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CHAPTER 1
INTRODUCTION

Resource managemeht,problems now dominate fisheries
exploitation all over the world, particularly in the inter-
natio&a1 fisheries where many resources have, or are becom-
ing, overexploited. The overexploitation o% the resources
has been.due to their common property nature which has Ted
to considerable éqonomic problems in fisheries. A goed
example is the northwest Atlantic fisheries, situated in
one of the world's richest fishing grounds. These fisheries
have'been exploited by many coun;ries from the time of the{r
discovery in the late fifteenth century. Since World War
11, there has been s;ch an expansion in fishing efforﬁ,
brought about by imgroved technology and increases in the
number of fishing units, that many fisheries resources have
become overexploited. The International Commission for the.
Northwes% Atlantic Fisheries, hereafter referred to as
ICNAF, was established February 8, 1949 to manage éxp]oita-
tion. From 1969, this Commission had to introduce quotas on
threatened species. It was not, however,~unti1 1874 that
these quotas became widespread and .stringent enough to
effectiﬁe]y control the over expansion of fishing effort and

the depletion of stocks.
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The more stringent quotas by ICNA?, exacerbated by
the 0il1 crisis in 1973 and resulting inflationary pressures,
caused serious'eqpnom;c problems for the fishing fleets of
tﬁé nations exploiting the fisheries ‘resources of the north-
west Atlantic. Concomitant with these was the tﬁird Law of
the Sea Conference which commenced in 1974 and is still
meé;ing for the purpose of establishing Jinternational manage-
- ment regimes for fisheries. In 1977, all these_forces led
the coastal states of Canada and the United States to uni-
laterally declare management jurisdiction of the northwest
Atlantic fisheries off their coast out to the 200 mile limit,
i.e., 200 mile Economic Zones. The major purpose for this
was fhe conservation and protection of the resources because
the economic Tivelihood of many of their coastal communities
depends, to a great extent, on fisheries exploitation.
Therefore, the necessity of these states to manage their new
"Economic anes" stems from fundamental biological and
economic considerations.' This thesis addresses itse1f to

these considerations.

- 1. Purpose of Study.

The main purposes of this thesis are: (1) to
"deveTop and test supply or production models in the context
of the northwest Atlantic, particulariy'Canada'S groundfish

fiéheries in this area during the period 1953-1974, and (2)
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to examine the applicability of the models as tools in
resource management and the economic implications of this
management. This thesis is, therefore, a study in fisher%eé
resource ménagemeht, with pa%ficular emphasis on the bio-
Jogical aspects and their impact on the economics of the
f%sheries.

Fisheries exp13?tation has been difficult to model

- - .

since neither the underlying resourcef thé fish population,
nor its growth rates or natural mottaTity are known. In
recent years, however, there has been extensive development
of mathematical models of fisher{es exploitation by bio-
Iogists and econbmists. Several biological models wefe
developed; the most widely used among them, which has pro-
vided the main foundation for economic models, is the steady
state logistic model applied to fis@gfies by Schaefer1.
"Fish popu]ations, however, are in transieﬁt rather than
§teady statesz. As a result, a stock adjustment model based

on the Houthakker-Taylor formulation> was adapted to

1 M.B. Schaefer, “Fisheries Dynamics and the Concept
of Maximum Equilibrium Catch", Proceedings, Gulf and Carib-
bean Fisheries Institute, Sixth Annug) sSession, November,
1953.

2 The difference between steady state and stock
adjustment models will be explained in Chapter IV.

3 H.S. Houthakker and L.D. Taylor, Consumer Demand
in the United.States, 1929-1970, Cambridge, Massachusetts:
Harvard University Press, Second Edition, 1970.

1] -



f1sher1es and used to spec1fy a supply equation for the
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northwest At]ant1é f1sher1es and for Canada‘’s offshore
_groundf1sh fisheries. This will be the major contribution
of this thesis since.this is the first time that the
Houtﬁakke}-Tay1or version of the: stock.adjustment model has
been applied to figsheries.

The economic implicatﬁons of ICNAF management regime
on Canada's east coast groundf1sh industry dur1ng the period
under rev1ew, i.e., 1953-1974, and up to 1976, w1II be
analysed. For the greater part of this period, from 1953 to
1968, ICNAF exerted no significant control over fishing
effort. The resu]ts of this, due to the common property
nature of fisheries, were increased competition amongst
nations for the resocurces as well as bioclogical and economic
overfishing. 1In Canada's east coast fisheries, for example,
the period was oﬁe‘of substantial expansion in the ground-
fish fleet aﬁd plant processing-capacity. From 1969 oftwards,
ICNAF management measures, which restri¢ted and reduced
Jandings through quotas, brought about economic problems
because of excess capacity in both the fleet and processing
piants. Economic,pr0b1ems have, théfefore, been directly
attributable to resource management measures. As a result,
the ana1ysis.of these prob1eﬁ§ will be helpful in indicating
the resource magagemént strategy which Canada can now pursue

with manageément control over the exploitation of fisheries
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resources out to the 200 mile Timit.

-

2. Scope and Method.

Biological models, conéernéd mainly with supply-in
physical terms, have provided the starting point of economic
models which have introduced economic factors affecting both
supply and demand. This study will emphasize biological
supply models. This eTphasis is motivated by the following
factors: (1) that supply rather than demand is the most
uncertain and problematic area in fisheries economics; and
(2) that unless supply is known with accuracy, comp]ete
models of fisheriés exploitation, showing the effects of
supply and demand factors, cannot be attempted.

Supply models have concentrated on the effects of -
fishing effort on catch or output from the fisheries. These.
models, depending on b1o1og1§p1 theories of fisheries popu-
Tation dynamics, are of the two main types mentioned
earlier: (1}.steady state, and (2) stock adjustment. This
study will, tﬁ;refore,'apply the previously mentioned stock
adjustmgntﬁmode1 to Canada's east coast groundfish fisherieg
and also to the international northwest Atlantic groundfish
f1sher1es off Canada's coast. It will test whether or not
it is superior to the steady state 1og1st1c mode1

The models will be based on some of the major

characteristics of primary fishing activities in Canada's
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east coast groundfish fisheries. “Primary" activities refer

to actual fiShing\operations, while "secondary" activities

refer to processing fish in plants on shore®. The’
primary fisheries industry can be divided, by‘typés and
areas of fishing operations, into two main sectors: (1) an
offshore sector; and (2) an inshore sectors. Emphasis will
be given, howevér, to the former which is international in
character and now the major sector in Canada's east coast
groundfish fisheries.

The economics. of Canada's primary groundfish fisher-
jes industry, and its impact on the setondary and processing
sector during the period 1953-1974, will be described. An
examination will be made of the main theoretical developments
in the economi;s of fisheries exploitation, outlining the
peculiar economic nature of this engoitation due to common
property ownership. Emphasis here will be on resource man-

agement problems, since these are the unifying link between

the biological and the economic aspects of the thesis.

4 Both primary and secondary operations are combined
in ‘factory vessels which not only catch but also process the
fich into finished or semi-finished forms. Canada, however,
does not possess any factory vessels, with the result that
processing or manufacturing activities are shore based.

5 These sectors will be defined in Chapter III.

»
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3. Description of Contents._

This study comprises tgree major parts. Part 1,
‘consisting of Chapters II, III and IV, describes the north-
west Atlantic groundfish fisheries, Canada's east coast
groundfish fisheries; and the groundfish jndustryfﬁaséd on
these fisheries from the early 1950;5 to 1974. Part 2, con-
sisting of Chapters V and VI, deals with the theoretical
basis, namely biological models of fisheriés and stock
adjustment models and fishéries economics. Finally, Part
3, consistinglof Chapters VII and VIII,deals with the estihq-
tion and comparative analysis of fisheries supply models,
based on data for the virtually uncontrolled exploitation
period of the eér1y-]950‘s to 1974; and the policy implica-
tions of the model's results, in the light of recent changes
in jurisdictional résponsibifities in. the northwest Atlantic

groundfish fisheries.
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THE NORTHNEST ATLANTIC GROUNDFISH.FISHERIES, 1954-1574

The northwest Atlantic is one of the wor]d‘g richest
fishing areas. The most prolific parts af this area are the
famous banks which 1ie within the continental shelf of North
America, off the northeastern United States-and the Atlantic
Provinces of Canada (Figure 7). On these banks and sur-
rounding areas, conditions are particular1y favpurab]e for

~marine 1ife, resulting in a great abundance and diversity of
marine resourcesT. . ‘

The marine resources of the northwest Athantic have
been exploited a1most continually from their discovenry, in

 the late fifteenth éentury, by fishing fleets of manj\\
European countries. After the end of Worid War II, there
was 2 substanfial expansion in fishing effort by these
countries, and by Canada and the United States, which pro-
duced signs of depletion for some resources. As a result,
the International Commission for the Northwest Atlantic
Fisheries, ICNAF, was established in 1949 for the investiga-

tion, protectioh and conservation of the fisheries resources

1 For a description of the hydrographic, oceano-
graphic and climatic factors responsible, see F.A.0. The
Fish Resources of the Ocean, compiled and edited by J.A.
Gulland, London: The Whitefriars Press Limited, 1971, pp.
1 and 2. L
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of the northwest Atlantic ocean with the objective of ensur-
ing a maximum sustainable yield from their exploitation. -
The original member nations of this Commission, consiéting
then of major countries fishing in the area,.agreed to a
specified nuﬁber of management controls to achieve this

'objectivez.

1. Marine Resources, Northwest Atlantic Fisheries.

The marine living resources of the northwest
Atlantic include many species of fish, mollusks, crustaceans
‘and marine mammals. The fish species component, with which
this thesis deals, comprises two main groups: (1) demersal
or groundfish, and (2) pelagic. The former, because of
their greater value, are the major concern. Groundfish
species are generally bbttom dwellers found mainly in deeper
water on the banks, the continental shelf and part of the
‘continental slope, although some-fpecies migrate into
{nshore and shallow waters at certain times of the year.

The most abundént commercial species is cod, found
throughout.%he area, foliowed by redfish and f]atfish.‘

Pelagic specijes are off bottom feeders, schools of which

2 These were as follows: (a) establishing open and
closed areas, (b) closure of spawning areas, (c) fish size
1imits, (d) mesh size 1imits, and {e) total catch limits
for any species. ICNAF Convention article VIII, Dartmouth,
Nova Scotia, 1949.
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move considerable distance;, generafly within the confines
of the continental she1f and slope. Herring is presently
the mqst abundant of Ehe pelagic species exploited but
mackerel and Atlantic saimon are also important.

The migratory movements of species,’both groundfish
and pelagic, result from changes in ecological conditions,
or are re]ated to feeding and reproduction. There are also
considerable interrelationships between species. Many
speciés prey on eaﬁh other and also compete for food and
space. W. Templeman points out that cod, the most abundaqt
species in the area, controls the number of fish by their
feeding on other groundfish and pelagic¢ species3; The
* relationship between ecological conditions.and feeding
habits is brought about by the movement of cod and other:
groundfish into warmer inshore waters. This occurs during
the summer months when they follow and feed on pé1agic
species such as herring and capelin that move inshore,
often for spawning. ODuring the winter and early spring,
however, as inshore waters cool down, cod and other ground-
fish retreat offshore into deeper water. Such movements
thus affect the location of resources in the northwest

Atlantic.

3 W. Templeman, Marine Resources of Newfoundland,
Ottawa: The Fisheries Research Board of Canada, 1966,
p. 53. .
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1.1 Groundfish Landings, Northwest Atlantic.

. For management and stat1st1ca1 purposes, ICﬁAF
divided the northwest At]ant1c f1sher1es into five sub-

areas for most of the period 1954- 19744

These sub-areas,
with which this thesis will deal and which encompass the
major fishing areas for groundfish species, are as follows:
sub-area 1, west Greenland; sub-area 2, Labrador; sub-area
3, the eastern and sauthern Newfoundland area from the
" Strait of Bell Isle to Cabot Strait; sub-area 4, the Nova
Scotian area and the Gulf of St. Lawrence; and sub-area 5,
Georges Baak and the Gulf of Maine (Figure 2).

During the period 1954-1974, total landings fram
ICNAF areaa {(1-5) increased from 1.8 million metric tons to
a peak of nea}iy 4 million metric tons in 1968 but declined
to 3.0 million metric tons by‘1974,(Tab1e 1). The major
species landed were groundfish, the most important of which
was cod. Groundfish landings increased from 1.5 million
metric tons to a peak of 2.7 million metric tons in 1968

but declined to 1.7 million metric tons by 1974, accounting,

therefore, for 56 percent of the volume of total landings

A

4 Two sub-areas were added during the latter part of
the period covered: in 1963 sub-area 6, which Ties south of
sub-area 5 and covers the areas off the New England States
down to North Carolina; and in 1968 sub-area 0, west of sub-
area 1, from Northern Labrador and the Arctic Islands of
Canada.
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§ TABLE I.

Total Landings Northwest Atlantic, ICNAF Convention Area, 1954-1874 by

(Thousand Metric Tons Round

‘of |

Excludes catches by Non-members A and B in 1969 and 1970.
and Greenland Halibut.

1954 1955 1956 1957 1958 1959 1960 1961 1962 1963 196
Bulgaria - - - - - - - - - - -
Canada 682 658 714 699 634 707 723 655 744 801 82
Cuba - - - - - - - - - - - -
Denmark 54 60 58 65 79 79 94 104 138 125 12
France 158 143 119 128 128 138 151 180 166 123 16
Germany, F.R. 2 22 37 27 71 85 97 174 197 200 14
Germany, D.R. - - - - - - - - - - -
Iceland . 18 28 17 23 91 83 490 24 8 12
Italy 12 10 9 7 3 5 2 4 1 - -
Japan - - - - - - - - - - -
Norway 50 44 43 37 44 32 38 48 . 36 43 5
Poland - - - - - - - 4 9 23 3
Portugal 196 206 225 205 179 160 185 197 218 231 21
Romania - - - - - - - - - - -
Spain " 140 161 149 146 123 143 177 208 206 225 23
USSR - - 17 69 117 182 258 341 370 491 61
UK 21 9 5. - 13 13 - 18 25 19 27 42 5
USA 513 504 541 "~ 560 515 501 . 477 441 482 465 38
Non-member - - - - 4 11 12 - - 2 g
Total 1846 1845 1934 1979 2001 2144 2279 2400 2602 2783 295
" Subarea 1 ©323 305 343 304 346 274 296 417 528 478 41
Subarea 2 22 26 35 32 119 114 280 297 266 223 25
Subarea 3 589 591 540 631 555 768 711 684 535 609 78
Subarea 4 451 462 511 491 522 524 549 498 578 753 74
Subarea 5 414 428 470 514 459 459 443 489 693 714 T8
Subarea NK 37 33 3B 7 - 5 - 5 2 6
- Total 1846 1845 1934 1979 2001 2144 * 2279 2400 2602 2783 295
Cod 969 902 967 958 884 954 1134 1304 1340 1336 140
Haddock 162 198 194 171 138 129 159 179 138 126 14
Redfish 120 123 122 159 325 389 288 226 187 190 21
Halibut 4 4 5 6 6 6 7 6 5 4
Silver Hake 4] 46 40 57 49 53 47 43 95 270 3C
Flounders 49 60 56 67 68 71 90 89 91 117 1f
Other Groundfish 151 166 160 161 161 160 120 116 101 167 13
Herring 152 149 152 172 184 154 180 179 344 285 3C
Other Pelagic 27 16 52 34 21 38 31 26 29 29 Z
Other Fish 27 27 33 28 22 22 23 22 48 41 £
Shellfish 144 154 153 166 143 168 200 210 224 218 1¢
Total 1846 1845 1934 1979 2001 2144. 2279 2400. 2602 2783 29t
b

Reported in Vol. 15 &

Source: ICNAF, Statistical Bulletin, Vol. 24, 1974, Dartmouth, Nova;Scotia: 197¢€
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14
TABLE I.
NAF Convention Area, 1954-1974 by Country, Subarea and Principal Species
.« (Thousand Metric Tons Round Fresh) a 3
1959‘ 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969° 1970° 1971 1972 1973 1974
- - - - - - -- - - - - - - 21 29 8
707 723 655 744 801 827 861 974 1040 1259 1202 1169 1104 923 885 845
- - - - - - - - - - - - - 2 - -
79 94 104 138 125 127 121 124 124 97 78 64 73 73 70 71
138 151 180 166 123 160 140 152 159 176 113 73 56 51 41 38
85 97 174 197 200 149 " 181 178 217 281 253 205 134 85 92 83
- - - - - - - - - - - - - 113 161 80
83 40 24 8 12 8 9 7 3 1 13 . - - - - -
5 2 4 1 - - - - - - - - - - - 1
- - - - - - - - - 5 12 19 29 19 19 17
32 38 49 36 43 50 44 42 59 74 54 47 35 43 71 59
- B 4 9 23 38 57 72 120 187 160 17 173 174 235 152
160 185 197 218 231 210 197b 202b 237 219 182 163 153 136 135 145
- - - e - 3 3 2 3 4 w0 8 7 5 4
143 177 208 206 225 230 234 241 290 341 294 276 265 232 176 175
182 258 341 370 491 617 853 710 576 741 875 709 902 1053 1284 1101
18 25 19 27 42 52 56 60 80 47 ) 7 8 16 8 15 -
501 477 441 482 465 388 350 329. 304 307 262 272 259 217 240 25%
11 12 - - 2. 96 93 95 141 182 1 - 81 - -, -
2144 2279 2400 2602 2783 2952 3199 3189 3352 3906 3528 3185 3280 3165 3461 3045
276 296 417 528 478 413 404 404 . 465 408 225 141 150 138 104 11
114 280 297 266 223 251 377 366 329 482 441 239 246 219 159 255
768 711 694 535 609 784 740 748 1103 1146 984 960 954 g58 996 936
524 549 498 578 753 740 777 802~ 723 963 1004 1158 1064 911 1139 937
459 443 489 693 714 756 890 867 732 907 873 687 866 939 1063 806
5 - 5 2 5 8 1 2 - - - - - - - -
2144 2279 2400 2602 2783 2952 3199 3189 3352 3906 3528 3185 3280 3165 3461 3045
954 1134 1304 1340 1336 1402 1463 1477 1685 1861 1438 1152 1055 1038 808 790
129 159 179 138 126 14z 249 203 117 97 72 48 49 29 26 23
389 288 226 187 190 213 231 225 218 183 222 224 274 285 313 232
6 7 6 5 4 5 .5 5 13¢ 17 2 2 2 37 39 44
53 47 43 95 270 302 373 172 103 85 135 218 226 221 418 214
71 aQ 89 9 117 151 196 226 247 282 289 272 284 235 231 197
160 120 116 101 167 138 210 215 152 172 166 111 215 18 202 189
154 180 179 344 285 302 263 425 590 922 827 771 705 533 471 421
38 31 26 29 29 23 23 31 35 80 99 137 154 239 397 248
22 23 22 48° 41 83 53 85 56 61 108 79 132 203 372 431
168 200 210 224 "218 191 133 125 136 146 168 171 184 159 184 256
2144 2279 2800 2602 2783 2952 3199 3189 3352 3906 3528 3185 3280 3165 3461 3045

a,.and\w_'ig‘_ bReported in Yol. 15 and 16 as Non-member. “Includes mixed catches of Halibut

1974, Dartmouth, Nova Scotia: 1976.

Lof s
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in fhat year.

| | The changes in’these landings were due to a substan-
tial expanaion {n fishing afforfﬂ This effort rasu]ted fram
an inc%éase'in the humber qf Eountries exp]oitiﬁg the re-
aources and_iﬁ t%e size of‘many of their f]eefs. In 1954,
there were eleven ‘countries fiahing in the ICNAF co fention
area: Canada; Denmark, France, Germany F.R., Iceland,
Italy, Norway, Portugal, Spain, the Un1ted K1ngdom and the
United States. S1nce then, however, other countries entered
,_;he fiahekies, the most important of which were the U.S.S.R.
and Poland, and some left. In 1974 there were eighteen
countries, excluding one non-memﬁer cauntry (Ireland),
opérating in the ICNAF convention area. Of theae,vfour
countries, Canada; tﬁe United States; France (St. Pierre
Miquelon) and Denmark (GreenIandJ are coasta1 stakes, i.e.,

states border1ng the ICNAF ‘areas with Jur1sd1ct10n for

-

fisheries within their territorial 11m1ts rang1ng from 3 to
12 m11es The others are d1stant water states.

There were s1gn1f1cant changes in 1and1ngs by
fcountry. Landings increased_for'most countries, partiau-"
1ar1y up to 1968. For Canada, the most 1mportant country
during the period, tota] 1and1ngs increased from 682
thousand metric tons in 1953 to a peak of 1,254 thdusand
metric téns in 1968 but dec]%nad to .845 thousand metric tons’

in 1974, The countries with the greatest increases were

-
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the U.S.S.R. and_Po]and, which did not even engage in fish-
ing operations before 1956 and 1961 respectively. U.S.S.R.
landings increased, however, from 17 thousand metric tons
‘to 1.1 million metric tons during the period 1956—]§74,
surpassing Canada as the country with the largest votume of
landings in the area. For many of- the traditionaTrexpfoit-
ing countries, landings declined during the period 1953-
1974, particularly for the United States, Spain, Portugal
and France. ‘

The decline in landings since 1968 in the northwest
Atlantic was mainly the result of overexploitation of
fisﬁeries resources. Because 8f this, ICNAF imposed quotas
on thréate;ed‘ﬁpecies. These were first introduced in 1969
for haddock and American plaice and in 1972 it was agreed
.by member countriés tﬁat'quotas would be applied to other
"species such as cod'and herring. By 1974, ICNAF quota res-
trictions, involving Both species and areas, resulted in
virtua]Ty.a]T.groundfish species being covered by total

allowable catches (TAC's) for the areas under ICNAF juris-

-

dictions. The overall TAC, i.e., the summation of the TAC's,

was then allocated to exploiting countries on the basis of

5 The TAC is Jower than what is considered the
maximum sustainable yield. It allows for a margin of error,
genegally about 10 percent, to take into account interrela-
tioMships between species.
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whether they were coastal states or.distant water states®.

In 1974, the overall TAC for groundfish was 2,050 thousand
metric tons which consistéd of 1,165 thousand metric tons of
.cod, 209 thousand metric tons for redfish and 676 thousand
metric tons for other groundfishY. Thus, during the period
1969-1974, the fisheries of the northwest Atlantic moved
from‘a partial to a fully regulated regime. This amounted

to a basic change in the structure of these fisheries.

2. Fleet Expansion Northﬁest Atlantic ICNAF Areas,

1954-1974.

The northwest Atlantic fishing fleet tan be divided
into two segments on the basis of size: (1) a large vessel
fleet consisting of vessels of 50 gross tons and over; and
(2) a small vessel and boat fleet consisting of }esse1s and
boats under 50 gross tons. Tﬁere.are numerous vessels and
boats in this latter fleet. In- 1971 there were forty-

seven thousand, but these, because of their size, operate

& ICNAF gquotas were established on a 10:70, 40:40
principle {10 percent for the coastal state, 10 percent for
contingency, 40 percent on the basis of average catch over
the previous 3 years, and 40 percent on the basis of the
previous 10-years). -

7 The TAC's are agreed upon in ICNAF annual meetings
by member countries. The data given for 1974 were obtained
from ICNAF, Annual Meeting, June 1973.
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mainly in coastal waterss. As a result, changes in fishing
effort in the northwest Atlantic, ICNAF areas, will be
judged by the large vessel fleet which, because of tech-
nology, makes the more substantial contribution to this
éffortg. . |

The total number of vessels of 50 gross tons and
over in the fleets Srom the eountries operating in ICNAF
areas in the northﬁeﬁt Atlantic, increased from 804 vessels
in 1954 to 2,057 in 1974 (Table II); and their total gross
‘tonnage from 500 thousand in 1959 to 1,691 thousand by 1974
(Figure 3). Tab1g Il shows that the number of vessels 1in
the fishing fleets of virtually all countries increased
up to 1968 and a1thougb there were some declines in the
fishing fleets of many countries between 1968 and 1974,
there was still an overall net increase‘;n the number of
vessels in the ICNAF f]eet.‘ The countries experiencing the
largest increases for the period on the whole were the
U.5.5.R. and Poland. The U.S.S.R. Tleet increased from zero
in 1953 to 510 vessels in 1974, with a peak of 553 vessels

in 1968. ATthough this fleet was second in numé;} only to

8 ICNAF published data on these vessels only for
19771. See ICNAF, List of Fishing Vessels, 1971, (Tri-
Annual Publication) Dartmouth, Nova Scotia: 1972.

9 How fishing effort is measured will be described
~Tater in this section.
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THOUSAND METRIC TONS

3 TONNAGE OF FISHING VESSELS, S0 GROSS TONS AND OVER,

Figure
NORTHWEST ATLANTIC AREAS, 1959 - 1974,
1,800 = '
) . i
1,600 - _./
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Source: ICNAF, List of Fishing Vessels, Ibid.
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thgt.df Canada in 1974, it far surpassed ail other‘f1eets
in terms of gross tonnage of vessels, which is a more
significant measure of fishing powerror capacity (Table
).

