent a combination of Canadian (Nfld.) data for
3§ and O in 1947-50 (Fieming; 1960a) and Spanish data for 1953~
56 (ICNAF Sampling Yearbocks).

The assessments for an initial Y-inch mesh are given in Table 6D.
They were caleculated alse for an initial 3=-inch mesh, with
essentially the same results except that both immediate losses
and longer term gains for the increase to 4% inch mesh were B
about 50% greater.
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Table 6D. Divisions 3N and O: mesh assessments for cod

—Mesh zéze e | % Cear % change in 1955-8 landings
(inches (em) | (yr) groups* Immediatg Long-term for
0.50 0.64 0.79|E
~ 0.35 045 | 0e55]|F |
From % to 39.5 [ 3.1 " 0435 0.25 | 0.15]M
l‘"% 1*1.9 3.1"1' Trawl -109 +2\o° +302 -+)+¢5
' Offshore 0 +4,0 +5.2 | +6.6
line
TOtal "1.5 +2.’+ +3o6 +1+09
5 4,7 [ 3.8 Trawl -5.5 +3,2 +6.1 ] +9.
Offshore 0 +9,2 +12.2 | +15.
line
Total "ljl'ol"l' +,_'_|:ol‘|‘ +7.’+ +l_0'6
5% 49.3 | Lol Trawl ~13.6 +2,.14 +8.,3 | +15,2
Offshore 0 +18.5 +25,2 | +33,2
line
Total -1007 +5.7 +1108 +1809
6 53«1 | 5.0 Trawl -22.0 -0.7 +8.1 | +18.8
Offshore 0 +27.3 +38.4 | +52,2
line
Total =174 +5.1 +1h b | +25,7

R,

* Trawl group - Spain(77%); Canada (9%)s; France (7%), Portugal (6%),

Line group

6424647

6e247
6e24741

U.K.y Germany.
- Portugal (94%), Canada (6%).

Long-term gains in total landings are to be expected
for all mesh sizes up to 6 inches. These are substantial for the
higher values of E. The trawl fisheries would benefit from in-
creases to 54 inches and even 6 inches provided that M is not
higher than 0.30-0.35; if M is smaller the long-term gain to +
this fishery would be substantial for meshes up to 6 inches,
even though the immediate loss would be high. The line fisheries
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 3N and 0 and
those for 3K and L are: (a) the number of fish that would be
released by trawl relative to the total retained by all gears
is large for the former area, and (b) the cod there grow
considerably faster than in any other part of the Subarea.

Division 3P

This Division accounted for 174 of the Subarea landings
during the 1955-58 period, 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 ammual yield was shared
by gears as follows: trawlers 43%, offshore line 7%, and inshore
gears 504 (Table 64).
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The composition of this stock unit is more complex th~-
those considered previously in that it consists of two or mo:
groups of cod. Tagging studies (Thompson, 1943, and Templemanj—
unpublished data) indicate that cod in the eastern and south-
eastern parts of this Division move freely between the offshore
banks and inshore waters along the eastern half of Newfoundland's
south coast. These fish are known not to mix much with the
concentrations of cod which winter in the western part of the
Division, 3P (north), providing a substantial winter and spring
inshore fishery theres~difd which then migrate "ihto 4R to provide
an inshore summer fishery along the west coast of Newfoundland.
French, Portuguese and Spanish trawlers carry on an intense fish-
ery for a short period in March on a cod concentration in the
Hallbut Channel just east of St. Pierre Bank 3P (south); and dur-
ing March and April they alsoc fish the 3P (north) concentrations
as they move around the southwest corner of Newfoundland into
4R. Because the decision by ICNAF to divide Division 3P into
3P (north) and 3P (south) is very recent (1957) it has not
been possible to conslder these separately in this report.

No consistent trend is detectable in the landing per
unit effort data for trawlers during the period 1954-58 (AppeT
Table 6.3). The scanty age composition data from trawl catche
are inadequate to give an estimate of Z, but returns from =
tagging experiments carried out in 1954 on St. Pierre Bank and
Burgeo Bank in this Division (Templeman; MS, 1961) gave a Z of
0.65. Age compositions from the Newfoundland inshore fishery in
1947-49 give a Z of 0.5, and for the years 1953 to 1957
individually gave estimates ranging from 0.5 to 0.7, with an
average of about 0.6 (Fig. 6.3). This latter value of Z was
used in making the assessments for this Division.

No direct separation of Z into its components was
possible from the scanty catch and effort data available
However; returns from cod tagged in 1954 on St. Pierre Bank were
26% and on Burgeo Bank were 30% over the 6% year period ending
1st November; 1960 (Templeman,; MS; 1961), indicating that the
values of E of 0.42; 0.58 and 0.75 used in making the assess-
ments are not unreasonable.

Length composition data of trawl catches from this
Division are scanty. Some Canadian (Nfld.) landings in 1955
and 1958, Spanish in 1957 and German in 1958 were combined
and then adjusted for discards somewhat arbitrarily. Fish _
below 45 cm were considered discarded and this amounted to
about 2.3% of the cateh; a figure in agreement with estimates
of discards by Portuguese trawlers in 3P: viz. 3.9% in 1957
and 1.7% in 1958 (private communication to ICNAF Secretariat
from Capt. T. de Almeida; 1960). The age-length data used for
the assessments are Canadian (Nfld,) data for 1947-50 (Fleming
1960a). The assessments for mesh changes from an initial k&
inches are given in Table 6E below; corresponding calculations
were made for an initial mesh size of 3 inches, giving essent-
ially the same results.

Long-term gains in total landings are predicted for
all increases in mesh size up to 5% inches, and up to 6 inches
for the higher values of E. For the trawl fisheries changes
in landings would be slight up to 5 inches and for larger mesh
slzes greater losses would result. The offshore line fisheries
and the inshore fishery would gain from any increase in mesh
SlZe.

Haddock

The haddock fishery in Subarea 3 is essentially an
offshore trawl fishery, and the average annual landing during
the periocd 1955-58 was 75 thousand tons. Of this Canadian
trawlers landed 50% and the Spanish fleet 45%. About 65% of the
total landing cane from the Grand Bank part of Subarea 3 (3N andQ
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and the remainder from St. Pierre Bank (3P), mainly during
1955 and 1956 (Table 6A).

Table 6E. Division 3P: mesh assessments for cod
Mesh size| . 1 t % change in 1955=-58 landings
change ° © Long-term for
(inches) (em) |(yr) Gear Immediate
groups* D42 [ Q.58 0.75 | B
025 | 0Cel35| Ot5 { F
From % to Lt .6| 3.9 0.35| 0.25| 0.15 [ M
L'"é' L|'5.7 ‘+.O TI'an "113 "‘005 ""Ool +Oo
Offshore 0 +0.9 | +1.2 | +1,
line
Inshore 0 +0.9 | +1.2| +1.6
gears
Total =06 +0.3 | +0.6) *1,0
5 1'1'7.3 l+o2 Trawl -3-9 -1.7 -008 +0.1
Offshore 0 +2,3 | +3.,2| +4,
line
Inshore 0 +2.1 +3.0 +3,9
gears
TDtal "1.6 +005 +1.h4 +2.3
5%‘ 50.5 l‘l‘oé TI‘an -10.9 "6.3 -}'I‘o)'l' -2-2
Offshore 0 +5.1]1 +7.3| +9.8
line
Inshore 0 +4,71 +6.7| +9.0
gears
Total =4,7 0.0 | +2.,0( +4.2
6 53.7 5-0 TI'aW]. -19.2 -12-7 "‘9.7 -6.3
Offshore o} +8.0 [*+11.7 |+16.0
line
Inshore 0 +7.2 +10-5 +1)+ol+
gears
Total "8.2 —1.3 +l-9 +506
* Trawl group - France (36%), Spain (31%), Portugal (17%),
Canada (13%).
Offshore line=- Canada (83%), Portugal (17%).
Inshore gears- Canada (89%), France (11%).
6.3.2 In Subarea 3 the main haddock fishery is normally on

the southern part of the Grand Bank (3N and 0), but during

the period 1954-56 there was a substantial Canadian haddock
fishery on St. Pierre Bank in 3P (App. I, Table 6.5), almost
exclusively on the very abundant 19%9 year~-class. Only small
quantities of haddock were landed from there before 1953 and
no significant quantities since 1957. Growth and otolith
studies indicate that the haddock on the Grand Bank and on St.
Pierre Bank are relatively distinet groups. Some mixing may
occur on the slope in the deep water area between the two
banksy but the unusually low tempature of the water in the
channel between the banks tends to limit the extent of mixing.
Because there has been no significant survival of year-classes
on St. Pierre Bank since the very successful year-~class of
1949, and no fishing for haddock since 1957, the present anal-
ysis will not be concerned with the transitory fishery there
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during the period 1954-56. Most of the observations concernin-
the biological features of the haddock stocks in Subarea 3

made above and in subsequent paragraphs are based on unpublisned
records of the St. John's Biological Station.

The Grand Bank (3N and 0) stock, which has been the
mainstay of the haddock fishery since 1957, is concentrated
along the southwest slope (in Division 30) during the winter
and spring months when the sha}low areas of the bank are
covered with water below 0°C. “his 1s the time when most of
the Tangdlan otter traW¥l catches are taken. Usually by Junes
when the shallow bank water has warmed up sufficiently, the
haddock disperse and move eastward across the bank. By mid-
summer and later they are econcentrated again, but now on the
Southeast Shoal (3N) in shallow water of 20-25 fathoms, and
are there fished mainly by the Spanish trawlers.

Considerable differences in the survival of year=classes
occur in all haddock stocks, but these variations are much more
extreme in the northern than in the southern parts of the range
of haddock in the ICNAF Area. Thus 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 outstandi
year-classes were those of 1946,1949,1952 and 1955, the inter—
mediate year-classes being almost complete failures except for
moderate ones in 1953 and 1956, There is no evidence of any
significant survival of 1957,1958 or 1959 year-classes. During
the 1955-58 period, on which these assessments are based, the
1949 year-class to a large degree, and the 1952 to a much lesser
extent, were dominant in the landings. The growth rate of the
1949, and of all the more recent year-classes is considerably
slower than that of year-classes present during the early
years of the fishery.

The only landing per unit effort data available are
those for Canadian trawlers since 1954 (Fig. 6.4). On St. Pierre
Bank, where haddock appear to grow faster, the landing per
hour fished was at a high level in 1954 and 195% but it de=
creased rapidly to almost nothing in 1958 and at present the
fishery is negligible. On the Grand Bank the best catches
occurred in 1955 and 1956. These years were followed by a rapid
decline in the landing per unit effort, which by 1958 was little
more than half the 1956 level, total trawl effort having
increased by as much as 50% during the same peried. More rece..
observations indicate that there has been some improvement
in the landing per unit effort for 1959 as the 1955 year-clads
began to dominate in the ecatches.

Age composition data from research vessel surveys in
the area, conducted by the St. John's Biological Stationy in-
dicate that for the three main year-classes for which suffi-
cient data exist - 1942, 1946 and 1949 - 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
successive years against ages. Another independent estimate of
0.75 was obtained from the slope of the curve of numbers per
unit effort at successive ages of the 1949 year-class during
the period 1954-59, the data being obtained from the catches
of Newfoundland trawlers. A Z of 0.75 was therefore used for the
assessments.

Some age-composition data exist for an earlier period
(1931-35) when there was very little haddock fishing (Thompson,
1939)y but these are not sufficient to enable a firm estimat
of mortality to be obtalned. They suggest, however, that the ,
relative abundance of older fish at that time was greater than
in recent years. In the absence of any direct separation of
total mortality into its components, a range of values of M of
0.15; Q.25 and 0.35 have been taken, corresponding to values of
E of 0.80y 0.67 and 0.53 respectively.,
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In such a fishery, where there have been violent changes
~— not only in year-class strength but also In growth rate and size com-
position, it is difficult to make anassessment of the effects of a mesh
regulation which will be generally -applicable. The assessment is further
complicated by inadequate knowledge of the slze composition of the discards
by Canadian and Spanish trawlers, and, even though rough estimates of the
quantities discarded are known, these vary conslderably from year to year
and even from season to season as-a good year-class enters and grows
through the selection range of the gear. In view of the variable slze
composition of the catches from year to year, due to the progression of
dominant year-classes through the fishable stock, the assessments for
haddock given in this report are based on an average size composition of
the catches for the period 1955-58. Combined  Spanish length compositions
of catches for 1955-57 and Canadian length compositions (landing data ad-
justed for discards) for 1955-58 were used. '
Estimates of quantities discarded annually during the period
varied between 6% and 23% for Canadian (Nfld.) trawlers, glving a weighted
average for the period of 15% by welght. "No such estimates are avallable
for the Spanish fishery, but references to discards and minimum commerclal
size are in the “"Spanish Research Reports" 8f ICNAF Annual Proceedings
as follows: in 1954 there'ils one observation of 20% by number discarded,
but this oceurred at the end of the fishing campaign; in September 1956,
—  57% of 2422 fish measured from a catch were discarded as belng too small
for the industry; in 1957 it is stated that, of two samples taken in
August and September, quantities discarded were large. In all instances
the minimum commercial sizd was given as 40 cm. By assuming for the Spanilsh
data that "knifeedge" discarding of small haddock occurred between 37 and
38 cm, a value of 18% by weight discarded is obtained,,which is similar to
that given for Canadlan (Nfld.) trawlers.

Because of the similarity -of the length compositions and estimated
quantities discarded by both Canadian and Spanish fleets, the Immedlate and
long-term assessments are based on the combined data fer both fleets (Fig.
6.5) In view of the variable nature of quantitles discarded the assess-
ments were made assuming that discards range from 10% to 25% by weight.

The growth curve, based on the slow-growing 1949 year-class, and
the length-weight relationships. used were obtained from unpublished
records of the St. John's Biological Station, Canada. The selectlon

ogives for the various mesh sizes are given in Appendix II. The
assessments (Table 6F) are based on an initial mesh size of 3 inches.

Table 6F. Divisions 3N and 0: mesh assessments for haddock

S

ish size 1lg  tg % change in 1955-58 landings

thange Gear Immedlate | Tong-term change for

iches) (em) (yr)|groups* 0.53 0.67 0,80 E
. 0.40 0.50 0.60 F

om 3 tol 31.1{3.% 035 0,25 0.15 M

il 35.4 (4,0 [ Trawl -6 +3 +6 )

kb 37.5 4,5 | Trawl . =16 +1 +7 +13

15 1.%/6.0 | Trawl -38 12 -1 +13

315 % 46,0/ 8.4 | Trawl -64% -37 -20 +3

) [l 35,4 (4.0 | Trawl s +6 +8 +11

LY 7.5|%.5 | Trawl =10 +8 +14 420

|15 1.4/6.0 | Trawl -32 - +10 +25

153 46,0/ 8.4 | Trawl -59 -2 -3 +19

* Trawl group - Canada (41%) and Spain (57%).
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For increases in mesh size to 43 inches long-term gains
result over the range of M and of discards considered. Above
4% inches, however, the effect depends very much on the value __
of Me Thus if M were less than 0.25 the gain for a S5~inch mesh
would be substantialy but if M were greater than 0.25 a loss
would probably result; for the 5% and 6-inch mesh sizes the
long-term losses would be substantial except for very low
values of M. The immediate losses would be large for mesh sizes
over 4% inches.

