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INTRODUCTION

This document describes changes in nominal catches,
fishing effort, and catch rates in Scotian Shelf fisheries (ICNAF
piv. 4VWX) from 1954-73, but primarily from 1963-73. Attention
is directed toward groundfish resources, and a simple general
production model is applied to obtain a rough estimate of maximum
sustainable yield for the groundfish resources as a whole, with
the exception of silver hake,

Groundfish are defined liberallv as all species other
than silver hake, herring and mackerel, large pelagic species,
and "inshore" species i.e. eels, salmon, smelt, sturgeons,
trouts, tomcod, alewife, shad and bass, This leaves, in addition
to the "traditional”™ groundfish sprcies - cod, haddock, redfish
and flatfish, a variety of species whirh are normally caught in
the offshore trawl fisheries. Silver hake, although a ground-
fish species, is treated separately because of the very large
catches involved. Hence the term "groundfi-h" as used below,
solely for convenience, excludes silver hake.

NOMINAL CATCHES

Groundfish catches from the Scotian Shelf were about
165,000 metric tons in 1954, the first year for which comprehensive
statistics can be separated out in ICNAF Statistical Bulletins
for the Scotian Shelf (Fig., l1). Othe~ species catches in Subarea
4 cannot be allocated to the Scotian Shelf and Gulf of S$t. Lawrence
until 1961. It is likely that total catch of all species from
the Scotian Shelf was in the order of 200,000 tons in 1954.
By 1961, total catches were 291,500 tons (Table 1). (All statistics
quoted here exclude large pelagic species and the small quantities
of menhaden, butterfish and saury reported from Subarea 4.)
From 1961, catches increased fairly steadily to 773,000 tons by
1973,

Groundfish catches reached a maximum of 322,000 tons
in 1966 and have averaged 266,000 tons since. Catches in 1973
wera 278,000 tons., Increasing total catches were maintained
by expanded silver hake catches in 1963-64, then by increased
herring catches frmm 1964 to 1969, and finally by a second large
increase in silver hake catches from 1969 to 1973,
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Among groundfish, cod has been the most important single
species in terms of volume (Table 1, Fig. 2). Cod landings
averaged about 72,000 tons in 1954~58, then steadily increased
to 131,700 tons by 1968. Subsequently, landings have been lower,
averaging 10%, 800 tons in 1969-73. In the 1950's and early 1960's,
haddock was the next most important species. XLandings varied
between 40,000 tons and 50,000 tons in 1954-63, but increased
rapidly to 84,000 tons by 1965, then gradually declined to 17,500
tons by 1973.  Flatfish iandings increased from about 12,000 tons
in 1961 to 56,500 tons in 1968, but averaged about 30,000 tons
in 1969-73. In most recent years, redfish landings increased
substantially to 60,000 tons in 1971 but declined to 40,000
tons by 1973, and pollock landings increased from 12,000 tons
in 1971 to 30,000 tons in 1973. These increases, and increases
in landings of less popular species have sustained landings at
the average of 266,000 tons.

CATCH RATES

Catch rates (metric tons per day fished) of all major
tonnage classes of Canadian (Maritimes) vessels fishing ground-
fish have declined gradually from 1964-65 to 1971 with apparent
slight increases in most classes in 1972 and 1973 (Fig. 3).
Separating major gear types within tonnage classes for vessels
over 150 gross tons indicates, however, that this recent increase
is largely a result of a change to midwater trawling for ground-
fish by a amall proportion of vessels. The following catch rates
(metric tons per dav fished) were attained in 1971-73:

151-500 gross tons 501-900 gross tons

Year Otter trawlers Midwater trawlers Otter trawlers Midwater trawlers

1971 7.70 - 9.48 48,62
1972 8.39 30.21 10.30 36,27
1973 8.00 29,59 10.06 26,42

Catch rates of 501-900 gross ton midwater trawlers declined by
46% between 1971 and 1973. (Catch rates of vessels under 150
gross tons have not been examined in detail.)

Catch rates of 501-900 gross ton otter trawlers declined
from 19.48 metric tons/day fished (m.t./d.f.) in 1965 when this
class of vessel first entered the fishery to 10.06 m.t./d.f.
in 1973 (Fig. 4, Table 2).

Catch rates of 151-500 gross ton otter trawlers were
above 10.00 m.t./d.f. between 1954 and 1965, the highest catch
rate of 13.02 m.t./d.f. being attained in 1956. Despite sub-
stantial vessel and gear improvements and the entry of a number
of stern trawlers to this tonnage class, catch rates have gradually
declined to 8.00 m.t./d.f. in 1973.