The increase in the number of vessels and their
gross tonnage in the f]eets.of many countries between 1971
and 1974, in face of declining resource avai1abi1ity,hcan
be attributed to the influence of the third Law of %he Sea
Conference which commenced in Caracas, Venezuela in June
1974. Since there were possibilities that the marihe re-
sources of the oceans might be shared on the basis of
hﬁstoric‘and existing fevels of landings, many countries no
-doubt decided théf it was advantageousrfor them to méintain
as large a presence as possible in the.northwest Atlantic
;CNAF area fisheries. _

The Européan countries‘such as the U.S.S.R., Poland,
Germany F.R., P;rtugal, France and the United Kingdom have
the largest vesseTé in operation based on average tonnége
per vessel. The main reason for this 1is that the U.S.S.R.
operates large factory or mother ships, which cater to many
fishing yésse1s, while the others operate factory trawlers
or large vessels capable'of operating far ffomrtheir main
bases for long periods of time: . For countries with loca-
tional advantages, such as Canada and the United Stétes,

. :
processing operations are shore based with the result that
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&,
P

smaller vessels are ﬁoré suitasle for these countries than
the larger onesqo.
| In 1974, the number of &rew p]éces‘in the total
fleet of vessels of 50 gross tons and over in the northwest
Atlantic ICNAF area -amounted to 58,756. The Russian fleet
accounted for 51 percent of this with about 30 thousand
places. Crew places, however,‘do not take dinto account
crew turnover, with the result that the actug] number of
men engaged by these fleets during the year would be larger.
There are mény different types of vessgls in the
ICNAF fleet. Three major types of-trawlers (side, stern
and pair) fishing mainly for.gropndfish specieé, are the
largest and most numerous vessels in this fleet. These
vessels increased from about 620 in 1954, with an estfmated
tonnage of 312 thousand metric tans, to 1,537 in 1974 with
a tonnage of 1.5 m111ipn metric tons, thereby accounting
for 90 percent of the total tonnage of the ICNAF fleet in
that year (Table IV). There was also a ‘change in the size
structure of the f]eet; with a trend towards the use of

larger and more modern vessels. Since the early 1960's,

for example, many European countries began replacing side

10 See P. Copes-"International Fishery-Resource
Management: A Position for Canada", (unpublished paper,
Simon Fraser University, Burnaby, British Columbia), 1972,
p. 5. :

"




24

THE NORTHWEST ATLANTIC GROUNDFISH FISHERIES, 1954-1974

‘€661 PUB 9GGL 404 S{ASSIA (L@ U
SU03 00G 3¢ 3JURISUOD pBULRUWRL |BSSAA Jad abeuuo] abedaise ayl

+319°d0 ‘FZGL SIISSAA BULYSE JO 3517 “JYNI1 :824N0S

0} suol Oy pue Ja)Meay dad
70y} SLSBq 3y} U0 pIajeullysy x

-Gl £85°2¢€e G0L* 261 60V 169°1 gg0°€es 1l Lgs'L  9il 294 699 tiol
22 0£5°€L2 £62° 191 258°505°L 861°v2e’ | mom,— el 648 eob 146l
ve gav’ Lhe 821661 A YA TAS 0662121 . ¥€S°L  GblL Lv0° L LSE 8961
G £20° LLL v0L 681 Zev 610 L LGS L06 olv*L  v6 9lefL etd 5961
09 €91°¢8 £6€°6¢1 yGe“ 669 9/2°96V 180°1 90l GL6 "etu 2961
0ol 500°8¢ 008°26 0£6°£L0S .Nmm,mov 86L 8L LLL retu 6561
gel 28£°62 bys es x0V0° 26¢ »005° L0E G519 e ‘eru CetU 9561
G9é 08z‘el GeL e x09.°€5¢ *vmw.o_m_ x029 se'u ety CETU vG61

_ Axmvcmv @o_. .
saioadg soLoads paystLy s|assap Ly . obeuuol [e30] 4led  BpLS  U431S SABa)
ystipunouy ysL4punosn sfeq jo0 abeuuoj |ejol . ; .
*3'n°d') 340433 butysty +oquny Sda|Mea]l
pL-yS6L SAvAL PRIDALDS
*seady JYNDI 340433 Bulysid ystypuncdy g mkm_zmgh J0 4aquiny

AT 3749VL



(-

/
THE NORTHWEST ATLANTIC. GROUNDFISH FISHERIES, 1954-1974

/ .
trawlers with the larger stern trawlers which are capable

of operating under more severe weather conditions. Other
changes suchlas the use of more powerful engines and
improved gear also took place. An examp]e_of the Tlatter is
the replacement, since 1963, of the Yankee trawl by the
hardier and larger Western type'traw1. A1l these measures
resulted in increases in the catching efficiency of fishing
vessels.

2.1 ICNAF Fishing Effort, Groundfish Fisheries.

The non homogeneous nature of vessels and gear dand
changes in technology have made the measurement of fishing
effort a difficult problem. In this thesis, fishing effort
will be measured by the total tonnage of the fleet times
the number of days fisheq. This has been the accepted
measﬁre by bioTogists]T. Economists have been concerned
with this meastrement from the standpoint that it does not
take,into‘accounf techno]ogicéT change. However; it is.
argued here that: (i) by reducing effort to its lowest
common denominator, i.e., a vessel ton unit, this short-
coming is minimized; and (i1) technological change is

implied or embodied in the data since the total number of

L 11 W.E. Ricker, Computation and Interpretation of
Biological Statistics of Fish Populations, Ottfawa:
Fisheries and Marine Service, Department of Bnvironment,
1975, p. 18.

25
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days fished is affected by changes in technologylz.

The groundfish fjshing effort exerted by the ICNAF
fleet increased substantially, about eighteen fold, from
1954 to 1968 as the result of incréases in both the total
tonnage of the groundfish‘eret_and the number of da&s
fished. Effort declined siightly, by gbout 12 percent
between 1968 and 1971, but since then increased by about
9 percent between 1971 and 1974 (Table IV). This increase
was probably a result of the Law of the Sea Conference
mentioned ear]ier:sincé it was erught aboﬁt by an increase
in the totai tonnage of the groundfish fleet réthér than in
the total number of days fished.. The Catch Per Unit of
‘ Effort, j.e., the C.P.U.E., which measures the product{vity
of a unit of effort, declined during the period by 85 per--

'3 The changes in fishing effort

cent between 1959 and 1974
and the substantial decline in the C.P.U.E. are all good
indicators that ICNAF groundfish fishing effort is far too

lJarge for the groundfish resources in the area.

12 R. Hannesson, Economics of Fisheries: Some
Problems of Efficiency, Lund Economic Studies, Lund, Sweden:
1974, p. 63.

13 The C.P.U.E. data varies with the measurement of
effort used. ICNAF scientists, for example, have measured
fishing effort on the basis of days fished, which would
give much smaller decreases in the C.P.U.E. than those
given in Table IV.
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3. Economic Systems, Northwest Atlantic Fisheries.

1

The countries exploiting the northwest Atlantic
fisheries resources can be divided into two economi?
'systems: 1) the_capjta]ist or market system of méﬁx of
"the western European countries, Canada and the United
States; and 2) the centralized or planning system of the
cohmunist-b]oc countries of the U.S5.S.R., Poland, Bulgaria,
Germany D.R., and Romania. There is also }he geographical
division of countries mentioned earlier into (a).coastal
states such as Canada and the United States, and (b)
distant water étates. for the cgastg1'states, regional
interests involving economic,'soéial and political féctors_
are imboftaqf14 and influence theétruéture of their
fisheries. For example, anstéf_stafe'fishiﬁg operations
" range from small, 1§bour.intgn§ive {néhdre Shes‘aiopg the
coast to large cépital intensive ones on the baﬁks:

Becauseé of the differences in_eédnomiﬁ systems,
conditions and geographical Tocation, prﬁduétﬁonlﬁracticeQ

vary significantly between countries. However, most

14 For example, in regions which have traditionally
been dependent on the fisheries and. where employment
difficulties or manpower utilization can have important
economic, social and political considerations. ICNAF
“Report of the Working Group or Joint Biological and
Economic Assessment of Conservation Actions", Annual
Proceedings, Vol. 17, 1968, p. 51.
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countries, even some of the communist block ones15, dispose
of their fishefies products in similar markets; the main
ones being the United States and western Europe: Thus,
market prices are determined by factors such as population
and incomé levels in these countries. Thegé prices, in
turn, Affect.demand and prices at the primary or ex-vessel
fishin§ level. The exception to this is the communist
countries where (although in their trade with the non-
communist bloc they have to accept p}ices established by
market forces) ex-vesSeT and market prices for their
produéts and- production plans are establiﬁhed by central
p]aqning'agencies. Ex-vessel prices set by these agencies

cover fishing operating costs®

with the -result that the
economics of vessel operations can be controlled to some
extent. For these countries, investment\p1ans for fisheries
product1on and the level of fishing effort depend on
alternative costs and returns from other sources of an1ma1

protein, i.e., red meat and pou1try from the T1vestock and

poultry industries. The decision to curtail fishing effort,

15 These countries export their fisheries prbducts
as a means of obtaining foreign currency su®h as U. S.
doliars.

16 B.G. Noelzel, A Report on the Economics of Polish
Factory Trawlers, Working Paper No. 9, Division of Lconomic
Research, U.S. Bureau of Commercial Fisheries, February
1969, p. 15.
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éherefore, does not depend on fishing costs alone but on
whether or-not costs and refufns per protein unit from fish-
eries exceed those from 1ivestockland poulttry. Undenhthese
coﬁditjons, economic forces which, because of poor and de-
creaéing returns, lead to a curtailment of fishing effort in
non-communist countries have little influence; per se, in
restricting-effort in the communist countries.

Despite the-greét differences in fishing operat%ons
between countries, i; is possible to obtain some idea of

. /
recent economic conditions in the northwest Atlantic fisher-
L9

ies. These conditions can bg_discérned from £fends in fish
prices, productivjty, and vessel constﬁuction coéts in some
of the major fishingicountries which are members of the.
Organizgtion for Economic Cooperation and Development,
oeco’’.

é.]. Recent Economic Conditions 1968-1974.

Economic conditions in the northwest Atlantic
fisheries in recent years have been influenced by twb main
factors: (a) buoyant demand for fisheries products result-
ing in increased prices; and (b) increased costs of vessels
and vessel operations. Of these, the second is the more
persuasive. For example, it has been wjde]y recognized

&

17 OECD, Review of Fisheries in Q0ECD Member
Countries, (Annuals since 1967), Paris.
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since 1968 tﬁat there is an overabdndance of f{shing effort
in the northwest Atlantic fisheries and that the cests_ of’
harvesting-the resourses are much greater than necessary.
Fish;ng effort, however, increased since then, and also the
costs of these vessels and their-oper&tiOns]B.. The o1l
crisis in 1673 and world wide inflatioﬁary pressurés in
1973 and 1974 exacerbated cost conditions in the fisheries,
especially for the non-communist states.
On the demand side, sluggish demand conditions in

1968 and 1969 led to small changes in fish market prices in
most of the 1arge fish producing OECD countries. Demand
conditions, however, improved and these, accompanied by
decreased supplies of fisheries products, brought about
increased average prices from 197d to 1974 in most of the
countries covered {Table V). The largest price 1ncrease; .
from 1970 to 1974, alimost three fold in réa1 terms, were
experienced in Germany and Spain, followed by the United
Kingdom, Portugal, Canada and the United States. ‘

| The supply side, however, has been characterized
by decreasing ph%a{ca1 productivity of vessels, and
1nCYEased costs of vessels and their operations. Thé

physica] productivity of vessels, based on indices of

18 ICNAF does not provide economic data on fishing
effort and effort data are only in terms of days fished.
See ICNAF, Statistical Bulletins, op.cit. :




31

1954-1974

= e A T

(5/61-03 8961 S|enuuy) .mwwp“::ou J3quap Q030 UL SOLLaYSL] JO MALAGY ‘)30 :994no0S

‘pLat
(9L 28e 6Ll €z 6Ll €2 00l 82z 28 (8L 99  0OSL G9 6Vl SN
102 LS A S Y oL e oot g€e¢ L 64l . 99 SbL LS 821  "Y¥’d Auewady
651 LOb S/ 16l etw ety Q0L §52 8/ 66l 98 022 6/  £0Z Lebnydog
L0 €L £eL vey 921 29¢ 0oL €9t 99 (R77 65 Gle 9§ £02 uteds
adoany uusysap
ovL  Lov 1 B YA SLL gee 00l S8¢ | ¥6 L4 | £6 99¢ 88 £9¢ Sh
96l 662 €91 ¢gle Ecl. 8¢ 0ot d‘:.”: L8 561 tZ 9gl 89 62l epeueg)

RO LAWY YUON

SABL100 *S*N 1/6L JueISU0] .

X9pu] 80144 X3pU] 93 Luag

Xapu] ad1dd Xapu] 9dldd Xopu] adldg X3pU{ BD1dd XBPU] BJLUg

vi6l

£L6l

¢l61 L6l 0i61 6961 . 8961

THE NORTHWEST ATLANTIC GROUNDFISH FISHERIES

VL61-8961 Satajuno) (30 dofey C

sde|[0g *S°n fuol Jad uOLIONPOUd USL4 SBD LA abeaaay

A 3749VL

]



THE NORTHWEST ATLANTIC GROUNDFISH FISHERIES, 1954-1974 32

average cﬁtch per vessel ton, declined for most of the
major producing countries between 1968 and 1974 (Table VI).
This, compared with the price indices for these countries
‘for the years given, indicates that price increases by 1974
seemed to have compensated for the declines 1in physical
product%vity experienced, as shown by the gross revenue
perfdrmance indices. These latter indices, however, do not
take into consideration vessel capital and operating costs
which wéuld have permitted economic performance indices to
bezobtained. These costs, however, increased substantially
during the period. '

High construction costs‘of vesse]s]g, increased
operating costs due to increased wages and prices for oil
and supplies have been responsible for the serious economic .
difficulties faced by the fishing fleets of many nations.
Some of the large freezer and factory trawlers, for ex-
ample, now cost from $7 million to $15 million, making it
difficult for private enterprise to undertake, from their
own resources, construction of new deep sea fishing'craft.

This has led almost a1l governments to introduce measures

19 Construction costs of vessels in North America
and western Europe increased substantially during the 1960's.
This is exemplified by the Netherlands, one of the major
fishing vessel producing nations 1in Europe. Indices of
vessel construction costs and consumer prices show that
vescel construction costs increased much more rapidly than
general price levels OECD, Review of Fisheries 1970, op.cit.
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TABLE VI.
Performance Indicators for Fisheries,

Selected Countries and Years 1968 - 1974.

1968 1971 1874.

Canada

(a} Price Index, Fish Products™ ' 100 147 229
(b) Vessel Physical Productivity Index** 100 91 62
(¢} Gross Revenue Performance Index (a)x(b) 100 134 142
U.S.A.
{a Price Index, Fish Products** 100 114 159
(b} Vessel Physical Productivity ‘Index 100 55 59
(c) Gross Revenue Performance Index (a)x(b) 100 63 94
Portugal _
(a) Price Index, Fish Products 100 126 201
(b} Vessel Physical Productivity Index 100 59 46
(¢c) Gross Revenue Performance Index (a}x(b) 100 74 92
Spain
(a) Price Index, Fish Products 100 175 354
(b) Vessel Physical Productivity Index 100 79 48
(c) Gross Revenue Performance Index (a)x(b) 100 138 170
U.S5.S.R.
Vessel Physical Productivity Index (a). 100 110 86
Poland
Vessel Physical Productivity index (2a) 100 36 a7

Total ICNAF, . _ .
Vessel Physical Productivity Index (a) 100 72 51

* Based on data from Table V.
x« Based on landings per vessel ton.
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to foster new construction through subsidy p?bgramszo, since

\c’osts,- exdcerbated by the 011 ¢risis and world wide inﬂa-"
tionary pressures in 1973 and 1874, have become quite pro-
hibitive. The evidence avajlable, therefore, indicates that
economic conditions in the northwest Atlantic fisheries have

deteriorated, mainly as a result of excessive inputs of

effort in relation to resource availability.

e

4., Conclusion.

Y .
This chapter purports to: (a) offer a general des-
cription of the northwest At1§ntic fisheries under ICNAF
jurisdiction; (b) summarize recent trends in economic condi-
tions in these fisheries up to 1974; and {c¢) establish an
~empirical basis for this thesis. It pointed out thét the
management of the exploitation of these fisheries by ICNAF
was based on biologica) considerations; ICNAF's .major objec-
tive being the attainment of maximum sustainable yields.
Due to the international nature of ICNAF, however, it was
difficult for,&CNAF to Jmpose effective control untiil there
were obvious-sigﬁs that the resources were overexploited.

Thus, it was only from 1969 that quotas were introduced

20 Every one of the countries has a structure of
subsidies. In the Communist countries subsidies are built
into their pricing system. OECD, Financial Support to the
Fishing Industry, Paris: 1971%.
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and. progressively applied until virtuaily ail species were
_covered by 1974. ‘ B P

Economic factors p]ajed an impoftant role in bring-
ing about the resource management measures by ICNAF. This
.wag because the uncontrolled exploitation of the fisheféés
of the northwest Atlantic, for most of the period 1&55—]974,
. led to increased_competition for the resources from the
fleets of~ICNAF member nations and-o%hers. As a result,
both biologicai (i.e., oyerexploitatfqn) and economic
aspects were adversely affected. The latter ﬁeré caused by
increasing production costs due to decreasing product{vity.'
These costs, it has been pointed out,‘probabTQ ihcreésed
faster than the gross revenues ffom fishjng leading to fhé
decreaéing profitability of fleet operations. | |

In the chapter to follow, the impoftance of the

groundfish fisheries in Ca@agg}s-sea fisheries in this area
< .

will be analyzed.

/,



CHAPTER III
CANADA'S EAST COAST GROUNDFISH FISHERIES, 1953-1974

Canada's east coast sea fisheries are conducted:in
ICNAF sub-areas (2, 3, 4 and part of 5) closest to Canada's
coast, which stretches 12,000 miles from the Bay of Fundy to
Hudson Strait including Newfoundland and other isTands].

The groundfisﬁ fi;heries are the most important of these
fisheries in terms of: (1) the magnitude of resources,

value of output, and the number of vessels and fishermen
employed; (Zf their contribution to output and'emp1oymént in
the secondary manufacturing or fish processing industry; and
(3) the contribution of the fishing industry, Both primary
and‘secop§qry'sectors, in Canada's Atlantic regional economy.
These latter contributions, that is (2) and (3), will be
examined in Chapter IV although thelmain emphasﬁs of this
thesis will be on the primary groundfish industry.

There are great differences in Canada's primary
.groundfish fisheries, due to factors such as location of
resources and technology emg?oyed, which iqfluence‘economic
returns to vessels and incomes to fishermen. These factors

and jurisdictional responsibilities between ICNAF and Canada

1 The Royal Commission Canada's Econom@c/Prospects
Study, The Commercial Fisheries of Canada, Ottawa: The
Queen's Printer, 1956, p. 10.
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»

determine the basic .structure of the primary industry. The
jurisdictional responsibilities for the management of
Canada's sea fisheries are vested in the Fisherfes‘an&
Marine SerJ%ce, Department of Fisheries and the Environ-

mentz.

1. Structure, East Coast Groundfish Fisheries.

Canada's east coast groundfish fisheries are
divided into two major, but not mutually exclusive, sectofs3:
(1) an offshore sector; and (2) an inshore sector. The
“ inshore sector is confined to the coastal or territorial
waters within Canadian Surisdiction and control; while thé
6ﬁfshore sector is the international fishery conducted out-

side these limits, generaliy on the banks. Location,

2 Under the Terms of the British North America Act,
the sea fisheries of Canada came under Federal jurisdiction.
For the period under review in this thesis, this jurisdiction
was exercised by the Department of Fisheries from 1953 to
1965, the Department of Fisheries and Forestry from 1966 to
1968, and since then up to 1977 by the Department of Environ-
ment, now the Department of Fisheries and the Environment.

3 Reference is now made to the development in recent
times of a new fisheries sector - the middle distance or
near offshotre fisheries "... which emerged from the inshore
fishery, with the acquisition by private fishermen of some-
what larger, more seaworthy and more sophisticated vessels".
P. Copes, "Canada's Atlantic Coast Fisheries: Policy
Development and the Impact of Extended Jurisdiction®”, Dis-
cussion Paper® 77-17-2, Department of Economics, Simon Frazer
University, 1977, p. 13.
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abundance, mobility-of resources, and fishing techﬁoTogy
have been responsible for great differences between these
sectors. |

1.1 The Offshore Sector.

Offshore fishing for groundfish is carried out
mainly on the banks (ICNAF™sub-areas 3 and &) from{Iarge
vesse1s'(traw1ers and draggers) generally over fifty gross
tons: Theselvessels are capital intensive, require skiiled
crews and operate qut of large ports in the Atlantic
Provinces and Quebec. Because of the lTarge vessels used for
.groundfish, manf of which are over 100 gross tons; and the
availability of groundfish species on the banks throdghout
the.year, offshore pperations are carried out on a yaar
round basis..

1.2 The Inshore Sector.

Inshore groundfish operations are carried out not
far from shore, normally within territorial limits, all
a1on§ Canada's east coasf. The major characteristfcs of
this fishery are 1abaur intensity, seasonality, and the
_predominance of the cod fishery. Inshore fishermen haQe
been the ma1nstay -of Canada s east coast fisheries for
centur1es. Many live in tiny settlements scattered aiong
‘tﬁe cant-and operate from small vessels and boats, the

majority of which are under ten gross tons.
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v
The gear used for groundfish species are-main]y
fixed gear such as ﬁraps and nets4. As pointed out ear]ief,
cod migrate from offshore into inshore watersl%011owing
herring, capelin and other pelagic species during the late
spfing and early summer -months, with the result that re-
sources in inshore waters are abundant at this time. This,
and the small vessels and boats used by the fishefmgn, have
been responsible for inshore operations, especia11y'in the
more exposed areas along the coast, being pﬁimariTy confined

to the period from May to September.

> Canada's East Coast Groundfish Landings, 1953-1974.

Canada's east coast seea fiéheries experienced
growth in output from 1953 to 1968, but since then }andings
declined due to the overexploitation of the fisheries
resources “in the northwest At]anfic. Sea fish landings
increased in volume from 568 thousand metric toﬁs in, 1953
to a peak of 1,175 thousand metric tons in 1971 but
declined to 661 thousand metric toms in 1974 (Table VII).
There was a sharp drop in landings between 1973 and 1974,

the result of both a trawler strike in Newfoundland, which

4 For example, for cod, the trap is the most
important gear but gill nets, handlines, jiggers and long
and trawl lines are also used. For salmon, gill nets,
drift nets and traps are utilized, and for herring, gill
nets, seines, traps and weirs.
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_t{edfdp 5 1arge.ségﬁént of Canadé's offshore grouﬁdfish
fleet, and sévere ice Eonditions which ﬁuftai]ed inshore
opgratjons. In terms of value, the value of sea fish
1andihg§ increased in real terms from 3%4 mii]ion'in 1953

5

to a peak of $92 million in 1973°.  The sharp drop in

lTandings in i974, however, reduceJ the value of 1andiﬁgs'to'
$80 million in-that year.

Groundfish landings were the most important sea
fish landings, accounting for 68 percent of the vo1umé and
77 percenf o% their value in 1973 (1974 can be considered an
unusual year because of the trawler strike mentioned).
Groundfish landings had increased iﬁ volume f%oﬁ 419
thousand metric tons in 1953 to a peak of 621 thousand
metr%c tons in 1968 but dropped to 541 thousand metric tons
in 1973 and to 418 thousand metric tons in'1974. They
increased steadily in value, however, from $32 million in
1953 to $72 million in 1973 and were¥at $59 million in 1974.

There are many species og groundfish landed in
Canada's east coast fisheries, the most imﬁortant'being cod,

flounders {of which there are many sub-species), redfish and

5 A11 value figures will be given in constant 1971
dollar terms throughout this thesis unless otherwise
specified. This was done by using the Consumer Price Index
as the deflator for landings and incomes and the Implicit
Price Index as the deflator for equipment, i.e., vessels
and gear.
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" haddock. The number of groundfish species landed increased

‘divided into three major species; cod, redfish and other’,

significantl& during the period 1953-1974, from six to nine-
teen speciess. 0f these, cod, the largest single species
landed, declined from nearly seventy percent in 1953 to
thifty-eight percent in 1974, with the result that the other
species combined increased from thirty £0 sixty-two percent.
Because of their large numbers, groundfish species will be
7

which will also be r;}grred to as flatfish since the
majority are flounders and soles.

| Cod landings increased from 290 thousand metric tons,
valued at $19.7 million in 1953, to a peak of 355 thousand
metric tons, valued at $23.8 million in 1959 but declined to
157 thousand metric tons,_va1uea at $25.7 million in 1974
(Table VIII). Flatfish landings also increased for most of
tﬁe period from 108 thousand metric tons, valued at $11
million, to a peak of 224 thousand metric tons, valued at
$25.6 million in 1966 but dropped to 174 thousgnd metric
tons, valued at $25.8 miltion in 1974. Redfish Tandings

increased from 21 thousand metric tons, valued at $1.6

6 See ICNAF Statistical Bulletins, op.cit., and
Environment Canada, Statistical Reviews of Canadian
Fisheries, op.cit.

7 This will be the classification used in the

models to be specified in Chapter V.
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million, to a-peak of 158 thoﬁsand metric tons, valued at
$15.4 million in 1973, but dropped to 87 thousand metric
tons, valued at $7.6 millign in 1974.

A The decline in cod and flatfish Tandings since the
late 1960's was the result of increasing scarcity of these
resources—ﬁhichlled to a shift in fishing effort to the
greater exploitation of lower valued groundfish species,
suchfas redfish. This scarcity also affected prices. For
example, for the period 1953-1971 average price increases
for the major-species were small, remaining relatively

'sta51e for redfish and increasing at average-annual rates
of 2.3 percent for cod dhd 1 percent for other. Vwith‘the
increasing séarcity of_resources and buoyant.demana in 1973
and 1974, prices increased sharply between 1971 and 1974:
59. percent for cod, 11 pércent for redfish and 22 percent
for flatfish, or at average annual rates of growth of 16.8

percent, 3.6 percent, and 5.1 percent respectively.

1

3. Factor Inputs, East Coast Groundfish Fisheries.

The growth in total sea fish and groundfﬁsh landings
during the period 1953-1974 was brought about. by an increase
in factor inputs, mainly capital for vessels and gear.

Capital inputs in fishing craft (including carrying smacks)
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- . . . s . 8 . : .
and gear used in primary fishing operations increased from

$67 million in 1953 to $205 million by 1968 but decreased to

$178.million by 1974 (Table IX). These changes were due to

an expansion in the fishing fleet from thirty-three thousand

craft in 1953 to ;earIy forty thousand by 1965;. and after
1965 to an increase in the size, tonnage and cost of these
craft since their number declined to twenty—eight thousand
by 1974. Grouméfish fishing craft were estimated to have
ingreased in number from nineteen théusénd in 1953 to
twenty-five thoﬁsand in 1962 but declined to fifteen thou-
sand by 1974; and in value from $29 million in 1953 to a
peak of $131 million in 1968 but dropped to $111 million in
1974. These créft, therefore, accounted for about 55 per-
cent of the total number and 73 percent of the value of
craft in 1974. .