Redfish

This fishery was begun in 1947 on the southern part of
the Grand Bank (3N and 0) by Canadian trawlers, and USA trawlers
began fishing there in 1951. There was a rapid rise in landings
to a peak of nearly 46 thousand tons in 1952. By 1955 the land-
ings had declined to 18 thousand tons, due partlally to a ma jor
shift in the fishing effort to the Gulf of St. Lawrenee (u4R,

48 and 4T) and partly to a diversion of effort by Canadian
trawlers to haddock fishing. In 1956 USSR trawlers started
fishing in 3M, where the redfish had not previously been
exploited. By 1958 their exploitation of redfish had extended
into 3K and 3L. Icelandic trawlers started fishing in 3K in

the autumn of 1958. Consequently there has been a very rapid .
increase in total redfish landings from Subarea 3 to 158
thousnad tons in 1958, of which USSR took 60%, Iceland 28%,

USA 6% and Canada 5%. (Apps. I, Tables 6.6 and 6.7, Table 6A

and Fig. 6.6),

Division of Stocks

Because of the very recent origin of the redfish fishery
on a major scale in Subarea 3 and of the scarcity of information
on the redfish stocks from the main redfish~producing countries,
it is not possible to divide the stocks except perhaps on a
general basis. Templeman (1959b), 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 slope extending from
the southern tip of the Grand Bank northward along the east
coast of Newfoundland (3K and L), where the redfish are re
stricted in their vertical movement by the overlying cold water
of the Labrador Current; the Flemish Cap (3M) where there are
no such tempature restrictions; and the area along the south-
western slope of the Grand Bank and the south coast of New=- :
foundland (3N, O and P), where the redfish are found in shallower
water than to the northe. For these assessments, however, 3P
has been considered separately from 3N and Oy mainly because
it is the centre of a small local Canadian fishery and the
length composition is quite different from those of the USA
and Canadian fisheries in 3N and O.

General Notes on Data Used in Making the Assessments

Because of the very recent origin of the redfish
fishery and the difficulty in age determination for redfish,
estimates of the mortality coefficients cannot at present be
made, and consequently it is not possible to do more than
determine the immediate effects of mesh increases and the
break-even values of E. Length compositions of the landings
in the various regions for 1958 are illustrated in Fig. 6.7,
In view of the similarity of the Canadian and USA length
compositions in 3N and O these were combined for the assess-
ments; the same was done for 3K and L. The assessments are
based entirely on the length compositions of Mentella-~type
redfish. The length-weight relationships used were obtained -
from unpublished records of the St. John's Biological Station.
The selection ogives (Appendix II) were prepared from data
published by Clark, McCracken and Templeman (1958, see also
para %.3.4). For the Canadian and USA redfish fisherles the

c1la



Boltolt

6olte5

27 =

present mesh size was considered to be 3 inchesy from
information obtained from the Woods Hole Laboratory and the
Canadian Biological Stations at St. Andrews and St. John's.
The USSR fleets, and presumably the Icelandic, use a Y=-inch
mesh and the assessment for them relate to this initial size.

Divisions 3K and L

This fishery on virgin stocks began only in 1957 and
good fishing was experienced by both the USSR and Icelandic
trawlersy, as indicated by the cateh per unit effort data for
those fleets in 1957 and 1958 (Appe. I, Table 6.8). The redfish
caught were considerably larger than in any of the other
Divisions, having a mode at 35-36 cm (Fig. 6.7) and a mean
weight of 0.71 kge

The immediate losses to this fishery would be substan=--
tial for mesh sizes above W3 inches. The break-even values of
E suggest that fishing intensity might not have to be partic-
ularly high for mesh sizes up to 4% inches to produce long-
term gains (Table 6G).

Division 3M

This fishery was begun on a virgin stock in 1956 by
the USSRy and by 1958 the redfish landing had increased to
four times that of 1956« The redfish caught in 1958 were gener-
ally smaller than those from 3K and Ly having a mean weight
of 0.57 kg. During 1957 and 1958 the landings per hour fished
were somewhat below that for 1956, but no conclusions can be
drawn at this stage because some of the effort-particularly
in 1957 - was probably devoted to cod-fishing.

The immediate losses would be substantial for all
increases in mesh above 4% inches, and the break-even values
of E suggest that the fishing intensity would have to be
relatively higher than in, for exampley Divisions 3K and L for
long-term gains to result from any increase in mesh size beyond
4 inches (Table 6G)e.

Table 6G. Subarea 3: mesh assessments for redfish

Mesh size
change
inches

Country (percent % change in 1958 landings
of total landings) Divisions Break-even
Immediate] value of E

rom to
L

at least
=5

Iceland (51%) -17 0.6
USSR (49%) 3K-L -%Z

4
7
4

oo
P

~10
USSR (99%) ' -29 = 0.7
E Germany (1%) 3M =53

-72

H
Q
B
"
]
o

wope

oh

-31
Canada (28%) -56 0a7
Usa (72%) 3N-0 =76

-89
-95

o

0\\&\-’1-?-[:‘ o F

e 1y
Canada (95%) =16 0«6
USA (5%) 3P -36
=60
-777

D1



-28-

Oolte b Division 3N and 0

Redfish fishing began in 1947 and rose rapidly to a —
peak landing in 1952 of 45 thousand tons, entirely by Canadilan
and USA trawlers. Since then the annual landings have ranged
between 6 and 15 thousand tons. Although adequate length com-
positions are not available for the early years of this
fishery, unpublished data of the St. John's Biological
Station indicate that there has been a gradual decrease in the
average size of redfish caught since the fishery began. This
is what would be expected to happen as fishing intensifies on
a previously unexploited stock, but a change of this kind can
also be exaggerated by a tendency for the fleets to fish
concentrations of smaller fish at shallower depths if the
larger fish have become less abundant in deeper water. From
exploratory fishing carried out in this region in 1952,
Templeman {1959b) demonstrated a difference of as much as 9cm
between the mode of the length composition of redfish at 110
fathoms and the mode for fish at 184-240 fathoms. Males and
females were in equal proportions at 110 and 140 fathoms, but
at 170 fathoms and deeper large females were dominant in the
catches. Although the price differential favours the catching
of larger redfishy the fleets now land redfish considerably
smaller than they did during the first years of this fishery. -

The immediate losses would be high for all increases
in mesh size beyond that at present in use. The break-even
values of E indicate that fishing would have to be fairly in-
tense for any mesh increase to result in long-term gains
especially bearing in mind the fact that these calculations
relate to an initial mesh of 3 inches, rather than of 44 inches
as for 3K-L and 3M (Table 6G).

Bolte7 Division 3P

The Canadian fishery in this area 1s carried on at
present by a few small trawlers on local concentrations in
the deep water channels just off the south coast of New-
foundland. Small quantities are also obtained from the
western slope of St. Pierre Bank. Landing per unit effort
data available.only since 1954 (App. Iy Table 6.8) indicate
that there has been more than a 30% decline in the landing
per hour fished since 1955. The effort remained relatively
steady between 1954 and 1957 but a considerable increase in
effort occurred in 1958,

The fish caught in this area are considerably larger
than those landed from 3N-0 and consequently the immediate
losses are lessy but still substantials for increase of mesh
size beyond Yt inches. Break-even values of E are not so high
as those calculated for 3N-0 aboves but nevertheless indicate
that fishing would have to be fairly heavy for mesh increases
to result in long-term gains, (Table 6G).
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SECTION 7 - SUB-AREA L

7.1, The Fisheries
The cod fisheries have always been the most important
of Sub-area 4, in recent years making up about 40 percent of
the total fish landed, and over 55 percent of the total ground-
fish landed (Table 7A3. The other Important groundfish landed
are, in order of welght: redfish, haddock, pollock and flounders.
Groundfishing is carried out by Canada; France, Portugal, Spain
and the United States. Canada lands most, and fishes primarily
for cod. Cod also comprises the most 1lmportant part of landings
by France, Portugal and Spain. United States boats fish in the
Sub-area primarily for redfish, although they take important
quantities of haddock in Division 4X. Countries other than
Canada use otter trawls almost exclusively for their fishing in
Sub-area 4. In the Canadian fishery, however, hook and line and
Trap fisheries are more important, these gears accounting for
73 percent of the Canadian cod landings, or about 50 percent of
all cod landed from the Sub-area. Important quantities of haddock
and most of the pollock are alsc taken by hook and line and trap.
Table 7A. Sub-area 4: Average annual groundfish landings ('000 metric
tons ] . gear and countries.
Ottexr Trawls - Qsha¥. gear
Species Division Canada | France Port.uga.l' Spain | U.S Total (mﬂénly ‘il;.na Total
X + - - - 1 1 12 13
4N (except 4V 10 + - 4 + 14 18 32
Cod spring)
4T (-HW apring) 24 10 3 12 - 49 38 87
iR 2 22 11 + - 35 25 60
45 + + + - - 1 6 7
Total 36 32 14 16 1 100 99 199
4x 4 - - - 10 14 5 19
Heddock 4w 20 - - 2 1 23 3 26
4T 2 - - - - 2 - 2
YRS - - - - - - - -
Total 26 - - 2 11 39 8 47
4x - - - - 7 7 - 7
Redfish 4w 1 - - - 19 20 - 20
4RST 16 - - 12 28 - 28
Total 17 - - - 38 55 - 55
ux 30 - | - - + | 3| -= 26
O ther YW 9 = - - + 9 6 15
Ground- 4T 10 - - - - 10 6 16
fish YRS 1 - - - - 1 1 2
Total 23 - - - - 23 36 59
Total 4x 7 - - - 18 25 40 65
Ground- Ww 40 - - & 20 62 Z/g 1123
fish YRST 55 32 14 12 12 12 76 183
Total 102 32 | - 14 18 50 217 143 360
_ Total 4x 7 - - - 18 25 115 140
All fish HVW 40 - - -6 2 6 62; 147;
YRST . 55 32 14 12 12 12 112 219
Totel 102 32 14 18 50 217 289 506
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Cod L
Dlvision of stocks

At least four maJor stock divisions have been distinguished
by tagging experiments (McKenzle 1956; MoCracken 1959), research
boat surveys and analysis of biologlcal characteristics (McKenzie
and Smith 1955). Cod in Division L4X appear to mix little with
those of other areas, and have accordingly been treated as a unit.
Cod in northeastern WV in the spring move into 4T in late May.

They are fished in both areas, and in keeping with the knowledge

of stock ldentity, fisheriles of 4T and 4V (spring) have been
treated together as a second unit. Other fisherles in 4V and those
in YW are treated together as a third unit which may reasonably be
corisldered separately from the rest. Assessments for each of these
three units are discussed below.

A fourth unit stock appears in Divisions 4R and 3P. This
is"fished in spring in 3P North and southern 4R by the same vessels
fishing 4T and 4V (spring), and in summer in northern 4R by
Canadian Inshore gears. No separate assessments have been
attempted for this relatively important stock unit. However, the
pattern of 1ts fisheries is similar to that on the 4T and 4V
(spring) unit; length and age compositions of Portuguese catches
in the two areas are much alike (Fig. 7.1), and there is evidence
of limited mixing between the stocks (McCracken 1959). An indi-
cation of the effects of mesh increases on the 4R and 3P landings
may therefore be obtained from assessments for 4T and 4V (spring)
(para. 7.2.4.4%.). '

Relatively small landings are made, primarily by traps,
from what 1s probably a fifth stock unit in Division 48. Since
this study 1s most concerned with regulation of otter trawls, no
assessments of this fishery have been attempted.

General data used in making assessments

Assessments have been made using length compositions of
catches, Data for length-composition of the landings and of the
discards were available in most cases for gears used in the
Canadlan fishery and for the Portuguese otter trawl fishery. 1t
wag assumed that the latter was representative of the entire
Buropean fishery. The data from these sources were used in con- —
structing annual length compositions for total catch for each of
the lmportant components of the fisheries, and annual averages
were prepared for a number of recent years.

Length-weight relationships were taken from unpublished
data of the Blologlcal Station, Fisheries Research Board of Canada,

St. Andrews, N.B, and are given in the Appendix.

Selectlon oglves were prepared from the data published by
Clark, McCracken and Templeman (1358). (See Appendix II).

In all Sub-area 4 fisherles the effective mesh size cur-
rently In use was assumed to be 44-inch manila, or its equivalent
in other materlals. Assessments of the effect of a lL-inch mesh
were made by extrapolating curves relating mesh size and long-term

‘changes at mesh sizes of L4¥inches and greater,

In all Sub-area L+ assessments, the age-length (growth) data,
used In estlmating the average size, (1,), and age (tgo), at first
capture with different meshes, were taken from commercial samples

In most cases, values of Z were estimated from lines fitted
by eye to the right-hand limbs of log catch-curves.
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Division 4X

Landings of cod from this Divislon have been made almost
wholly by the Unlted States and Canada. They have averaged about
18,000 metric tons per year since 1947, but have declined gradu-
ally throughout this period from a high of about 21,000 tons in
1947 to a low of 12,000 metric tons in 1958 (Fig. 7.2).

The Divislon includes fisheries on a number of local in-
shore stocks of cod off southwestern Nova Scotla and in the Bay
of Fundy. Over 80 percent of the total landings come, however,
from the area southwest of Nova Scotia. 1In view of the importance
of thils area, the fact that fisheries throughout the Dlvision are
similar, and indications (unpublished data) that year-class
strengths tend to vary together, blological data from southwestern
Nova Scotila have been used in making assessments for the whole
Divislon.

In recent years more than 85 percent of the total cod
landed from 4X have been caught by Canadian hook and line (Table
78). The remainder, totalling less than 2,000 metric tons, are
taken by Unlted States and Canadian otter trawlers,mpﬂ§lYEinCiden-
tal to haddock fishing. The scanty length~composition data
available from otter trawl catches (U.S.A. unpublished data) in-
dicate that slzes taken do not differ significantly from those
taken by the Mustad No. 16 to 17 hooks in common use in the line
fishery. Length and age compositions and catch per unit effort
data for the line fishery have therefore been used in the analysis.

Catch per unit effort (Fig. 7.2) was slightly higher in 1948 than
Tﬁrany other year since 1947; apart from this it has remained
rather constant throughout the study period but with a slight
downward trend. Changes in total lendings appear therefore to be
related primarily to changes in total effort (Fig. 7.2). More
detalled interpretation 1s complicated by seasonal changes in the
pattern of fishing.

Total mortality rate, Z = 0,45, was estimated from the right-hand
limb of the average catch curve (age compositions) for the period
1947-1958 ( Fig. 7.3). Returns from a tagging experiment begun in
1953 totalled about 50 percent over the first two years (Paloheimo
1958), from which F 1s approximately 0,35, so that M = 0.10, and

E = 0,78, Assessments of immediate and long-term changes in
landings following increases in the otter trawl mesh sizes above
the 44 inches currently in use have been made for Z = O.45 with
M= 0.15, 0,10, 0,05 (B = 0,67, 0.78, 0.89) and using length com-
prositions for 1956 to 1958 shown in Fig. 7.k.

The table of assessments (Table 7B) indicates that otter trawl
catches would not be Increased by increasing the size of mesh used
to catch cod. Thils results from the fact that most of the cod
landings are made by hook and line; hence most of the fish re-
leased by otter trawls would, 1f retaken, be retaken by hook and
line., As a result, the hook and line catch would probably gain
slightly,; although the changes would be too small to affect the
total landings appreciably.

