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Abstract

This study examines economic and biological aspects of
the Newfoundland cod fisheries in an attempt to explain why this
industry, particularly the inshore ﬁector, Is continually in
economic straits.

The study can be divided into two segments, the first
setting the groundwork for the analysis contained in the second
part. To provide a groundwork, the first segment deals with the
biological aspects of the cod stocks, the economic theory of a
sea fishery, and the record of government attention to the
Newfoundland cod fisheries,

Several distinct stocks of cod are found to exist
around the Newfoundland coast, however, all of these do not
approach close enough to shore to be available to the inshore
cod fishermen. Even more significant is the fact that the stocks
which do migrate within range of inshore gears are also fished
on the offshore grounds before and after their inshore movement,
This multiple fishing of these stocks is deemed to create an
externality for the inshore cod fishery. Certain other
behaviourial characteristics of the cod have been said to have
special implications for the inshore fishery. These include the
tendency for cod to remain in cold water, avoid excessive light,
and become sluggish if well fed,

The economic theory of a sea fishery, as developed by
several authors, is reviewed to provide guidelines for later

analysis, The significant point of this theory iIs that sea
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fisheries tend to become overexplolted because no one operator
can appropriate the rent from the resource. Consequently,
fishing effort is pushed beyond the economic optimum point and
returns to factors engaged are depressed, This course of actfon
may push the fishery even beyond the point of the biological
optimum which has been the usual goal of fishery administrators
in the past, This tendency will be the focal point of the inshore
fishery analysis,

The review of government attention to the fishery
centres on two aspects: regulation and assistance, Most of the
regulations are found to affect the Inshore cod trap fishery.
However, in toto, these rules are directed mainly to achieving
orderly fishing or protecting operators of a certain type of
gear rather than economic fishing levels, The record of
government assistance has had two phases: pre=Confederation and
post=Confederation. In the first the objective of the programmes
was to achieve orderly and efficlent marketing with little
attention given to improving productivity at the primary level,
The second phase was characterlzed by attempts to improve the
capital base of the fishery through subsidization of vessels,
fishing gear and materials.

The analytical section Pegins with an examination of
the inshore cod fishery in the period since 1937. Several trends
are found to exist over this period, Landed volume has steadily

declined while value of catch has risen. The number of men
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employed fell rapidly In the early fifties and showed some upward
movement thereafter but never reattalned former levels, There Is no
legal restriction on entry to this fishery but exit Is hindered by
several factors: lack of education, Isolation and general psychology,
Technology has not yet changed signiflcantly and catching apparatus
lack the element of pursuit characteristic of more mobile fishing
fleets, The major problem Is found to be cne of too many men
chasing fewer and fewer fish but tncurring higher costs as time goes
on, Government pollicy has had the unfortunate result of encouraging
both Improvements In technology and maintaining high numbers of
fishermen, All these i1ls are concurrent with uneconomlc offshore
fishing effort reducing the stocks expioitable inshore,

The offshore codfishery Is very different from the Inshore,
A highly mobile fleet consisting mainly of otter trawlers, fish cod
only a small percentage of the time, The otter trawler fleet Is
company-owned and thus tends to fish specles that are not avallable
in sufficient quantities inshore, But this flest must overcome certain
inefficliencles If future cod landings are to be economically maintalined
at present levels, These problems are found to centre around low
catches, high average costs, low average revenue and poor operating
times,

It Is finally decided that manpower in the inshore cod
fishery must be reduced If that fishery Is to be more economic or

less uneconomic, The offshore cod fishery will have to supply
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more landings In the future if demand continues at present levels,
If this is to be done economically, Improvements In the operating
efficiency of the offshore flzet must be made. Recommendations
for achieving these ends are offered. They centre mainly on

restricting entry to the inshore fishery and achieving fuller

utilization of the existing offshore fleet before expanding it,
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1. INTRODUCTION