3.1 Employment in Fisheries =

Primary fishing operations on Canada's east coast

fisheries provide only part-time and occasional employment

8 Excluded are investment in infrastructural
facilities such as ports, wharves, breakwaters, etc., with-
out which thse craft could not operate.

—

at
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f
(1éss than ten months\duration)g since tﬁe majority of
fishermen aré in the seasonal inshore fisherieé. Because
offsﬁore fishing operations are year round, most full-time
fishermen (those fishin§ for ten months and over) are off-
shore fishermen. Consistent data on the number of inshore-
offshore fishermen are not available for the whole period
covered by the thesis. As a result, full-time fishermen
‘Wwill be used to represent offshore fishermen and part-time -
and occasional to represent inshore fishermen (Table X).
This representation is widely accepfed although it is known
that many fishermen'engage in both inshore and offshore
fishing. .
The number of fishermen on Canada's east coast,
nearly 90 percent of which weref%n the inshore fisheries,
fluctuated from a Tow of forty-five thousand to a high of
forty-nine thousand between 1953 and 1965 but declined to
thirty-nine thousand by 1974. Groundfish fishermen accounted
for well over 50 percent of the total number of fishermen,
'increasing from about twenty-nine thousand to thirty-two
thousand between 1953 and 1964 and-declining thereéfter to

twentycone thousand by 197410

9 This is the classification of part-time and
occasional fishermen used in official fisheries stat1st1cs.
See Footnote 1, Table X, p. 48. ~

10 The second most important fisheries in terms of
empToyment on the east coast are the lobster fisheries which
are not treated in this study.
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"TABLE X.
Number of Fishermen and Extent of Employment,

Canada's tast Coast Fisheries 1953-1974

Extent of Emp1oyment1

. o ' h&rt-Time and

Groundfish* Total Dccasional Full-Time**
1953 28,643 48,548 . 43,338 5,210
1954 28,603 48,431 43,124 5,357
1955 28,235 47,865 43,196 4,669
1956 27,724 46,991 41,535 5,456
1957 28,579 43,439 42,838 - 5,357
1958 28,174 47,753 42,838 4,915
1959 25,601 46,471 41,561 4,910
1860 25,553 45,509 40,594 4,915
1961 . 29,026 44,797 39,968 4,829
" 1962 30,799 45,709 . 40,970 4,799
1963 32,054 47,753 + 42,691 5,062
1964 - 32,487 48,579 43,143 5,436
1965 30,311 49,335 . 43,324 6,011
1966 28,386 45,918 40,233 5,685
1967 26,864 45,210 39,534 5,676
1968 26,234 45,709 39,757 5,952 .
1969 . 23,040 42,931 36,768 6,163
1970 22,631 41,757 35,668 6,089
1971 22,984 39,726 . 34,604 5,122
" 1972 21,579 39,741 34,213 . 5,528
1973 21,572 38,996 33,659 5,337
1974 21,203 38,552 33,271 5,281

* Estimated for the period 1953-1958 based on groundfish
fishermen accounting for 59 percent of the total number
of fishermen--the average for the period 1959-1961.

**  Estimated for all years with the exception of the years
from 1969 to 1973 for which data are available.

1 The classification of fishermen was based on the time-
spent in fishing activities: full-time those engaged
in fishing for 10 months or over; part-time and
occasional Tless than 10 months.

- Source: Envirohment Canada, Annual Statistical Review of Canadian
' Fisheries, Vols. 1, 2 and 3, op.cit.
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4. Changes in the Primary Groundfish Fisherijes.

There were extensive changes in the primary ground-
fish fisheries during the period 1953-1974. ,These were
caused by increased factor iﬁputs, mainly capita] in the
offshore sector because of greater resource availability in
this sector than in the inshore sector. In the latter,
decreasing resource avai1abi1jty Ted to a reduEEjon in
Tabour input, the more significant factor of production in
this sector. .EOﬁ most of the period, these changes brought
about: (f) growth'in the offshore sector; amd.(z) insta-
bility and decline in the inshore sector:

4.1 The Qffshore Groundfish Fisheries, 1953-1974.‘

Canada's east coast offshore fisheries are primarily
for groundfish species. It was only during the second half
of the 1960's that large scale offshore bpera£ions for
pelagic species, mainly for herring, took piace]1. Ground-
fish landings increased from 114 thousand metric tons in
1953 to a peak of 350 thousand metric tons in 1968 but

declined to 261 thousand metric tons in 1974; and in value

from $9.6 million to $34.4 million with a peak of $40.7

11 C.L. Mitchell and D.B. McEachran, Developments
in the Atlantic Coast Herring Fishery .and Fish Meal
Industry, 1964-1968. Canadian Fisheries Reports No. 16,
Department of Fisheries and Forestry, Ottawa: August, 1970.
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million $n 1973 (Table XI)12. Because of the expansion in
the offshore fisheries, offshore groundfish landings in-
creased from 27-percent'of the volume of total grouqdfish
landings in 1953 to 62 percent in 1974.

The most important groundfish species 1énded by
Canadian offshore vessels, in terms_of volume and value,
were flatfish rather than cod. In fact, during the beriod
1953-1974, landingé of flatfish and r;dfish increased much
more substantially thén cod: %1atfish from 49 thousand

metric tons, valued at $5.1 million, to 122 thousand metric

tons, valued at $18.0 million; redfish from 21 thousand

metric tons, valued at $1.6 miilion, to 85 thousanﬁ metric
tons » vaIueH at $7.4 million; while cod increased from 44
thousand metric tons, valued at $3 mi1116n,_t0 54 thousand
metric tons, valued at $8.9 million. Landings of both
£1atfish and cod have, however, declinetd from 1967 and 1968
when flatfish landings peaked at 169 thousand metric tons
and cod at- 111 thousand metric tons, while ré#fish landings
peaked in 1973 at 156 thousand metric tons.

'%he growth 1in offshore groundfish landings up to
1968 was due to a substantial expansion in Canadian offshore

groundfish effort, characterized by an ihprease in the

37 The sharp drop in offshore groundfish landings
between 1973 and 1974 was due to the Newfoundlanmé-trawler
strike mentioned earlier. . , :
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number and tonnage of offshore vessels and days fished
(Table XII). Since, however, offshore groundfish'effort,
measured by the tonnage of the fleet times days fished, has
been on the decline. The number of offshore groundfish
vessels increased from 101, valued at $13.9 million in 1953,
to 372, valued at $109.1 million in 1968 but declined to
335, valued at $86.1 million in 1974. The average number of
days fished per vessel in the fleet was 124 days in 1968

and 1971 in.comparison with 115 days in 1974, as a result

of the trawler strike.

There were significant changes in the size structure
of the groundfish fleet as a result of changgg in technology.
In the period of the 1950's, the average size of vessels
decreased as large dory vessels were withdrawn from the
fisheries]3 and replaced by side and stern trawlers. The
average size of vessels began to‘increase in the 1960's
when there was a trénd towards the larger and costlier
stern trawlers. This trend was, to a large extent, fostered

by Government_programs of assistance, both Federal and

Qe

13 In 1962 there was only one dory vessel in the
Canadian offshore groundfish fleet. ICNAF, List of Fishing
Vessels and Fishing Effort, op.cit.
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Provincial, for vessel construction.on the Atlantic coast]a.

The decline in the offshore groundfish fieet since
1968 was due to the increasing scarcity of groundfish
resources which resulted in increased fishing costs and
deteriorating economic returns in the offshore groundfish
fisheries. Estimates of total revenues and costs from these
fisheries indicate that in recenf yéars total costs have
been exceeding total revenues, i.e., fishing operations are
experiencing an economic loss characterized by the absence
of economic rents (Table XIII). This conforms to the
gconomic thepry"of Tisheries ekploitation, to be discussed
in Chapter VI, wHich indicafes~that uncontrolled exploita~
tion of fisheries leads to.an.eéon;mic,equiiib%ium in the
long run'whéré.tota1_cosf‘equa1s total revenue and zero
econdhic reﬁt . The ébsénéé of economic-rent might be mis-
Tead1ng, however, since this cou1d be accru1ng to plants,
i.e., the secondary Ievel, rather than vessels. This is

because there is a high degree of vertical integration in

15

the industry °; most of the: offshore vesse]s are owned by

- 14 C.L. Mitchell and H.C. Frick, Government Programs
of Assistance for Fishing Cratt Construction in Canada: An
Economic Appra1sa1 Canada Fisheries Reports No. 14, Ottawa:
June, 1970. ’

15 A1though th1s study is confined to the primary
sector, some attention will be given to the structure of
the 1ndustry in the fo]]ow1ng chapter.
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large processing plants or companies. These companies con-
tro]_vessel prices to a great extent, keeping them low since
their vessel operatiqg losses can be recouped by profits
from their procéss{ng operationsls.

The excess of costs over revenues from the offshore
groundfish fisheries, estimated at $7.6 million.in 1974,

indicates low returns to capital, i.e., to vessels, in the

offshore groundfish fleet. This is supported by. findings

from the Costs and Earnings Studies which show that the
VQarious types of groundfish vessels on average experienced
pﬁofffs before 1968 but since that time many of these
vesseis, particulariy the large side and stern trawlers
6§er1100 groés tons, experienced persistent 1osseé17.
Iﬁcomes_to offshore groundfish fishermen, the number of whom
were estimated between three and five thousand during the
périod 1851-1974, increased as a result of growth in the

18

volume and value of landings The estimated per capita

income increased in constant dollar te}ms from $950 in 1953

. 16 For a fuller account of this see P. Copes The
Resettlement of Fishing Communities in Newfoundland,
Canadian Council on Rural Development, April, 1972, footnote
2, pp. 60-61. .

17 d. Proskie and J.P. Charron, op.cit.

18 Offshore fishermen are generally paid by the lay
or share system which is based on a percentage of the gross
revenue of the vessel. Thus, their incomes do not depend on
the vessel's profitability. '




s . -

CANADA'S EAST COAST GROUNDFISH FISHERIES, 1953-1974 57

to $4,870 in 1973 aﬁd dropped to,S;,IOD in 1974. Thére is,
hbweve}, éuité a range in incomes for offshore fishermen .
depending on the level of skills required. The-skippers;“
mates, and engineers in some of the Targer and more “techni-
<%§11y‘§opg:?%1cated vessels receive high incomes; some

skippers' incomes in the 1arger stern trawlers were in the

- $20,000 - $30,000 a year range in 1973 and" 197419

4.2 The Inshore Groundfish F1sher1es, 1853-1974.

The inshore fisheries, once the mainstay of Canada's
east coast fisheries as poi&ted out eaklier, decreased .
during the period 1953-1874 from 454 thousand metric tohs,
valued at $34.4 million, to 291 thousand metric tons, valued
at $36 miTlion (Table XIV). -ﬁﬁﬁt_of this decrease took
place from 1967; before that, inshoré landings fluctuated in
volume and vaIue. The sharp dropq1n 1and1ngs in 1974 was

JEE to the severe ice conditions 1n that year which cur-

>

ta11ed inshore fishing operations for upé;O six weeks during

the fishing season. Groundfish landings, the most important

*

in terms of both volume and value and composed majnly of cod,

f]uctuated between 1953 and 1963; but declined sBeadi1y
-
aftterwards from 328 thousand metr1c tons, va1ued at $29.1

million, to 157 thousand metric tons, valued at 524.7

. £ . o

_ 19 J.P. Charron, Costs and Earnings of Selected
Fishing Enterprises Nova 5cot1a 1974, Ottawa Dept. of
Environment, 1975, Table 9, p. lgj

£ 0~
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~ million in 1974. |

.  The decline in inshore gfoundfish landings was the
result of reduced reseurce availability, particularly in
the Téttér part of the period. This reduction has been
attributed to the effects of the expansion of international
fisﬁing effort in the offshore fisheries because of the
inter-relationships between offshore and inshore resources
with the movement of cod, herring and other spec{es from

'”\\offshore-into inshore waters duriny the summer months.

E:nce 1965, inshore fesource avafﬁabiiity problems were
largely régagigigli/for the withdrawal of fisherme;oand

boats; indicative of a reduction in fishing effort (Table

XV)..

The number of inshore fishing craft which had in-
créased,up to 1965, decredsed froﬁ thirty-nine thousand,
Qaiued at $40.0 million, to twenty-eight thousand, valued

.at $47 million in 1974. This decline was confined to
“smaller craft, many of them sail and row boats, since the
number of vessels, mainly longiiners, inireased from 1.2

thousand to 3.1 thousand during the period 1953-1974.

Groundfish vessels and boats accounted for about 50 percent

20 No data are available on the number of days
fished by inshore fishermen during the year. This, multi-
plied by the number of fishermen or boats, would give a good
estimate of inshore effort. :
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of the insh fleet during the period, increasing from
nineteen téi:iand in 1953, valued at $15 million, to fwenty—
four thousand, valued at $26 million in 1962 but declining
since to fifteen thousaﬁd, valued at $25 million.

The number of inshore groundfish fisher@en fTut?
tuated between twenty-one thousand and twgnty-six thousand
from 1953 to 1962 but dég1ined to sixteen thousand by 1974,
accounting for 48 percentlgf.the total number of inshore
fishermen in that year. -

. High labour intensity, relative to resource avail-
ability, and seasonality of operations in the inshore‘fish-
eries have resulted in low incomes to fishermen. Per cag{ta
incomes from groundfish were estimated to have increasgd’
from $730 a year in 1953 to $1,428 a year in 1973, fut

dropped to $1,164 in 1874. These low incomes of inshore G

groundfish fishermen have necessitatef high Teve]s‘BfwM >,f~~\\§n"_
governmentlwelfare programs, partiéu1ar1y unemployment bene-
fits, and other assistance programs. These latter programs,
which were in large measﬁre designed to encourage insh&#e
fishermen to move intd other occupations, will be discussed

in the next chabter.
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5.. Management Problems, Groundfish Fisheries.

The foregoing analysis examined the significant
changes takgng place in Canada's east coast groundfish fish-
eries gnd 1ndu§try during the period 1953-1974, a period
duringdwhiéh fisheries exploitation was virtually unregu-
lated. As a result, there was a substantial expansion in
fishing effort by-Canada and foreign countries in the north-
west Atlantic, Teadiné to the ovérexploftation of the ground-
fish resources in that area. This overexploitation, which
became evident towards the end of the 1960's, resulted in in-
creasing management measures by ICNAF whigﬁ"had jurisdiction
over the offshore groundfish fisheries: These measures, as
described in Chapter II, were based mainly on quotas.

THe'anaIysis indicated that the éxpanQion in
Canada's groundfish fishing effort during the period was
primarily in the offshore fisheriés: wh{ch was capital
rather than labour intensfvef This exppnéion led first, in
the éat1y 1960's to a reduction in the av;ilabiiity of
groundfish resoﬂrces in the inshore fisheries, which are
very labour intensive; and secondly, in the late'1960's to
the overexp]ﬁitation of offsﬁore groundfish fesources- The
'econdmic effecté éf these two'aSpects_were that the. first,
thfough decreasing. returns and TOwIincomes,.brought abouf 2

decline in the number of inshore fishermen which was not

C
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compensated - for by increased emp1oyment‘opportunities in

“the offshore sector. The second led to decreasing returns

to capital in the offshore sector. Thus, resource cbn-

straints and Iarge1y unregulated entry 1nto the groundfish

fisheries, have bgen the major factprs responsible for

e;:onomic' problems at the primary industry level. 4

"There are many probTems associated with ménaging
the exploitation of the- groundf1sh resources. These stem
from the structure of the pr1mary groundfwsh fishery, i.e.
the inshore-offshore sectors, the inter-relationships be-
tween inshore and offshore resources, and the division of
management reépcnsibi1ity'between Canada and ICNAF. This
latter division made it difficult for‘Canada to pursue any
clear cut management objectives for its fisheries dufing
the period under review. As a éesu1t, although ail large
Canadian offshore grdundfish vessels were licenced for a
small fee, Canadian re§u1ations placed no restrictions on
entry into the groundfish fisheries.

This chapter concehtrated”on developments taking
place in the primary sector of Canada's east.coast fishing
industry during_the period 1953-1974. In the next chapter,.
the economic impact of these deve]opments‘on the secondary
manufacturing or processing sector of the groundfish in-

dustry and other sectors of the Atlantic regional economy

4
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7 The gfdwth in outpuf iﬁ.the'brimary groundfish . fish-
eries on Canada's easf coast during the period 1953-1974
induced growth in the secorndary manufacturing of processing
sector of the grdundffsh industry and also in other sectors ’
of the Atlantic regionai economy. Thié'waﬁ throdgh the |

operation of Tinkage effects1

: (1) forward linkage on fhé
secondary manufacturfng sector which uti]iéfs:the éﬁtput-_
from the pr%mary sector as an input; (2) b;ckward linkage
on other industries such as ship bui]ding,-conﬁtructioﬁ and
service industries which cater to the industry; and (3)
demand linkage by increased’demands, thfouéh increased in-
comes and empioyment, for consumer goods and sefvices.

Although this thesis is concerned mainly with the
primary fisheries, the growth influences of these fisher%es
will be analysed in this.chapter. This analysis will con-‘
centrate on the contribution that the primary fisheries m;Ee
to the secondgry manufacturing sector of'the fishiné_in-

dustry; and the role and importance of this industry on the

whole in the development of the Ati¥ntic regional economy.

1 A.0. Hirschman, The Strategy of Economic Develop:\kil
ment, New Haven: Yale University Press, 1965, pp. 98-116.

L
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1. The Secondary Manufacturing Industry, 1953-1874.

The seconda?} manufaﬁturiﬁg sectar of the east coast
fishing industry2 consfsts of a large number of processing
piants situated all along Canada's east coast (Figure 4).'
In 1972, theré were 611 plants in operation of which 187
were freezing plants, 65 were canneries, 302 were curing
plants, and 57 were reduction p]ants3. These plants vary
widely in size, diversity 6f operations, and types of
ownership rangin@_from single or family ownership to large
corporations. *Many plants are'integraied horizontally,
i.e., as branch p1ants‘of large companies, oOr vertically,
j.e., owning vessels and boats which cater to them. In
1974 there were 12 vertically integrated companﬁeé (exclud-
ing producer’'s cooperatives and crown corporations) which -
ogned about 50 plants, 25 of which were served mainly by the

offshore fleetg.

2 For a detailed study of the industry, see J. John,
Atlantic Coast Groundfish Marketing, a background study for
the Department of Regional Economic Expansion, QOttawa: June,
1970; K.J. Brewer, "The Canadian East Coast Groundfish In-
‘dustry”, (unpublished Ph.D. thesis), McGill University, 1972,

3 This is based on a 1872 survey of fish processing
plants. See C.M. 8lackwood, “"Fish Processing Capability of
Piants in the Atlantic Region", Proceedings Government-

Industry Meeting on the Utilization of Atlantic Marine Re-"
cources, Ottawa:— Environment Canada, 1974, p. 208.

4. Environment Canada, Policy for Canada's Commer-
cial Fisheries, op.cit., PP. 26-27.
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1.1 Groundfish Products. -

Groundfish species have been. the mafnstay of the
secondary manufactu%ing SeétOf of the f{shing industry on g
the east coast. Many pJaAts,‘howévér, engage in multi-
species operations procesEihg QYOUﬁdfish, pelagic and
molluscs and crustaceans spécies for. food products for human
consumption and reducing their offal or waste into fish meal -
.and 0§1°. .The total value of the products from the major
species increased from $85.2 million in. 1953 to $229 million
in 1974 with a peak of $294 million in 1973 (Tab]e-XVI).

This was due mainly to groﬁndfish since the vaiue of ground-
fish products increased from $69.1 million in 1953 to $146.8
million in 1974 with a peak of $207.3 million in 1973. At
the peak year in 1973, groqndfish products accounted for 70
percent of the value of total production of séa fish pro-
ducts?

Virtually all groundfish landings are processed into
food products while their offal is used for reduction pur-
poses. During the period 1953-1974, groundfish food pro-
ducts increased from about 119 thousand metric tons, valued
at $67.5 million, to 125 thousand metric tons, valued at

$139.3 million, with a peak production Jevel of 175 thousand

5 Since the expansion in the herring fisheﬁy, a
T number of large plants specializing in reduction have been
\\-’/‘_/_‘\_29é4t. See C.L. Mitchell and D.B. McEachran, op.cit.

AN
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metric tons in 1968, and.i.peak'vaIQe of $194.4 miliion in
1976°. 'The incfease'{n_the_Qaiue of tﬁese products was
brought about'by.{ncreased prices for the ﬁrodupté produced:
these priqés increased from 5569‘per metrﬁt_ton in 1953‘to
$1,112 per metfic tqn,in‘1974'or by nearly 100'pergenf.‘ The"
value of g}dundf%sh reduction products also incredsed‘durihg_
the period from $1.6 million to $7.5 million with a peéak of
$12.9 million “in 1973. |

The vo1umél6f gfoundfish fgpd products.accounted fdr
28 percent of the volume of groundfish lTandings dufing the
_peridd 1953-1974 4indicating that, on average, 3.6 metric |
tons of groundfish raw méferial'inpdté were requfred.to’ﬁf%-
duce.one metr}c ton of finiéhed product. Theréaaré, however,
many product forms, the most important of whicg\;re frozen
?i]1gt§ and blocks, salted fish, fresh fillets, %{esh frozen
-round or dressed_énd smoked and canned products (ﬁable.XVII)-
Frozen fillet production increased from 17 thousand metric

““%tons, valued at-$13 million in 1953 to 62 thousand metric .

tons, valued at $69.8 miliion in 1974 with a peak of 78

6 Data on the volume of fish products were not
available for all products before 1977 when volume 9 of the
. Annual Statistical Review of Canadjan Fisheries, op.cit.,
was published. This publication revised data for all the
years 1955-1976 and provided new data on a metric ton .
basis. Since changes in landings data were small and these
data did not correspond with data from ICNAF sources, no
changes were made in this thesis on data presented before
this. Co

~
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thousand metric tons, valued at $98.1 million in 1973.

Frozen block productzon 1ncreased for most of the per1od

from 16 thousand metric tons, valued at,STO.S*m1111on in

1853 to 59 thousand'metric.tons, valued at $41.2 mi11idn in
1965 but declined to 23 thousand metric tohs, valued at $22.7
ﬁilTJyn in 1974.. The changes in the production.of these
products were brought about by the expansion in offshore

groundfish Tand1ngs since large groundfwsh trawlers are

£

often the main source of suppTy for processing p]ants,
particularly during the off season for inshore operaliops.

Salted fish production, on the other hand, relies mainly on

. inshore landings, with inshore fishermen doing most of the

salting themselves. Production of this product declined
from.an estimated 60 thousand metric tons, valued at $28.4
million in 1953 to 18 thousand metric tons, valued at $24.4

million in 1974.
%

4

Most of the products of Canada's east coast fishing

industry are exported mainly to the United States but also

‘to many .other mafkets.jn Europe and the Caribbean. Data on

fhe breakdown of exports by reg%on are not avai1ab1é for the
whole range of products,” However, exports of tot;&-iish .
products frqm Caﬁida's fisheries, east centra1'and wesQL
cgeast areas, indicate that they accounted for over sixtysy

five percent of the ya1dg_of total production during the

«
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period 1953-19747. The domestic market has, therefore,

been relatively small, accounting for approximately thirty-
five percent Sk\the total value of production. As a result,
market prices fo; Canada's fish products are estap1ished in .
export markets, in particular the United States, where these
products compete with products from many other countries.

1.2 Processing Plants, Capacfty Utilization and Employment.

The number of fish processing plants in operation on
Canada s east coast dec11ned during the period 1953-1974.
Some idea of the magn1tude of this decline can be rea11zed
from Table XVIII. This Table, however, includes only the
larger plants with a value of shipment of goods of own manu-
facture of'SS0,000 and over for the later years of the
periodS%? These p]ants, the nuﬁber of which declined by 49
percent from 1953 fo 1974, accounted for about 90 percent of
the value of total production of groundf1sh products.

The reduction in the number-of plants was indicative
of a trend towards consolﬁdation and the use of larger
plants in the industry. As a resuTt,'output per plant,

judging from the average value of shipments of. goods of own

manufacture, more than quadrupled during the period from

-7 Environment Canada, Annual Statistical Review of
Canadian F1sher1es, Vol. 8, op. cit

g8 Statistics Canada, Fish Products Ingustry,
(Annuals Cat. 32-216) Ottawa.

/ . - -
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$211 thousand to $979 thousand. - There is, however, con-
siderable excess’capacity in fish food processing plants.
This can be attributed to: (1) seasonality of landings and

the construction of plants with the capacity to cater to

peak peribds_whiéh last for only a short time during the

year; and (2) to government financial assistance programs
to the industry in the 1960's, such as the Department of
Regional Economic Expansion (DREE) éubsidies gor plant con-
struétion and the price support schemes‘of:the Fisherie§ and
Marine Service, Department of F%sheries and the Environment.
These governmental measures not only encouraged moderniza-
tion and capacity expansion in the industry but probably
supported marginal firms which otherwise would have been
forced out. Although excess capacity is.a fact of 1life in
a seasonal industry, it has been estimated that.plants c6u1d-
probably increaﬁe their output by over 50 percent without
the necessity for any extra investmentg.

Total employment in the secondary manufacturing
sector has been on the increaée, especially since tHe early -
1960's, as a result of the expansion in sea fish Tandings on

the east coast. The number of persons employed in plants

9 This is'based on a recent study of the processing
industry. The Research and Productivity Council, Onsite and
Data Analysis of East Coast Fish Processing Plants, {(Unpub-
Tished report), rredricton, New Brunswick, 1977, p. 7.

Y
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increased from 10,700 in 1962 to 14,200 by 1974, constitut-

ing about 40 percent of the total number of fishermen in

that year. Moreover, per capita incomes received by these

workers, many of whom are women, increased from $2,125 in
1953 to $4,672 in 1974, -Sinfe 1962, these incomes were
fairly close to those recéived by offshore groundfish10

fishermen.