Divisions 4T and 4V (Spring)

The cod flshery of this area has changed rapidly during
the twelve-year study period (1947-1958). Initially it was an
Inshore Canadian hook and line fishery, landing about 40 thousand
metric tons from northern 4T during the summer and autumn of each
year. In 1947 Canadian small otter trawlers were introduced, and
by 1951 they were taking 30 percent of the total. During the same
period landings by the line fishery dropped, so that total Canadian
landings stayed relatively constant (Fig. 7.5), - Otter trawl
landings continued to lncrease steadily until 1957 (4pp.I, Table
7.1), but have declined since. Line fishery landings continued to
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Table 7B, Division 4X. Mesh qgsessments.for codl

% change in 1956 to 1958 landings —

Mesh
size la te Long term for an
change Gear 0.67 | 0,78 ] 0,80 TE
inches) (cm) | (yr) |Group |Immediated 0.15 | 0.10 | 0.05 | M
From ' to | 42.7 12,00 0.25 | 0,35 | 045 | F
' OT +2 o -1 -1
L Other 0 -1 -2 -2
Total +1 -1 -2 -2
| 0T -2 -1 -1 -1
5 43.0 | 2,05 | Other 0 +1 +1 +1
Total 0 +1 +1 +1
oT -6 - 5 -]+ -)'I' i
5% 43.5 | 2,15 | Other 0 +] +2 +2 B
Total 0 0 +1 +1
OT =10 -8 -8 -7
6 4,6 | 2.25 | Other 0 +1 +1 +2 .
Total -1 0 0 +1 o

7.2.)-"'2.

702-1{'-30

Trawl group: United States (70%4); Canada (30%)
Other group: Canada - hoock and line (100%) -

decrease to about 20,000 metric tons in 1955, rose sharply in
1956 and 1957 to their earlier level, apparently as a result of
a markedly increased cod growth rate accompanied by an increase
in abundance (Kohler, unpublished MS), but they have decreased
agaln since.

In the early 1950's a Buropean fleet of large otter
trawlers began fishing this stock during the spring in southern
4T and northern 4. 1In 1956 they landed over 40,000 metric tons,
but their annual landings have dropped subsequently as some of the
boats have been diverted to fishing in the neighbouring Division
LR, From 1956 to 1958 total landings from the 4T-4V (spring)
itock have averaged 87,000 metric tons, over twice the 1947-51

evel,

Records of cateh per unit effort are avallable for each o
the three major fishery components, and these have been expressed _
in terms equivalent to metric tons per hour fished by a large
otter trawler (Fig. 7.5). Catch per unit effort for small otter
trawlers has declined steadily since 1948 except briefly in 1956
and 1957 when the fish taken were unusuallK large. Catch per unit
effort by lines similarly declined from 1947 to 1954, but increased
abruptly, reaching an all-time high in 1957, with large catches of
large cod. It has decreased abruptly since then. Catch per unit
effort by Portuguese and Spanish otter trawlers appears to have
decreased since 1955. Taking account of the transitory effects in
the late 1950's of a change in growth rate which led to a marked
increase in the average size of fish (and a possible increase in
thelr availability to lines), these data indicate a progressive
dggreise in abundance, assoclated with the increased landings and
effort.

Age compositions of both the otter-trawl and line-caught
cod are available for the periods 1951 to 1954 and 1956 to 1958,
From catch curves for these periods (Fig. 7.6) it appears that
mortality rates in recent years have been higher than in the
earlier period, for both otter-trawl and line-caught fish. How-
ever, changes 1ln year-class strength and the recent large changes
In the fishery, combined with sampling errors, make it impossible
to use these statistics from commercial sampling to obtain
accurate estimates of total mortality, or its components. A pro-
visional estimate of Z = 0,50 has been derived from the average
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catch curve for all gears from 1956 to 1958, and thils has been
used as a central value in the assessment calculations. Catch
curves plotted from research vessel hauls from 1959 to 1960
(Jean, unpublished data) suggest however that Z may now be about
O.?O. (Fign 707).

Returns through 1960 from tags released In 1955 and 1956
have totalled nearly 50 percent, suggesting that F'ls at least
half of the total mortality. Assessments have therefore béen made
using M = 0,20 and 2 = 0.35, 0.50, 0,65 (B = 0.43, 0,60, 0,69) and
based70£ the average length compositiocns for 1956-58 shown in
Fig. Ty :

The table of assessments (Table 7C) indicates that there

70201{'.1{-.
would be gains to otter trawlers for mesh increases up to 5%
Inches; at about whlech point 1t appears that they would realise
maximum yleld per recruit for present fishing levels. At mesh
sizes above thls, initial losses would be substantial, and these
may not be compensated for in the long term. There would be gains
to the line trawls for all increases in mesh size, and if line
fishing maintains its present relative 1lmportance, long-term galns
to total landings by all gears would result from all mesh Increases
consldered,
Table 7C. Division YT and 4V (Spring). Mesh Assessments for cod
Mesh £ change in av. 1956 and 1958 landings|
Size 1. to Long-term for an
change Gear . Oet3 [0.60 | 0,69 |E
(inches) {em) (yr) | Group Immediate|0.15 |[0.30 |0.45 |F
From #% to | 43.0 | 2,92 0.20 | 0,20 |0.20 | M
or +1 -3 -6 -8
Yy Other 0 -1 =l -5
Total +1 -2 -5 -7
oT -2 1 3 3
5 45.9 | 3.3% | Other o 3 E E
Total -1 2 '
oT -8 =1 2 L
5% 49,8 [ 3.9% | Other 0 8 11 l%
Total -5 3 6
o QT =1k -t 1 3
6 53.1 | 4.50 | Other 0 12 17 20
Total -8 1 7 1k
Trawl Group: Canada (37%); France (32%); Portugal (14%);
Spain (16%); United States (1%).
Other Group: Canada - mainly hook and line (100%).
7e2.5. Divisions 4V (except spring) and 4W
7.2.5.1, from this area have decreased from

Total cod landings
57,000 metric tons in 1953 to about 30,000 metric tong by 1953,
and have been relatively constant since then (Fig. 7.8). The
decline is a result primarlly of a decrease in landings by the
dory-vessel component of the important hook and llne fishery.
Hooks and lines took about two-thirds of the total during the
earlier years,; although In recent years they have accounted for
only about half of it (Table 7A). Annual landings by otter
trawl have remained relatively constant at about 15,000 metrie
tons.
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There is some evidence from tag returns and bBléloglecal

‘studies (McKenzie 19563 McKenzie and Smith 1955; McCracken 1959)

that there are several stock-units withln these divisions. “How- _.
ever, offshore line and otter trawl vessels often fish several of
these stocks on a single trip, making assignment of sample data to
a particular stock difficult. Because of this, and the evidence
from tagging of somé mixing among them, they have been tredted as
a unit. Such a treatment 1s adequate for the early years when the
Important dory-vessel component fished 1n the same areas as otter
trawls, but does not fully represent the recent situation when a
large proportion of the line fishing is done by Inshore gears on
stocks which are incompletely mixed with those fished by otter
trawls. This limitation has to be borne in mind in interpreting
the assessments.

" Catch per unit effort records are availlable for otter-trawl
and dory=vessel components throughout the study period. They show
fluctuations in abundance, but indicate that 1ts average level has
not changed appreciably (Fig. 7.8). Decrease in landings 1s there-
fore essentially a result of the decrease in total effort. Otter
trawl and small line and long-line effort have been relatively
constant, but dory-vessel fishing has decreased steadily and is
expected to stop completely in the near future.

Age compositions have been determined from both otter-trawl
and dory-vessel catches and average catch curves for the whole
perlod give a Z estimate of 0,50 (Fig. 7.9). Returns from tags
released inshore in 1954 totalled 36 percent for the first two
years,; from which F = 0.30, Assessments, based on length composi-
tions in Fig. 7.4, have been made using M = 0.20 and Z = 0.40,
0.50, 0,60 (B = 0.50, 0.60, 0.67) and show immediate and long-term
changes following increases in mesh size above the 4% inches
currently In use,

The table of assecsments (Table 7D) shows that there would
be long-term gains to the whole filshery from increases in mesh
slze up to 6 inches. However, because all fish are released by
otter trawls but a high proportion will be recaptured by hook and
line, benefits to the otter trawlers reach a maximum at about 5%
inches. If discarding practices remained the same as at present
immediate losses to otter trawls would be about 7 percent at 5%
inches but would be double this for an increase to a 6-inch mesh.

These conelusions are hased on the assumption that the
whole stock 1s fished by both otter trawls and line gears. It is
polnted out above, however, that there is some separation of the
two types of fishing., In these calculations we have therefore
probably assigned too high a proportion of otter-trawl releases to
recapture by lines. The long-term gains to the otter-trawl com-
ponent are therefore slightly underestimated, while gains to the
inshore component of the other gears are slightly overestimated.

Haddock
Division of stocks

Tagging experiments and bilological studies (Needler 1930,
Clark and Vladykov 1960) indicate that there are at least three
and perhaps four major stock-units in Sub-area %, Haddock
occurring in northwest 4X in summer appear to be a migratory part
of the stocks of Sub-area 5. The remalning stocks of 4X consist
of an offshore group in the area of Browns Bank which probably
mixes with fish from the Bay of Fundy area, and a partilally sepa-
rate stock in eastern 4X (Martin 1953). Within Division 4X, the
Unlted States otter trawlers fish primarily on Browns Bank, and
the Canadlan lines filsh the banks to the east. Because of this
separatlon of stocks and fisheries, it appears that the yleld of
the otter trawl fishery alone would be affected by a change in
mesh size. Therefore for Division 4X assessments have been made
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T~ble 7D. Division 4VW (except WV (spring)). Mesh assessments for cod

pa—

Mesh % change in 1957 to 1958 landings

size 1e te - Long~-Term for an

change Gear |[Immediate[0.50 | 0.B0 [0.67 | &
(inches) (em) | (yr) | Group 0.20 | 0,30 |00 | F
From 44 to 5.6 2,78 ‘0.20 C.20 0.,20 M

oT +1 -3 -5 -7

L Other 0 -1 -2 -2

Total +1 -2 -3 -l

' 0T - 1 2 &

5 47.7 | 3.08 | Other 0 3 L

Total wl 2 3 L

' oT -7 1 2 3

5% 50.5 | 3.38 | Other 0 7 8 9

Total -3 L g 6

oT -1l -3 0 2

6 52,9 | 3.70 | Other 0 10 12 1L

Total -7 3 6 8

only for the otter trawl fishery. The stocks of 4X appear to be
separate from those of 4VW, within which there may be a division
into a more or less resident inshore stock and a migratory stock,
Eart of which moves into 4T in summer. Haddock caught in 4V and
W are treated in this report as comlng from a single stock unilt.

7e3.2. Division 4X

The otter trawl landings (Fig. 7.10) have increased since
1947, when they were about 9,000 tons, while landings by other
ge;rs (mainly line) have decreased from a high of 11,000 tons 1in
1951.

In 1956, 1957 and 1958 about 14,000 tons per year were
taken by otter trawls (principally those of the United States),
and about 5,000 tons per year by hook and lines (princlpally by
Canada) (see Table 7A§.

— A value of Z = Q.45 was calculated from average welght
frequency of the 1956-58 landings (method of Ricker, 1948). The
values of M and F are not known. For the calculations, values of
M of 0.3, 0.2 and 0.1 (E = 0.33, 0.56 and 0.78, respectively)
were assumed to encompass the effective value (see other haddock
assessments). Predicted changes in otter trawl landings alone
(see para. 7.3.1.) for changes in mesh size are given 1n Table 7B,
and are based on OT length-compositions for 1956 to 1958 (Fig.
7.11). For any increase in mesh size above the present h.g inches,
there would be a loss even for the highest values of E (.78). A
reduction of mesh below the regulation 4% inches would increase the
landings somewhat, but this would probably be lost through a re-
sumptlion of discarding.

Table 7R. Haddock, Division 4X. Mesh assessments. U.S, otter trawls

: % change in landings
Mesh le te 0.33 0,56 0.70

E

size Immediate |0.15 0.25 0.35 F

(inches) (cm) (yr) 0.30 0.20 0.10 M
+2 +5 +3 +2
.5 (nistal) | 37.7 | 1.1 - Z u -
700 1-9 201 "'? -6 "‘3 -2
745 46,1 2.7 =21 | =1k =10 -
5.0 50.3 3.3 =36 -26 ~17 ~6
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7+3.3. Divisions 4V and 4w

7.3.3.1. Landings from 19%7 to 1958 have fluctuated about an —
annual average of 23,000 metric tons (Fig. 7.12). Within this =
perlod there have, however, been important changes in the fishery.
Initlally about half of the total was taken by United States otter
trawlers, but thelr landings have fallen sharply since 1953 to
less than 5 percent of the total. At the same time Canadian
landings have Increased to 90 percent of the total. Spanish otter
trawlers have landed a little over one thousand metric tons
annually since about 1952, Otter trawlers have always taken the
ma Jor share of the catch,; but Canadlan lines landed about 25 per-
cent of the total in the early years. Line fishing has, however,
been steadily decreasing in Importance, and now accounts for only
about 10 percent of the total.

7:3.3.2. Catch per unlt effort 1s available for Canadian otter
trawlers of 151-500 gross tons (Flg. 7.12} and indicates a rather
steady increase until 1955, with a more abrupt increase in 1956
and 1957 assoclated with the successive appearance of several
strong year-classes. Thus, the level of landings has been maln-
tained throughout the period, desplte a drop in total effort.

7e3.3.3. Age compositions of the catch have been determined from —
samples of the otter trawl catch, and a combined catch curve for
the whole period (Pig. 7.13) gives a total mortality estimate of
Z = 0,70, Now,; if these catch curves had been influenced appreci-
ably by the recent appearance of strong year-classes; this esti-
mate of mortality rate would be too high. Mortality rates were
therefore calculated from the average annual year-class abundance
of the six to eleven year o0ld haddock. The results confirmed that
the average total mortality for the entire period was of the order
of 2 = 0,70+ Annual mortalities plotted against estimates of the
average total effort (Fig. 7.1%) using a method suggested by
Paloheimo (in press) indicate, however, that total mortalities
have been decreasing significantly during the recent period of
decreasing efforts, and during the period 1955-58 were of the
order Z = 0.50. The data further suggest that natural mortality
1s about M = 0.20., Assessments based on length compositions given
in Fig. 7.11 have been made using M = 0,20 with 2 = 0.40, 0.50,
0.60 (B = 0.50, 0.60,0,67) and show immediate and long-term
changes for Increases in mesh size above the 44 inch mesh now in
use.

7e3.3.4. The table of assessments (Table 7F) indicates that the
present mesh size gives nearly the maximum yileld per recruit for
the otter trawl fishery at present levels. of fishing effort.
Increases in the mesh to 5 inches may result in small gains, but
Increases beyond this would probably result in losses. The line
fishery would, of course; benefit from any mesh size increase;
however, since it accounts for a relatively small propcrtion of
the total, gains to it would only partly compensate for otter
trawl losses. Maximum total landings by all gears would probably
be realised at a mesh glze no higher than 5 inches.