Species composition of catches (Fig. 5) of 151-500 g.t.
otter trawlers (in terms of k.g. caunht/hour fished which shows
similar overall trends to m.t./d.f.) in 1965-73 is very similar
to the composition of total international catches in those years
(c.f. Fig, 2). These vessels do not fish for silver hake, herring
or other pelagic species, or shellfish, but do fish for all of
the major groundfish species,

Cod catch rates declined from 303 k.g./hr. in 1965 to
159 k.g./hr. in 1973, haddock from 190 k.g./hr. in 1966 to 69 k.qg./
hr. in 1973, flounders from 152 k.g./hr. in 1967 to 78 k.g./hr.
in 1973. Redfish catch rates increased from 24 k.g./hr. in 1965
to 228 k.g./hr. in 1971, but declined to 155 k.g./hr. in 1973,
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Catch rates of "others", predominantly pollock, declined from

212 k.g./hr. in 1965 to 51 k.g./hr. in 1971, then increased to

168 k.g./hr. in 1973, Thus, there has been a succession of species
forming important components of the catches as more desirable
species declined in abundance, but this has not sustained overall
catch rates which declined from 846 k.g./hr. in 1965 to 630 k.g./
hr., in 1973.

Relatively few country x tonnage class x gear combinations
have consistently fished the Scotian Shelf in the period 1963~
73. Catch rates of those which did are summarised in Table 2
and Fig. 6. Catch rates of Canada (N) otter trawlers of 151-500
g.t. declined from 13.71 m.t./d.f. in 1965 to 10,13 m.t./d.f. in

1573, and of 501-900 g.t. otter trawlers from 19.23 m.t./d.f. in 1966

to 12.24 m,t./d.£f. in 1973. French (M) otter trawlers of %01~
1800 g.t. had a catch rate of 32.47 m.t./d.f. in 1964, but only
18.80 m.t./d.f. in 1973, Spanish 151-500 g.t. pair trawlers
increased their catch rate to 22.35 m.t./d.f. in 1968 but catch
rates declined each year thereafter to 12.15 m.t./d.f. in 1973,
Spanish %01-1800 g.t. otter trawlers catch ratea declined hetween
1964 and 1968, increased substantially in 1969, then declined to
1972, USA 151-500 g.t. otter trawlers suffered declining catch
rates between 1966 and 1969, but returned to the 1966 level by
1972, declining slightly in 1973. All of these vessel classes
have fi=hed "traditional"” groundfish sp~cies. Declines in French
and Spanish catch rates largely reflect declining cod abundance.
Recent increases in USA catch rates reflect the importance of red-
fish which increased in abundance in th= early 1970's.

Catch rates of over 1800 g.t. USSR trawlers are unique among

these data sets in having highest catch rates in most recent vears,
the highest (44.31 m.t./d.f.% occurring in 1973, USSR nominal
catches (Fig. 7), which were predominantly bv this vessel class,
have been dominated by silver hake and recent increases in catch
rates reflect high silver hake abundance., High abundance of
traditional groundfish, particularly haddock, produced the 1965
peak in catch rates. Verv low silver hake abundance in 1967 was
not reflected by low catch rates but by division of effort from
the area.

EFFORT

Canada, Sp=2in, USSR, and USA have consistently exerted
substantial effort on the Scotian Shelf, although USA effort dropped
below 1,000 fishing days after 1967. The full record of effort
is too voluminous to produce here - that for 1973 is included
as an example (Table 3).

As discussed above, Canrda (M) otter trawlers of 151-
500 gross tons has been the most consistent effort class, exert-
ing a high volume of effort throughout the recorded data series
from 1954 to 1973. Th~y have also fished all the major ground-
fish species throughout this period. The vessels involved have
changed, with substantial improvements in gear and design in-
cluding introduction of some stern trawlers to this claas, These
changes will h-ve tended to minimise the observed decline in
catch rates over the time period.

This vessel class has been chosen to investigate total
effort trends in the groundfish fisheries, estimates of total
groundfish effort being obtained by dividing total catch by
Canada (M) 151-500 g.t. otter trawler catch per effort. This
indicates that effort increased fairly steadily from 1957 to
1966 (Fig. 2). 1In 1955-57, about 15,000 days were fished, effort
increasing, with small fluctuations to 33,200 days by 1966,
Effort fluctuated more widely since 1966 between about 27,000
and 41,000 days with an average close to the 1966 level. The
1973 level was 34,800 days.

A4



oy

-4 -

MAXIMUM SUSTAINABLE YIELD OF GROUNDFISH

The maximum sustainable yield and current status of
Scotian Shelf groundfish resources were examined by application of
the Schaefer production model to catch rates of Canada (M} 151-
500 g.t otter trawlers and the standardised effort derived from
them (Table 4).