2. The Economic Importance of the Fishing Industry;

Canada's east coast marine fisheries industry, con-
' » ., .
sisting of both primary and secondary manufacturing.opera-
tions, is a small sector in Canada's economy. In 1973, the

year with the highest value of output from fisheg&es during

the period, this industry contributed less than half of one

11

percent to Canada's G.N.P. The east coast fishing indus-

try is, however, important in a regional context. In terms
} a . a .

of its contribution to the Atlantic regional economy, i.e.,
the Atlantic provinces and Quebec, this industry increased

from 1.7 percent of the total value of output of a® com- -

-modity producing industries in 1956 to 2.3 percent fn 1973;

and in terms of empioyment, it accounted for 2.9 percent of

10 See Tables XIII and XVIII of text.

117 Department of Finance, Ecohomic Review, Ottawa:
The Queen's Printer, April, 1975, Reference Table 2, p. 103.
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the labour force in 1956

and for 1.8 percent in 1973 (Table

XIX). If Quebec is excluded, the fisheries contribution to

the Atlantic provinces is more significant. In 1973, this.

industry accounted for 10.1 percent of the total value of

all commodity producing industries and for 5.4 percenf of

the employment in the Maritime provinces; and for 13.7 per-

cent and 13.2 percent respectively in Ne\»:foundTand.I .

2

2.1 Fisherjes and Regional Develiopment. f"’\\

The important contribution that the fishing indust

makes to the Atlantic provinces' economy through its exer-_.

tion of linkage effectsy

-

= -
can be realized from the input-

output studies of the Atlantic provinces' economy by K. A

Lgyitt]3. These studies

!

revealed that although incomes,

gérticular1y from primary fishing activity, were low the

fishing industry, both primary and secondary sectors,

exerted the largest amoudt of employment per dollar value

of output in the Atlantic regional economy. 0f this, the

secondary processing sector exerted a more significant

effect, about twice as ‘much, on employment as the primary

12 Environment Canada, Annual Statistical Review of

Canadian Fisheries, Vol.

13 K. Levitt, "A
Structure of the Economy
a paper presented to the
York University, June 6,
Atlantic Provinces 1965,

8, op.cit., Table 5, p. 26.

Macro Economic Analysis of the

of the Atlantic Provinces, 1960",
Canadian-Economic Association at
1969;..... Input-Qutput Study of the
Ottawa: Statistics Canada, 1975.
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fishing sector:' For example, employment multipliers fpr
fisheries in the Atlantic provinces in 1965 were.1.35 fbr

the primary sector and 3.0 for the secondary sector’?

This
means that for every job created or Tost in pfimary fisher—
jes, .35 jobs are created or lost e]seﬁhere, and for every
job created or lost in the processing sector two jobs aré
created or lost elsewhere, one of which is in the primary
sector. Taking into consideration that the'fishing industry
constitutes an important sector in the Atlantic regional’
economy, expansion or decline in’ this sector exerts a-;:;?\\;,f——\
nificant impact on employment and incomes in the area.

The importance of the fishing industr& in regional
deveippment has long been recognized by the Government of
Canada but it was.onTy in the 1960's that the Federal Govern-
ment Ségan'to play an active ro1g in fisheries as a means of
regional development. This role concentrated on (1} mea-
sures to encourage expansion in the oifshore fisheries, and
(2) measures to reduce labour inputs in the inshore fisher-
ies due to the low incomes of inshore fishermen. Thés mea-
sures were closely tied in with general regional deyelopment
measures. Since 1967, a series of legislation we?e passed

and agencies established to so]vé the problem of (ijionaT
— A

14 This is based on the dve;age of emp1oymeht multi-
pliers in the primary and secondary sectors of the fishing
industry in the Atlantic region, ibid, Table 5.47A, p. 106.



CANADA'S EAST COAST GROUNDFISH INDUSTRY, 1953-1974 79

disparities in Canada.’ These culminated in 1969 with'the
establishment of the Department of Regional Economic Expan-
sion which pulled together the various pieces of Federal
legislation relating to regional development15.

2.2 The Regional Development Strategy. "Growth Pole" Concept.

The regional devglopment strategy adopted for fish-
erieéfwas based on the growth pole (Pdle de_croissance)\con—

cept'of Perroux1§, further developed by Hi'r'schmari]7

and
others, and on regional deve1obment planning. For Perroux,
the points of groﬁth are manifested through the twin con-
cepts of (1) a propulsive firm or industry, and (2) a key
firﬁ‘or indugtry. For example, growth takes place when a
propulsive firm raises its output and induces expansion in
the output of other industries. Hirschman elaborated the
mecharism by which this inducement takes place by his in-

\\\‘_hﬁigéubtiga of 'the linkage effects mentioned ea;1ier. In a \

geographical context, a village or town in which a sirong

‘P development impulse takes place is designated a "growth

pole", signifying a "location where major concentrated

development has occurred or can be sparked because of the

/~ 15 B. Higgins, “Growth Pole Policy in Canada",

Growth Centers in Regional Economic Development, edited by
N.M. Hansen, New York: 1Ihe Free Press, 1972, pp. 204-214.

16 F. Perroux, "Note sure la notion de POle de
troissancg", Economic Appliqueé, January - June, 1955.

17 Hirschman, op.citf
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»* R *Q
location's resource base, import substitution possibilities,
externalities, exploitation of amenities, and a host of
other factors18. The "growth pole" can induce, th?odgh
trade and a transfer of capital, growth in other toynS'and
villages or its hinterland by its "spread or trickling down"
effects; or, retard growth in these thfough its "dampening
or polarization" effects if it drains these other areas of
its manpower and capital resourceslg._

The most interesiing example of the growth pole
strapegy of regional development in a fisheries context_took
place in Newfoundland. In this province a "centralization
-program“, administered by the Provincial Government, wag in-
troduced ear1y'in the 1950's. This program provided reloca-
tion subsidies to encourage inshore fishermen to move from
the "outports” to find employment in more centrally 1oca£ed.
towns. In 1965, the program became a joint Federal-Provin-
.ciaT "Newfoundland Fisheries Resettlement Program;. This
program provided larger relocation subsidies coupled with.a
complex regional economic érants and incentives. The)pur-
pose was to encourage inshore fishermen " .. to settle in

'major fishery growth centres', which were being expanded as

- ) \
18 W. Isard, Introduction to Regional Science,

Englewood C1iffs, N.J.: Prentice-Hall, Inc., 1875, p. 382.
[N
19 ibid., p. 382.
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bases for the offshore fishefy and processing industry and

~

in 'other designated groﬁth;centrés‘ which were expected to
have prospects for further industrial development"zo.

The resettTement*program was beneficial to Newfound-
land's fisheries in that it was responsible for moving fish- '
ermen from the inshore sector and into the=offshore and pro-
céésing sectors of the fishing industry. Since the start of
the.brogram in 1954 to 1970 a total of 4,746 households in-
vofving 23,61% persons were relocated. The majority, 3,242
. households, were resettled durihg the period 1965-1970,
resulting in réducing the number of inshore fishermen by
5,5422T. Since 1970, the program, which was severely
criticized on socio1ogica122.and political grounds, leading
to a considerable back]aéh-aga{nst it, tapered off considef-
ably. This'tapering off was due toireducgd demands for re-
15Eation subsidies as a result of (f} the inabiiity of

"growth centres" to provide the alternative employment

20 P. Copes, The Resettlement of Fishing Communities
in Newfoundliand, op.cit., p. 110.

21 ibid., pp. 119-149.

22 0. Brox, "Resettlement in Newfoundland: Some
Sociological Comments". Viewpoints on Communities in
Crisis, edited by M.L. Skolnik, St. Johns: Institute of
Social and Economic Research, Memorial University of New-
foundland, 1968, pp. 11-25.

. | -‘ ‘.. & ~
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opportunitigsZB, and {2) improved transportation facilities
in Newfoundland which did away with the isolation problem.
For the Atléntic provinces on the whole the Federal
Government's strategy was to bring about a rationalization
.of the fishing industry through a feduc;ion in Tabour inputs
in the inshore fisheries. Copes pointed out that this
policy was actively pursued during the late 1960's as
Government aftempgéﬁ, through provincial plans and area
agreements with:the Department of Regional Economic Expan-

sion, to do th1524.

This vigour, however, s1ackeped in the
197625 as a result of the backlash against the Resettliement
Program in Newfoundland, rising unemplioyment Ieve]s‘in
Canada and a decline in the offshore fisheries which
severely impaired the ability of both the primary‘anq

secondary sectors to provide for increased employment oppor-

tunities.

23 For an interesting article on whether or not
growth poles exist see B. Higgins, "Development Poles: Do
They Exist", Research Paper No. 7503, Faculty of Social
Sciences, University of Ottawa. o

24 Copes, "Canada's.At]antic Coast Fisheries:
Policy Development and the Impact of Extended Jurisdiction”,
Canadian Public Policy, IV: 2, Spring 1978, pp. 163-165.

. \
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3. Conclusion.

.This chapter’eXamined the impact that the primary
groundfish fisheries made on tHe secondary manufacturing
sector of the groundfish industry; and inm turn the role of
this industry in the dévé1opment of the Atlantic regional
economy. It also reviewed the problems $ssociated with.
primary fisheries in an ecohomic development context and
the overall strategy for this development based on the
"growth pole" COnc;pt. * _

The findings indicated that. the growth in output
from th?)ﬁrimary fisheries induced growth and development in
thejzééondary manufacturing sector. The value of output
from this sector increased for the period on the whole, with
a peak in this value in 1973, despite the fact that the vol-
ume of groundfish landings began to decline from 1968.

There was a significant change in the structure of the in-
dustry duriné the period. Although there was a decrease in
the number of é]ants, there was an expahsion in processing
capacity due to consclidation 1in the industry and a frend
towards larger plants. This expansion in plant capacity.
and the decline in landings, exacerbated %y_the more strin-
gen{ ICNAquuoté measures, led to econoﬁic problems stemming
from overcapacity. These prob1e£% came to the fore in 1974

when economic losses were experienced in both the primary
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* and secondary manufécturing sectors of the industry.

The study 1ndicated that although the fish?né %ndus-
try is a small sec?or,in Canada's economy'ig-is an important
sector in the Atlahtib regional economy, and in the Atlantic
provinces in particular. - In these provinces, the fishing in-
dustry contributed significantly to development through in-
creases in output and employment and the effects of these,
through linkage effects, on growth and development in other
sectors. It_was found, for exampje, that the Tinkage
effects exerted by the secondary sector of the fish%ng in-
dustry were higher tH%n those for other sectors. Li;kage
effects operate,‘however, in both growth and decline with
the result that changes in the fishiﬁg industry influence
grqwth or decline in the regional économies where the fish-
- ing industry is important.

The experieﬁce of fisherjes in a regional develop-
ment context also indicated that the effective management
of primary fisheries is dependent on economic conditioqs in-
the regional economy. . Because of ease of entry, particularly
in the‘inéhore fisheries, the fisheries sector has tradi-
tionally beén a sponge for the unemp]oyed in the Atlantic
fegiona? economy. The success or failure of Government's
ability 10 rationalize the fishéry through a reduction in
labour inpqts therefore depénds essentially on whether or-

not a1tern9tive'emp1oyment opportunities exist in the region
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of could Ee generated by regional development policigs.
Thus, the prob]ém of the effective management of fisheries
can be affected by policies and measures emanating from-
other sectors.”: |

In the two chapters to follow, the theorefica] basis
for fisheries from a biological and economic standpoint will
be analysed. The main purpose of this analysis fs to intro-
duce bjo1ogica] models of.fishefﬁes which would be applied
later on to Canada's east coast groundfish fisheries for the
period under study; and to review the economic theory of

fisheries which has strong biological foundations.



CHAPTER V
BIOLOGICAL MODELS OF FISHERIES

It was only since fhe 1950's that -the economics of
Tisheries exploitation began to receive some attention in
the Titeraturé. A seminal article by H. Scott Gordon] Was
foliowed by contributions by many other economisfs. In
recent years, a number of mathematical models have been
reported in the literature 6n.naiﬁra1 resources in general,

2

and fisheries in particular™. These models have been based

on biological theories and models of fisheries population
e .

1 H. Scott Gordon, “An Economic Approach to the
Optimum Utilization of Fishery Resources", Journal of the
Fisheries Research Board, Vol. X, September, 1953.

2 J.A. Crutchfield and A. Zellner, Economic Aspects
of the Pacific Coast Halibut Industry, Washington: Fishery
Industrial Research 1, U.S. Department of the Interior, 1962;
V.L. Smith, "The Economics of Production from Natural Re-
sources", A.E.R., June, 1968; C.G. Plourde, "A Simple Model
of Replenishable Natural Resource Exploitation”, A.E.R.,
June, 1970; J.P. Quirk and V.L. Smith "Dynamic Economic
Models of Fishing"”, in A.D. Scott, ed., Economics of Fisher-
jes Management: A Symposium, Vancouver: Institute of Animal

Resource Ecology, UnyVersity of British Columbia, 1970.

- 0.R. Burt and R.G. Cummings, "Production and Investment 1in
.Natural Resource Industries”, A.E.R., September, 1870. R.F.

Fullenbaum, E.W. Carlson, and F.W. Bell, "Economics of Pro-
duction from Natural Resources: Comment", A.E.R., June,
1871. C.W. Clark, "Economical Optimal Policy for the Utili-
zation of Biologically Renewable Resources”, Mathematical
Biosciences, 12, 1971...."Dynamics of Commercially Exploited

Natural Animal Populations", Mathematical Biosciences, 12,
1972. J.R. Beddington, C.M.K. Watts and W.D.G. Wright,
"Optimal Cropping of Self Reproducible Natural Resocurces",
Econometrica, Vol. 43, No. 4, July, 1875.

Y
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dynamics. The majority are concerned with a single speciés
or popu1étion-but some have been extended through predator- i
prey models to multiple and intefre1ated spécies. An ex- |

cellent review of the present state of bioeconomic models

of fisheries has been written Dy C.W. C1$rk3.

The economic theories and models of fisheries have
been influenced by two main factors: ({) the nature and
characteristics of fisheries resources; and (2) the public
or common pfoﬁerty ownership of these resources which re-
sults in freedom of entry to exploit them. The first factor,

which is biological, s the main concern of the chapter but

this and, the second factor, the type of ownership, greatly

-affect the economics of fisheries exploitation which will

be discussed in chapter VI.

1. The Bio1ogica1'Theory of Fish Population Growth.

Biologists distinguish two types of biological
models of fisheries population growth: (1) "the dynamic-pool
model of Beverton and Holt; and (2) a logistic growth model

which was specified by Verhulst in 1838 and has since been

3 C.W. Clark, Mathematical Bioeconomics: The
Optimal Management of Renewable Resources, New York: John
Wiley and Sons, 1976. ' )
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applied in a fisheries context by Schaefer4. %he dynamic-.
pool model has not been widely used by economists who have,
with some exceptionss, embraced the logistic model. This is
dde to the Beverton-Holt's model attempt to expléin fisher-
ies population growth by-specifying its most crucial deter-
minants. These determinants, which are growth rates of
different year classes in the population, rate§ of recruit-
ment, etcs, are difficult to measure and uhavaiiable for
most species. The Beveéton-HoIt model is Also mogt reli e
when fishing effort, another crucial facfér, does not vdry
over time. Because of these ]imifati ns, this model will
not be treated in this thesis. -

The biological théory-unaer ying the Togistic growth
model is called the theory of ecoldgical equilibrium. This
theory is described by Schaefer7 by exemplifying the effects
of changes in fishing effort by man upon the population or

biomass of fish., Starting from a period when there is no

4 For an extensive review of the biological models
see W.E. Ricker, op.cit.

5 Notable exceptions are: J.M. Gates and V.J.
Norton, The Benefits of Fisherijes Regulations: A Case
Study of the New Engliand Yellowtail Flounder Fishery,
University of Rhode Island Marine Technical Report No. 21,
Kingston, Rhode Island: 1974; R. Hannesson, op.cit., pp.
53-70. :

6 R. Hannesson, op.cit., p. 18. Y
7 M.B. Schaefer, op.cit., p. 54.
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"fishing the population'tendg‘to remain in ecological
equilibrium i.e., its net growth is zero, whereby losses
due to natural mortality are, on thésaverage, offset by the
natural rate of growth of the population due to reproduction
and net recruitment. The commehcement of figh%ng operations
disturbs this equilibrium. Losses due to fishing effort at
first diminish the population but these are in turn off—se£
by increases in its natural rate of growth, since at a lower
.popuTation density fish tend to reproduce, survive and grow
better due to less crowding and greatef food availability.
Thus, as fishing intensifies, the natural rate of growth of
the population increases to match the rate of lcss caused by
this and natural mortality. Another equilibrium at a lower
population level is eventually reached where the natural
r&te of growth of the population is at a maximum. AL this
level, fishing effort results in 2 maximum sustainable yield
(MSY) for man. Disequilibrium sets in, however, when tﬁis
is upset. In this case, where 10§%es to the population due
to mortality and fishing effort are greater than what the
growth rates of the population can bear, there is overfish-
ing. This can lead, if continued long enough, to the pbss-
1b1e extinction 47T \the species. '

The efflcts‘ f fishing effort on output from a
fisheng/zﬁabi¢ﬂhe ecolomical equilibrium conditions men-
tioned\gaave are shown in* diagramatic form in Figure 5.

\
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There is a sustainable yield from the fishery which can be
Tow for both low and high rates of fishing effort, e.g.,
output at ob;, at levels of effort oa, and oaj;. I;.between,
there is some level of output where the maximum sustained
yield can be obtained; i.e., ob ocutput at oa: level ;f
effort. This yield is not, however, the most efficient
from an economic¢ standpoint since it does not take fishing
revenue and costs of fishing effort into consideration.
These aspects will, however, be taken into considerafion in

the next chapter.

1.1 The Logistic Model. | ' .

Ba§ed on the theory of-e€b1ogica1 equilibrium out-
lined in the previous section, a fishery growth model,
specified by the logistic, was developed. This development
commenced with defining the net rate of growth of the popu-
lation or stock, i.e., the natural rate of growth of stock
minus natural mortality, as a monotonic decreasing function
of the size of stock: |

dX _ . "
(5.1) 3% ° 3(X).X
where 6(X) is the relative natural growth

rate, such that Q%%El <0

This specification takes into ac;gﬂgg,$he speed of
a population growth due to the size of this population. In

applied studies the functional form of &§(X) has been
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represented by the Verhulst-Pear] logijstic function as
follows®:

(5.2) S(X) = 91 - % ) with ¢ and Xy constants,
u. .

and where Xu is the upper 1imit of the popﬁ-

Tation or Targest biomass the environment
can sustain; and ¢ is a positive parameter,
éy/ﬁ i.e., ¥ > o, and has dimension zero.
This'implies'that the re1ativé rate of growth &8(X)
is a monotonically decreasing function of the stock which
holds when the growth rate of the population begins to

decline converging asymptotically to zero.

Substituting ¢{1 - %—) for §(X) in equation (5.1)

g u
results in~:

[« %

X
t

(5.3) = PX(1 -

>-<|>-<

Y ¥ > o.

(=%

u
Thus, (5.3) states that the growth of the population
is @ quadratic function of the population itself. The solu-

tion of this differentiallequation is:

8 P.F. Verhulst "Notice sur la loi que la popuiation
suit dans son accroissement", Correspondence Mathématique
et physique publiée par A. Quételet, Brussels: X(1838) pp.
113-121; R. Pearl, Studies in Human Biology, Baltimore:
Williams and Wilkins, 1924,

9 The parameter y is dimensionless, i.e., dimension
zero, and Xu and dX have the dimension of X.
: dt
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© (5.8) x(t) = Xy

1+ eV

where t is time and Xu is the asymptotic
value of X(t), i.e.,
(5.5) Lim: X(t) = X,

t +

and X > o is the constant of integration.

The model therefore approximates the growth of a
fish popp]ation in the absence of man's intervention as out-
lined by the ecological equi]ibriuﬁ theory of a fishery
population growth. It shows that the population increa;es
over time as a result of the natural rﬁte of growth exceed-
ing the rate of natural mortality; but will, due to growth
in its size, grow at a decreasing rate whicﬁ converges to
Zzero at its stationary state Xu.

s Man's intervention through fishing effort is qnother
factor which influences fish population dynamics. This im-
pact *has been modeled by bio]ogistslo. The two most popular
biological models are (1) the logistic, commonly called the
Schaefer model in the literature, and (2) the Gulland-Fox
exponential model. The first of these models, is but an
extention of the logistic model described in this section,

and is based on steady state assumptioné.

-

10 W.E. Ricker, op.cit.
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o
2. Steady State Models of Fisheries Exploitation.

The effects of man's fishing effort on fishery popu-
lation growth were/ introduced for a single resource and ex-

tended to multiple resources under the steady state dynamic

N

. i e
equilibrium assumptions. For this; two functions are

necessary: (1) a biologicaf growth function; and (2) an
industry production function, i.e., output as a function of

fishing effort. Eé

2.1 The Single Resource Model: The Logistic Model.

The 1ogi§tic version of the biological growth func-

tion derived from (5.3) can be specified as follows:

dx _ . 2
(5.6) K - aX - bX a, b > o0,

v and b = %—'
u

With the exploitation by man and the introduction

where a

of fishing effort E, the losses from the population through
fishing of the catch is Ex, where x is the average catch per

unit of effort. The impact of this on the population is

shown by: -
ax _ 2 _
(5.7) $& = aX - bx? - Ex.
Under the steady state assumption, i.e., ecological

equiTibrium %% = o, the catch will.be as follows:
(5.8) Ex = aX - bXZ.
The industry production function was obtajned by

generally assuming that the catch Ex was-a constant
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proportion r of fishing effort and the population or stock.
That is'':

(5.9) Ex = rEX

Substituting (5.9) iﬁto (5.8) yields the following

steady state relationships between E and X:

(5.10) X = {a - r€)

5 > o0 < E <

- |

which is, mathematically, the equilibrium level of the popu-
Tation X for a given level of effort E, assuming the logis-
tic law of growth and the industry production function (5.9).
Thus, the steady state relationship between X and E is a
linear and decreasing function in (5.10). This functional
relationship between X aéd E, which inaicates that increases
in effort E Qi11 always reduce the equilibrium size of the
populatiqn, is one of the fundamental laws of fishery popu-
lation dynamics. Under these assumptions {logistic growth
and catch specified by (5.9)) the population would tend to
disappear when E - %. This is not economically meaningful
since economic forces will come into action before this
occurs with fishing cosks exceeding fishing revenues, lead-
ing to a cessation of fishing effort. These eceﬂgmic forces

will, as pointed out earlier, be discussed in chapter vIi.

11 A decreasing marginal physical productivity of
catch with respect to fishing effort reflecting crowding
externalities and decreasing returns, can also be assumed.
This case will be treated in Appendix I.
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Substituting (5.10) for X in the catch function
(5.8) results in the catch being expressed as a quadratic

function of fishing-effoft:

ala - r;) _‘(a -. rg)?

(5.11) C = Ex = E 5

"Therefore:

(5.12) C = B,E - B,E? where B; = %L
and B, = g'—-

This effort reaches a maximum, i.e., where i 0

and optimal effort is given by:

-B: _a
(5.13) E* = AP o7

From this optimal level of effort, the MSY from the
stock can be obtained by substituting E* (5.13) for E in

(5.12).. This results in:
2

b

i :*:-B—.l.i:
(5.14) Msy = c* = 3

[+1)

o~

The equilibrium population at the optimal Tevel of

effort, obtained.by substituting (5.13) into (5.10) is as

o

follows:

(5.15) X* =

N
o9

That is, the impact of optimal” effort upon the

population is- to halve the maximum equilibrium biomass in

the absence of man's intervention since Xu = % according

-
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to the notation in (5.6). 1f actual fishing effort is
greater than %? then X will reach a lower eguilibrium level.
The properties and insights obtained from the
logistic model in its app]icétion to fisheries by Schaefer
have led to the popular utilization of this model by biolo-
gfsts for estimating stocks and MSY's 1in fishgries. The
standard estimating form of this model is_as follows:

15.16) %= B, - B,E

The main reason for this is because generally there
are high correlations and strong linear relationships be-.
tween the effort variables E and E2 jn (5.12) leading to
the problems of multicollinearity. The solution to this
problem invoTveséd{viding through by efforf E making % or
the C.P.U.E. the d;pendent variable which results in the

estimation form given by (5.16).

2.2 The Multiple Resource Mode]; Predator-Prey.

-The single resource model was exten@ed to muitiple
fisheries resources, based on the pioneering work of Lotka
and Voiterra12, by making the biological growtﬁ function

dependent on two or more resources]3. For examplie, in the

12 A.J. Lotka, The Elements of Physical®Biology,
Baltimore: Williams and Wilkins, 1925; V. Voiterra, -
"Variazioni e fluttuazigani del numero d'individui in specie
animali conviventi™, Mem. Acad. Lincei, 2, 1926, pp. 1-110.

13 Quirk & Smith, op.cit.; Burt & Cummings, op.cit.

-
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~

case qf two éﬁecies X, and Xz the biological growth functions
of'fhese species can be expressed as first .order differen-
tial equations of the form:

(5.17.2)" X1 = F (X2, X2)

(5.17.b) X2 = 6 (X1, Xz2)

The interactions that may occur between X; and X.,
such as mutual independence where F; = G, = 0; or-predator—
prey relationships F» > 0, G; < 0 or vice versa, can be
taken into consideration. In the case of the Iﬁtter,-assum—'
ing that fhe rate af growth of X, the prey, increases with
X1 and decreases with the product X;X, and the rate of
growth of the predator X, &ehreaées with X» and increases
with the E}oduct X1Xz2, then the deterministic equations.for
the érowth,of both popu]atfons are as foTlows:'

(5.18.a) X; = aX; - bX: Xz a, b >0

(5.718.b) iz = - gXa2 + nXp X g,‘n > 0.

These equations take'intoraccount the death of X;

due to Xz, and the growth in X bfouéht-about by the pres-

»
ence of the prey X;. The effects of the predator-prey pop-
ulations on the rate of change of the predator and the rate
of change of the prej cén'be derived:from the partial
derivatives of equations (5.18.a) for the prey and (5.18.b)

for the predator. Thus, for the prey population:
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(5.19) 22 = 4 _ wx, < o if a < bXa
X1 Al _
=0 if a = bXs
>0 if a > bXa
Hence, the ‘rate of growth of il with respect to X,

.- is a decreasing function of X;. It will be decreasing and
negative if a < bXz; and decreasing and positive if a > bX,.