These assessments depend critically on the estimate of
natural mortality rate. If this is less than the 0.20 assumed
in Table 7F; maximum yileld per recruit at present levels of
fishing may be realised at mesh sizes up to 5% inches. However,
1f M is higher, losses would result from any increase beyond the
present 44 inches, 1In this last case there may even be small
gains from a reduction in the mesh to 4 inches, 1In all other
cases, however, meshes smaller than those currently in use would
result in long-term losses to the fishery.
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Table 7F. Divigsion 4VW. Mesh assessments for haddock
Mesh % change 1n 1955 to 1958 landings
size 1o te Long-term for an
change Gear 0.50 | 0,60 [0.67 | &
(inches) (em) (yr) | Group |Immediate 0,20 | 0.30 |[0.40 |F

From 4% to 1.7 2.00 0,20 0.20 0.20 M

oT | +6 -2 =4 -8 -
L Other 0 -4 -7 ~11
Total +5 -2 -5 -9
oT -8 -1 1 2
5 43.8 | 3.45 | Other 0 5 6 6
Total -7 0 2 3
oT -25 -6 -2 1
5% 4.9 | %.35 | Other 0 8 9 10
Total =20 ~t 0 2
oT 43 -15 =10 -5
6 50.0 5.20 Other 0 14 16 18
© | Total =37 =11 -6 2

7. Redfish
(For Divisions 4V, W, X see Section 8.4).

74,1, Divisions YR, 8 apd T

This redfish fishery, carried on only by Canada and the
U.5.A., was begun in the early 1950's. The landings increased
rapldly to a peak of 50,000 tons in 1955 and thereafter declined
to 23,000 tons in 1958 (App. I, Table 7.3). Of an average annual
landing of 38,000 tons during the period 1955-58, Canada took
45 percent and the U.S.A. 55 percent (Table 7G).
Table 7G. Divisions 4R-5-T; average annual redfish landings ('000
metric tons) for the period 1955-53.
— Canada (M) |Canada (Nfld.) U.S.A. Total
12,4 4.9 21.1 38.%

7.2, In the absence of sufficlent age composition data, an
estimate of Z was obtained from length compositions. In Fig. 7.15
are shown the length compositions by sex of the redfish landings
per ten hours fishing by Canadlan trawlers in Divisions 4R and S
for the years 1954 to 1958. For all years and for both sexes two
modal groups of redfish are evident, namely, a group of large
males and females which formed the basis of the fishery durilng 1its
early years, and a group of smaller fish which first became im-
portant In the:landings in 1955. An analysis of the relative
decrease from year to year in numbers of these groups gave esti-
nates for Z of about O.% for each sex and each group (Fig. 7.16)
and this value was used in making the assessments.

743, Up to 1955 there was very little fishing on this stock

and the catch per unit effort for both Canadian and U.S.A. trawlers
was high. Subsequently there has been a gradual decrease in
landing per unlt effort to about one-half the 1953-55 level by
1958 (App. I, Table 7.4%). From 1956 to 1958 there has been a

25 percent reduction in total effort. This serles of catch and
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effort data 1s not adequate for separation of Z into its component=
and long-term assessments can only be made by taking a range of ¥
For these assessments values of M of 0,1, 0.2 and 0,3 were used -
(E = 0.75, 0.50 and 0.25, respectively).

744, Annual length compositions of landings by Canadian and
U.8.A. trawlers were averaged for the period 1955-58 and com-
bined for use 1n making the assessments (Fig. 7.17). The length-
welght relationships are from unpubllished data of the St. John's
Biocloglcal Station. The growth curve (sexes comblned) 1s that of
Sandeman (1959). The selection ogives are given in Appendix II.
The assessments are given 1n Table 7H.

Table 7H. Diyisions 4R, S, T: Mesh Assegsments for Redfish

Mesh . . . % change in 1955-58 lgndings
size Country Long term for
change ¢ ¢ (percent 0.25 0.50 | 0.75 B
(inches) (em) | (yr) of total [|Immediatq 0.10 | 0.20 | 0.30 F
From 3 to | 27.% [1l.2 landing) 0,30 | 0.20 | 0,10 M|
L 28.3 |11.8 | Canada (45%) | -4.6 2,7 | =0.6 | +L.6 -
U.S.A. (55%)
1‘1"5‘ 29.8 13.2 -15 -1095 "5'-1 +106
5% 35.4 | 22.2 -55 |51 41 | =19
6 38.6 P30 =73 th}calculﬁted

It appears that an increase in mesh slze to four 1nches
would cause only a slight long-term change in landings for a wide
range of the E values., For a Y4¥-inch mesh there would be appreci-
able long-term losses unless E was about 0.7 or higher. For mesh
sizes of 5 inches and larger there would be moderate or substan-
tial long-term losses for all values of E consldered.

7.5 7 Flaice

The Canadian otter trawl fishery of Division 4T takes o
Important quantities of plalce. In recent years annual landings
have averaged about 5,000 metric tons, equal to about one-fifth
of the otter trawl landings of cod from the Division (Table 7A).
The data avallable are insufficient for calculations of mortality
rates, but Fig. 7.18 shows the length composition of recent
catches and landings, together with selectlon curves for 44 and
6-~inch meshes., It 1s apparent that in the present fishery very
large numbers of plalce are discarded, many of which may be killed,
Increases of the mesh slze up to 6 inches would, however, not lead
Yo significant immediate losses to landings. If discarding prac-
tlces remained as they are.at present, any increase in mesh size
gguﬁg evidently result in long-term galns at present levels of

shing.
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SECTION 8 - SUBAREA 5

—del, The Fisheries

8.1.1. The fishery in this subarea has been carriled on for
hundreds of years, almost exclusively by New England fishermen.

It was not until about 1830, however, that any conslderable
quantities of groundfish were landed. In the early days, the fish-
ermen were primarlly seeking cod, but haddock were always found in
great numbers, particularly on Georges Bank, and supported a good
winter fishery. At first, hand lines, flshed from the decks of
‘the schooners, were used to catch most of the codfish, but hand
lining from dorles proved more efflclent and became the prineipal
gear., Trawl lines, set from dorles, were the most common gear for
haddock and white hake. Later, line trawling from schooners was
developed, and a few small inshore line trawlers are still 1in use.
Landings of haddock increased through the early 1900's, while those
of cod declined so that by 1910 the two were about equal. The
flshery for whlte hake declined, while pollock landings gradually
increased. About 1924, the packaging of fresh and frozen haddock
flllets was developed, and there followed, within slx years, an
almost threefold increase in landings. They decllned just as
rapldly in the next six years, but then stabllised near the level

_ of present landings. Cod landings continued to decline. The
whiting and redfish fisheries developed rapldly after 1935. 1In
1905, the otter trawl was introduced into New England, and by 1929
this type of gear had become the primary component of the fishing
fleet.

8.1.2. Landings in recent years (Table 8A) have been taken almost
exclusively by Unlted States otter %trawlers. The fishery for cod
and haddock 1s concentrated on Georges Bank. Redflsh are caught
in deep waters, primarily in the Gulf of Maine. Silver hake form
an inshore fishery. Haddock, redfish, cod, yellowtall flounder,
and pollock are the principal specles.

Table 8A. Subarea 5. Average of 6-1958 annual landings, by gears

and specles (thousands of metric tons).
Sink gill
Species Gear Otter trawl Line trawl nets Total
~-uod 13 1 1 15

Haddock 52 1 + 53

Redfish 20 o 0 20

Witeh 1 0 0 1

Yellowtail 10 0 + 10

Lemon solel) 1 + 0 1

Blackback2) 6 + + 6

American plalce 2 + 0 2

Fluke 3 0 0 3

Pollock 9 + 1 10

White hake 1 1 + 2

Red hake 2 0 + 2

Silver hake 48 + + 48

Total 168 3 2 173

1) Large winter flounder. 2) small winter flounder.

8.2. Cod

—8.2.1, Annual landings of cod fluctuated between 35 and 65

thousand metric tons in the period 1893-1910, dropping to about
20 thousand metric tons in 1915-16. Landlngs rose again to about
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%0 thousand tons in 1930, after which there was a gradual decreas-
to 11 thousand tons in 1953, the lowest on record. The present
level of catch 1s about 15 thousand tons (Fig. 8.1). Since about —
1930, almost all cod have been caught by otter trawlers, which,
since 1953, have been required by law to use a cod-end of not

less than 44-inch mesh. Discarding is not prevalent.

8.2.2. Tagging studies (Schroeder, 1930; Wise, MS) have indicated
that the Subarea 5 cod stocks do migrate into southern coastal
waters to some extent. There 1s no evidence of any significant
mixing with stocks in Subarea % and a large enough degree of auto-

nomy seems to be malntained so that a separate assessment of these
stocks 1s warranted.

8.2.3. - Fishing effort for cod was derived from the fleet of otter
trawlers fishing primarily for haddock on Georges Bank, the same
as was used for haddock in sectlon 8.3. About two-thirds of the
cod are caught by thils fleet. Estimates of effort and landings
per unit effort have been obtained since 1931 in the same manner
as for haddock (Rounsefell, 1957) (Fig. 8.1). The average annual
landlng per days fishing (by weight) was found to be negatively
correlated wlth a three-year moving total of effort (the annual
total effort plus that of the previous two years) over the perio
1933-1958 (R = .73, P = 0,01, Fig. 8.2). This indicates that -
fishing has had a signiflcant effect on the stock abundance; and
from Flg. 8.2 1t appears that the range of effort experienced has

reduced the stock to about of its unfished abundance,
8.2.%., Assessments were based on data of length and weight com-

position of otter-trawl landings for the years 1956-1958 (Fig. 8.3).
Dlscards of cod were negligible. The growth rate was taken from
the curve published by Schroeder (1930). Selection curves
(Appendix II) were taken from Clark, McCracken, and Templeman
(1958); the selection factor is 3.5 for all mesh sizes. An esti-
mate of Z = 0.55 was obtained by an iterative method utilising the
Instantaneous growth rate and average weights of the exploited and
pre-recrult stocks (Ricker, 1958, p. 203). Sultable data are not
avallable for estimating either M or F. Three combinations of F
and M, F = 0.23; M= O.g' F=0.35, M= 0,2; and F = 0,45, M = 0.1
(BE = 0,45, 0.6%, and 0. é, respectively), were used in making
assessments, 1t being likely that the true values are within this
range. From the slope of the regression of Fig. 8.2, E may be
considered to be near the upper limit of thils range.

8.2.5. Immedlate and long-term changes in landings, calculated by
Gulland's method, are given in Table 8B. Increasing mesh size to
5 inches would result in negligible long-term changes in landings
for any of the E values, but wilth a mesh size of 6.0 inches pre-
dictions range from moderate losses to moderate gains.

Table 8B. Subarea 5. Mesh assessments for cod. 0T, U.S.A.

Mesh % change from 1956-58 landings
slze 1. to
change O.45 0.6% 0.82 B
(inches) (em) (yr2) _|Immediate| 0.2% 0.35 045 F
From 4.5 to L4, 7 2,28 0,30 0,20 0.10 M
545 46,7 2,42 -15 =k +1 +5
6.0 47,5 2.47 -25 -5 +3 +11
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Haddock

Landings gradually increased through the late 1800's and
early 1900's, totalling about 4O thousand tons annually by 1920.
There was a éremendous increase in landings during the 1920's,
reaching 133 thousand metric tons in 1929, followed by a rapid
decrease to about 35 thousand tons in 193%. Since then, the
effort has stabllised and landings have fluctuated between 45 and
65 thousand metric tons (Fig. 8.4). Since about 1930, the fishing
fleet has consisted almost entirely of otter trawlers, wilith only a
few 1ine trawlers still in operation. The Georges Bank fishery
contributes by far the majority of the catch. Since mid-1953,
otter trawlers filshing for haddock have been required by low to
use cod-ends with a mesh not less than 43 inches. This has effec-
tively eliminated the discarding of small fish by this fleet.

A recent study of vertebral counts (Clark and Vladykov,
1960) and comparlson of size composition of catch from Georges and
Browns Banks (Schuck and Arnold, 1951) have indicated that the
stocks of haddock in Subarea 5 form an autonomous unit.

Collection of landings per unit effort and size composition
of landings data began in 1931 (Rounsefell, 1957). The regression
of average annual catch per unit ocn three years! effort for the
1933-%%5 perlod (Fig. 8.5) shows a significant negative correla-
tion = =,57;, Pe <,01) demonstrating that fishing has had a sig-
nlficant effect on the abundance of the stock. A total mortality
of Z = 0,6 has been estimated from data of average abundance of
successive ages In the landings (Graham, 1952). Values for M and
F have been quoted as being about 0.2 and 0.4 respectively (B =
0.67) for the levels of effort in recent years. Firm estimates of
these coefflclents have not been obtalned, however, and the values
of M=0.,1 and M = 0,3 (E = 0.83, B = 0.50) have also been used for
the assessments. '

Immediate changes in landings with changes in mesh size
were calculated from data for the average size compesition of catch
in 195%, 1957 and 1958 (Fig. 8.6). ILong-term changes were calcu-
lated from these same data by the Gulland method, and from the
ylelds per recruit by the arithmetic method, based on the age com-
position of catch of the 1952 year-class (an exceptionally strong
onej. Selection curves were taken from Clark et al. (1955)
(Appendix II). Results of these calculations are given in Table 8C.

An increase 1n mesh size up to 5 inches would cause only
small long-term changes in landings. For increases of mesh size
up to 6 inches, estimates of changes In landings include both
appreclable losses or galns, depending on the value of E; thus pre-
dlctions of the effects of such increases in mesh size are uncertain.

Subarea 9. Mesh assessments for (U.S. otter trawl) haddock.

Mesh
size

inches)

£ change from 1954, 1957, 1958 landings
Long~term for .
O. 3

"0.67
0.50

1 to

(yr) [Immediate

From

.5 to

=

0.40
0.10

2,03 0.20

De
e
6

o W\ O

A B A B
+2 +5
+9 +1k

+1l +21

40,0 | 2.27 L o
42.2 | 2.60 -32

’+]+e7 3-01 -}'I"8

-3 0
-8

A = "Ggulland® method. "ArithmeticY method.
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8., Bedfish, Divisions 4V, W and X and Subarea 5
8.h.1, The United States fisherles in these areas, which began 1 _

the mld-1930's, include catches from a number of fishing grounds.
Fishing in the earllest years was concentrated in the Gulf of
Maine (Dlvislon 5Y), but later spread to the Nova Scotia Banks
(Divisions 4V, W and X). In Subarea 5 (Fig. 8.7) there was a
sudden increase of landings in 1941, followed by a decline until
the early 1950's, when they became relatively stabilised at a com-
peratively low level., In contrast, U.S. landings from the Nova
Scotia Banks made thelr greatest increase in the mid-19401ts, with
a sharp decline in 1952 (Fig. 8.8). There was, at this time, a
further shift in effort to the Newfoundland Banks. Landings from
the Nova Scotia Banks began to increase again in 1956. The succes-
slve shift of fishing effort to more productive grounds after de-
clines in the catches closest to American landing ports suggests
that the flshery has been reducing the stocks, at least to the
polnt where it is more profitable to fish more distant virgin
stock.