Examination of catch per effort {C/E) in relation
to time indicated a downward trend with decreasing variance.
A regression line of log C/E against year has the form:

Log C/E = 1.594 - 0.0095 YEAR (r = -0.83)

A plot of residuals revealed positive correlations in successive
residualsg. Therefore, a first order autoregressive model was
considered. The resulting equation is, for year t:

Log C/E{t) = 1.0624 + 0.3807 log 46(t-1)-0.00707¢t
{(r = ~0.89)

These regressions, taken together, indicate that a consistent
decline in C/E began in 1954 so that the population fished was
never in eguilibrium from 1954 to 1973. Therefore, the
equilibrium C/E must be less than that suggested by these data.

Gulland's (1968) method, plotting C/E against effort
averaged over a number of preceding years, was used to correct
for the non-equilibrium conditions in the fishery. The correlation
between C/E and effort increases with increases in the averaging
period for effort up to three years (r = -0.88), declines with
four vears, but again increases progressively up to seven years
(r = -0.92). It is unlikely that the time lag in population
response to fishing is greater than seven years. Thus, longer
averaging periods were not considered.

The regression line of C/E on three year running averages
of effort and the resultant equilibrium catch curve are illustrated
in fig. 8. This implies that maximum eguilibrium catch is 280,000
m.t. attained with an effort of 37,500 days. Effort exceeded this
level only in 1971 (fig. 9). The seven year averaging period
gives an estimated MSY of 253,000 m.t. attained with an effort of
32,500 days, a level exceeded in the four years 1966, 1968, 1971
and 1873.

As noted above, substantial increases in efficiency
of this vessel class have occurred in the 1954-73 peripd due to
increases in the size and power of vessels, gear and navigational
and acoustic eguipment improvements, and improvements in vessel
design including introduction of some stern trawlers to the c¢lass.
To allow for these changes, a steady rate of increase in efficiency
was introduced into the model. Running averages of effort were
varied from three to seven years and increases in efficiency varied
from cne to five percent per year. The highest correlation between
C/E and effort was obtained using five year running averages
and four percent increase in efficiency (r = -0.97). This suggests
that the MSY is 255,000 m.t. (fig. 10) and that effort exceeded
that required to obtain this catch level in 1966 and from 1968
to 1973 inclusive.

Walter (MS 1975) proposed an alternative method to
that of Gulland to correct for non-equilibrium in the fishery.
Following Walter, a first approximation to the relationship of
C/E and effort was obtained by plotting C/E in year t+l against
effort in year t. An adjustment for efficiency increase of four
percent per year also gave the best fit in this analysis. The
least squares regression line

C/E = 11.64 - 0.000120 Effort (r=-0.92)
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suggests an MSY of 282,000 m.t., at an effort approximately equal
to the 1965 value. Effort in 1966 and in 1968-72 substantially
exceeded this level.

An attempt to obtain a secorg approximation using Walter's
method of plotting AU/U versus 11.64 - U - 0,000120f (where
U =C/E and £ = effort) did not yield a significant regression,
hence little reliance could be placed on corrected C/E values.
Continuing the calculation, despite this, yielded a second approx-
imation to the MSY of about 230,000 m.t.

CONCLUSIONS

Application of the Schaefer production model to catch
and effort data for the Scotian Shelf groundfish rescurces {ex-
cluding silver hake) from 1954 to 1973 indicates that their MSY
is unlikely to be greater than 280,000 m.t. and could be as low
as 250,000 m.t. Recent levels of effort are at least sufficiently
high to attain this yield, but could in fact be 40% to 50% above
this level.

Groundfish species catch guotas for Scotian Shelf
stocks set for 1975 sum to 242,000 tons. This assumes that
50% (25,000 tons) of the Div. 4T-4Vn (spring) cod guota and about
70% (40,000 tons) of the Div. 4VWX + SAS pollock guota are taken
on the Scotian Shelf, i.e. that the proportions remain the same
as in 1972 and 1973. Additional catches will be taken of un-
regulated species stocks, catches of which averaged 58,000 tons
in the four year period 1970-73. Thus, if all catch quotas are
taken in 1975, and if non-regulated species catches are at recent
levels, total catch would be 300,000 tons.

Preliminary 1974 data on catch rates of Canadian
otter trawlers show a decline of 10% over those of 1973 i.e for
151-500 g.t. vessels to 7.29 m.t./day from 8.00 m.t./day, and
for 501-900 g.t. vessels to 9.01 m.t./day from 10.06 m.t./day.
These are the lowest catch rates on record, indicating that

population abundance continues to decline.