(5.20) LRI U bX1 which is always negative for
9X2 ‘

b > o. That is, the rate of

e growth of il is a decreas-

ing functifn of the popula-
tion size {F X:.

Similarly, for the predafe ionz

(5.21) g§§ = - g+ nXlJ <o if g > nX)
=‘o if g = nX,;
>0 if g < nX;

(5.22) gii = nX, which is always positive

for n > o.
The growth of both populations 1in tﬁe predator-prey
model 1is osc111atory]4. If it is gtab]e, it converges to--
wards a situation in which both populations are in dynamic

equilibrium. If it is unstable, it diverges from this

14 C. Clark, Mathemat4'cael Bioeconomics, op.cit.,
p. <195, ' S
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equilibrium point leading to the extinction of both speciés.
The equilibrium solution is obtained when the 'derivatives
with respect to time of both X; and X, are equal to zero.
That is:

(5.23.a) aX; - bX; X2 =0 \\

(5.23.b) - gXs + nX; X2 = o.

The dynamic equilibrium for both spegies deduced

from (5.23.2) and (5.23.b) is where:

(5.24) X, = % and X, =

oo

The effects of man’s intervention through fishing
effort on both species can now be taken into consideration.
f
Assuming that both resources are exploited by different

-4

technology and therefore different efforts, E, for X, and E»

for_leS

, then the losses from their populations due to
fishing effort will be Eix; and Ezkz respectively. Thus,
the growth of X; and X will be:

(5.25.a) X,

HX], - bX1 Xz - Elxl
(5.25.b) Xz = - gXs + nX: Xz - Ezxs
which under ecological equilibrium assumptions of il = o and

iz = 0, result in fishing effort being expressed as follows:

15 This assumpt1on is 4 realistic one for the north-
west Atlantic fisheries since groundfish which are predators
of many pelagics require different technology and fleets for
their exploitation ?traw]ers and- draggers) than the pelagics
(seiners) g
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(5.26.a) Eixi = aXy - bXy Xa

(5.26.b) Eaxz = - gXz + nXi Xz.

Assuming also that the rate of loss is proportional
to fishing effort, r1 EiXy and ra2 Ez2Xz, the industry's pro-
duction function for both species would be:

(5.27.a) ri E1Xy = aXy —.bxl X»

(5.27.b) rz E2X2 = - gX2 + nXy Xa.

The steady state re1ationship between E;, E, and

X,, X. respectively derived from (5.27.a) and (5.27.b) are

as follows:

(5.28.a) Ey = 1 (a - bXa) => Xz = 2 - rify
1
(5.28.13) E2.= JY: (...g + nxl)- = xl = g + r:Ez

This shows that the predator popu]atibh Xz-is a‘de-.
creasing function of the effort E, on the prey population Xl_:
while the prey population Xy j5 an increasing function of '
the effort Ez oOn the_predator population Xz. In fact,

(5.28.2) £y + => Xa ¥ = X3 4 B

(5.29.b) E2 + => X1 t => Xzt )

Replacing Xz and X, from (5.28.a) and (5:28.b)”into
(5;26.a) and {5.26.b), the relationship of catch to effort
takes the following forms: ‘

(5.30.3) C: = E1xy = k E, *+ QfElEz
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(5.30.b) ;.‘Cz = EzXz = M
k = S—El 3 & 0=

n
m = é%&-; n=

Thus, ‘the mu]ti«specfé§

OF FISHERIES
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model indicates - that land-

ings of both species are a quadratic .function of fishing

effort in E, and E>. - For the preddfor;’équation (5.30.b),

landings are adversely affected
on the prey. The optimum Tevel

species can be derived starting

by Ey, i.e., fishing effort ,
of effort for both these h

from the total catch of

both species, i.e.,
S (5.31) C =2¢C: + C,
Hence:
(5.32) € = ﬂﬁL E, + &2 g, + T1T2 19551 E.E»

Differentiating (5.33) with respect to E, and E,

respectively results in:

aC - gr;
(533) ok n +

aC  _ ars
(5.34) 3E2

rira (b-n) £
bn 2
+ Mire LE%%l E,

- ) ' * *
from which the optima1 level of effort E, and E, for both

§pecies are derived, after setting the,partﬁai derivatives

equal to zero. Thus:

-

+
-
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* an
(5.35.a) Ei1- T (n-b7° n>b

TR PP

- Little empirical work has been done in fisheries

{5.35.b) E:

using the-pfedator-prey'or-multi-species model. HoweVer,.
the model exeﬁp1ifiés'important.inter-reTationships between
species, ahd the effects of fishing effort on these. As
such, this is & promising model for empi%icaT testing in
cases of predator-prey reiationships. Although some
predator-prey ‘relationships exist'amongst and between the
groundfish species covéred in this thesis, the major
predator-prey relationships are between groundfish and
pelagic species. For this reason and data constraihts,
particularly with respect to fishing effocf ddta for pelagic
spec1es16, the predator prey model will not be &applied in
this tHes%s.

In the next section an alternative to the Schaefer
Togistic model, the Gulland-Fox exponential model, will be

L

described.

16 Data were unavailable from ICNAF sources on the
number of days fished for pelagic species by seiners: and
midwater trawlers for most of the feriod covered by this’
thesis. As a result, it was not possible to obtain good
effort data for these species.
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3. The Gulland-Fox Exponential Model.

The Gulland-Fox exponential model ig not based on
the steady staté assﬁmptioné of the Schaefer lTogistic model.
It hés, however, the same biological fcundations]7. In this
model the Catch Per Unit of Effort, the C.P.U.E., 1is uﬁed as
2 measure of stock abundance. There is a high C.P.U.E. for
low levels of fishing effort and high stock abundance but
thi§ declines exponentially with increased fishing effort.
More specif&ca11y, and in agreement with frequent approaches
to econdmic mqpe1 building, it éan be stated, based on
" _empirical reguiar%ties, that the elasticity of catch (C)
with respect to effort (E)} is a decreasing function of

effort. Hence, assuming a linear decreasing function:

E .dC _ .

(5.36) E a‘g- e -

RE, §3o B>0

and solving (5.36) results in:
(5.37) C = aEse-BE, a>0 : )
which is a non-Tinear model with o as a positive

constant of integration.

17 The Gulland-Fox model is described in W.E. Ricker,
op.cit., pp. 329-331. The articles on which this descrip-
tion was based are: J.A. Gulland, "Fishing and the Stocks
of Fish at Iceland", Fisheries Investigations (Series 2).
U.K. Ministry of Agriculture and Fisheries, 1961; and W.W.
Fox, "An Exponential Yield Model for Optimizing Exploited
Fish Populations", Transactions American Fisheries Society,
No. 99, 1970, pp. -80-88. .
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~The Gu1fandLFox exponential model is a particular
tase of this model (5.37), since when 8 = 1, the basic form
of this model is obtained'S.

(5.38) % = ae-BE

Econometric analysis of (5.37) accepts the null-
hypothesis that & = 1, hence ‘the model 1is fitted after per-

forming a log transformation, in the following form:
(5.39) 1log % = x-BE, A=loga

The first order condition for the optimal level of
fishing effort corresponding with the maximum sustainable

yield (MSY) of the fish population corresponds to the value

3 : : ) .
g of E such that“%% = 0. Therefore, replacing &6 by one

in (5.36).19 the optimal effort E* is deduced as follows:
(5.40) 1 - BE*-= 0 => £ = %, sincé

(E, C) > o

The second order derivative of the Gulland-Fox

A

model (5.38) is:
. .
(5.20) & = ae™®F (-2veE)

*
and, for the optimal value E =

wl—

18 W.E. Ricker, op.cit., P. 330.

19 1t should be noted that the derivation given here
is more straight forward and simplier than the one given by
Ricker, ibid.



:BIOLOGICAL MODELS OF FISHERIES : 106

2 -
(5.41) %€% E=E* = -pBe ! < 0

* . -
hence, £ = is the optimal effort that maximizes

1
S . B
the catch C, i.e., corresponds to the MSY of the population.

Thus, the MSY is given by: RE
' * * LgET o
(5.42) C = af e = I
The Gulland-Fox model is a useful alternative to the
Schaefer logistic -model. The models are similar in that
they provide information on the optimal effort and catch
Tevels. As a result, they are the two most popular biologi-
cal methods used in empirical work. The use of one or the .
other is determined by whether empirical evidence indicates
there is a Tinear or non-linear relationship between the
C.P.U.E. and effort over time. If the former holds, then
the Schaefer logistic model is more 3 propos but if the )
latter is the case then the Gulland-Fox model islmore reTé(_///
vant. In Chapter VII, which will be concerned with the
empirical testing of models, the choice of either the
Schaefer logistic or the Gulland-Fox will be determined by

this consideration.
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4. Conclusion.

This concludes the treatment of the standard bio-
Jogical models used in the literature. The chapter starfed
out with the biological theory of eco1ogica1 equilibrium
which exp1aihs fisheries "‘population dynamics before and
after man's exploitation. The model relevant to thiS theory
was the 1ogistib model first specified by Verhulst in 1838:
This was applied in a fisheries context by Schaefer in 1954
and has since been referred to as the Schaefer model. This
model was then examined in both a single species and
multiple-species (predator-prey) context.

An alternative model to the Schaefer logistic is the
Gu]land-Fox'exponential model which was shown to be a parti-
cular case of a non-linear exponential model. This model,
though éot based on steady state assumptions, has the same
biological foundations as the Schaefer logistic model and
provides similar results from empirical testings, i.e., the‘
determination of the optimal fishing effort and catch;

In the next chapter, stock adjustment models of
fisheries will be introduced; followed by an examination of

the economic theory of fisheries.



CHAPTER VI
. STOCK ADJUSTMENT MODELS AND FISHERIES ECONOMICS

The economic theory of fisheries, as pointed out in
Chapter V, has biological foundations, namely biological
theories and modelis of the effects of man's exploitation on
fish population dynamics. Because of this, two popular bio-
logical models were examined in that chapter; (1) the
Schaefer logistic, and (2)hthe Gulland-Fox exponential model.
The stean state assumptions underlying the first of these
models are, however, restrictiveI. Fish populations tend to
react to external forces, such as man's fishing effort, over
time and.not instantaneous$ly. Thus, these‘popu1ations tend
towards a dynamic equi1ibfium over time and not on a year by
year (steady state) basis. As 2 result of the restrictive-
ness of the steady state assumption, this chapter,'before
proceeding to the economic theory of fisheries, will intro-
duce stock adjustment models for fisheries. These models,
which allow for adestments in the population over time |
rather than instantaneously, seem much more relevant to

fisheries than models based on steady state assumptions.

1T C. C]érk, Mathematical Bioeconomics, op.cit., p.

210.

>
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1. Stock Adjustment Models of Fisheries.

There are many stock adjustment models, chéractef—
.ized by the use of Jagged'indépendent variables, in the
econometric 1iteratgfegu The stock adjustment model which
seems very applicable to fisheriés is one develcoped by
Houthakh?r and Taylor for consumer demand3. This model
postulates a particular type of relationship between pa%t
and preéent where the efféct of the past is assumed to be
represented entirely by the current vaiues of certain "state
variables"., These state variables are in turn cﬁdnged by
current decisions and the net result is that of a distri-
.buted lag:- current behavioué depends on all past values of
the predeterminéd variables though more on recent values

than on very remote ones4.

-~

The aspect of this model which is most appealing to
its aﬁp1ications to fisheries is tﬁat it shows, based on the
bidﬁogica1 assumptions of fisheries population growth, that
the underlying ;tock or population of fish variable can be

eliminated from.a regression equatian comprised basicaﬁly of -

2 J. Johnston, Econometric Methods, 2nd edition,

. New York: McGraw Hill1 Book Company, 1972, pp. 300-303.

3. H.S. Houthakker and L.D. Taylor, Consumer Demand
in the United States 1529-1970, Cambridge, Massachusetts:
Harvard University Press, Second Edition, 1970.

4 ibid., p. 8.
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catch and effort mariah]es.- Thus, this model has the advan-

_—

tages of being dynamic.and may be estimafed from catch and

effort statisticsj In this section, two versions of the

‘Houthakker-Taylor (H-T) model will be derived for fisheries

based on: "(1) a continuous time formulation, the original

approach of Houthakker and Taylor, and (2) a discrete time

formu]ation

1.1 The Cont1nuous Time Formu]at1on, H-T Model.

The Houthakker TayTor model applied to f1sher1es is
based on the b1olog1ca] popu]atwon dynamics theory analysed
Cin the preced1ng chapter According to this théory the net
rate of growth of the fishery popuTat1on~when exploited by
man is equal to the natural rate of growth of the stock minus
the catch taken by man. Hence:

(6.1) X(t) = W(t) - c(t)

(6.2) W(t) = sX(t)

(6.3) C(t) = gx(t) + ye(t)

where:
the population or stock in time t
k(t) = %% = fhe net rate of growth of
population in time t
N(t).='the natural rate of growth in stock
in time t—__
C(t) = the catch in time t

E(t) = fishing effort in time t
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B> 6 and vy are positive parameters.

Relation (6.1) indicates that the.fish population
will grow if the catch taken by man is less than the natural
rate o% population increase and will ‘decline if vice versa.
The population will be in ecological equilibrium if X(t) = o,
that is when W{t) = C(t). Relation (6.2) inﬁicates that, as
shown.earlier in Chapter V, the natural rate of population
increase is a function of the fish population expresgéd by
X where & represents the combination of factors such as the
rate of recruitment, rate of reproduct{on, and natural mort-
ality per unit of time, where unit time is t. Relation
(6.3) shows that fhe catcﬁ from fishing is a linear function
of the underlying fish population and fishing effort.

From (6.1) - (6.3J‘the reduced form of the model is
deduced which converts it-to an operational form since it
eliminates the unobservable variable X, the fish population,

and includes only observable variables. 1In fact, from (6.3)

ied

-

it is deduced that:

(Cet) - vE(t))

1}

(6.4) x(t)

w|—

(6.5) X(t) (C(t) - yE(t))

w|—

/
and, from (6.1) and (6.2)
(6.6) X(t) = &X(t) - c(t)
Replacing (6.4) and (6.5) in (6.6), the following

first order differential equation, involving only the .
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observable variables of catch and effort, i.e., the reduced
form of model (6.1) - (6.3) is obtained:

(6.7) ©(t) = (s-8) C(t) + yE(t) - ySE(t)

Following the Hquthakker~Taonr'approach, the para-
meters B, Yy and 8 in the continuous model were estimated by

obtaininé%%he discrete analogue of this modéls. "This was

© done by fTrst defining the variables of (6.4) as integrals
_for the period (ty» toeg)t
‘ . Losr
(6.8) C, =7/ ¢ C(t) dt
o 0
: :
3 ) — t
(6.9) E, =7 TE(t) dt
0 0
7 towr
(6.10) Xt = f £ X(t) dt
0 0 _
If (6.3) is 1ﬁﬁegrated over time from t, s0 LI
the structural equation becomes:
C, =8X, ++E ~
(6.11)__t0 ty t, _
and similarly if integrated for the period It0+T,
:'t0+2T): ‘
C, -~ =gX + ~E
(6.12) t0+'r t0+1 Lot

5> The meaning of these parameters will be given in
section 1.3 of this chapter®  _—

e
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The changes in the level of the stock from t, and

t0+T are Tespective1y:
' A X, =28X, -T
(6.13) t, to t0
A X = &8X -C
(6.14) LI ot tosr
where: & X, is the change in
0
stock from time to to to+r;
and A Xt the changé in
Q+T
stock given from time tO+T
to to+21.
Subtracting (6.11) from (6.12) gives:
: C - T, = 8(X - X, ) + y(E - £, )
(6.15) "to4; ty toser  to - t\0+T t,
Rearranging (6.11) and (6.12) respectively with Ytl
0
and Yt as dependent variables, and substituting for these
ot+T
in (6.13) and (6.14) result in:
[ 4 = Q(E - vE, ) - E
(6.16) to B to t0 to ~
g A X = (¢ _~E, )-T
(6.17) = "t . 8 Tty t st tosr
The difference between X and X, for twoe periods
t t
o+T 0 s
may be approximafed by taking the average:
- X, = (b8 X + A X, ).
t, 2 tO+T tO

.
(6.18) "t ,.

.
//- -
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-
This is a linear approximation and, assuming it is

good enough for practical purposes, {(6.15) can be written

as:
= = T
C - T, = 3B(aX + A X, )
(6.19) “tour ~ Tty 2 torr, t,
+ y(E - E, )
_ Lo+t %
which, on substituting (6.16) and (6.17) for & X,
. . 0
and & Xt gives:
0+1
— - 8§ = -
T - T, = %8 |5(T - +E )
(6.20) “toyr o 2 |5 Tour toar
ST, T - R )
0+T 0 0
- T + v(E - E, )

This, on simplication and rearrangement, becomes:

1+ 3(s5-8) M ER

’(6.2]) C =z —= - C 4 —5£———E
tosr 1 - %(6-8) s 1 - %(6—8) tosr
TO
_Y(Z—‘*') .
1 - F(6-8) to.

which §s the discrete analogue to equation (6.7).-
If the‘time scale is established so that T = 1, the bars

. removed for notational ease, and t0 replaced by t-1 we have:

-
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A convenient presentation of this is obtained by

substituting E by (E - E__4) + E ., =& E + E _,"which
transforms (6.22) into:
8
1 - %)
1+ i{s-8 vl 2
{(6.23) (:t Rl ey - Ct-1 T T(576) A ‘Et

5 .
= T - 1(6-8) Ft-1

The reduced form of this equation can be expressed
as follows:

(6.24) C, = H

¢ 1Cp_q + Hab Ey - HiE

t-1°

It can be verified that the structural model is
exactly 5dentifiab1e6. in fact, after some algebaic trans-
formation, the fo]lowiqg relations between the reduced and

the structural parameters are deduced:

- H;-l 2(H1 - .l)
(6.25) g = Ko + #Hs = Hp + 1
y - 2(Hs + ¥H,)
[(6-26) Hy + 1
- Ha

6 The inclusion of another variable in the model
results in problems of autocorrelation and identification.
See Houthakker-Taylor, op.cit., Chapter II. '



STOCK ADJﬁSTMENT MODELS AND FISHERIES ECONOMICS 116

1.2 A Discrete Time Formulation, H-T Model.

The HMouthakker-Taylor approacﬁ has been criticized
by Dagum as being unnecessarily sophisticated since a dis-
crete time formulation would allow diréct1y and in a more
simple way the deduction of the reduced form' . As a result, \\
a discrete time formulation of this model was deve]opeds.
.This was done by expressing equations (6.3) and {6.6) in dis-
.crete time jintervals with each interval being one year, i.e.,

.(6.28ﬂ C, = BXy * vE, and

t
(5.29) Xep1 = Xy = §X, - Ct
where Xt = average population over the year-t
Ct = total catch for the year t
Et = total fishing effort for the year t

8, & and y are positive parameters.
Substituting for X, and Xy, from (6.28) into (6.29) -

results in:

(1+6-8) (C, - ¥E)
t+1 Y_Et-ﬂ) - 8 - YEy

el

(6.30) (C

B

hence:

-

7 C. Dagum, “Review of H.S. Houthakker and L.D.
Taylor Consumer Demand in the United States”, E1l Trimestre
Economico, Vol. 24, N. 147, 1970,.pp. 654-658.

8 N.G.F. Sancho and C.L. Mitchell "Economic Optimi-
.zation in Controlled Fisheries"; Mathematical Biosciences,
27, 1976, pp. 1-7.
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(6.31) Ct+T = (1 +38-28)¢C, + YEt+i‘— (1 + &) yE

t t

Now E - E therefore thé reduced form becomes:

t+] g T 0E

t+1?

(6.32) C = (1 +8 -8} C

£+ £ TSR - YSEy

which can be expressed, replacing t+1 by t, as

follows:

(6.33) Ct = Alct-] + A;’_A Et - AaEt-]
where:
(6.34) A, = 1 + & - 8

(6.35) Ay = ¥
{6.36) Ay Y§.
This approach also allows for an exact jdentifica-

tion of the structural parameters. In fact, from (6.34) -

{(6.36) the following are deduced:

(6.37) 8 = A3/A:

(6.38) B 1+ 38 - Ay =1+ As/A; - A,

(6.39) vy = A,.

This model, therefore, results in essentially the
same estimating equat{on, i.e., the reduced form, as the
Houthakker-Taylor model and permits a much simpler estima-
tion of the coefficients of the structural form confirming
Dagum's criticism of the Houthakker-Taylor approach. This
discrete version of the model was therefore the one used for

estimating purposes. However, econometric results show that

it was also subject, like the Schaefer Iogistic.model, to
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p?ob]ems of multicollinearity. These were again solved by
méking the C.P.U.E. the dependent variable. That js, start-
ing from (6.31) and dividing by éffort E, to obtain:

c c :

-1 t-1
(6.40) =t = A, + Ay —=L + A,
Ey Es Ey
. where: 7
(6.41) Ay = ¥
0 (6.42) Ay =1 + 6§ - 8
(6.43) A2 = -(1+#8)y and
- Az
(6.44) & = - 1 - 2
(6.45) 8 = - A, - hz2

0

There are other stock adjustment models which have
simpler and less complicated reduced forms than the
Houthakker-Tay]br model which conform to the well known
Koyck schemeg. An examination was made of these, particu-

1af1y the partial adjustment model which Houthakker and

10

Taylor considered a spebia1 case of their model The main

difference between this model and the Houthakker-Taylor
mode]l was that the current level of fishing effoft was used,

i.e., E, instead of changes in fishing effor%, i.e., AEt and

t

E The empirical test of this model indicated, because.

t-1°

¢ 9 J. Johnston, op.cit., p. 302.

10 Houthakker and Taylor, op.cit., 'p. 24.
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of a poorer goodness of fit, that it was not as pertinent
to fisheries as the Houthakker-Taylor model. This, which
supports the coﬁtention that the catch in fisheries is in-
fluenced by past levels of f%shing effort, led to the
omission of this model from the thesis.

1.3 Structural Coefficients, Houthakker-Tavlor Models.

The reduced form parameters of the Houthakker-Taylor

model equation (6.24), and corresponding equation (6.33)} for

 the discrete form show the relationships between the pre-

determined variables, the catch lagged one year and fishing
effort, on the dependent catch variable. The parameters 8
and § in the structural form relate to the underlfﬁng stock,
while vy pertains to fishing effort.

The natural rate of growth of the population iél
measurged by &, and B measures its stock adjustment due to
fishing effort. A necessary condition for growth in the
population X to take place is that 6 > B. A necessary and
sufficient condition for growth, however, according to (6.3)
and (6.6) is as follows:

(6.46) (& - B8) Xy > YE,.

If that inequality is not fulfilled, then popu]atioa
growth will either be zero or negative. 1In the 1$tter, we
have overexploitation and the fishery population will de-
cline, hence:

(6.47) (8 - B) X, < yE,.=> X, +
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The effort coefficient y gives the changes in the
catch per unit of effort before the state variables have a
chance to adjust. Thus, it measures the short run deriva-
tive, i.e., ‘

BCt
(6.48) - from (6.3)
t

The long run derivative of catching with respect to
effort, which gives the changes in catch after thé state
variables have a‘chance to adjust, is more significant.
This is because in fisheries an increase in fish;ng effort,
either through improved technology or by the use of more
vessels, would increase landings in the short run, though

not necessarily in the long run. By dgfinition, the long

run derivative of catching {(LRD) is as follows:

.

(6.49) LRD =

'Mg
ct

i=0 t-1.

1.4 The Long Run Derivative of Catching and Catching

Elasticities.

The long run derivative of catching for the stock

adjustment models can all be derived in a similar manner.

11

As a result, this method will be exemplified for the

11 C. Dagum, "Un Modgle é&conométrique de 1'offre et
de la demande de produits énergétiques: Etude d'un cas
_concret, Le Mexique”, Economies et Sociétés, Tome V, No. 8,

Aolit, 1971, pp. 1393-1420. .
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discrete form of the Houthakker-Taylor model only starting

‘
-
-

Pl
with its reduced form (6.33). This can be expressed as
follows:

(6,50) C, = AiCy 2By - RaEp 3 7 RSBy, since

A Et = (Et - Et-l)

and, introducing a lag operator L where:

(6.51) LC, = C,_q» LEL = E 4

L"A = A, where A is any constant.
Then, {(6.50) becomes:

(6.52) Ct = A, LCt + A.E - (Az + AS)LEt and

t

(6.53) (1 - AIL)Ct = [A, - (A, + As)L] Et hence,
' _Ap - (A, + Ay)L
(6.54) c, .= Begfa 7 Aall g .

The long run derivative of landings with respect to

effort isv

(6.55) LRD = 822 E(Q§L+ Asd o o (1 - A L) A,

since L(Az + Ag) = A, + Ay
Now, through the MaclLaurin expansion of (1 - AlL)'1
this becomes:

(6.56) LRD = (1 + A L + Ay2L% +...)A; = %f?T

"From the structural coefficients of the discrete

model (6.34) - (6.36):
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A, = 'Y(S- = 'Y(S .
(6.57) AT " T ¥ F-F -7 - 53

Thus, the long run derivative of catch with respect
to effort is inen by:

p— L—.
(6.58) y* = F12—.

‘It_is interesting to observe that exactly the same
result is obtained for the LRﬁﬂfrom the cont{nuous version
of the Houthakker—Tay16r medel.

The short and long term elasticities of catching
with respect to efifort in period t for the Houthakker-Taylor

model are as follows:

(6.59) The short run elasticity € = Y.
f _ t

(6.60) The long run elasticity e, = st
L 8- Ct

This section concludes the treatment of-biologicai
modeis which started in Chapter V with the application of
the Togistic model by Schaefer, followed by the Gu11anq-Fox
exponential model. This chapter demonstrated the applic-
ability of stock adjustment models, namely the Houthakker-
Taylor model in continuous aﬁd discrete forms, to fisheries.

~These latter models seem to be consistent with the theory

wof fishery population dynamics. /rﬂ\\\\
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2. The Economic Theory of Fisheries: Static Analysis.