8olkaiz, This Interpretatlon of the course of the fishery is not,
however, strongly supported by the trends usual for other species
in catch=-per-unit-effort and size composition of catch., Gulland
(1959) points out that there is a rather weak relatlionshlp betwee
catch-per-unit-effort and filshing effort in the Gulf of Maine;
moreover, the average length of the fish in most areas has not con-
3lstently decreased in the manner that might be anticipated if
fishing had been the major influence affecting the stock. One of
& number of theorles developed to explain these anomalles postu-
lates that they may have occurred as the result of successive
exploltation of relatively small, self-contalned stock-units of
redfish within each of the main fishing grounds. In such a case,
the course of the fishery reflects a series of segments of histo-
ries of Individual stocks, which might differ markedly from the
history of the exploitatlion of a single stock.

-

8.b,3, To test this hypothesis, unpublished length-frequency data
of the U.S., Bureau of Commercial Fisheries, Bilological Laboratory,
Woods Hole, Mass., for the U.S. statistical subdivisions of the Gulf
of Maine have been examined., For the years 1938 to 1957, no marked
decrease in modal or mean length was revealed, such as might have
been expected to occur as a result of the heavy fishing effort from
1942 to 1951, This 1s true for both the southern (U.8. statisticr"
area XXII G) and the northern (U.S. statistical area XXII B) sect
of the Gulf of Malne. T

Bl ke, Length frequencies for the western Nova Scotia fishing
grounds (unpublished data, U.S. Bureau of Commercial Fisheries,
Woods Hole, Mass.) in Division 4X near Cape Sable (U.S. statistical
subdivision XXI 0) were also examined. In contrast to the Gulf of
Maine data, length frequencies of the U.S. catches from this ground
do Indicate response to filshing pressure, 1.e. there was a decrease
in modal length from the near-virgin condition of 1936. Before and
during the development of the fishery, three different levels of
effort were maintained long enough to measure the reactions of the
stocks thereto: (1) the near-virgin period prior to 1936, (2) the
high effort level from 1948 to 1952, and (3) the lower effort level
from 1953 to 1957. Estimates of Z were calculated from the length
compositlons in each of these periods, and the average growth rate
for the entire period (unpublished data, U.S. Bureau of Commercilal
Fisherles, Woods Hole, Mass.) (method of Ricker, 1958). The
following estimates of Z were obtalned:

Period: Z Effort (boat-days per vear)
Before 1936 0.25 2
158 - 1835 0.0 6, 31,3 ~
1953 = 1957 0.35 1,639

Average values of fishing effort for the corresponding pericds are
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.ratee were used for-males and females.
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also glven abovs.

Rather small changes in Z are observed desplte relatively
large changes in effort. An estimate of natural mortality of 0.28
was obtained from the regression of Z on effort. With effort
levels of about 2500 days in recent years, the estimates are
Z =0.,33 and F = 0,05.

In the Gulf of Maine, area XXII F presents the largest
range of effort levels with which to perform an analysils =similar %o
that above. Effort data have been collected since 1943, and three
periods of relatively stable effort levels at differing magnitudes
have been utilised. The length frequencies of the terminal two
years of each period, and the growth curve published by Kelly and
Wolf (1959), were used to estimate total mortality; the method out-
lined by Beverton and Holt (1956) was emgloyed. Different growth
he estimated values of Z

“’and average effort (days fished) are listed below:

8.k4.6.

8.k, 7.

Table 8D.

Period Z Average effort

1943 ~ 1947 040 1,790
1048 - 1952 0.52 2,66
1953 - 1959 0.38 1,452

A regression of Z on effort provided an estimate of natural mor~
tallty of 0.18. With the recent effort levels of about 3500 days,
Z = 0,60 and hence F = 0,42,

Considering the imprecise nature of the caleulations and
the dlsparity of the resulting estimates of mortality, assessments
were based on values of M of 0.1 and 0.3 and several values of F
(see Table 8D). The average length frequencies of the 1957-1959
landings (Figs. 8.9, 8.10) were used; discards were assumed to be
néiligible. Selectlon curves were taken from Clark, et al, (1958)
( Appendix II)},

Assessments of the immediate and long-term effects on the
otter trawl catches of increasing mesh size are listed in Table 8D.
These suggest that Increases of mesh to 4 inches or abowve in the
Nova Scotla fishery are lilkely to result in long-term losses, and
that these would be substantial at mesh sizes larger than 4 inches.
A small gain to the Gulf of Maine fishery might result from an in-
crease of mesh to 4 inches, but larger meshes would produce sub-
stantial losses here also, unless the true value of M ig in the
region of 0.1.

Divisions 5Y and 4V, W, X. Mesh assessments for redfish.
(U.8., otter trawlss.

Division

Mesh % change in 1957-1959 landings
size 1o Long-term for

change Immediate [0.50 | 0,67 | 0,83

(inches) (em) | ¢ 0,30 | 0,40 ] 0.50

From 2.75 to 0.30 |0.20 | 0,10

ot
Q

5

="M

5Y
(Gulf of
Maine)

2
L,0 2 =24 -6 +2 +g
4,5 3 =47 =23 -10 +
5.0 3 -69 =50 =32 -3

N0 [N
o - »
AN O | COhes

e

Jova
wcotia)

0,25 0.75
0,10 0.30

From 2.75 to 20,2 0.30 0.10

= b

-39 -29 +2
~61 ~51 -5

T -F
oMo

o

o

L ]

o
o
el el e

L ]

o o~

~79 =72 =17
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8.5. Yellowtail flounder

8.5.1. " The yellowtall fishery began to expand in the late 1930's-
and early 1940fs as a result of a dée¢line iIn abundance of the
winter flounder and the demand for food during World War I1I.
Landings reached a peak of 31 thousand metric tons in 1942 and
gradually declined to about 6 thousand tons in 1954, Part of the
decrease In landings was because of a shift of effort to the in-
dustrial fishery. Landings increased to 15 thousand tons in 1958
(Fig. 8.11). Considerable discarding of small fish 1is believed to
occur; however, no information as to the amounts discarded or thelr
length compositlions has been obtalned. Yellowtail are exploited
almost exclusively by a fleet of American otter trawlers, under
75 gross ‘tons, except on Georges Bank, where some vessels up to
100 gross tons partlclpate. Four stocks were ldentified by Royce
et al. (1959). Of these the Southern New England, Georges Bank
and Cape Cod stocks lie within Division 5Z; the Nova Scotla stock
is in Division u4X.

8.5.2. Comparison of flshing effort with indlces of abundance for
Division 5Z (Lux, MS) reveals a slgnificant correlation only for
Georges Bank. This finding is in accord with Royce et al (1959)
who for the Southern New England stock ascribed the observed rel
tlon between fishing effort and total mortality (as deduced from-—
age composition) to the effects of changing availability. They
concluded for this stock that "Many of the documented facts about
the yellowtall populatlons are not in accord with theoretical
changes caused by heavy fishing".

8.5.3. Since the period covered by the studies of Royce et al.
(1942-1949), the relative importance of the Georges Bank fishery
has lncreased greatly, and 1t now yields about one-third of the
total catch of thls specles 1n the subarea. The regression of
abundance on the 3-year movling average of effort for this area
indlcates a relation, and the coeffilclent of correlation 1s sig-
nificant at the 0,01 level (Fig. 8.12).

8.5.k. The mortality rate for Subarea 5 was estimated from average
welght frequencies of catech in the years 1957-1959 (Fig. 8.13), and
the growth curve of Royce (1959) (method of Ricker, 1958), the
value of Z = 0.65 being thus obtained. Since the value of M is
unknown, calculations were made using values of 0.1, 0.2 and 0.3.
covering a range within which it 1s assumed the true value of tt
parameter lies, having regard to the low values estimated in oth..
flatfish flsheries (e.g M = 0,1; North Sea plalce, Beverton and
Holt, 1957). Assessments of long-term effects and of immediate
effects are given in Table 8E.

Table 8B, Subarea 5. Mesh assessments for Yellowtail flounder.

Mesh % change in 1957-1959 landings

slize 1, t Gear Long-term for
change c : O.5% [ 0.69 [ 0.85 | E
(inches) (cm) | (yr) |Country |Immediate| 0.35 | 0,45 | 0.55 | F
From 4.5 to 31.3 2.3 ' 0.30 0.20 | 0,10 | M

Trawl.

5.0 31.3 2.& (US) -1 0 0 0

5.5 31.9 | 2. " -6 0 +2 +3

6.0 33. 7 2.8 n "21 ""+ +2 +7

The assessments indicate that there would be little char
in the long~-term landings for mesh sizes up to 5% inches, but a. .
6 inches the direction of predicted changes becomes dependent upon
the value of E. Since there 1s extensive discarding with the #g
inch mesh in use, benefits of a larger mesh are likely to be
greater in fact than here calculated.

E4



6.

V-6ol-

8.6.2.

8.7.
T 7.1,

8- 7. 2.

- 45 -

S1lver hake

The fishery for sllver hake began to expand rapldly about

1935, Landings for food reached a peak of about 57 thousand metric

tons in 1957. In addition, a large industrial fishery developed

about 1950, landing signiflcant amounts of silver hake which are

not separated from other specles in the landlngs statistles.

?mall and medium otter trawls are the only gears employed in this
ishery.

Total mortality was calculated from 1957-1959 (Fig. 8.14)
wolght compositions (Ricker, 1958). An estimate of 'Z = 0.45 was
obtalned., There are insufflcient data to give any reliable indi-
cation of the magnitudes of F and M for this specles. The present
mesh size 1s 2% inches.

Immedlate effects of mesh change and break~even values of E
were calculated; the results are given in the Table 8F below.

Table 8F. Subarea 5. Mesh assessments for silver hake.

Mesh size %4 change in Break-even
change (inches) landings (1957-1959) value of
from 2.5 to Immedlate E at least
I+.O '-LI"O
4.5 -gl
5’.0 - 9 ' 007
5-5 "96
6.0 -99

‘Break-even value of E 1s quite hlgh, indicating that a
heavy fishing rate would be necessary for larger mesh sizes to pro-
vide any long-term galn. With the mean selection length of 32.0 em
for the 4~inch mesh, practically all male silver hake would be
eliminated from the catch,

Minor speciles

Growth rates are known for only two flounders of this
group of specles, and estimates for Z for them have been made
using welght compositions for two recent years (Figs. 8.15 and 8.16)
and are ag follows:

Species p4
Winter flounder 0.80
Summer flounder 0.25

Length composition of landings of the remaining species are por-
trayed in Figs. 8.17, 8,18, £.19 and 8.20.

No direct separatlon of Z into components 1s possible for

any of these specles, but immedlate effects of a mesh change are
given in Table 8G.
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Table 8G. Subarea 5. Mesh assessments for minor specles.

Present Percentage lmmediate change
mesh for mesh slze
. size

Specles (inches ) 4,0 | 4.5 | 5.0 | 5.9 | 6.0

Flounders: ¥

’ .. .

Winter flounder 4,5 0 o |+ -1 -3 -7
Summer flounder L5 +1 0| -2 -6 | =13
Witeh 4.5 0 0 0 0 0
Red hake 2.0 -61 | -82[.-93 | -98 | =99
Eelpout 2.0 el5 | =26 | B3 | «50 [ =74
Spiny dogfish 2.0 0 -1 | -1 -1 -2

9.1.

9.2,

9.3,

SECTION 9. HALIBUT

Statistics of landings are avallable for the U.S. from
1893, for Canada from 1910 and for other countries from about
1930, Several perlods of rather high landings are apparent, the
first being during the U,S. fishery at the end of the last century
In Subareas 3, 4 and 5. A second consplcuous period is durlng the
U.K. speclal halibut fishery in the Davis Strait around 1930 in
which Norway also took some part. At these times the abundance of
halibut was probably higher than at present, but there are no data
to show whether, or to what degree, such changes have resulted
from fishing.

Norweglan long liners now land about one thousand tons
annually from Subarea 1. In Subareas 3 and % Canadlan long-line
landings are 2 to 4 thousand tons. Besides these speclal halilbut
fisherles, minor quantitlies are taken as by-catch both in trawl
and long=-line fishing in all subareas. In Subareas 3 and 4 the
incidental landings by trawlers have increased considerably from
1952 to 1957 (113 to 946 tons in Subarea 3; 176 to 307 tons in
Subarea %), This by-catch is more slgnificant than would appear
from the landings because the slzes of halibut caught in these
fisheries are much smaller than in the special halibut fisheries.-

There 1s very little information about the blology of
halibut in the ICNAF area. Canadlan marking experiments do not
show many long distance migrations, The results of Norweglan
marking experiments at the Davis Strait and Newfoundland Iindicate
that the flshery in Subarea 1 is based on a separate West Greenland
stock, while that in Subareas 3 and 4 exploits another stock (or
possibly two different local stocks). Although most tagged halibut
have been recapiured rather near to the place of tagging, some long
migrations of larger fish have been reported, for example, from
Subarea 4 (Gulf of St. Lawrence) to Iceland:; Subarea 5 (Georges
Bank) to the Grand Bank (U.S. data, see Serial No. 743, 19603;
Labrador to West Greenland (Norwegian data); and also within the
Northeast Atlantlc.

Length compositlions of some Norwegilan long-line catches are
available from Subarea 1. Canadian data are avallable for composi-
tlons of landings by commercial size categorles for some years, and
for length and age-compositlons of research vessel catches.

The upper limit of slze of halibut is about 260 cm for
females and 170 cm for males. 1In the special halibut long-line
flsheries most fish caught are from 90 to 200 cm and from 10 to
29 years of age. The average weight of the halibut landed from
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the Canadian offshore fisherles was as estimated from market cate-
gory data as approximately 52 1b (23.6 kilos) in 1950 and 59 1b
(26.8 kilos) in 1952, Average welghts in Norwegian long-line
catches from West Greenland were 17.7 kilos 1In 1955, 29.8 kilos in
1956, 22.3 kilos in 1958, and 24.7 kilos in 1959, Halibut caught
incidentally in other fisheries seem generally to beé of much
smaller slzes than these., Thus in 1951 about 40 percent of fish
In such landings in Canada from Subareas 3 and 4 welighed less than
12 1b (5.5 kilos). The high vulnerability of small halibut to
trawls and cod-llines 1s partly due to the selectivity of these
gears and partly to the tendency for young halibut to move into
shallow waters during spring and summer.

Information on mortality of halibut in the ICNAF area 1s
scanty. If, however, the average weight (24+.2 kilos) of halibut
In the samples from the Canadian and Norwegian fisheries can be
taken to represent the average size of fish caught in the special
halibut fisheries as a whole, 1t is possible to calculate the
optimum size of fish at first capture (Wy) which would result in
the best long-term yleld, depending on the value of E, Thus,

Glven in Table 9A are values of W[, (and of the correspond-
ing length Lp) for a wide range of values of B:

Hallbut: optimum size at first capture corresponding to various

values of E.

E 0.75 0.67 0% 0.33 Q.16
W, (kilos) 18.1 16.2 12,1 8.0 4.0
L, (em) 113 109 99 88 72

The actual value of E probably varies considerably in dif-
ferent areas, but values less than 0.5 seem improbable, especlally
since natural mortality 1s likely to be low for the sizes of fish
considered here., Thus the few tagging data suggest that fishing
mortality coefficient 1s at least 0.1, and the age-compositions
suggest that Z may be about 0.15 (i.e. B . The
limiting value of size below which there would be a gain to the
speclal halibut fisheries by releasing fish is thus probably at
least as high as 100 cm. PFor the halibut fisheries as a whole
(Including incidental ones) the 1imiting size is somewhat lower
because of the smaller average size of the by-catch-halibut.