Some increase in vessel efficiency has certainly
occurred and the time lag in population response to fishing can
be expected to be greater than three years (if the primary response
is through the recruitment mechanism) since the primary species -
cod, haddock, redfish and flounders - do not mature until age 4
or older, Thus, it is likely that the MSY is substantially below
280,000 m.t., and that recent levels of effort have resulted in
over-exploitation. This is substantiated by the fact that average
catches of 278,000 m.t. over the last 10 years have resulted in
continuing stock decline.

Catch quota regulations in force in 1974 and 1875 are
not sufficient to prevent continuing stock decline. The reduction
in effective effort below the 1973 level required to obtain
MSY cculd be as much as 50%. If the results of the Schaeffer
model using five year running averages of effort and four percent
efficiency increase are accepted, the reduction in effort required
from the 1973 level is 37%.
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Table 4. Catch rates of Canadian otter trawlers of 151-500 g.t.,
1954-73, and estimated total effort for groundfish (ex-
cluding silver hake) on the Scotian Shelf.

Year m.t/day fished Effort (days) Year m.t./day fished Effort (days)

1954 10.22 16,134 1964 10.95 25,455
55 10.54 14,973 65 10.40 30,451
56 13.02 15,123 66 9.71 33,160
57 11.47 15,475 67 8.28 26,957
58 10.32 19,001 68 .37 34,413
59 10,53 21,393 69 8.23 30,035
60 10.56 21,767 1970 7.68 31,170
61 11.98 18,887 71 7.70 40,822
62 10.91 22,355 72 8.29 32,385
63 10.19 28,241 73 8.00 34,785

800~
600
ar]
IQ =
>
o
S 400 /
. ! Herring
=2 ’l’
A
=
2001~
Groundfish
0 ] | I | | | | 1 ] |

1954 '56 '58 ‘80 's2 's4 ‘66 's8 0 '72

Fig. 1. Nominal catches of finfish by species or epecles group from the Scotian
Shelf (ICNAF Div. 4VWX) 1954-73, excluding large pelagic specles.
{"Others” includes mackerel and inshore and diadramous species i.e.
eels, salmon, smelt, sturgeons, trouts, tomcod, alewife, shad, bass,
and also includes capelin.)
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Fig. 2. Nominal catches of groundfish excluding silver hake by species from the
Scotian Shelf (Div. 4VWX) 1954-73, and total fishing effort for ground-
fish in Canada (M) 151-500 gross ton otter trawler units.

|4L
I —901-9004g.1. {OT+MWT)
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a sl
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= -
2| N
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0 ] 1 | 1 l 1 [ 1 1 :

1964 '66 '68 '70 '72
Fig. 3. Catch rates of all species (metric tons per day fished) by Canada (M)
vessels on the Scotian Shelf {Dlv. 4VWX) 1964-73, by tonnage class.

(0.T. = otter trawl, MWT = midwater trawl, SS = Scottish seine,
DS = Danish seine.)
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Fig. 4. Catch rates of all species (metric tons per day fished) by Canada (M)
bottom otter trawlers of 151-500 gross tons and 501-900 gross tons on
the Scotian Shelf (Div. 4VWX) 1964-73.
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Flg. 3. Catch rates by species (kg. per hour fished) of Canada (M) bottom otter

trawlera of 151-500 gross tons on the Scotian Shelf (Div. 4VWX) 1965-73.
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Fig. 6. Catch rates of all species (metric tons per day fished) for important
Country x gear X tonnage categories fishing the Scotian Shelf (Div,
4VWX) 1963-73, (OT = otter trawl, PT = pair trawl,)
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Fig. 7. USSR nominal catches of finfish from the Scotian Shelf (Div. 4VWK) 1963-

73. ("Traditional groundfish" = cod, haddock, redfish and flatfish.)
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Fig. 8. Regression of catch rates om (3 year running average of) effort and
resultant equilibrium yield curve for groundfish (excluding silver hake)
on the Scotian Shelf (Div. 4VWX). (Standardised days fished calculated
by dividing total catch by catch per day {metric tons) of Canada (M)
151-500 gross ton otter trawlers.)
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Fig. 9. Plot of catches against effort for groundfish (excluding silver hake) on

the Scotian Shelf (biv. 4VWX), 1954-73, and equilibrium yield curve from
Fig. 8.
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Fig. 10. Regression of catch rates on effort and resultant equilibrium yield curve
for groundfish (excluding silver hake) on the Scotian Shelf (Div. 4VWX).
A five year running average of effort is used and the data are corrected
for a constant increase in efficiency of 4% per vear.
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