The models discussed so far were biological since no
economic va;iables were included. These models are, there-
fore, essentially supply models dep{cting the physical re-
lationships of fishing effort and landings. The concern
with the biological has been motivated by the fact that
economic models of fisheriés generally start with the biP-
logicai and that supply aspects are usually tﬁe most problem-
atic and uncertain areas in fisheries economics. Thi; field
has been developing steadily since Gordon's seminal work]2
and the highlights will be summarized in this section and
the section to follow. This section will deal with the
Gordon modei, which has been static in nature, and early

developments following this model, and section 3 will deal

with more recent theoretical and.dynamic defeiopments.

) 2.1 The Gordon Model.

The economic theory of fishery exploitation deveTpped
by Gordon states that because fishery resources are common
property, characterized by the free entry of capital and
labour inputs (components of effort), their exploitation
usually takes place, not at economic optimum Jlevels, i.e:,

where marginal costs equal marginal revenues, but'up to the

12 H. Scott Gordon, op.cit.
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point where total revenues equal total costs. Thié is de-
picted in Figure 6. In this diagram the biological produc-
tion function is converted to a total revenue_function by
assuming constant prices. The total cost of fishing effort,
i.e;, both fixed and variable costs, is assumed to increase
Tinearly with effort. The economic optimum level of'f{Shing
is where marginal cost equals marginal revenue which occuf% .
mhere %% = %%. However, it is argued that this level is-:
generally surpassed with uncontrolled fishing resulting in
an equilibrium situation_where total revenue§ edua] total
costs. ’

The assumptions of this queT, namely the price and
cost assumpfions, are not reaTistic--prﬁEes‘change because
of supply-demand relationships, and marginal costs increase
with effort, with the result tﬁat the cost functioﬁ shouid
not be linear but should slope upwgrds.' For example, if
price increases and coéts are an iﬂcreasing function of out-
put, then the total revenue curve will be pushed up to T.R..
and the equilibrium level of exp1oitat16n will be where
T.Ry = T:Cz as shown in the diagram13- As a result, this

model has been criticized for being rather rigid and res-

trictive and for not fitting well into classical micro-

13 Note that with increasing instead of constant
cost per unit effort, both the economic optimum and the
equilibrium situation would be moved to the left. #

~
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Figure 6 THE ECONOMIC OPTIMUM AND EQUILIBRIUM LEVELS OF
FISHERIES EXPLOITATION: THE GORDON MODEL

PRODUCTION {VALUE)

T.C,
TRy
ECONOMIC E; E EFFORT
OPTIMUM EQUILIBRIUM
LEVELS OF

EXPLOITATION
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economic theory]4. This has led- to numerous attempts to

remedy these deficiéncies but these have substantiated-:

rathér than shaken the basic thesis expounded that uncon-
~trolled exploitation would lead to the over-exploitation of

fisheries resources and the dissipation of economic rent.

Gordﬁn suggesfed sole ownershipls? presumably by the state,

as é means out of this dilemma, since the sole owner would

endeavour to maximfze_economic returns through the control

of fishing effort; A.D. Scott examined the impact of a sole

owner on fisheries exploitation by making a comparison = i

tween the economic‘resu1ts of %ree éntry and sole ow;::j:;;d/_\\

on fisheries e5p1oitation]6.

His approach, though critical //
of bdrdon's assumptions, is important in that he took into
consideration the value of discounting future benefits, an
aspect C.W. Clark, was- later to scold economists for not

taking dinto account'’ .

[
Ay

. 14 See E.W. Carlson, "Bio-Economic Model of a Fishery",
" Working Paper No. 2 Division of Economic Research, Bureau
of Commercial Fisheries, March, 1969, pp. 20-23.

15 Gordon,’op.cit.

<16 A;D. Scott, "The Fishery, the Objectives of Sole
Ownership", Journal of Political Economy, Vol. 63, 18965.

17 C.W. Clark, "Economical Optimal Policy for the.
Utilization of Biologically Renewable Resources”, op.cit.
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2.2 The Scott Model: The Effecp

Jof Soge Ownership and
N -

Discounting.

Scott's criticisms of Gordon's analysis is that his
economic optimum level where marginal costs equal marginal
revenue, i.e., the standard situation in-pure competition,
really holds only in the short run: Scott then endeavours
to answer the question that if the fishery were under sole
ownership whether the sole owner would operate in this
manner. His answer is in the affirmative in a short run
situation{fe.g., a fishing season. However, in the long
run, the'soTe owner would attempt to make the best use of
the factors of production and of the fishery over time. )
From a social sfandpoint, the best use of the fishery and of
all the factors invested in it can be attaineﬁ by "allocat-
ing outputs and obtlays over time in accordance with the
18

current rate of discount"

To illustrate the best use of the fishery under sole

ownership, where the sole owner would attempt to maximize

his present value, i.e., future net returns discounted to
the present, Scott made use-of the concept of "user cost”.
This concept, ?;vented by Keynes hés largely passed into
Bb1ivion in the 1itefaturp. Scott, however, found it useful

in a fisheries context since in fisheries the catch today-

18 A.D. Scott, op.cit., p. 122.
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has an influence on the population and catch tomorrow; and
user cost shows the effects of succeeding units of current
output on the present value of the enterpri;e. Thus, for
the sole owner in the long run, h%s‘economic'optimum is
where the tangent to the total fedenue curve is parallel to
the tangent of the user cost curve, i.e., where marginal
revenue is equal to the marginal user coOsts (Figure 7).

In the Figure, which was made.consistent with
Gordon's (Figure 6), the 16ng run optimum is shown teo belto
the left of what it would have been under common property
ownership and free entry. This, Scott contends,.couid re-
sult in greater economic efficiency than free e23;¥, Depend-
ing, however, on thé discount rate selected, since the lower
the valuation put on landings in the future the higher the
discount rate and vice versa, the sole owner mighf foT]oQ a
strategy either for the depletion or replenishment of thé
resource]g. _C1aqk, writing years later, arrives at essen-

”f\v~;ia11y the same conclusion?Y.

S~

19 This situation has been a constant source of
irritation to biologists in the management of fisheries
resource exploitation. Their concern with maximum sustain-
able yields, which implies a zero discount rate, makes it
difficult for them to understand exploitation beyond the
MSY into a depletion stage. Although they recognize that
the MSY level of exploitation might not be the most econo-
mic, they argue that it should be considered the production
Tevel constraint. . : '

20 C. Clark, "Economical Optimal Policy for the
Utilization of Biologically Renewable Resource", op.cit.
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PRODUCTION (VALUE)

Figure 7 THE ECONOMIC OPTIMUM LEVEL WITH DISCOUNTING

:THE SCOTT MODEL
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. N
3. Refinemen{g/:; the Economic Theory of Fisheries.‘

her attempts in the literature to remedy the
ordon's analysis mentioned in the previous
divided into two approaches: (1) the reforma-
tion and extension of Gordon's analysis through the applica-
\I?on of micro economic theory and through the removal of
some of the restrictive assumptions, and (2) the development
of mbre general and dynamic models of fisheries exp1oita§}on.
The first approach associated with Turvey, Copes and g

AndersonZ]

raised the important gquestion of whether the
econbmic optimum of the §ordon model is the best situation
from society's standpoint. This is of relevance for Canada's
groundfish fisheries and therefore for th%s thesis.

3.1 The Social dptimum of Fisheries Exploitation.

Gordon considered that the economic optimum where
economic rents were maximized was alsc the social optimum.
This was based on assuming that the opportunity cost of

fishermen represents the social value which their labour

21 R. Turvey, "Optimization and Suboptimization in
Fishery Regulation", A.E.R., Vol. 54, 1964, pp. 64-77. P.
Copes, "The Backward-bending Supply Curve of the Fishing
Industry", Scottish Journal of Political Economy, Vol. 17,
1970, pp. 69-77...."Factor Rents, Sole Ownership and the
Optimum Level of Fisheries Exploitation", The Manchester
School of Economic and Social Studies, Vol. 40, 1972, pp.
145-163. L. Anderson, "Optimum Economic Yield of a Fishery
Given a Variable Price of Qutput", Journal of the Fisheries
Research Board of Canada, VYol. 30, 1973, pp. 509-518.
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~

and capital produce in the best alternative use, and the
price of fish represents the social value of a marginal
unit of that commodity. As a result, the intertemporal
maximization of social welfare is equfvaient to maximizing
profits in the fishery. However, it has been pointed out
that a competitive fisherman's private mahginal product is-
less than his marginal social product because of the

presence of stock and crowding externa]itieszz.

This 1is
because stock externalities result from the failure to take
into account the impact that fishermen'make on the equili-
brium stock size; while crowding externalities are caused
by the detrimental effects of too many'fishermen or vessels
resulting in higher than necesséry costs of fishing effort.

Copes, by the utilization of backward-bending supply
curves, downward sloping demand curves and the application
of criteria of welfare maximization indicated that the

.socia1 optimum was the one which maximizes the combination
of resource rent and consumers and producers surp]use523.

24 and which

in his geometry, which was extended“by Anderson
had problems with multiple equilibria, Copes showed that the

fishing effort required would come closer to the fishing

22 R. Hannesson, op.cit., pp. 21 and 22.

23 P;H::§es, "Factor rents....", op.cit.

24 L. derson, op.cit.
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effort of free entry and “the maximum sustainable yier than
would the more strictly limited effort which.would result
from the maximization of resource rent only.

The importance of this finding is that the maximiza-
tion of tWe economic rent 15 not necessarily the best
objective for management of fisheries exploitation by, say,
the state, if it exercises sole ownership rights. Although
it is not pdssib1e to measure empirically both consumer's
and p}oducer's surp1uses25, an objective which takes biologi-
cal, economic and social aspects into conéideration would be
more desirable than one based on rent @aximiiation alone.
This, which moves fisheries economic theory into the field
of welfare economics, has also been recognized'in fisheries
management. It is interesting, fﬁr example, to note that
the "best use" of fisheries resources defined by "the sum
of net social benefits (persomal income, occupational

N
opportunity, consumer satisfaction and so on)

has been’

considered to be the gujﬁﬁng pfinciple in fisheries manage-

ment in Canadazsl

25 Since the need is to measure consumer's and
producer’s surplus at the margin only, the consumer's surplus
can be measured empirically,as it is determined by the de-
mand curve, but not the producer's surplus.

26 Environment Canada, Policy for Canada's Commer-
cial Fisheries, op.cit., p. 53.
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. ~

3.2 The General Economic Models.

LY

General economic models have been defe]oped'Uy
Crutchfield-Zellner, Smith, Plourde, Clark and others?’.
.These have as their origin the biological models given
earlier. The approach of most of these has been to extend
the biological models through the introduction.of economic
functions such as (1) a cost of fishing function; (2) a
demand function for fish; (3) a2 total revenue function; (4)
a profit function for the industry; and (5) a decision
function specifying entry and exit conditions. Such a

model can be described as follows:

(6.61) C = f(X,E) - Production Function
(6.62) T.C. = g(E) - Tota1~Cost Function
(6.63) P = h(C,Y) - Demand or Price Function
(6.64) T.R. = C.P. = -

C.h {C,Y) - Total Revenue Function
(6.65) = = J(T.R, T.C) - Profit Function
(6.66) & - p(x - 7%} - Entry and Exit Conditions

) 27 Two Ph.D theses which have recently come to my
attention are examples of these. See D. Paulaha "A General
Economic Model of Commercial Fisheries", (unpublished Ph.D
thesis), University of Washington, 1970: E. Carlson,
"Thegretical and Empirical Explorations in the Economics of

?g;%ﬁe Resources”, (unpublished Ph.D thesis), Boston College,
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Where X = Fish Population
’ C = Landings (Volume)

P = Pricés of Fish
Y = Per Capita Income

E = Fishing Effort

T.C. = Total Costs

T.R. = Total Revenues
T = Profit Rate
T* = Rate of Return Necessary ¥or

Steady-State Fishing Effort
p = A Positive Parameter that
Relates to Entry.and Exit., -
The economic mode]gdeﬁicts that fisheries exploita-
tion takes place for economic reasong, namely the obtaining
of adequate returns or profits from fishing operations which
depend on the revenues and costs of these operations. Thus,
the economic functions in the model show that: the total
cost of fishing, including fixed and variable costs, is 2
function of effort; the price received is a function of the
quantity landed and per capita incomes; the total revénue
from fishing i; a function of brice and quantity; profit
depends on total revenués and costs; and‘fina11y efﬁqrt will
only enter the fishery if profits are greater than m* and

withdraw from it if returns are less than 7m*.
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The economic model given by (6.61) ~:(6.66) can be
used to test the hypothesis that:in the 1ong.run the equili-
brium situation for a fishery is where total revenues equal
_ total costs; and to indiﬁate what the economic optifym Tevel
of exploitation is. Under this hypothesis, the Tﬁhé run
equilibrium sijtuation will be as follows:

(6.67) w = Ch(C,Y) - g(E) = o.

The economic optimum, if the fishery 1is regulated
to attain this, can be obtained by means of traditional
marginal analysis of long-run revenues and costs and the
obtaining of average and marginal costs from them. This
analysis, howe&er, is\essentiale static in nature but
dynamic elements have been introduced.

Recent developments in thé literature have been
concerned with the application of dynamic optimization

techniques to fisheries, namely control theory28

and dynamic
[o]
programmingz'. The similarities, differences and short-

comings of these approaches havg'been.ana1ysed in the

28 C.W. Clark and G.R. Munro, "The Economics of
Fisheries and Modern Capital Theory: A Simplified Approach"®,
Journal of Environmental Economics and Management, 2, 1975,
pp. 92-106; C.W. Clark, Mathematical Bjoeconomics, op.cit.,
pp. 88-125. '

29 N.G.F. Sancho and C.L. Mitchell, op.cit.
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30. In general, these two approaches are mathe-

literature
mati§a11y difficult and 1imited in their application. Never-
theless, they are importaﬁéfto fisheries since they pe;mit
dynamic optimization over time taking into account the
effects of discounting future revenues and costs... Thus,

31

these techniqueé are not frills they can be considered

a logical extension of fisheries economics.

4. Conclusion.

This, therefore, concludes the discussion on the
theoretical underpinnings of what can pe considered the bio-
economics of fisheries. It started out with the biological,
the attainment of a maximum sustainable yield (MSY) from
fisheries exploitation; then moved on, with the jntroduction
of economic factors, to economic optimum of maximizing
the economic rent from fisheyies. The bio-economic implica-
tions of these two aspects were then taken into account by
examining the effects of discounting the future to maximize

the present value of returns from fisheries on the level of

: 30 For a good elementary survey see M.D.
Intrilligator, Mathematical Optimization and Economic Theory,
Englewood Cl1iffs, N.J: Prentice-Hall, Inc., 1971.

37 C.W. Clark, “Control Theory in Fisheries Econo-
mics: Frill or Fundamental®, Economic Impacts of Extended
Fisheries Jurisdiction, edited Dy L.G. Andersen, Ann Arbor,
Mich: Ann Arbor Science, 1977, pp. 317-327.
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“exploitation. Finally, the social welfare implications of
this exploitation were examined for the purpose of determén-
ing the "hest use" of fisheries exploitation from society's

standpoint.



CHAPTER VII
SPECIFICATION AND\ESTHRMATION, GROUNDFISH MODELS

In Chapter V t olbiologicaT.mbde1s for fisheries
were examined: (1) e steady state Schaefer logistic model,
and (2) the Gulland-Fox exponential model. The steady state
logistic model for the s{ng1e species 1is the most widely
used model in empirical work fo116wed by the Gulland-Fox
model. However, it was pointed out that fisheries'reséurces
tend to be in transient rather than in steady states w1th
the result that stock adjustment models of f1sher1es are
more rea1ist$c. As a result, Chapter VI examined the applic-
ability of the Houthakker-Taylor type stock adjustment model,
in a continuaus and discrete form formuTation], to fisheries.
In this chapter therefore this model will be subgected to
empirical testing in the context of Canada's east coast off-
shore'gfoundfish fisherjes, and its results compared with

those of the standard biological models mentioned above.

1. Tests for Comparison of Models.

One of the most neglected areas in econometrics is

+hat dealing with methods for eva1uéting and comparing

-

1 Th1s form was used because of the swmp1er deriva-
tion of the reduced form.
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different models. The criteria for these are not rigorous
with the result that generally, models are compared on the
basis of their explanatory and predictive powers and on the
statistical and other tests associated with these. These
_have been classified as: parametric, i.e., if it relies on .
formal statistical tests that assume an & priori probability
distribution function; and non-parametric, i.e., if it does
not postulate a given mathematical form for the probability
distributfon functionz. |
Although there is a dearth of rigorous crfteria the
process of evaluating models is fairly clear cut. It is
based on assessing their vaTidify and subject matter, pur-
pose and operational viabi1ity3. This consists of three |
steps:
.
1. the-assumptions underlying the behavioral
équations of tﬁe model should be in accord
with the basic postulates of theory;
2. these assumptions should be tested empirically;
and

3. the predictive ability of the model should

) 2 p.J. Dhrymes et al, "“Criteria for Evaluation of
Econometric Models", Annals of Economic and Social Measure-
ment, Vol. 1, No. 3, July, 1972, pp. 291-322.

3 €. Dagum, “On Methods and Purposes of Econometric
Model Building", Z. Nationaltdkonomie, No. 4, 1968, p. 381.
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be:tested4. _

0f these, the first has already been treated since
the models developed have proceededtfrom a given set of
hypotheses based on'bj0109ica1 theories of fi§heries popula-
tio owth. The system has the properties éf consistency
in that the underTyi#b.assumptions or poétu1ates are not
contradictory; independence in that these postulates ére
not derived from each other; and completeness in that the
set of assUmptiﬁns are sufficient t;‘exp1ain the set of
endogenéus variables. Given these p;opertieg of the struc-
tural forﬁ: a unique redgced form was -deduced by a straight-
forwa}d application of formal logic. For this form to have
empirical validity, however, it is necessary to subject the-
model to ehpirical testing whi;h {n turn ties.in with the
main purpose of the model and its operational viability.

Moﬁe]s are c1assif€ed as either pufeiy predictive or
causaliy\predictive{ The main pufpbse of a2 purely predic-
tive model is to méke reiiab]é'forecasts, while a causally

predictive model has the additional task of providing

4 F.W. Gorbet, "Econometric Models: Some Comments
_on Their Use in Policy Analysis", Bank of Canade Review,
Ottawa: October, 1973.

an
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causal.explanation of the pﬁenomenon under study?. For éhe
forggr, it is known that the assumptions underlying the be-
havioral eqﬁations need not accord with the basic posturates
of the theory for the model's success as a forecasting too16.
However, these are necessary requirements if the major pur-
pose of the model is gxp1énatory. In this thesis, the pur-

pose of the models under consideration is causally predictive
<

. whereby the models will be tested on the basis of both their

explanatory and predictive powers. In both cases, their use-
fulness lies in their contribution to the decision-making'
process: in making it possible to analyse or test various
policies which woq]d otherwise be difficult or costly.  For

decision-making, however, the models must be operationally

viable. This requires the classification of the exodenous

variables into the categories of controllable and non-
controllable, the determination of controlliable exogenous
variables which will act as instrumental variables, and

endogenous variables which will be the objective of the

5 Georgé Stojkovic, :Market Models for Agricultural
Products", Econometric Model” Building: Essays on the Causal
Chain Approach, edited by H.D.A. Wold, Amsterdam: North

Holland Pubiishing Co., 1964, p. 416.

6 ﬁvﬁ—a'ﬁqscussion of this see M. Frieman, Essays
in Positive Economics, Chicago: University of Chicago Press,

1553, -pp. 1-43; 1.C. Koopmans; Three Essays on the State of
Economic Science, Toronto: McGraw Hill Book Co. Inc., 1957, -

pp. 138-140.
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decision mode17.

The models in‘this_thesis wi11_£heref0ré be compared
on how well th;} stand up to empirical testiqg of their
explanatory and prédictivé capabilities. " These latter
cépabi]ities, considered the acid test by Christs, depend,
however, on the degree of structural permanence, i.e., that
there is no basic change in the structure under investiga-
tion due to tgchnologica], behavioral or institutional
changes in related areas of the structure during the pre-
dictive periodg. t¥ there is a low degree of structural
permanence during this period, then the model's predictive
or decision making capabilities will be‘severely limited.
The tests to be used will therefore be a combination of
statistical tests: the goodness of fit, i.e., ﬁz, the
significance of the variables in the models, i.e., standard
t-.tests, etc., non-parametric tests, i.e., the number of
turning points missed or falsely predicted; and tests

developed for assessing predictive abilities. These latter

7 Dagum, op.cit., p. 396.

8 C.F. Christ, Econometric Models and Methods, New
York: John Wiley & Sons Inc., 1966, p. 547.

9 Dagum, op.cit., p. 397.
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0

include the Janus Quotient, the Theﬂ1 and the Root Mean

Square Error {R.M.S.E.) testsTT.

In this thesis the E;M.S.E.
test will be used, where necessary, to compare the forecasts
made by the models. This involves essentially finding t@e
R.M.S.E. of the prediction and comparing it with the Stan-

dard Error of Estimate (S.E.E.) during the sample period,

{(7.1) R.M.S.E. = [ s v2 where v
4 n

Y

i.e.,

y_

actual data,
predictive
period
predicted
number of
years in the
predictive
period

3

if the R.M.S.E. is less than the S.E.E. then the pre-
dictions made are good, but if it 1s sfgnificantTy greater
than the S.E.E., predictions are poor. The.Tatter case,
depending on how we1: the model performed from an empirical
standpoint, could be indicative of significant structural

change during the predictive period.

S~

10 These tests have been developed to systematically
measure the accuracy of model forecasts. H. Theil, Economic
Forecast and Policy, Amsterdam: North Holland Publishing
Company, 1961. A. Gadd and H.0.A. Wold, "The Janus Quotient:
A Measure for the Accuracy of Prediction”, Econometric Model
Bujlding, Essays in Causal Chain Approach, edited by H.O.A.
Wold, Amsterdam: North Holland Publishing Company, 1964.

11 The Root Mean Square Error tests and other tests
for model's predictions are described by,Ehrist, op.cit.,
Chapter X. . N
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2. Specification of Models, Canada's East

Coast Groundfish Fisheries.

Three models were to be tested in this thes%s: the
Schaefer logistic, the Gulland-Fox and the discrete version
of the Houthakker-Taylor. It was pointed out, however, in
Chapter V that the Gulland-Fox model can be considered an
alternative t6 Schaefer ]og{stic depending on whether the
C.P.U.E. over time displayed a linear or curvilinear pattern.
The latter was found to be the case and in empirical testing
very poor results were obtained from the Schaefer ‘model in-
'dicating that the Gu11and-Fox/ﬁgszthe more pertinent model.
As a result, although-all thrﬁe models were tested the re-’
sults obtained are giveﬁ 0n1§ for the Gulland-Fox and

Houthakker-Taylor models. These twb models are specified

as follows:

C
Model 1. 1log E—t =X - BE, + v, ... The Gulland-Fox
t
o C E, o
Model 11 = = A, + A, Et—" + Ay gL+ w, ... The Houth-
t t-1 t .akker-Taylor
where Ct = landings in time t
Et = fishing effort in time t
A = loga
v w, are error terms

Tt
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a As outlined in_Chapters I1 and III, the important
aspects of Canada'é east coast groundfish fisheries are:
(1) their international nature since the resources of the
northwest Atlantic are expToited'by the fleets of many
countries and Canada compétes wjth tﬁese countries; and {2)
the division of Canada's groundfish fisheries into two
distinct sectors: an offshore sector; and an inshore sector.
The offshore sector is characterized by the exploitation of
many groundfish species while in the inshore sector, by far
the major groundfish landed consists of cod.

The models specified will. be utilized for the off-
shore sectors representing: (1) the whole northwest Atlan-
tic offshore groundfish fisheries; and (2) Canada's east:
coast offshore groundfish fisheries. These sectors are
interrelated in that sector (2) is a subset of sector (1)

“and both are subject to ICNAF regulations. The 1ist of
variables for these sectors is given in Table XX.

2.1 Sector 1: The Northwest Atlantic Groundfish Fisheries.

The groundfish resources of the offshore northwest
Atlantic will be divided into three major species: (1) cod;
(2) redfish; and (3) flatfish or other groundfish. In the
model it will be assumed that the groundfish resources of
the northwest Atlantic are evenly distributed in’the area,
- j.e., no attention will 'be paid to sub-areas; that interna-.

tional fishing effort is highly mobile; and that landings of
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Sector 1:

Ci7 =

2
— )
Ci3

En
Eyp =
Eyg =
Sector 2:
21
Co2

Loz =

21
22

23

TABLE XX.

List of Variables

146

The Northwest Atlantic Groundfish Fisheries.

Total
Total
Total
ICNAF
ICNAF
ICNAF

ICNAF offshore cod lands

ICNAF offshore redfish landings

ICNAF offshore other groundfish Tandings
offshore fishing effort for’aod

offshore fishing effort for redfish

offshore fishing effort for other groundfish

Canada's Offshore Groundfish.

Canadian
Canadian
Canadian
landings
Canadian
cod
Canadian
redfish

Canadian

. +

gast coast
east coast
east coast
east coast

east coast

east coast

other groundfish

offshore
offshore
offshore
offshore

offshore

offshore

cod landings

redfish landings

other groundfish

fishing effort for

fishing effort for

fishing effort for’
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the various species are proportional to fishing effort.
This effort, as pointed out earlier, will be measured by
the tonnage of ICNAF's groﬁndfish fleet times the number of
days fished.

2.2 Sector 2: Canada's East Coast 0ffshore Groundfish

Fisheries.
in this sector, dealing with Canada's groundfish

fisheries in the northwest Atlantic, resources will be
divided into fhree main species; cod, redfish, and other
groundfish. The same assumptions made for the international
sector pertaining to area distribution of resources, fishing
effort, and returns to effort will hold for Canada.l'Fishing
_effort here will again be measured by ihe-tohnage o% Canadian

groundfish veséels times the number of days fished.

3. Estimation Results of Models.

In this section, the estimation results for the
specified models will be analysed. Both models were used to
_specify equations for sectors 1 and 2, i.e., the northwest
Atlantic fisheries and Canada's offshore groundfish fisher-
jes. Attempts were made to model the inshore groundfish
cector but results from the models were poor. The main
reasoﬁ for this is that the inshore sector is not distinct
in a resource context since a considerable proportion of

these resources consist of offshore stocks. As & result of
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this, and problems with obtaining good.mggsures or estimates
of inshore fishing effort, this sector has traditionally

been difficult to model.