No mesh increase of the order that might be contemplated
for the other specles could be expected to have much effect on
halibut landings. The only way of improving the halibut fisheries
would seem to be to save the smaller halibut at present taken as
by-catch in the cod and haddock fisherles. Whether this is practi-
cable depends critically on achieving an adequate survival of the
small flsh by discarding those below a minimum size 1imit. These
are questions which need study, and some specific proposals for
further work are given in Section 13. In this connection the
Group noted that, especially if size limits were contemplated, it
would be necessary to consider the halibut fisheries in the
Northwest and Northeast Atlantic together.
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SECTION 10, SUMMARY OF MESH ASSESSMENTS

The mesh assessments gilven in the preceding sections
are summarized in Table 10A; which gives the percentage chang
in landings by trawl and other gears in each of the "fishery
units" used (Sub~areas,; groups of divisions or divisions).

For compactnesss a single value of Ey thoughtto be the most
probable, has been used, and is shown in the last column of
Table 10A; this 1s usually the central value; but in some

cases it does not coincide exactly with any of the particular
values quoted earlier which have been taken to cover the likely
ranges Also shown is the quantity; in thousands of tons; landed
annually by each gear in recent years; these are usually the
same quantities as those on which the earlier assessments are
based. Unavoidablys, 1n summary tables of this kind, space is
created for entries which are either uncertain or lacking
altogether, and the following conventions have been used %o
meet these situwations:-

( ) estimate uncertain
6 no assessment available
- no landings

Further notes on this and other summary tables of
this section are given in para. 10.8 .

From the data of percentage change and landings given
Table 10A, the actual gains or losses (in thousands of tons)
have been calculated for each mesh change in each fishery unit.
these are given in Table 10B, which can be used as the baslis
for combining assessments for various mesh sizesy; epecles and
regionsy as may be required.

The effects of certain combinations of mesh size which
may be of practical relevance are given in Table 10C and 10D,
Two areas are considered; (a) the whole I.C.N.A.F. area (Table
10C) and (b) the "southern zone" consisting of division 3NOP
and sub-areas 4% and 5 (Table 10D). For redfish immediate losses
only are given because long~term assessments are not avail-
able for all Sub~areas. Immediate losses only are also given
for the minor species in Sub-area 5. The remaining entries
in the Table refer to long-term changes; but 1t must be
noted that Sub-area 2 cannot be included as no long-term
assessments are availlable for that Sub-area.

The top parts of Tables 10C amd 10D show the predicteu
effects of applying a single mesh size uniformly throughout
the area considersd (either the whole L.C.N.A.F. area or the
southern zone only).

For cody the total landings increase steadily with
mesh sizey a mesh of 6" giving a small gain of about 4% in the
whole area and a somewhat larger one of about 9% in the
southern zone. Trawler landings, however, reach their highest
point at intermediate mesh sizes (5" in the whole area; 53"
in the southern zone); and a 6" mesh actually gives a small
loss to trawlers in the Convention area as a whole. Other gearss
of coursey, gain increasingly as the mesh size of trawls is
increased.

For haddock; nearly all of which is taken by trawl
in the southern zone, there is a small gain with both 4} and
5" meshes; meshes of 53" and 6"; however, give losses which
become substantial at 6%,

The total landings of cod and haddock combined (by
all gears) show small gains for mesh sizes up to 53" in botL -
the whole area and the southern zones the loss of haddock
at 5%" being more than compensated by the gain of cod. With
a mesh size of 6", however;,; there is an appreciable losse.
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, 10A. SUMMARY OF MESH ASSESSMENTS (% CHANG:

Recent Averagel_ % chenge in landings resulting from an increase of mesh size to:— Waive Text
Stock |Annual Landi yEw | - 58 | & of para.
Unit|('000 metric T. Long-term Long-term Long-term Long-term E end
Species| Area| T O |Tob4 Imm. T Q Tot. || Imm. | T 0 Tot. | Imm. T 0 Tot. || Imm. T 0 Tot. || nsed] Table ref.
1 154 | 140 | 294| -0.5 o|+0.5 . -3 | 0.5 +3 | o1 f 8.5 -2 |+6.5| +2 ~14 4 Pp11,5| +3.50 0.5 | 4.2.4;48
2 24 | 12] 36| -2 . . . -8 . . . |6 . . . -35 . . . . 5.2; 5B
XL | 71 [161 | 232 -1 0| +0.5] +0.5 -2 0 +1 +1 | -7 -3 |+2.5 [ +1 -13.5] -7.54+3.5] 0 [0.6| 6.2.4;68
M 61 | 6] = . . . -10 . . . [-22.5 . . . -3ws .| . . . 6.2.5;:&
cop m | 6L]| 16| 77| -2 +3 | +5 +3.5 -5.5] +6 +12 +7.9-13.5 { +8 | 2.5 | +12 -22 +8 Pp38.5[+14.5} 0.6 | 6.2.6;&
k3 28] 371 65| 1.5 0|1 +0.5 -4 | +3 1.9 -11 4,5 +6.5 | +2 -19 | -10 P11 +2 [ 0.6| 6.2.7;68
4 1] 12] 13| o o| o 0 -2 | -1 +1 +1 || -6 -4 | s2° +1 -10 -8 |1 o |o.8]| 7.2.3;B
ww | | 18] 32| o o o 0 -2 | +2 | 4 +3 0 -7 +2 | -8 +5 -4 0 p12 +6 J0.6| 7.2.5;D
qpsT( 85| 69 |1s4ff O o| o 0 =2 | «3° +5 «4 | -8 o4 [+13 «8 | -14 *3 p19.5|+10.5] 0.7 | 7.2.4;7C
5 13| 2 15“ 0 o| o 0 -5 0 . (o) §-15 *2 . (+2) -25 4. .- (4.5] 0.7 | 8.2; 8
o [ 48| -| w]-13 || - | +0 -35 | +4 - | es 62 |24 | - |- | (—00)](-100| - (-moil 0.7 6.3; &
ko 23| 1| 24)-13) |[(+20)] . r(uo) (-35) |(+4) e | (¢u) K-62) |[(14) «  |(-1w) || (-200)|(-200) - [{-100} . as for 3O
e 1] 5| 194 o (o)} o 0 -7 | -3 | (0 . -2 -1a | (0) . -36| -16((0) . 0.6 7.3.2;7
BADDOCK| #vw | 23| 3| 26| O o} 0 v} 8 | -1 «6 | 2 =25 -2 | +9 0 -43 1 -10pr16 -6 [[0.6] 7.3.3:;7
yT 21 -1 2y . R . . . . . . . . . I . . . -
5 521 1| 53| o o[ © 0 ~14 | 1 (+1) | -32 0 . (o) -48 « {(-1) §0.7| 8.3; &
1 2| - 22" =7 B . -14 . - . §-25 . - . ~32 o - . . 4.3.454C
2 64| -| 64| 6 .l - . -18 . - . §-28 . - . -38 N - l- 5.3; 5B
XL| 8} -| 86 -5 N . -17 . - N 7 S - . -56 .| - - - 6.4; &
M 55| -] 55/ -10 .| - . -29 . - . |-53 . - . ~72 . - . f- 6.4; &
30 18 | -] l4f -56 . - . -76 . - . -89 . - . -95 ] - . . 6.4; &
BEDFISH| ¥ [ 4| - &f -16 .| - . -36 . - . f§-60 . - . -7 ] - e - 6.4; &
e 71 -1 71-61 ~51 | - |-51 -79 |-72 - | =72 (-95) . - . || (-100) .| - . {o0.25] 8.4; 8
ww| 20| -| 2of-61. |-51| - |-51 79 |72 - | =72 £-95) . - . | (-00) - . lo.25| 8.4; &0
wsrl 28| -] 28| =15 5| - -5 -33 |17 - | =17 [I-55 41 41 =73 | - . fo.5] 7.4; ™
5 20| -| 2 w7 10| - |-10 -69 |-32 -32 (-85) . - (-93) .| - . flo.71]8.4; &
4 3| 23| 26)) . . . . . . . . . . . I e |-
WwWw 9| 6| 15 . . . . . . . . . . . o] . . . .
OTHERS | 4RST} 11| 7| 18 . . . . . . . . . . . . ol o . . 7.5
5 83] 2| 85[(-53) . - . (-65) . . (~72) . . . (-78) I . . |(8.6;8.7
(8,8
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For trawlers only there is a gain for mesh sizes up to 5", a
small loss at 5%" and an appreciable loss at 6".

Jeh The lower part of Tables 10C and 10D sets out the
e predicted effects of applying different mesh sizes in various
parts of the Convention area., For this purpose the Convention
area has been divided into six regions, on the basis of both
stoek and fishery divisions, namely:-

Sub-area 1

Division 3y KLM
" s NOP
n s RST
" L, VWX

Sub-area 5

It is thought that these probably represent the greatest degree of
subdivision of the Convention area which it would be practic-
able to consider in this context. In each of these regions a

mesh size is chosen such that it maximises either the gain in
total landings or to trawlers onlyy and according to whether

the landings to be maximisej are those of cody haddocky or cod
and haddock combined. As mentioned above, Sub-area 2 1is not
considered because no long-term assessments can yet be made

for this Sub-area.

10.56 The actual mesh sizes which would be adopted in the
different regions accordin% to these various criteria are shown
in the left-hand columns. They range from 44", giving the best
gain of haddock to trawlers in the less heavily fished regions,
to 6", which gives the best gain in total landings of cod in
all regions except 3, KLM.

10.7 The resulting landings which determine the mesh size
used in each case {(l.e. cod,; haddock or cod and haddock) are
underlined in the table. Thus, the meshes chosen to maximise
the total landings of cod are mostly of 6" in sizey, so the
effects are much the same as those shown in the upper part of
the table for a uniform mesh of 6" throughout the area in
questiony i.e. a moderate gain in cod but rather substantial
losses of haddock. Correspondinglyif the mesh in each region
1s determined by the need to maximise the landings of haddocks
the size required is smaller.

)8 Meshes chosen to maximise the total landing of cod

— and haddock combined are more varialle (depending on which is

the more important species in the region in question). The gain
in these circumstances is still not large (because in no one
region is the potential gain large from any mesh up to 6",

under present conditions%, but it is appreciably larger than
the best gain which could be obtained by any uniform mesh. Thus,
the application of differential mesh sizes in the wvarious
regions of the I.C.N.A.F. area could produce a gain of 4% in
total landings by all gears, compared with 2% with the best
uniform mesh (5" or 53"); for the southern zone only the
difference is 5.5% to 3%. If trawl landings only are maximised,
differential mesh sizes could produce gains of 24 and 3.5%

in the whole area and the southern zonefespectively, compared
with 1.5% and 2.5% respectively from the best uniform mesh (5").

Explanatory notes on the summary tables of this section
are as follows:-
(a) No long-term assessments have been made for cod
in Sub-area 2, (36,000 tons = 3.9% of total cod)
Division 3M (6,000 tons = 0.6% of total cod)
Sub-area 5, caught by other gears (2,000 tons =
. 0.2% of total cod) -
(b) No long-term assessments have been made for fisheriss
for haddock by other gears in the following areas:-
EP (1,000 tons = 0.6% of total haddock)
X (5.000 tons = 2.9% of total haddock)
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11.1

11.2

11.3

11.%

- 5l -

LT (2,000 tons

1.2% of total haddock)
5 (1,000 tons

= 0.6% of total haddock) —_—
(¢c) Certain changes have been "estimated" although no direct
assessments are possible; these ares-
(3NO =(trawl) changes for a mesh size of 6"
Haddock (3P =-(trawl), taken as same percentage as for
3N0

(4X - immediate loss for meshes of 5%" and 6"
Redfish (L4ViW- " " n t ' 7] n on

(5 = n n n n n n n n

Other species ( - immediate losses are weighted average
in Sub-area 5 ( of values for individual specles given
( in Tables 8B and 8F

SECTION 11, EFFECTS OF CHANGES IN AMOUNT OF FISHING

The assessments presented in the preceeding sections
are strictly valid only if the amount and composition of the _.
fishing activity (e.g. the proportion caught by the various
gears, etc) remain unchanged. In this section some apprecia-
tion is offered of the effects that might be expected if these
conditions do not hold, and particularly if the fishing effort
changes.

Forecasts of future changes in fishing effort from
the 1958 level have been made by certain countries and are
summarised in Table 114, together with the corresponding .
catches taken in that year. As forecasts are lacking from a
number of countries, no quantitative estimates of future changes
in total fishing can be made, except for Sub-area 5 (fished
mainly by the U.S.A.) where no substantial changes in effort
are anticipated. Nevertheless; from such national forecasts
as are avallable, and having regard to the probable develop-
ment of factory and freezing trawlers, it is reasonable to
suppose that the fishing effort in most Sub-areas will tend
to increase.

Because of the lack of quantitative estimates of 1like.
future changes in fishing effort, and because calculations -
involving changes in effort are lengthy and make considerabls
demands on data, no attempt has been made to calculate in a
comprehensive way the changes in the mesh assessments given
earlier in this report which would be expected to result from
changes in effort. Certain general statements can, howsver,
be made for all stocks and these are illustrated by some trial
computations for certain fisheries.

The magnitude of the changes in landings brought about
by a paticular mesh Inecrease is governed by the proportion
(by numbers) of fish released by the larger mesh compared with
those retained. If this proportion is small, then no sub-
stantial long-term gain (on a percentage basis) can result,
howevery Intense the filshing or great the benefit from the
released fish. Thus 1t follows that, except where substantial
quantities of small fish are discarded at sea, large long-term
gains can be obtained only at the expense of appreciable
initial lossesy at least in terms of numbers of fish. Fisheries
in which the initial losses are small (e.g. cod in Sub-area 1
for mesh sizes up to 54" at least) cannot therefore be expect
to show any really substantial changes, even at much higher -
intensities of fishinge.
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Table 114,

Country Sub-area| Sub-area| Sub-area | Sub-area | Sub-area
Canada (M and|.' 3 28 355
| Q) + 6 tq + 24% in [trawling in all areas
Other {gears: no [change
Canada (Nfld) . 13 19k 28 -
- +150% No change
Denmark (F) Lk - L - -
No forecast
Denmark (G) 31 - - - -
No forecast]
France 2L 18 35 ”ﬁa -
No forecast
France(sto Po&M) - - - -
' ' No forecast o '
Germany (E) 1 2 1
No forecast)
Germany L5 24 2 - -
1961 ag 19605 no lother forekast
Iceland 14 33 Y - -
Probably little dhange
Italy 1 - 1 1 -
No change
Norway 37 - 7 - -
No forecast
Portugal 113 8 40 18 -
No foregast
Spain 27 2 7k 21 -
No forecast
U.5.5.R. - 13 103 - -
No forecast
U.K. 10 - . - -
+10% to little +100% to | A little
+40% fishing +200% fishin -
U.S.4. - 2 10 56 L6~
+25% - 10% to| -10%4 to | -10% to
-50% e No change

No chang

Fl
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11.5 The direction in which an increase in fishing effort
will influence the effect of a mesh change can be generalisec
A greater fishing effort will increase the total mortality —
rate and hence also the proportion of small fish in the
landings. The immediate loss resulting from a given increase
in mesh size will therefore be greatery but so also will the
gain from the released fish; since the proportion subsequently
recaptured (E) will also be higher than before. Thus, in
generaly the effect of increased fishing will be %o enhance
the long-term gains which result from a given increase of
mesh size. It 1s also true that the optimum mesh sizes i.e.
that required to obtain the maximum long-term catch, also
increases as fishing effort increases.

11.6 The effect of an increase in fishing effort in itself,
mesh change aparts cannot be generalised so readily. In a
lightly fished stock (E small%, increased fishing is likely
to increase the long-term catch; in a heavily fished stock
(E large) it may decrease it. The catch per unit effort,
however; will always decrease as fishing increases. If the
fishing effort of only one component of the fishery (e.g.
trawlers generally, or the trawl fleet of one country) -
increasesy then the percentage of the total cateh taken by
that component will always increasey even if the total catech —
does not.

1l.7 To illustrate these general points, assessments have
been made of the effect of changes of fishing effort on
cod in Sub-area 1 and haddock in Syb-area 5, For Sub-area 1
cody the trawl effort has been assumed to increase to twice
1ts present levels The new length compositlon of the catches
under these conditions has been calculated, taking three
possible dlvisions of the present total mortality rate into
its natural and fishing components. From the new length
compositiony the effect of an increase of mesh size from hin
to 6" was estimated using Gulland's method and compared with
the assessments given in Table 4B for the present level of
effort. For Sub-area 5 haddock, the expected age-compositilon
of catches corresponding to levels of total effort which are
50%s 75% and 200% of that at present have been calculated,
assuming that under present conditions F = Q. and M = 0.2,
The effect of mesh increase was then calculated by Silliman's
method on the basis of these new age-compositions.

——

11.8 Considering first the long~term effect of change in
fishing effort with the mesh remaining at its present size,
the long-term changes 1n catch and catch per unit effort for
Sub-area 1 cod and Sub-area 5 haddock are shown in Tables 11B
and 11C as followsa=

Iable 11B, Sub-area 1 cod, Percentage change in landings and

landings per it effort resulti from a

doubling of trawler efforts

Landings Landings/unit effort
(a) |(b) (c) (a ) 1 (b) (c)
Trawl 172 | 148 127 86 74 63
Other
gears 81 | 66 54 81 66 5
Total 121 | 102 86 v - -
(2) M = 0.3y present F (total)= Oel -
(b) M = 002’ " n " = Oo2
(c) M= 0,1 n n M= 043
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Sub-area 5 haddock. Percentage change in
landings and landings per unit effort

=andiugs and landings per unit eiiorg
resulting from changes in total effort
(as % of present level).

Table 11C.

Effort 50 75 100 200
(present)

Landings 86 95 100 102

Landings per

unit effort 172 130 100 51

These tables illustrate how, even in a lightly fished stock
(case (a) for Sub-area 1 cod), increased effort causes a
sharp decrease in landings per unit efforty; even when the
total landings increase. With a more heavily fished stock
than this (e.g. case (¢) of Table 11B or Table 11C),
doubling the effort can nearly halve the catch per unit
effort.

11.9 Table 11D and 11E show the effect of mesh increase
on landings under the conditions of increased fishing effort
specified in the preceeded tables. The effect of a combined
change 1n both fishing effort and mesh size from the present
situation can readily be calculated from these tables and the
two preceding.

Table 11D, Sub-area 1 cod. Percentage immediate and long-
term changes in landings resulting from an
increase of mesh from E}" to 6", at present
effort levels and with the trawler effort
doubled

(a) (M=0.3) (b) (M=0.2) (c) (M=0.1)
as at as at as at
Trawl effort presont [P0UPLed | prosent| DOuPled| oo o pt| Poubled
Immediatel -1 -16 -14 -18 ~14% =20
Trawl landingg -
g Long~-term -11 -10 -7 L -3 +2
Landings by (Immediate - - - - - -
other gears
Long=term  +& +8 +8 +17 +13 +27
Immediate =6 -10 -6 -12 -6 ~13
Total landings
Long-term -3 -3 +1 +3 +6 +11

Iable 11E.

Sub-area 5 haddock. Percentage immediate and
long-term change in landings resulting from

increases of mesh size at levels of effort

50%, 754 and 200% of the present

Mesh change Immediate Long-term change

from 43" to |change (F=0.4) F=0.2 |F=0.3 |F=0.%k(present)| F=0.0
Lm +5 0 _1 ) )
5" =14 -1 0 +1 +3
oam . -32 -2 +2 +i 3
6" - 8 _]+ 0 +l+ +15
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These tables i1llustrate the generalisations made in paras.

1l.4 and 11.5 namely that:- -

(a) The greater the fishing effort the greater the gain
from a given increase in mesh size.

(b) Where there is a long-term loss at present effort levels
this will be reduced, or even become a gain, 1f effort
increases.

(¢) The optimum mesh size increases with fishing effort.
Thus Table 11E shows that the optimum mesh is at 4" or
less at low fishing intensities (F=0.2)and increases
up to 6" or more at high intensities (F=0.8).

It is also worth noting from these tables that
where there is a long~term gain at present effort levels,
it increases roughly in proportion to the increase of
trawler effort when the immediate losses are not large,
but more rapidly when the 1lmmediate losses are higher,

The above analysis of the effects of inecreased
fishing effort are based on the supposition that the
distribution of fishing on fish of various sizes remains

unchanged. The decreases in cateh per unit effort followi.

such increases will, however, be much more marked among

the larger fish than the smallery and it is reasonable to
suppose that in an attempt to maintain their catch per unit
effort as effort increases, vessels will tend tc fish more
where the smaller fish predominate. In addition to this
redistribution of effort which might result indirectly
from increases in the amount of fishing, it 1is also
possible that freezing at sea and other developments in
fish processing may reduce the minimum size of fish which
is commercially acceptable. In either event, the conse-
uence would be that smaller fish would become relatively
and probably absolutely) more numerous in the catches, and
so make the fishery much more sensitive to changes in mesh
size. Although no quantitative prediction can at present be
made of these effectsy, they may well prove more critical
than the direct effect of increases in effort.

SECTION 12, OTHER METHODS OF REGULATION

In its terms of reference (para 2.1}y the Working
Group was asked to advise specifically on "e.. the minimu
fish sizes appropriate to the minimum mesh sizes postu- —
lated", and also to refer to..." the possible benefits to
be obtained by other conservation methods".

If most or all undersized fish which are caught
and then discarded at sea survive, a minimum size limit
could be a direct and effective alternative to mesh
regulation as a means of increasing the size of first
capture. This is probably true for halibut, if handled on
board with due care (see Sect. 9)y but for the main speciles
of the I.C.N.A.F. area (cod, haddock and redfish) it is
most unlikely that any appreciable number of discarded
fish would survivey especially if caught by trawl. If a
minimum legal size limit is to be of any conservation value
for these species, it must therefore serve one or other of
the following functions:-

(a) to discourage fishing on grounds which contain only

or mainly small fish of sizes it is wished to protect.

(b) To discourage fishermen from reducing their effective

mesh size below that prescribed by regulation, by causing
the extra catch which they would thereby obtain to consist

Tainlg or wholly of undersized fish which could not be
anded.

To assess properly the first of these possibilities
requires detailed information on the catches and catch per
unit effort of fish of various slzes, over quite small time
intervals, which distinguishes catches by individual
gﬁsse%s or groups of vessels fishing together. It might

en be
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possible to determine whether there are, indeed, particular
grounds from which substantial quantities of small fish
are taken and, equally important, whether there are
alternative grounds containing larger fish to which the
same vessels could move at that season without suffering
too great a decline in catch. In such cases, an appropiate
size linit might well be effective in encouraging vessels
to fish less on the small fish grounds and so produce an
effect comparable to an increase of mesh. A certain amount
of information of this kind is probably available for the
I.C.N.A.F. areay but it has not been asked for by the
present Working Group and could noty in any event, have been
processed or studied in the time available.

The second possible function of a size limit, that
of acting as an adjunct to the enforcement of a mesh
regulationy does nots of coursey arise unless the mesh
regulation could not otherwise be enforced, or enforced only
with difficulty. If other means of enforeing a2 mesh regu-
lation are ineffective, and smallgr than, legal meshes
(either actual or effective, s.g. by thé use of "blinders")
are in common usey it 1s presumably because there is a
market demand for small fish which are released by the
legal mesh. A size limit could, in such a cases; eliminate
the incentive to use any smaller mesh if it were set high
enough to cause most or all the fish released by the legal
mesh to be undersized. Unfortunatley, mesh selection is not
sharp and fish are released over quite a wide range of size.
Consequentlyy setting a minimum size equal to that of the
largest fish released by the legal mesh would result in
that mesh unavoidably catching many fish below the legal
minimum. All these fish would have to be discarded, and this
would cause a wastage which in certain circumstances might
well outweigh the gain to be expected from the legal mesh.

It was considerations such as these which led the
Ad Hoc Committee set up by the Permanent Commission in 1955
to conelude that they certainly could not recommend size
limit as an alternative to mesh regulation (Ad Hoc Report,
1957)+ They recommend that if size limits are thought to
be essential as an adjunct to the enforcement of a mesh
regulation by direct meansy they should be set at or near
to the 50% selection point of the legal mesh for the species
in question. On the assumptlon that thils could result in the
lagal mesh being used, the Committee gave some examples of
the extent to which such a size limit, if rigorously
enforced, would reduce the long-term gain which could other-
wise have been obtained from that mesh.

It must be concluded that to rely on a size limit
as the sole-means of enforecing a mesh regulation is of
problematic value, since its effect will depend critically
on how fishermen adjust thelr size of mesh in response to
it- which cannot be predicted with any certainty and may
result in substantial wastage. Given a reasonably good stan-
dard of direct enforcement, however, a size limit set at,
or near to, the beginning of the selection range of the
legal mesh could have some additional enforcement value
without involving much wastage. It would, for example, act
as a deterrent against any flagrant breach of the regulations
such as might arise from "blinding" of the legal sized cod-
end, a procedure which otherwise might not be easy to
detect.

On other methods of regulation it is possible only
to offer some general comments. The conservation effect of
any regulatory measure must either be to adjust the size
at first capture or to control the amount of fishing, or
possibly bothe Thus closed seasons and closed areas can, if
suitably choseny have the direct effect of protecting small

fish; they could also influence the total amount of fishing
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in an area, although not necessarily in the most eco-
nomic way. To evaluate these two methods would require
information similar to the kind specified in para. 12.3.

It is scarcely possibley in the present state of
knowledgey to make any detailed statement on the conser-
vation value ofy or need for; control of fishing effort
in the I.C.N.A.F. area. One general impression does,
however, emerge from the investigations on which this
report 1s based, namely that up to 1958 at least; the fishing
intensity on most of the stocks of cod and haddock could
be described as moderatey and not as heavy as in some other
areas of the North Atlantic. Thus it can be taken, as a
rough guldey that the long-term catches would be rather
insensitive to moderate changes in the amount of fishing,
either upwards or downwards, from the 1958 level. The two
examples given in Sect. 11 illustrate this point. As a
corollary, it follows that the catch per unit effort would
be expected to vary roughly inversely with the amount of
fishing. As mentioned in Sect. 11, however, assessments of
the effect of changes in the amount of fishing make greater
demands on data than do those of moderate changes in mesh
sizey and for many of the stocks in the I.C.N.A.F. area it
is not yet possible to draw any definite conclusions on
this question. —

SECTION 13. RECOMMENDATIONS FOR FUTURE WORK

While the assessments presented here are as good
as can be made with the information and methods at present
available, there are many gaps in data and knowledge which
need to be filled to make them more precise and reliable.
These needs may be divided into three categories.

(a) Collection of basic data (catches, discards, length
composition) where these are at present scanty or absent.

(b) Analysis ofthese basic data and other material to
give hetter estimates of the parameters used in the
assessments; in particular, the division of total
mortality into fishing and natural mortality.

(c) Study of more complex effects than those considered in
the simple models used; e.g. density dependence, and
environmental factors.

For the first it is possible to detall certain particular

items needing attention but for the others the recommen-

dations are of a more general naturs.

Basic data

Lenpgth compositions of landings. For purposes of
assessment it 1s necessary to have some information for

every significant component of each fishery. This infor-
mation is especially critical for: (i) gears other than
trawl which may be expected to be catching fish of sizes
differing substantially from those caught by trawl, (ii)
fisheries in which there are marked seasonal changes in the
sizes of fish caught or landedy; (1ii) trawl fleets among
which there are likely to be substantial differences in
discarding practice. The following instances have emerged
where more data are urgently needed:-

Cod
Inshore lines and traps in sub-area 2,
French trawl catches in all sub-areas,
Spanish otter and pair-trawl catches in sub-areas
3 and % (no data for pair-trawl, otter-trawl not
reported since 1957 and then only for sub-area 3)y -
Portuguese dory catches in Sub-area 3 (more contin-
uous coverage needed in all sub-divisions),
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Canadian line-fishery (mainland) in Sub-area k4
(fuller coverage needed), U.S. and Canadian otter-
trawl in Sub-area 4X (no U.S. data, fuller coverage
needed for Canadian). .

U«S.8.Rs trawl catches in Sub=-dlvision 3M: and also
age-composition dats for this suh-division and for
Sub-areas 1 and 2. (This stock 1s belleved to be
relatively very lightly fished at present, and hence’
cateh compositions provide an opportunity to estimate
M, which should not be lost).

Haddock

Spanish otter-trawl and pair-trawl in Sub-areas 3 and 4 (no
palr-trawl data, otter-trawl data reported only until 1957
and for Sub-area 3).

Redfish

Sub-areas 1,2 and 3 (no data for Icelandic catches; U.S.5.R.
data needed in 1 cm groups, and more intensive sampling by all
countries in Sub-area 1l). Sub-divisions 4Ry S; Ts Canada
(mainland). .

Halibut
Trawl catches in all sub-areas (length compositions needed to
assess possible benefit of size-limits).

Redfish catch and effort data
he Group concluded that to assess the effects of

fishing on the redfish stocks ‘it will be necessary to have
commercial statistics of datech and effort broken down into

the smallest practicable division of time and fishing grounds.
It was thought that information on fishing depth 1s especilally
important even if it can be collected only on a sample basis.

Mesh sizes in current use .

Information is required about the mesh sizes being
used in the unregulated trawl fisheries of Sub-areas 1 and 2,
and also in those trawl fisheries of Subareas 3% and 5 where
meshes larger than the regulation size are being used. This
information should be accompanied by descriptions of adapta-
tions of the gear which might greatly influence its selectiv-
ity, such as the use of double cod-ends and top-side chafers.

Discard data and age=-length keys

The Group recognises that I.C.N.A.F. 1s actively
promoting the collection and presentation of these data, and
wishes merely to underline the importance of this project and
to mention that the data of discards and age-length keys
already avallable have been of great value in their work on
assessments. Particular attention is drawn to the continuing
importance of obtaining detailed information about discards
in all components of the Sub-area 3 haddock fishery (there are,
for example, no data available at present for the Spanish
fishery) where the culling point is well into the size range
of fish in the catches and discarding practice may vary
greatly according to the composition of the stock at the time.