3.1 Sector 1, ICN&F Northwest Atlantic Groundfish Fisheries.
The results obtained from the models were extremely
good (Table XXI). The Houthakker-Taylor model, model II,
gave the best results in terms of high Rz; Tow standard
errors, Durbin Watson statistics and goodness of fit (Figure
8). ATthough'the Durbin Watson statistic if oﬁ]y a proxy
when the regression contains lagged variab1;s, the small
number of observations (less than 30) precluded the use of
the test suggested by Durbin in this case]z. However, since
the Durbin Watson statistics were*close %0‘2, autocorrelation
was not considered a serious problem for the model. For tﬁé
Gulland-Fox, model I, the Durbin Watson sta£istics WEre very
low for all equations and indicative of positive first order

autocorrelation. Various attempts were made to.solve this

problem, including trying other specifications and generalized

12 This is the "h" test. See J. Durbin, "Testing
for Serial Correlation in Least Square Regression where some
of the Regressors are lagged Dependent Variables", Econome-
trica, Vol. 38, 1970, pp. 410-421.
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TABLE XXI.

~ Results of Models I and II, ICNAF
Northwest Atlantic Eisheries by Major Species.

I. The Gulland-Fox Model

(7.2) Cod

(7.3) Redfish

Ci1

Tog ETTf'= 3.756 - .607E11,
(66.44) (-9.315)
((.056)) ((.085))

R2 = .83 R® = .82 S.E.E. = .130 D.W. = .499
ET: = (1.647)10**  E;; = (1.666)10%* (1968)
Clzt
Tog 7 = 3.711 - 2.788 E1z,
; Fl2g

(71.02) (-9.355
((.s22})  ((.998))

R2 = .83 R® = .82 S.E.E. = .129 D.W. = .396
Erz = (.358)10'"  Eip = (.333)10°"  (1973)

-
((

3
(7.4) Other  log E-E = 3.688 - .883 f13,
Groundfish 13¢
) (86.98) (-11.175)
((.424}) ((.790))
R2 = .87 R? = .87 S.E.E. = .116 D.W. = .871
o*
Ess = (1.132)10%  E,5 = (1.707)10%% (1973)
) = t-values Number of Observations, n
}) = standard errors
E* = optimal effort
E = actual effort

149
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TABLE XXI. Continued

Results of Models I and II, ICNAF
Northwest Atlantic Fisheries by MaJor Species.

Model II. The Houthakker-Taylor Model

Ci1 Ci:

5 £-1 Eiay g
(7.5) Cod — = 436,473 + .999 - 457.168
—_— E“t | E“t E“t

(1.470) (28.057) (-1.576)
((.296))  ((-0356))  ((.292))

RZ = .98 R? = .98 S.E.E. = 271.95 D.W. = 1.89
Structural Parameters & = .048 8 = .050 vy = 4.36 y* = -10.46
Ciz | Ci2 Ex

. - 2 - .
(7.6) Redfish t - 24171.06 + .992 —ot= _ 2603.265 —a—tm!
—_— E12t Elzt Elzt
(3.965) (11. 253) (-3.690)
((.652)) ((.088)) ((.705))
~ RZ = 89 R® = .87 S.E.E. = 635.3 D.W. = 1.49

4

StructuraT Parameters & = .079 B8 = .087 y ="2.41 v* = -23.79

C1

3 C1s Eis
(7.7) Other T | 1995.786 + 988 —otol - 1310.37 ——2o
E 3
Groundfish 13¢ Ersy 3¢

(7.479) (44.713) (-7.227)
((.163)) ((.022)) ((.181))

2 - .99 R®=.99 S.E.E. = 174.6 D.W. = 2.66

Structural Parameters &5 = .069 8 = .081 vy = 1.226 y* = -7.05

}  t-values n
(( )) standard errors

20
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Figure 8 ESTIMATED AND ACTUAL LANDINGS MAJOR SPECIES,
NORTHWEST ATLANTIC, ICNAF AREAS

2,000 ACTUAL

1,800 == —=" MODEL I THE GULLAND-FOX

o remrrssecsse MQDEL I THE HOUTHAKKER !

H600 TAYLOR ~,

1,400 +

1,200 4
LO0Q 1 agzenen

800 1 — \\ll

609 L

400 + cQD

200

F
0 1 3 R 3 R L] T T r 3 T 1 T k § ¥

.

(o] r

L g

-

-
A g,
e P

200+
100 4

OTHER GROUNDFISH

1955 56

r—r— r | — | S— T 7
ST 58 59 60 €6l 62 63 €64 €5 66 67 €8

1

!
|
I
j

¥ L ¥ ] L3

63 70 7I

7273

-
74



SPECIFICATION AND ESTIMATION, GROUNDFISH MODELS 152

"Ieast_s,quar"es]'3

, without much success.

The results gbtained from both models are interest-
ing. For model I, the Gulland-Fox, the optimal effort Ex
for the various specfes is given and compared wiph the
highest actual effort E during the period thé models were
tested. The results indicate that optimal effort has been
exceeded only for cod in 1968, while for the other species
optimal and actual efforts weré closest for 1973. In t@g
latter cases, however,-théy were sufficient]y close to in-
diéafe thét'exp1oitatidﬁ ﬁés close to their MSY levels 1in
1973 but the MSY for cod was probably between the 1967 and
14

‘ 1968 -Tevels These résu1ts, therefore, suggest that fish-

ing effort should definitely have been reduced for cod, as

-

13 The Gulland-Fox model with the assumption of
first order autovorrelation gave the following reduced form:

(17 1og Ct = a + plog Cog - 8E From which p
- —_ t + SE .
Et Et_'l t"1

was obtained and from this:

~

(2) 1log EE - plog Ct-1 = a - B(E, - pEt-I)i This model

t
was then tested empirically and although muchzbgtter
Durbin Watson statistics were obtained, the R were

reduced considerably.

- 14 Unfortunately, estimates of MSY's from the"
Gulland-Fox model were so Tow that they were implausible and
therefore ommitted. o :
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in fact occurred, but not necessé:i]y for redfish and other
groundfish. \

The reduced from coeff{cients of model II, the
Houthakker-Taylor, revealed that for all species the natural .
rate of growth of stock & was less than § the stock adjust-
ment due to -fishing effort indicatiﬁé that the ‘underlying
stocks of these species was decTihinggﬁ Judging from their
differences, i.e., 6-8, the rates of decline were highest
for flatfish followed by redfish and cod. The declining
stocks are aiso evident in the lpng run derivative estimates
for fishing effort. The short term derivatives of fishing'
effort vy are all positive as expected but the tong run deri-
va;ives Y* are negatige.

The f1nd1ngs of model II corroborate those of ICNAF
sc1ent1sts that the groundfwsh resources of the northwest
Atlantic were exploited at levels higher than their repro-
ductive capabilities can bear and that, as a result, fishing
effort had to be reduced. Model I's findings did not sup-
port this for all species with the exception of cod but its
results indicated that fishing effort was very close to

optimal Tevels for the other species in 1973.

3.2 Sector 2, Canada's Offshore Groundfish Fisheries.
The models' results from Canada's offshore groundfish
fisheries indicated that generally the Houthakker-Taylor

model, model II, gave better results than model I, the
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Gu]iand—Fox (Table XXII). This model had higher EZ{S and”
,]owgr.standaéd errors, and better Durbin Watson statistics
that the Gulland-Fox model. The fits given by both models
(Figure'gﬂ were good. The Gu]]and-Fox'modeI again ex-
perienced low Durbin Watson statistic§ indicative of posi-
tive autocorrelation. The optimal effort E* for the various
species when compared with the highest level of effort in-
dicated that cod was the only species where Canadian fishing
effort'exceeded optimal fishing effort. However, for red- -
fish,:the actual fishing effort in 1973 was - close to the
optjmaTieffort indicating that there shoqufbe no increase
ih'effort:for that species.': |
The.stfuCtura] pardmeters of modeT-IT are given even
thbhgh the estimates of & and B pertain only to the stocks
Tished by Canadian fishing effort. As such, they are not

4

relevant to the overall stock situation in the northwest

~ Atlantic given in Sector 1 since Canadian effort is but a

.. subset of the overall ICNAF fishing effort. Although this

is thé case, it is interesting to compare these results with

. those for Sector 1, ICNAF groundfish_fisheries, for the

species given from the standpoint of consistency. For cdd
'tﬁé findings were consistent in that paramgter estimates
_ind{cate that the population is increasing but seems close
.to aiﬁynamic edui]ibrium, § almost equal to B. However,

-

for other groundfish, & is greater than 8 implying that the

-t

.
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TABLE XXII.

Results of Models I and II,

Canada's Offshore Groundfish Fisheries by Major Species

Model 1. The Gulland-Fox Model

3

(7.8) Cod
r

= 2.739 - .861 E2a

m
(&)

1

{50.09) (-9.24)
({-.054)) ((,093))

R = .82 R® = .81 S.E.E. = .158 D.W. % .64
&%
Esy = (1.161)10°  Ezp = (1.221)10° (1%&8)

[

|

(7.9) Redfish Tog 22 = 2.641 - .6079 Ez2

-

[34]

(48.68) (-7.86)
((.054)) ((-.077))

‘R = .76 R? = .75 S.E.E. = .179 D.W. = .56
£, = (1.605340%" Eap = (1.673)10°  (1973)

C?.B

(7.710) Other Tog £ = 2.794 - .549 Ea3
Groundfish 23
(80.04) (-16.086)
((.035)) .032)) . -
Rz = .93 R? = .93 S.E.E. =§.70 D.W. = .59
EX, = (1.821)10°  Ezs = (1.709)10°  (1968)
. ( ) t statistics v Number of Observations, n = 2]
(( )} standard errors
':ﬁ\\\‘ E* = optimal effort
K E = actual effort
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TABLE XXII. Continued

Results of Models I and II,
Canada's Offshore Groundfish Fisheries by Major Species

-

Model II. The Houthakker-Taylor Model

' ' c o8
(7.11) Cod 22‘ - 76.385 + 1.005 —t=l - 79,478 e tol
_— 21 Ez1 Ez21
(2.11) (25.8) (-2.20)
((.36)) ((3.896))  ((.036))

R = .97 R® = .97 S.E.E. = 41.65 D.W. = 1.61
Structural Parameters & = .040 B = .036 ¥y = 7.63 vy* = 62.40

Cz Ezz
(7.12) Redfish <& = 197.646 + .926 t‘1 t 1

- 196.587 ———
(3.93) {(15.39) (-3.33)
((5.02)) ((-.060)}  ((5.89))

2 - g3 R® = .92 S.E.E. =67.26 D.H. = 3.14

_ Structural Parameters & = -.005 8 = .064 vy =19.76 y* = 1.67.

(7.13) Other S22 = 126.593 + 1.089 £ - 146.84 £t
Groundfish ~%3 €23
(1.87) (18.88)  (-2.04)

((6.739]) ((-.576)) {(7.169))
R2 = .95 R2 = .95 S.E.E. = 55.2 D.W. =1.07

Structdral Parameters 6 = .160 B = .070 y = 12.66 y* = 20.10

21

=1
]



THOUSAND METRIC TONS .

SPECIFICATION AND ESTIMAT‘ION, GROUNDFISH MODELS

157
Figure 9 ESTIMATED AND ACTUAL .LANDINGS MAJOR. SPECIES,
CANADA'S OFFSHORE GROUNDFISH FISHERIES
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. .

population 15 increasing. The shoft and Jontherm deriva-
tives of effort, i.e., v and y* suppoff the popu]atién sit-
uation for cod and other groundfish in that they are both
positive.

For redfish, & is negative, indicating a negative
. natural rate of growth of the stock. This finding, which
seems implausible, can Se explained by the fact that redfish,
unlike other groundfish species, is relatively slow growing
and its abundance is very dependent on survival rates of
previous year ciasses which in tufn are affected by chanées
in ecoIégicaf condition. As a result of this, a negative
natural rate of growth, whjgh was small and close to zero, 1is
possible. The‘peculiar characteristics of redfish population
growth however indica?e that ﬁodeTs which specifically take
these-info consideration, such as the Beverton-Holt mentioned
in Chapter V, might be more pertinent than the models de-
scribed ip this thesis.

The resuits obtained from model II are in conflict
with the.ovefa]] ICNAF situation of dec]ining.ra£her than
increasing‘groundfish populations. They indicate that
Canadian fishing effort should increase for cod aﬁd other
grouﬁdfish. Model I's results also support increasing fish-

. ~ .
ing effort for other groundfish. A possible explanation for
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the dichotomy between the overall ICNAF and the Canadian
situation is that Canada's offshore groundfish fieet did not
avail itself of many groundfish resources 3vai1éb1e\to it
with fhe result that there is some potential for increasing

the fishing effort of this fleet.

4. A Comparative Analysis of the Models. "

.The empirical testing of models I and II indicatéd
‘that the Houthakker-Taylor stock adjustment model gave sup-
"erior results to the Gulland-Fox model in terms of statisti-
cal tests and goodness of fit. From an exXplanatory stand-
point, the models supported the findings of ICNAF scientists
for the northwest Atlantic groundfish fisheries.
As péinted out earlier, the acid test of models is
_ their predictive capabilities. As a,reéuTt, the models were
teséed by using them to make shor;/{;rm predictions for the
period 1975-1977. The results obtained were extremely poor
. for both models and were therefore not a‘significant test
for comparing them. The main reason for this is that this
peridd was a period of controlled exploitation while the
models were based on a périod of largely uncontrolled ex-
ploitation. Thus the models predictive results indicated
. that controlled expioitation broughf about a structural
chanée in the northwest Atlantic groundfish fisheries and

in Canada's groundfish fisheries in.the area. The major
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factors responsible for this change will be treated in the
next and final chapter which deals with a period of con-

trolled exploitation.



CHAPTER VIII
POLICY IMPLICATIONS AND CONCLUSION

The previous chapters of this thesis dealt with the
northwest Atlantic groundfish fisheries and Canada's east
coast groundffsh.industry during the period of the early
1950's to 1974, a period of virtually uncontrolled exploita-
tion. The effects of this tyﬁe of exploitation conformed to
the biological and economic theories and models of fisheries

’Eunder uncontéo11ed exploitation: that is, they led even-
tuaily to overexploitation of the resources and to decreas-
ing economic returns.

This chapter will be concerned with the problems of
controllied exploitation since it will deal with the period
from 1974, a period of controlled exploitation and Jjuris-
dictional changes. These latter.changes were due to the
large coastal states Qf Canada and the United States taking
gver mgﬁagement c0ntfo{ for their 200 mile 1imits from
ICNAF in 1977. The controlled exploitation was through the
widespread use of gquotas or TAC'é‘to reduce fishing effort

_by ICNAF from 1974 to 1976 and since then by Canadal. As a

1 Although Canada took over management responsibility
for its 200 mile Economic Zone on January 1, 1977, she hon-
oured the ICNAF allocations imposed on her and other countr-
jes for that year. Thus, it was not until 1978 that Canada
began to exercise effective control through her own alloca-
tion of the TAC's.
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result, the chapter will concentrate on: resource manage-
ment prob]ems'durigg the end of the ICNAF regime, i.e., the
period 1974-1976; Canada's management problems for the 200
mile Economic Zone; and the strategy which Canada can pur-
sue to solve some of the m;jor economie problems facing
Canada's east coast industry. Attempts will be made where
po§sib1e to utilize the models, particularly the Houthakker-
Taylor, for policy purposes. The chapter will end with a
short conclusion on the major findings of the thesis f;oﬁ'

e
the models standpoint.

1. The End of ICNAF's Management Regime 1974-1976.

The period.1974-1976 is an important one to fisheries
because of ICNAF's management measures to control exploita-
tion and the economic problems caused by these measures to
Canada's groundfish industry. A shqrt analysis will there-
fore be made of the effectiveness of the ICNAF measures for
resource?’management; and of their impact on Canada's ground-

<

fish 1ndJstry.

1.1 ICNAF's Contro]{Over Exploitation by TAC's.

’ During the period 1974-1976/77, ICNAF controlled the
exploitation of the northwest Atlantic groundfiﬁh resoufces-
through TAC's on individual species and areas. The main

objective of these measures continued to be biological;

they were designed to reduce effort to levels which would
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] )
permit the rejuvenation of stocks. These TAC's were based

on recommendations frpm ICNAF scientists and levels were
established by negotiatioﬁ and agreement of member nations.
Genera{ concern for the state of the - stocks led to a sig-
nificant ‘reduction in ICNAF's TAC's for groundfish species
(Table XXIII).

The GAC for total groundfish species was reduced
from 2,050 thousand metric tons in 1974 to 1,324 thousand
metric tons in 1976 or by 35 percent. This TAC was reduced
further to 970 thousand metric tons in 1977 since, as was
pointed out eariier, this TAC was honoured by Canada.*_The
total groﬁndfish landings from ICNAF areas declined from
1,745 thousand metric tons in 1974 to 1,309 thousand metric
tons in 1976 or by 25 percentzs The TAC's by major species
were reduced considerably with this reduction being greatest
for cod, followed by redfish and flatfish, reflecting the
order of species needing most attention. As a result, cod
tandings declined from 791 thousand metric tons in 1874 to
525 thousand metric tons in 1976 or by 34 percent; redfish
from 233 thousand metric tons to 179 thousand metric tons or

by 23 percent; and flatfish from 719 thousand metric tons to

2 Actual landings have been less than the TAC's
because of quotas for countries by areas which have not
been exploited by these countries. These have been referred
to as "paper"” quotas.
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TABLE XXIII.

ICNAF's TAC's, Groundfish Landirgs by Major

164

Species, and Total Groundfish Fishing Effort 1974-1976

Percent
) Change
1974 1975 .1976 1977 1974-1976
(*000 Metric Tons)

Cod

ICNAF TAC's 1,079 994 642 - 352 =41

Actual Landings 91, 639 525 n.a. -34
Redfish ] )

ICNAF TAC's 209 162 137 125 -34

“Actual Landings 233 216 179 ‘n.a. -23
Other Groundfish

ICNAF TAC's 762 693 545 492 -29

-Actual Landings 719 710 605 n.a. -16
Total Groundfish

ICNAF. TAC's 2,050 1,849 1,324 969 -35

Actual Landings 1,743 1,565 1,309 n.a. -25
No. of Groundfish
Vessels 1,537 1,455 795 -49
Total Tonnage of
Groundfish Vessels 1,523,088 1,804,084 1,165,243 -24
No. of Days Fished 152,705 171,385 143,824 -06
Fishing Effort 101.l 2.3258 3.0919 1.6759 -28

n.a. not available.

Sources: ICNAF, Statistical Bulletin, Vol. 26.
. ICNAF, List of Fishing Vessels, 1976.

-
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606 tﬁousand metric tons or by 16.percent.

| ICNAF's reduced TAC's exerted a-significant imﬁact
on fishing effort. Although the number of countries ex-
ploiting the resources did not ﬁecTine3, the number of
groundfish vessels in the ICNAF fleet was reduced from 1,537
vessels, with a total tonnage of 1,523 thousand metric tons
in 1974, to 785 vessels with a total tonnage of 1,165 thou-
sand metric tons in 1976; and the number of days fished from
152.7 thousand éo 143.8 thousand during the period. Since
fishing effort has been measured by the total tonnage of

the fleet times the days fished, this constituted a reduc-
tion infeffort of 28 percent4. Effort had in fact.increased
by 33 percent between 1974 and 1975 but declined by 47 per-
cent between 1975 and 1976.

The reduced TAC's and resulting effort changes
caused economic problems for the fishing fleets of all ICNAF
member nations. Although special concessions-were‘given by
ICNAF to.Camada as a coastél state her TAC reductidns caused
severe economic ﬁroblems to her east coast groundfish indus-
try. These were responsible to é great extent for Canéda

actively pursuing jurisdictional responsibi1itiés for the

3 ICNAF, Statistical Bulletin, Vol. 26, 1977, op.cit.

4 It is interesting to note that a 28 percent reduc-
tion in effort resulted in a 25 percent reduction 1in Tandings.
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: 20@;mi1e Economic Zone. This was done specifically at the
_continuing sessions of the Law of the Sea Conference and
tHrough bi-lateral negotiations with other countriess.

1.2 Crisis in Canada's Groundfish Industry 1974-1976.

Canada's allocation from ICNAF's TAC's for ground-
fish épecies were reduced from 408 thousand metric tons in
1974 to 268 thousand metric tons in 1976 (Tab1e XXIV).
These allocations did not cover all of Canada's fishing
areas'siﬁce theyhexCTuded Canada's territorial Timits, i.e.,-
thelinsﬁore fishing areas, an@iCanada's exclusive }1shing
sones of the Gulf of St. Lawrence and the Bay of Fundy.
Théy;.along with Newfoundland's trawler strikes in 1974
and ]9756,-exerted an influence on Canéda's groundfish land-
ings. However, these Tandings increaseﬁfduring the period.
from 418 thousand metric tons, valued at SSQ million, in
1974 to 470 thousand metric tons, valued at $63 million,
in 1976.

The changes wﬁich took place in the fisheries were

more pronounced in the offshore than in the inshore sectors.

5 Canada's strategy and its success has been treated
by D.A. Pepper, "Men, Boats and“Fish in the Northwest
Atlantic: -An Economic Evaluation®, (unpubiished Ph.D. -
thesis) submitted to the University of Wales, April, 1978.

6 The first trawler strike in 1974 has already been
referred to. There was 2 second one in 1975 which lasted-
for about three months.
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TABLE XXIV.

Groundfish Landings, Volume and Value,
Canada's East Coast Groundfish Fisheries,
and Fishing Effort 1974-1976

ICNAF
, TAC
Landings Inshore Qffshore Total - Allocation
Q v Q v Q v Q

(V '000 Constant 1971 $,.Q '000 Metric Tons)

1974
Cod 102.7 16,807 54.4 8,899 157.1 25,706 199
Redfish 1.8 153 ~85.4 7,430 87.2 7,583 40
Other Groundfish 52.3 7,763 121.6 18,037 173.9 25,800 168
Total '156.8 24,723 261.5 34,366 418.3 59,089 408
1975
Cod - 106.9 16,218 39.0 5,872 145.9 22,090 193
Redfish 2.7 194 100.2 8,502 102.9 8,696 89
Other Groundfish 53.7 6,769 118.3 17,136 171.0 23,905 187
Total © 163.3 23,181 257.5 31,510 420.8 54,691 469
1976
Cod 132.3 19,802 61.2 9,045 193.5 28,847 154
Redfish 2.6 252 87.1 7,430 89.7 - 7,682 103
Other Groundfish _55.4 7,727 131.0 18,547 186.5 26,274 173
Total 190.2 27,781 279.3 35,022 469.7 62,803 430
No. of

No. of Days Estimated6

Vessels Tonnage Fished Effort 10
1974 33 87,642 38,436  3,368.61
1975 291 . 87499 38,820 3,396.71
1976 . - 302 , 90,351 38,015~ 3,434.69

NS N

B

Sources: ICNAF, Statistical Bulletins and List of Fishing Vessels,
op.cit.; Environment Canada, Statistical Review of Canadian

Fisheries, 1955-1976, Vol. 9, op.cit.’
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In the inshore sector, 1and1ngs 1ncreased from the1r Towest .
of 156 thousand metric tons, va]ued at $25 m1]11on, in 1974 ¢
to 190 thousand metric tons, vaIued at $28 million, in "1976. N~
In the offshore sector, 1and1ngs dec11ned from 261 thousand
metric tons, valued at 534 m1fi1on in 1974 to 257 thousand
metric tons, va]ued at $21 million in 1975, and increased to
279 thousand metr1c tons, vaTued;at $35 million in 1976.

' Canada S offshore groundftsh effort nncreased
sl1ght1y by 2 percent between 1974 and 1976. Th1s occurred
-ma1n]y‘a%%% esu]t of increased tonnage of the fieethfrom
87.6 thousand gross tons to 90.3 thousand gross tons since
the numben of vessels declined from 335 1n 1974 to 302 in
1976, and.the total number of days-f1shed rema1ned re1a- -
‘tivelg stable. The deoﬂtne in~‘the number of vessels waé%g
due to the introduction-of a Ticencing policy «in 19?5 which
prevented any expansion in the offshore flees. Thus, new
vessels could only be for rep1acemant purposes and criteria
for replacement were established to ensure that the vessels
.built for replacement would not add to the capacity of the
existing fleet. . ‘ ?

”‘\T.N-The groundfish processing,industry ‘was affected by *

the reduceé level of Tandings and raw mater1a1 throughput
for- the period 1974 1976 in comparwson with the Tevel of

throughput in the late 1969' s. As a result of the changes,

the value of groundf1sh food products remained stable in 2

. .
3 . + : ,
. N --



2

:POLICY IMPLICATIONS AND CONCLUSION 169

constant terms of $160 million in 1974 and 1975 but in-

creased to $191 million in 19767. This was close to the

peak value of production in 1973, indicating increased

-prices for groﬁndfish food prdducts, since the volume of raw

material inputs was about 13 percent less than the volume in
1973. There was, however, no reduction in plant capacity
during the péfiod; thgre were 638 plants in operation gn
thé east coast in comparison with 611 in 19728. The main-
tenance of and even increase in p]anf capacity during the
berigﬁ 1974-1976, when raw material inputs were at rela-.
tively low levels, was due to government measures to assist
the industry during this period. |
The decline in the level of 1andiqgs, in. 1974 and
1975 in particular, brought about economic problems in the
industfy‘in these two years and also in 1976. These were

due to the detrimental effects of overcapacity in both the .

primary and secondary manufacturing sectors of the industry.