Estimation of parameters

Few of the parameters,; particularly natural mortality,
used in the assessments have been estimated with very great
precision. This lack of precision is particularly important
in some regions, either because the degree of uncertainty is
largey, or because the assessments are critically dependent on
the precise value of the parameter concerned.
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Stocks where doubt concerning the separation of total
mortality into its components seriously affect the assessment--
as shown by differences in the direction of the long~term
change in the assessment tablesyinclude;- —

Sub-area 2. Cod: No separation yet possible.

Divisions 3K and L. Cod: For 54" mesh and larger.

Division 3M. Cod: No separation yet possible.

Division 3P. Cod: For 6" mesh.

Divisions 3N and O, Haddock: 5" mesh and larger.

Divisions %V and W. Haddock: 54" mesh and larger.

Sub-area 5. Cod: All meshes.

Sub~area 5. Haddock: All meshes.
as well as redfish in all areas (though 1t 1s clear in some
that a mesh larger than 5" would involve substantial long-term
losses). One method of separating natural and mortality will
clearly continue to be the collection and analysis of series
of the basic data of catches, fishing efforts and mortality,
but this cannot easily be speeded upe. Tagging experiments
can give fair estimates of fishing mortality within a few
yearsj these are most likely to be useful where no estimate
of F is yet available (cod Sub-area 2, Division 3 M), or
where the possible values cover a wide range (e.g. two-fold
range for haddock in Divisions4V and W).

Other research projects,; specific %o particular stocks,
which would be useful in improving the assessments includes:-

(a) Cod (Sub-area 1). Tagging in Cape Farewell ares and East
Greenland to improve knowledge of mixing with Icelandiec and
West Greenland stocks.

(b) Cod (Sub-area 3). Offshore tagging to obtain a measure
of the extent of movement onshore.

(c¢) Cod (Sub-division 4X). Winter tagging to permit a better
interpretation of recaptures in relation to age-composi-
tion data,

(d) Redfish (8. marinus). Estimation of order of magnitude of
the resource; ToT example by echo sounding and larval
abundance surveys.

(e) Redfish (all Sub-areas). Appraisal of whether meshing is
likely to become critically important with increases in
mesh size, having regard to the greater use of synthetic
materials.

(f) Halibut. Measurement on research vessels of the possible
survival of small trawl-caught halibut after discarding, __
and an appraisal of the likelihood of achieving an
adequate survival of fish if they were to be discarded
from commercial vessels. Further taggingy with the main
object of estimating fishing mortality. Exchange of
experience of tagging techniques for halibut would bs
desirabley this point could convenlently be considered
during the Tagging Symposium.

(g) Irawl selectivity. The Group has been unable in the time
availabley to make a critical evaluation of all existing
data (see App.II), but certain outstanding needs have
emerged. In particular there are still no data for
selectivity of large trawlers, pair-trawlers and multiple
cod-ends. There are also no selectivity data for redfish
in Sub-areas 1 and 2, for cod in Sub-areas 2 and 4X, or
for yellowtail in Sub-area 5. In other cases there are
limited data, but these are insufficient; thus for cod
in Sub-area 1 the only data refer to one season (not the
main fishing season) at which it 1s known that the
condition factor is muech higher than during the fishing
Season. Gaps as big as these need to be filled by direct
experiment, but it is scarcely practicable to expect that =
sufficiently accurate experimental data could be obtained
for all stocks and areas at all seasons. For a given
Specles, however, knowledge of the variation in the weight-
length relation of ungutted fish can be applied to limited
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experimental data to arrive at a working value for the
selection factor which is reasonably representative of the
fishery. For this purpose it is proposed that weight-length
data be obtained for the important species in all sub-
divisions at all seasons.

(h) Selectivity of gears other than trawl. Whilst recognising

that studies on this matter are being undertaken, the Group
wishes to point out that for the immediate purposes of
assessment the need is for comparative data on the length
composition of catches taken by hook and trap meshses of

various sizes including those in present commercial use.

Changes 1n environment

Clearly, changes in the environment might have an
appreciable effect on the assessments, which have been made
on the basls of unchanged conditions. Environmental changes
are onlyreadlly taken into account if their effects are
expressed in terms of changes in one or more of the basic
parameters-recruitment, growth, and natural mortality, and
also fishing mortality in so far as the mortality caused by
a given fishing effort is altered (availability). Changes
in these various parameters are not of equal influence on the
assessmentss Thus, the assessments gilven in this report are
essentially in terms of "yield per recruit®, i.e. they compare
not so much future yields with present ylelds, but future
yields with the present mesh with the yields which might
be obtained, over the same period, if a larger mesh were used;
hence changes in recruitment will not affect these assess-
ments. An exception occurs when the amount of fishing depends
critically on the strength of the year-classes in the
fishery, there being little or no fishing when year-classes
are weak - the St. Plerre Bank haddock fishery is the out-
standing example. In such a fishery the best yleld per recruit
from a single year-class might be taken with a large mesh,
with fishing extending over the full 1life-span of the year-
class after it has entered the commercial catches. In the
later years of its life, however, the yield from that single
year-class would have become lowy and unless there were other
year-classes following along, fishing would cease because
the catch per unit effort it could provide would have become
unprofitable. In practice, the best attainable yield per
recrult from a single year-class would therefore be taken
by using a smaller meshy and fishing for only a year or two.
In such a fishery, but probably only in such a fishery,
changes in recruitment affect the results of a mesh change,
and some preditetion of future year-class strength would be
desirable for more accurate assessment.

Growth changes have a greater influence on the
assessments. The rate of growth over the selection range
affects the numbers reaching the retention size of the new
meshj thus slower growth reduces the long-term gain, though
the iatter is generally insensitive to small growth changes.
Howevery 1f the ultimate size which the fish can attain is
not much greater than the retention size, a reduction in
growth may mean that few fish grow big enough to be caught
by the larger mesh. A smaller mesh will then be better, even
if the larger is best for the original growth. Again, the
St. Pierre Bank haddock provides an example of such growth
changes. In this and any other stock in which the ultimate
size of fish changes appreciably, and is not well above the
mesh selection sizey studiesy and if possible predictions,; of
growth changes are most desirablse.

Changes in patural mortality could greatly influence
the assessments - an increased natural mortality reducing,
perhaps critically, the gain in landings from a larger mesh.
However, in the I.C.N.A.F. area there have been as yet no
clear examples of changes on natural mortality among the
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adult fish. In some fringe stocks = cod in Sub-area 1, haddock
in Sub-area 3; survival of the young stages is most variable
giving greatly variable year-classes, but once a good year- -
class of fish enters the fishery their survival in these
fringe areas appears reasonably constant and no worse than
that of fish nearer the centre of distribution of the species.
Studies of change in natural mortality are therefore not
obviously urgent, and so long as it is still difficult to
obtain any estimates even of the average level of natural
mortality such studies are unlikely to add to the reliability
of the assessments in the immediate future.

Changes in "availability", which alter the fishing
mortality for a given effort; of course have formally the
same effect on mesh assessments as changes in fishing effort.
Short-term fluctuations in availability; even though they
may critically determine the success of fishing operations
from one year to the next; are of less significance in this
context than a slow trend; which can only be detected by
establishing a change in the fishing mortality rate generated
per unit effort.

Dengity-dependent effects

Even when the environment 1s unchanged, the various
parameters are liable to be influenced by changes in the
stock abundance brought about by fishing effort or mesh
changes. Increased stock abundance (e.g. due to a mesh
increase) might be expected to increase in some degree the
natural mortality rate; reduce growth and increase the
number of recruitss it is possible; if unlikely, that
increased stock could give a smaller recruitment. These
changes act in opposite directions, the first tending to
decrease the gain landings from an increase in mesh; and the
recrultment effect increasing them. The former have a damping
effect and tend to reduce any changes in pepulation abundance
caused by fishing.

Estimates of changes in population abundance are
therefore likely to be qualitatively correct; however; re-
duced growth or increased mortality will reduce the pPropore
tion of the total population which 1s within the selection
range of the mesh; and may make the assessments incorrect.
Such effects are most important either when gains and losses —
are closely balanced (l.e. when the mesh size is near the
maXximum of the yield-mesh curve; in which case they will
reduce the size of the mesh giving the maximum yleld); or
when the mesh selection size is close to the ultimate length
to which the fish are growing. Because of the difficulty of
measuring natural mortality it is likely that studies of
density dependent growth will be the more immediately re-
warding.

Density-dependent recruitment,; though not necessarily
more lmportant in any given stocks has potentially a more
critical effect; as it tends to exaggerate changes in
population size. However, the effect is to make the present
assessments conservative; causing them to underestimate both
the landings with larger meshes; and the optimum mesh: size.

Study of the relation between stocks and recruitment
by normal correlation methods is rendered difficult by the
variation in the data - both real; and observational - and
the fact that each year can give only one pair of obser-
vations in each stock. It 1is suggested that at least the
general importance of stock-recruitment dependence on the —
I.C.N.A.F., area might be more easily determined by consid-
ering together all available data from all stocks of each

species. The general mechanism underlying the relation may
also be profitably studied by intensive research on the

early stages of life in one particular stock (preferably ons
where variations in survival from other causes are not too
great).,
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LIST OF FIGURES AND LEGENDS
Figs. Ay By C (Sect. 3) Charts showing 1958 landings ('000 tons)
by divisions of cod, haddock and redfish;
distinguishing trawl, other gear, and to%al
landings.
Section % (Sub-area 1)

k.1, Cod; total landings, 1930-1958.

L,2, Cod; catech per unit effort of U.K. trawl fishery,
1935 58 and Portuguese trawl and dory line fisherys

1952-58.

4.3 Cod; length compositlion of catches and landings by
trawl (above) and lines (below) in 1958.

L.k, Cod; Percentage age-composition (log scale) of catches
by all gears combined, average 1952-57.

4e5e Redfish; Total landings, 1951-58.

k.6e Reggigh- Length composition of German trawl landings, -
19 9.

Section Sub-area 2
5ele Cod; landings, landlngs per unit efforty and
estlmated total effort (in hours fishing by Portu-
guese trawlers), 1952-58.

5e2e Cod; percentage age~composition (log scale) of trawl
landlngSg 195

Fe3e Cod; length composition of trawl landings by
countrles, 1957-~58.

Sl Redfishj length composition of trawl catches by
U.5.8.R. and Germany.

Section 6 (Bub-area 3)

6.1, Cod; A, landings by gears, 1935-38.
By landings per day fished by Portuguesse
trawlers and per 100 Porftuguese dory days on
the Newfoundland Banks (mainly Sub-area 3).
Cy Calculated trawl effort and total effort
(in trawl units)based on the landings per
unit effort of Portuguese trawlers.

624 Cod; average length composition of catches by
regions and gears; 1955-58.

6e3e Cod; age-composition data (log scale) and estimates
of total mortality coefficient obtained therefrom.

6olt, Haddock (3NO and 3P):; landings (1940-58), landings
per unit effort (Newfoundland trawlers) and calcu-
lated total effort (19545

6e5e Haddock (3N0); length compositions of trawl catches
by Canada and Spain, and combined dataj; average

1955-58.

6ebe Redfish; landings by countries (195%-58) and
divisions (1953-58)«

6.7.  Redfishj length composition of landings by countries
- and divisions, 1958,
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Section 7 (Sub-area 4. except redfish in 4, VWX)

7.1.

7e20
7.3.

7elte

745
7eba
7e7
748
749

7410
7.11.

7124

713,

70 1)+o

7e1l5.

7. l6e

7el70

7.18.

(b) Cod (

(a) Cod (4TR); percentage length compositions of

Portuﬁuese landings, 1956 and 1958,
TR)s percentage age-composition of Portuguese
landings 1956 and 1958.

Cod (4X); ®otal landings, landings/unit effort

.o

{long line) and calculated total effort (line units),

194758,

Cod (4X); age-composition (log units) of catchesy
average 1947—589 and estimate of fotal mortality
rate.

Codg lgngth composition of catches by divisions,
1956-58.

Cod (4T and 4V spring); total landings, landings
per unit effort and calculated total effort (large
0/T units)s 1947-58,

Cod (4T and 4V spring); age-composition (log units)
of catches by lines; trawl, and all gears combineds
for the periods 1951-54% and 1956-58.,

Cod (4T); age-composition (log units) of research
vessel catches, 1957-60 (August,; September and
October).

Cod (4V and UW, except 4V spring); landings (total
and by gears),; landings per unit effort and calcu-
lated total effort (medium O/T units), 1947-58,

Cod (4V and 4W,; except 4V spring); age-composition
(lgg scale) of combined trawl and line landings, 1947~
1958,

Haddock (4X)3; landings (total and by gears), 1947-58.

Haddock (4VyWs;X); length composition of landings,
average 1956-~58.

Haddock (4V and 4W); landings (total and by gears),
landings per unit effort,; and calculated total effort
(medium O/T units); 1947-58,

Haddock (4V and 4W); age composition (log scale)
of combined trawl and line landings (1947-58).

Haddock (4V and 4W): relation between total mortal-
ity coefficient of énll year fish and calculated
total effort,.

Redfish (4RST); length composition of landings per
10 hours fishing by Canadian otter trawlers, 1954-58,

Redfish (4RST)s decrease in abundance of dominant
length groups during period 1954-58 (from Fige. 17.15),
and estimates of total mortality rate.

Redfish (4RST); average length composition of
landings by otter trawls 1955-58,

Plaice (4T); average length composition of recent
catcgss and landingss and selection curves for 43"
and °
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Section 8 (Sub-area 5, including redfish in 4 VWX)

8.19

8.2,

8039
80’+o

8e5

8.6,

8a70

8.8,

8494

8.10.

8:110_

8.12,

8.130

80111'.

8015n

8.16,

8.17.
8.18,

8.19,

8.20,

Cod; landings; landings per unit effort (trawler
days fishing) and calculated total effort, 1932-58,

Cod; relation between stock (landings/day) and 3-
year sums of trawl effort; 1933-58.

Cod; length composition of landings, average 1956-58,

Haddock; landings, landings per unilt effort (trawlers
days fishing) and caleculated total effort, 1931-58.

Haddock; relation between stock (landings/day) and
3-year sums of total trawl effort,; 1933-58,

Haddocks length composition of landings, average
of 1954%; 1957 and 1958,

Redfish (Sub-area 5); landings, landings per unit
effort (days fished) and calculated total effort,
1936-58,

Redfish (Sub-area %; VWX); landings, landings per ~
unig ggfort (days fished) and caleculated total efforts
1936~58,

Redfish (Sub-area 5); length composition of landings
(average 1957-59).

Redfish (Sub-area 4; VWX); length composition of
landings (average 1957-'595°

Yellowtailslandings; 1938-58,

Yellowtailsy relation between stock (landings/days
fishid) and 3-year sums of effort; 1938-58 (Georges
Bank).

Yellowtail; length composition of landings (average
1957-59 ) °

Whitings; length composition of landings (average
1957-593

Summer flounders; length composition of landings
(average of 195% and 1959).

Blackback flounder; length composition of landings
in 1959,

Gray sole; length composition of landings in 1959,

Red hakej length composition of landings (average

1955-57) .

Spiny dogfish; length composition of landings (average
of 1955, 1956 and 1958),

Eel pout; length composition of landings (average of
1955, 1956 and 1958),
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