~As a result, Federal Government programs of assistance to

the industry were introduced in 1974, namely, working capital
ioans, inventory finanhcing and product promotion which were

4

7 Environment Canada, Annual Stafistica1 Review of
Canadian Fisheries 1955-1976, Vol. 9, op.cit.

8 This information was obtained from the Industry
Services Directorate, Fisheries and Marine Service, Depart-
ment of Fishekries and Environment, which carried out
two survey studies on t capacity levels in™194Zand—
1976 respectively. ‘

o
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followed by deficiency payments to vesse1s_and plants. In

1975, the Groundfish Rehabilitation Program was announced

and a $50 million fund established for long term measures
5 .

for strengthening the industry Under these programs, the

government allocated about $130 million for the industry
dur1ng the period 1974- 1976]0
ICNAF quota restrictions brought to the fore manage- -
ment problems for Canada emanating from the. overcapacity of
the fishing fleet. Early in 1976, it became épparent éhat
the groundfish fleet could take its quota allocations in
nine months on the basis of traditional fishing patterns]].
Thus, theré‘were prospects of a tie-up of the fleet for
three months of the year and the adverse effects of this on
plant operations and employment in the Atlantic regionai
economy . As.a result, Canada was faced with the management
problem of (1) how to spread out fishiné effort during the

year to prevent the tie-up of the fleet and processing

plants; and (2) how to sub-allocate Canadian quotas amongst

g These programs will not be t@%ated in any detail
in this study. For more details on them see Environment
Canada, Policy for Canada's Commercial Fisheries, op. cit.
pp. 47-50.

10 ibid., p. 1.
11 Had it not been for the NewfoundTand trawler
strike in 1975 this problem would have occurred 1in that

years .
ol P
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her fleets on a ﬁationa1-basi;. These problems led to
Canada formﬁ]ating annual fishing plans, the first of which
was the 1977IFishing Plan announced by the Minister of Fish-
eries on December 21, 1976. This plan, which had three
main goals, will be treéggﬁ in the next section_dealing
with the management imp1icafions of the 200 mile Economic
Zone to Canada. hd
Canada's east coast groundfish industry faced serious
economic problems during the period 1974-1976 as a result of -
ICNAF's controlled exploitation. Conditions in fhis indus-
try were such that unless control was exercised by Canada
over.tﬁe exploitation of resources the industry would con-
tinue to be in dire straits. Canada's fishing industry
therefore presseﬁ for taking management responsibi1jtieé
away from ICNAF. The result was that on June 4, 1976 the
Minister of External Affairs announced-that Canada, would é?
take over jurisdiction of the 200 mile limit on January 1,
1977. A new era in fisheries was about to bégin. In the

next sectijon, the implications of this new era will be

treated.
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. 2. The 200 Mile Economic Zone for Canada, 1977 to 1985.

It waé pointed out in Chapter III that effective
management by Canada of its groundfish (and other) fisheries
was nof possible because of Canada.not having control over
. international fishin§ effort. This was changed by-Canada
taking over management responsibility for the 200 mile limit
off its coast on Janhary 1, 1977. Thus, Canada now has
caastal state management rights to the fisheries resources
off its coast up to this limit (Pigure 10).‘ This vast area;
covering about 250,000 square' miles, contains, based on the
lTevel of 1andiﬁgs for the period 1972-1976, over 60 percent
of tge total fisheries resources and 67 percent of the
groundfish resources in the northwest Atlantic fishing areas
covered by ICNAF sub areas 1-5 with which this thesis deals.

The importance of the 200 mile limit and the major |
"reason why Canada assumed responsibility for this area is
that it gives tanada the opportunity to manage the expioita-
fion'o .the fisheries resources in this area to solve the
economiqurob1ems of the industry]z. In this sec{ion, there-

fore, the main concern will be with the management strategy.

which’ Canada can pursue to attain the objective of 'a viable

12 C.L. Mitchell, "The 200 Mile Limit: New Issues,
01d Problems for Canada's East Coast Fisherjes", Canadian
Publijc Policy, IV: 2, Spring 1978.

14
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Figure 12

THE 200 MILE LIMIT AND CANADA'S EXCLUSVIE FISHING
ZONES, NORTHWEST ATLANTIC FISHERIES
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industry since without this viability the industry would

continue to require considerable government assistance and

support.

2.1 The Strategy for Development.

The strategy for the . economic development of the
fishing industry hinges on making the industry pTay the
role of a leading sector in the Atlantic regional economy.
In Chapter IV, the role of the leading sector was considered
in a growth -pole context in that the points of growth are
by means of a propu1sive industry. This propulsive indus-
try has been described by Hirschman in terms of a leading
sector theor}13

For fisheries to play the role of a leading sector

in the Atlantic regional economy “the following are necessary:

(i) “an expanding volume and value of output
in both the primary and secondary sectors
of the industry;

(ii) greater efficiencies in production in
both sectors brought about by a better
utilization of existing capacity, requir-
ing some technological transformations;

and

13 Hirschman, op.cit.

L
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(iii) as a result of (i) and (ii), the genera-
tion of capital through industry profits
to sustain momentum in the industry and
in other supplementary indUstriés assoc-
jated with it“]q.

The difficulties of Canada's east coast fishing in-
dus{ry meeting these requirements are apparent from this
thesis. They can be summarized by the following: {a) re-
source cons%ngi:fj’fjij made it difficult to bring about
an expansion in the volume and %g1ue of output; (b) until
erre was control of entry, free entry brought about excess
capacity, ﬁrevented efficiencies of production or dissipated
the'Eeﬁults of these efficiencies; and (¢) because of (a)
and (b), the fishing industry was unable to generate capital
for its developmental needs, and to exert strong demand,
Tinkage effects on other industries. With the opportunities
p%ovided by the 200 mile Economic Zone and better managemenE

these can all change. '
, ¢

2.2 Canéﬁa's Management Objectives, Groundfish Fisherijes.

Under ICNAF's management regime, the primary manage-

&N

ment objectivé was biological, i.e., to prevent overekp1oita—

tion-and protect threatened resources. For Canada, the

14 C.L. Mitchell,” "The 200 Mile Limit: New Issues,
01d Probiems for Canada's East Coast Fisheries", op.cit.,
p. 176.
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~ management principle is based on the "best use" concept

which involves taking biological and socic-economic aspects
into consideration.

Because of the structure of Canada's groundfish

fisheries, their management requires two basic approaches;

/

one for the offshore fisheries, and another'jﬁﬁﬂziﬁjinshore
fisheries. In the inshore fisheries, where‘;ﬁé ma{%rity of
Canadian fishermen operate, the main concerns}§ng_ﬁjth pro-
tecting inshore resources and improving economic retu:;s to
fishermen. In the international offshore fisheries, the
main concerns are preventing overexplioitation.and bringing
about a more efficient and stable allocation of Canadian
fishing effort in relation to resource availability. In
fact, Canada's dec]ared'management strategy for the 200
mile Timit is based on her share of the resources in the
area being defeghined by the ﬁétchin§\capacity of her fleet,
with the surp]ué to be shared amongst the foreign nations.
The‘major objectives for the management of Canada's
groundfish fisheries for the 200 mj]e 1imit have been ex-
pressed in the 1977 fishing plan as follows: -
"(1) to avoid conflicts between local and
mibi1e fleets over scarce fisheries
resources, |
(2) to let fish stocks rebuild for bigger

catches in the future,

!
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(3) to stretch out the available resources,
. g0 as to keep the groundfish industry
working all year round"15.

The management measures ijmplemented by Canada to
attain these objectives revolve around.(a) controlling fish-
ing effort in the offshore fisheries through licence timita-
tion of Canada's offshore fleet; (b) overall quota alloca-
tion for Canada and the fpreign na;jons, anda(c) the encour-
agement of_the exp1oitati9n of new species and areas.

Canada introduced in 1977 licencing for.the foreign
fleet and in 1978 charged licence and resource use fees.
These fees were expected to maise about $10 million in
revenues. The foreign countries are also required to pro-
vide Canada wifh a detailed fishing plan every year indicat-
ing how they will utilize their fleets to take the quotas
allocated to them by Canada. These measures afef-therefore,
designed as a means of controlling foreign fishing effort
and of r;ising revenues from the foreign fleets operations.

The third-measu}e, that of encouragin; the exploita-
_tion of new species and new areas, was the direct result of
the surplus fishing capacity of Canada's offshore fleet.

. N
in order for the fleet to operate on a year rqund basis it .

15 Fisheries and Environment Canada, Fishermen's

,_* Spec1a1 Bulletin, Ottawa: January 11, 1977, p. 1.

~
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‘was¢necessary for the fishing effort curtailed by quotas to
be employed in areasror for species where Canada had quotas
but which were not generally highly exploited by the Canadian
fleet. These have been referred to respectively as non- -
traditional areas and non-traditional species. Measures tﬁ
encourage their exploitation, mainly financial incentives,
were estab1ishéd16.

Resource management, therefore, remains the major
problem area for ‘Canada under the 200 mile Economic Zone.
1t also offers the best prospects for fisheries development
i1f it can succeed in meeting the objective of bringigg about
a viable industry. Because of its importance, the next
section will discuss the use of the models i?'ﬁiﬁageﬁént
tools in aiding to answer some of the major questions now

facing Canada's fisheries management.

3. The Models as Management Tools.

The use of mod¢1§ as ﬁanagemént tools hinges on
their:expTanatory and predictive powers. However, since
for reasons given earlier the models were iﬁadequate for
predictive purposes, +heir use for policy purposes will be

based mainly on their explanatory powers. The models will
P
;

~

16 These incentiveé are to cover the additional
costs to vessels for fishing in new areas, ibid., pp- 9-11.

*
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therefore be apSﬁied to some of the present short term
management problems relating to fishing effort in the
groundfish fisheries now under Canadian juﬁisdiction and
control. The two main areas where the model's results are
refevant are (1) w1th the reduced effort levels in Canada's
200 mile Economic Zone, how soon can the stocks rebound, and
(2) what is the capacity of Canada's offshore groundfish
fleet. Both of these are the two mqst important management
questions faced by Canada at this time since the first will
establish the total groundfish resources available in the
nortﬂwest Atlantic, and the second will determine Canada's
share of these resources, and the magnitude of resources
available to the foreign countries.

3.1 Resource Projections: Rates of Recovery.

Projections have Reen made by Canadian scientists
for the total landings of groundfish and other species 1n
'the northwest A;1antic areas within Canada's 200 mile 1imit
and beéyond (i.e., the Flemish Cap). These projections in-
dicate that the TAC's for total groundfish in’Canada‘s
traditional groundfish fishery should increase by only 16
percent by 1985 and by 22 percent for all areas, i.e.,
tradigional and non-traditional to Canqda,{over 1976 1eve]s\

(Table XXV). . . e
1Y
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_ TABLE XXV.

Projected TAC's Major Groundfish Species,
Selected Years 1978-1985

TAC's Allocations Projected TAC's

Change -
1976* 1978* 1982 1985 1976-1985_
Total Caﬁadian Total Canadian Total Total
TAC's  Share TAC's  Share TAC's TAC's
('000 Metric Tons) _ (Percent)
Cod 462 191 322 204 497 590 128
- Redfish 153 88 138 _97 133 136 -1
Other Groundfish 218 156 220 166 234 242 +11
"T5£311wadfuonaﬂ83q-'_ 435 680 467 864 __ 968 +16
Total Gr‘oundfish2 98{ 462 881 538 1079 1183 +22

Excluded presently unregulated groundfish species. Based on data
presented in Table XXII, about 340 thousand metric tons of ground-
fish species has been excluded. Thus the projections account for
74 percent of total groundfish species.

There are TAC's for the areas within Canada's 200 mile Economic
Zone, i.e.,- primarily ICNAF sub areas 2-4. Sub area 5 (George's
Bank} is also included.

These include ICNAF sub areas 2-6. AN

Depaftment of Fisherjes and the Environment, "Atlantic Coast
Resource Prospects - 1978 to 1985", (UnpubTished paper) Ottawa,
December, 1977. -

.
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These projections have been made main]yl7 on the

basis of what is called the FO.] rule which stat?s‘"that
the optimal rate of fishing mortality is the one at which
the margiha] sustainable yjeld is equal to 6ne-tenth the
C.P.U.E. which would be enjoyed if the stock were lightly

18,

fished This rule, which owes-i{ts origin to Gulland, is

based on the economists's static fisheries mdde] and is
really an application of marginal analysis in physical terms
in that it attempts to equate the marginal catch with mar-

19 ther

20

ginal effort 0.1 rule is considered a "safe bet"

level of fishing“" since it allows for stability, improved
catch rates, and a margin of error. The improved catch
rates are the result of the recovery rates of fish stocks.‘
The Houthakker-Taylor model, through its parameter
esiimates of & and B, provides the informatfon to indicatg
what impact changes in the level of fishing effo;t'wou}d
havé on the recovery rates of stocks. The model's results

were therefore used to test whether they would agree with

the projections made by the scientists. To do so, it was

17 In some cases they were made on an MSY basis.
18 G.R. Munro, “Canada and F1sher1es Management with

Extended Jurisdiction: A Preliminary View"”, in the Economic
Impact of Extended Jurisdiction, op.cit., p. 39.

19 ibid., p. 39.

20 D.A. Pepper, op.cit, .
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assumed that: (1) thé parameter estimate of § (the natural
rate of poputation growth) would remain constant at least in
the short run but the percentage change in effort would
affect the ﬁa;ametgt estimate of B (the stock adjustment dhe :
to fishing effort) accordingly; and (2) the rate of growth

in landings would.be the same as the rate of growth in the
Lnder]ying stock, i.e., &-8.

On the basis 6f these assumptions, & reduction in
fishing effort of 25 percent from 1974 to 1976 (close to the
actual reduction of 28 pergent) would bring about increases
in total groundfish 1a&dings of 9 percent by 1985 (Téb}e )

' XXVI). In 1977, Canada was able to obtain a reduction in
overall ICNAF fishing effort by 40 percent of its 1872-1973

2]. This reduction would result in an average growth

Tevel
rate of 2.1 percent a year for total groun&fish and would,
if it had come into effect in 1976, increased landings by
21. percent by 1985. This, compared with the scientist's
projections that landings-would increase by 22 percent over

their 1976 level, indicates that the 40 percent reduction in

overa11'fish1n§ effort would be sufficient to ensure the

21 At the ICNAF meetings in 1976, Canada was able
to obtain agreement that total fishing effort would be re-
duced by 40 percent on the basis of a 40 percent reduction
in the average number of days fished in 1972 and 1973. Al-
though there is a different measure of fishing effort used

in this thesis, this objective was accepted as realized in
1977. o
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level of landings projected for 1985.

This analysis serves mainly to demonstrate that the
Houthakker-Taylor model provides data which can be used to
give some idea of what reductions in the level of fishing
effort, the managemen£ control variable, will be required
to obtain desired levels of stock and landings growth.

Thus, the management authority, in this case Canada, can
control recovery through this means. Decisions have to be
made however about whether it is better to have relatively )
high effort TéVels now, and thus have-a low rate of recovery,
or reduce effort levels substantially now, and have more
rapid recovery in the future. These aspects, which depend
mainly on economic factors, will not be considered in this
fhesis. Instead, the projected landings made by the scien-
tists wﬁuld be accepted as given. As a result of this the
more imﬁortant‘question to Canada is what is the capacity
or fishing capéii1ity of its existing fleet.

3.2 Canada's Groundfish Fleet Capability.

Canada's offshore groundfish fleet capability is of
importance from two standpoints: (1) its implications for
the present existing surplus capacity and poor economic re-
turn; to vesse1/bperations, and (2) it will give some idea
of what Canada's offshore fleet can take if operated to full
capacity and what, if awry, would remain for foreign fleets.

- ATthough the models are imited in their use in answering
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these qugstiqns; the Gulland-Fox model gives estimates cn'-"w
opt{mai fishing effort, and the Houthakker-Taylor of re-.
covery rates. By combining these elements, wiéh some
“economic ané1ysis, they can shed some light on the future
prospects for Canada's groundfish fisheries.

The main reason why Canada’s offshore groundfish
fleet was not efficiently utilized, leading to poor economic
returns, was due to the resource constraiﬁts imposed by the -
TAC's. These resulted in a decrease in the aVeraQe number
of days fished per'vessel in this fleet from 124 days in -
1968-1971 to 115 days in 1974 but this increased to 126 days
in- 1976 ma{nTy'because there was a decrease in the number of
‘vessels in the fleet. At this latter level, however, the
fleet operated in the red since total costs were estimated
to have éxceeded total revenues by approximately 25 per-
centzz. Thus, for the fleet to achieve a break even level
and opefate economically it must be more efficiently
utilized.

The Gulland-Fox model estimates of optimal Canadian

offshore groundfish fishing effort were 35 percent higher

22 This is based on average prices and average cost
per pound of fish landed by selected groundfis&_vessels in
Nova Scotia. See J.P. Charron, Costs and Earnings Studies
of Selected Fishing Enterprises Nova Scotia 1975-1876, op.
cit., table 13(a), p. 29. ]
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lthan 1976 levels of effort. Assuming that increases in

. . | ——
effort levels would increase Tandings by the samgfémount,
Canada's, offshore groundfish fleet, fishing in traditional
areas, hés the capacity to take about 380 thousand metric.
tons, 05/109 thousand metric tons more than the quantities
landed in 1976. At this volume of landings, if there is no

increase in the number of vessels, the average number of

days fished per vessel would be 170 days. Over the years

the Costs and—Earninds studies have indicated that there is
near1y'a one to-one ratio between the number of days spent
at sea and decreas®s in costs per day at sea23. Thus, this
increase would reduce veﬁsel costs per unit of dutput and
-<f‘\\ make a significant dontribution to improving the economic
performance of vessels in the fleet. ‘

The implications of Canada’s offshore groundfish
fledt's capability on future‘short ierm prospects for the
eést coast groundfish: industry to 1985 can now be assessed.

\ To do so, the following assumptions are made: (1) that
Caﬁada‘s offshore groundfish f]eet‘wou]d attain optimal

effort levels of the Gulland-Fox model by 1980; (2) that

®landings would then increase once these optimal levels are

»
-

23 The operations of large stern (155 ft) and side
(141 ft) trawlers over a number of years showed that an 18
percent increase in days at sea resulted in a 17 percent
decrease in cost per day at sea. J. Proskie and J.P.
Charron, op.cit. \
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attained at thé same rate _as the stock recdvery predicted by
the scientists, (3) that inshore groundfish landings would
increase by about 15 thousand metric tons a yéar24; and (4)
that averagg price trends for groundfish-species by the in-
shore-offshore gectors for th%:ﬁeriod 1970-1976 w%]l con-
tinue to 1985. The results using these assumpfions are
shown ‘for the period 1980-1985 in Table XXVII.

The scenario which emerges shows that Canada's
tota]-groundfish landings- could increase from 630 thousand
metric tons valued at $109 million in 1980 to 786 thousand
valued at $183 million by 1985. The surplus remaining for
the foreign fleets was 167 thousand metric tons in 1980
and 182 tHousand metric tons by 1985. Canada might, however,
expand its fishing effort to take this surplus by that time.
The magnitude of groundfish resources which will be available
" to Canada can solve tﬁe economic problems faced by the east
coast groundfish industry providing there ié 1ittle expansion
in both the offshorg fleet and plant processiﬁg capacity,
and restrictions are impogéd on entry of fishermen in the

inshore groundfish fisheries. These are the main management

*

. 24 This is based on the -average increase in inshore
Jandings between 1974 and 1976 which was slightly higher
than 15 thousand metric tons a year. Although substantial
increases in inshore landings have been reported for 1977
and 1978, it is thought that the increases projected might
hold for the longer run, i.e., the period up to 1985.

Tam
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TABLE XXWII. "

Short Term Projections 1980-198%,
Canada's East Coast Groundfish Fisheries

Biological
Projections Surplus for
. Traditional Foreign
Offshore Fleet Inshore Fleet Total Species* Fleet

Q v Q v Q v )
*(Q in '000 metric tons, 000 metric tons

V in $'000 constant 1971 dollars)

‘1980 380 60,138 250 48,750 630 108,888 797 167
1981 395 65,965 265 55,544 660 121,509 828 168 -
1982 411 72,644 280 63,084 691 135,748 864 173
1983 427 79,934 295 71,449 722 151,383 896 7
1984 444 88,045 310 80,742 754 168,787 932 178
1985 461 92,246 325 90,967 786 183,213 968 182
* Table XXV.

)
P

—N
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challenges which Canada would be faced with in the years

ahead. : B -

4, Conclusion.’

The effects of man's exploitation of fishe}ies re-
sources have been rather difficult to assess. The main
%g;son'for this is that the underlying resource, the fish
population, is not known neither are its growth rates or
natural mortality. Biologists have attempted models of this
exploitation based on factors which are known and measurable,‘
namely catch and fishing effo}t data, but these models have
concentrated on'physical factors. However, fisheries ex-
ploitation takes place for economic reasons with the result
that economic variables, such as (a) costs of fishing opera-.
tions and (b) pr1ces and revenues, are important. This
thesis concentrated on biological models but their impact-on
the economic theory and models of fisheries was discussed.

The most popu1ar biological models are (1) the steady
state model associated with Schaefer, and (2) the Gulland- '
Fox exponential model. .The Schaefer mode1 assumes that the
underlying population is in'a steady state or 1in ecoTogicai
equi1ibrium_whereby cubtractions from that population caused
by natural mortality, predation and man‘s-fishing effort are
balanced by additions to the population caused by the natural

rate of reproduction. It is known, however, that popuIatwons

-
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are generally in transient rather than ﬂﬁ steady states as

a result of man*s exploitation. Bec3p§é of this, an attempt'

was made to develop a stock adjustment model of fisheries
which would allow for the population attaining its ecoiog%cal
equilibrium over time.

Houthakker and Taylor have recently developed a
stocEﬂEE;ﬁstment model for demand which' has received con-
siderable attention and which seemed especially & propos to
fisheries ﬁince it dealt with a similar situation where an
important &ariable was unknown, namely the stock. The
model was therefore adap; - 0 fisheries starting out-with
the biological model of_:jj:f:?zg"popu]atjon dynamicﬁ,'and
ending up with a reduced form formulation which contained
catch and effort yariabies. Two versions of the Houthakker-
Taylor model were discussed: (1) the continuous, and (2) ,
the discrete. The discrete time version dermitfed a simpler
,éstimation of the structural :parameters than the continuous
and was therefore used in“the thesis.

The Houthakker-Taylor model was tested by comparing
the results with the Guiland-Fox model which was.used as an
alternative toathe Schaefer logistic model and proved

-

superior to this model when tested empirically. The two
models, i.e., the Houthakker-Taylor and the Gulland-Fox -
were then used to sbecﬁfy equétions for two sectors: sector

1, the northwest Atlantic ICNAF groundfish fiéheries; and

L\
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sector 2, Canada's offshore groundfish fisheries. The
results 1nd1cated that the Houthakker-Taylor model was
superior to the -Gulland-Fox in terms of the. standard statis-
tical tests for compariﬁg modeis.- It was not possible,
however, to judge the models on the basis of their predic-
tive cépabi]ities. This was Because there weré significant
structural changes brought about by extensive control méa-
sures by ICNAF on fisheries eip1oitation in the northwest
Atlantic from 1974 onwards; and by jurisdictional changes
‘with Canada and the United States taking over managément |
control from ICNAF iﬁ 1977. The results obtained from the
Houthakker-Taylor mode1.augur well for its app1icétioﬁ in
fisheries; it provides a means of estimating the growth

rates of stocks and the impact of fishing effort on these.
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APPENDIX I

THE SINGLE RESOURCE MODEL: THE CASE OF
DECREASING MARGINAL PHYSICAL PRODUCTIVITY

P .
In Chapter V the logistic model was derived by

- assuming that the catch was a constant proportion of fishing
effart and the fish population or stock. It was pointed out
that the catch could be assumed to be a decreasing marginal

rate as a result of crowding and stock externalities. That

is:
(i.1) Ex = rE®X o<a<l and
(i.2) rE®X = aX - bX?, (a,b > 0)
In this case, the catch function becomes:
- oy 2
(i.3) C = Ex = ala-rE”)  {(a-rE7) )
b b
o) 2=20
- ark ; ree which cambe expressed
as:
(i.4) C = 8,E* - g,E2% where
- 81=§—r
2
82 =

Fishing effort reaches a maximum where %% = 0.

Differentiating (i.3) results “¥n<
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U.-..[
(1.5) g_(E: = aark ; 2ar = 0
hence: o
(o b
(i.6) E* = NEl

Substituting oS#ima] effort in equation (i.2), thp

MSY population is obtiined:’

- .
(1.7) X* = 55

It can be shown from (i.5) that the skcond order
condition for a maximum is satisfied sin

less than 1.

X

a is positive and
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Stock Adjustment Models,
Canada's East Coast Groundfish Fisheries.
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The problems asﬁocia%ed with modelling the exploita-
tion of fisheries resources are studied in this thesis in
the context of ICNAF's northwest Atlantic grouédfish fisher-
jes and Canada's‘groundfish fisheries fn the ICNAF area for
the period from the early 1950's to 1974.

Fisheries exploitation has been difficu]t to model
since the under1yfng resource, the fish population, is not

known neither are its growth rates or natural mortality.

Biologists, however, have developed rmQdels of fisherfes
exploitation based on cétch and effotj\giifistics to fry and
estimate the population and the effects of fishing effort on
jts growth. The most popular biological modéi used for this
purpose is thé steady state 1ogi§tic model applied to fisher-
jes by Schaefer. An alternative to this model, which has -
provided the main foundations for economic mode1§, is the
Gulland-Fox exponential model.

1t is known, however, that fish populations are in
transient rather than steady states with the result that the
Houthakker-Taylor stock adjustment mcdel was adapted for
fisheries. This model was tested by comparing its resu1ts

with the Gulland-Fox model which was more & propos to the

1 C.L. Mitchell, (Unpublished Doctoral Dissertation),
Unijversity of Ottawa, 1978. .
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data and gave better results than the Schaefer logistic.

The results,obtained indicated that theH%g}?akkgr-
Taylor model was. superior to the Gulland-Fokx and tﬁerefore
the tradﬁtibna1‘biologica1 models. It explaine; rather well
the siénificant changdes in the'northﬁest Atlantic groundfish
fishéries and in Canada's offshore groundfish fisheries dur-
ing the péréod in question. This waé a period of largely
uncont%o]fed exploitation, the results of which conformed
-to the bio-economic‘theories that this would lead to biologi-
cal overexploitation apd to decreasing economic returns. -
The model's results were not useful in a predictive senée
fbr thelperiod after 1924, a period-charaéterized by con-
trolled exploitation. However,.its performance augurs well

for its use in fisheries.