Throughout its existence the Newfoundland cod fishery has not
lacked government attention and assistance, Various plans have existed
at one time or another to assist or develop the fishery. However, the
continual plight of the Industry is ample proof these schemes have not
eliminated all the causes of its problems, Some change in the methods
used to assist or develop the fishery is obviously overdue., This study
will attempt to explain some of the factors that must be considered if
future policies are to be more successful than those of the past, While
the discussion will be confined to the Newfoundland Inshore and offshore
cod fisheries, the conclusions and recommendations are typical of the
problems of most marine fisheries,

The inshore cod fishery is defined by the Depnartment of Fisharies
of Canada as including the operations of all fishing vessels under 25
gross tons and all Labrador floater vessels., In effect, this means the
Inshore fishery consists of operations usually carried on within sight of
land, The movements and divisions of the cod stocks exploited by this
fishery are fairly well defined, We shall, therefore, treat the inshore

cod fishery as a separate fishery in much the same manner as the models

derived by economists such as Gordon and Scott,

While the offshore fishery is officlally defined as including
all fishing vessels over 25 gross tons, the smaller offshore craft,
longliners and draggers, mostly fish on the same grounds as the inshore

boats, In our discussion of the offshore cod fishery we shall
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concentrate mainly on the larger offshore craft, the otter trawlers.
The problems of smaller offshore vessels are not essentially different
from those of the regular inshore craft. Even though the offshore
statistics include the smaller draggers and longliners, we shall not
normally include their operations in our analysis of the offshore
fishery,

Because of its importance in terms of total landings, landed
value and men engaged, our attention will be centred mainly on the
inshore cod fishery, The men, boats and equipment employed in this
fishery are used but little in other fishing activities, Cod fishing,
on the other hand, is only a minor part of the activities of the
offshore fleet, However, this will become more important in the future,
and so the offshore cod fishery deserves some consideration also,

Before explaining the order of our analysis a few words on the
statistics used will be in order, In most cases the post-1950 data on
the inshore and offshore cod fisheries are taken as tabulated by the
Economics Branch of the Department of Fisheries of Canada, St. John's,
Newfoundland, Other sources such as the Dominion Bureau of Statistics
or the International Commission for the Northwest Atlantic Fisheries
were used as indicated in the various source references, Data on the
catch and value, men and vessels for the years before 1950 were obtained
from the Annual Reports of the Newfoundland Fisheries Board or the

Census Reports for 1935 and 1945,
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The amount of landings for the years 1937 to 1949 was
estimated from the salted cod production and fresh and frozen cod
exports data contained in the Reports of Newfoundland Fisheries Board,
The landed values for these years were calculated using rough averages
of prices paid for salted cod and amounts paid to fishermen by freezing
plants for fresh cod, This was done separately for the inshore and
offshore cod fishery as landings data were available for deep sea
vessels by tonnage classes, Vessels under 25 gross tons which were
reported as part of the deep-sea fleet were re-tabulated with the inshore
fleet, For the years 1945 to 1952 estimated cod catches by otter
trawlers and draggers were added to the offshore landings. This procedure
is considered satisfactory because we are more concerned with trends than
absolute levels of catch and landed value,

The statistics on boats and fishing gears employed in the inshore
cod fishery are available in detail only from 1954, While the types and
numbers of gears used to catch cod are easily definable, this is not true
of the inshore cod fishing fleet, We, therefore, simply assumed that all
inshore boats as reported by the Canada Department of Fisheries fish for
cod for some part of the year,

The limitations of the data are not serious because our main
purpose is to present broad descriptions of the problems inherent in the
structure of the inshore cod fishery, The offshore cod fishery is not as
homogenous as the inshore sector and so our analysis of it will be

slightly different.
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The inshore cod fishery will be examined in the light of the
biological and economic theory of fishery exploitation, However, we
shall dismiss the rent maximization postulate because of the immense
problems of achieving such an optimum, We shall concentrate instead
on the effects of open resources on entry of men and capital, Even
this limited application will amply show the mistakes of past policies,

Our study will, therefore, proceed in the following order:

To set the stage for our discussion of the inshore cod
fishery we shall first dwell on the biological nature of the Newfoundland
cod stocks, the economic theoiry of fishery exploitation, and government
assistance and fishery regulations, These subjects will be covered in
Chapters 2, 3 and 4 respectively,

The inshore fishery will be the subject of Chapter 5, The
historical trends will be discussed as well as problems of entry,
fishery regulations, and government assistance policy, The Influence
of the cod resource will be explained and the effectiveness of catching
methods analysed, When these matters have been covered, the problem
of the inshore cod fishery will be restated in general terms of the
economic models,

The offshore cod fishery will be analysed in Chapter 6, The
main items covered will be past performance, the durrent problems of
the otter trawler fleet and the effects of the offshore competition

for the cod stocks.
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The two fisheries will be compared in Chapter 7 which also
contains an outlook for the future,
The discussion is summarized in Chapter 8, which contains

con dusions and a plan of development and management,



11, The Available Cod Resources

(i) Meaning and Importance of Fish Stocks

The Newfoundland cod fishery provides employment and income
to a significant number of the province's labour force and a long
standing supply of good protein food to consumers in many countries,
The cod stocks in the waters around Newfoundland also provide
employment and income to fishermen of many other countries., As will be
seen later, this is one of the major difficulties in developing and
managing this fishery,

It has been recognized in recent years that fishery population
dynamics have important implications for economic development or
management of a fishery, Not only do biological factors affect the
methods which must be employed in such programmes, but they are also a
determinant of the existing structure or method of exploitation, This
point will be examined more closely after the existing cod stocks have
been discussed., (See Chapter V).

Before proceeding, the words *population’ and ''stock" should
be defined. The former is.used to refer to a species occupying any i
defined area at some particular time. ‘The word stock'' is used to
denote more unity in the group with respect to its greater degree of
inter-mingling within itself and considerably less mixing with other
groups, or a withdrawal to its own territory during some part of the
year, whether for spawning or feeding, etc. A stock is a recognizable
unit in which most of the fish have a similiar area-occupying and

migratory pattern,'' (1)



-7 -
There are also often physical differences such as growth rates, verte~
bral numbers, etc, among different stocks. |
(11) Cod Stocks

Cod (gadus morhua) is by far the most important species In the
fisheries of Newfoundland., Since 1953 landings of éod have averaged
65.3 per cent of landed weight and 61,7 per cent of landed value annu=-
ally. Thls predominance is even more marked in the inshore fishery
where over the same period, this species has averaged 78,1 per cent of
volume and 72.5 per cent of value,

Several stocks of cod are known to exist in the waters around
Newfoundland (2). Some of these are avallable to both the inshore and
offshore fisheries; others are exploitable only by offshore vessels
because of their distance from coast at all times of the year.

One large stock of cod Is found along the east coast of
Newfoundland and Labrador extending roughly from the northern part of
the Grand Bank to the northern tip of Labrador. In this stock there is
a general movement onshore in summer and offshore in winter, the onshore
summer movement providing the supply for the inshore fishery along this
whole section of coast, This onshore movement, a feeding migration, is
earllier in the south than in the north., It thus provides the inshore
fishery In the latter half of June in the southern part of the east
coast of Newfoundland, the first week of July In southern Labrador, and

the first week of August farther north,
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The stocks of cod along the south coast of Newfoundland are
smaller and considerable intermixing occurs, Three different stocks
can be identified in this area: (1) The Avalon-Burin stock, (2) the
Burgeo Bank stock, and (3) the St, Pierre Bank stock,

The Avalon=Burin stock in the east, extends roughly from
St. John's to Fortune Bay, This stock overlaps with the Burgeo Bank
stock, During the winter it mixes to a limited extent, with the West
Newfoundland stock, the St, Pierre Bank stock at its northern fringes,
and the western Grand Bank stocks. The Avalon=Burin stock is an
inshore one providing the inshore fishery in the Southern Avalon to
Fortune Bay area during its onshore movement in summer,

The Burgeo=Bank stock occupies the Burgeo Bank during winter
and early spring, moving Inshore during the summer along the western
half of the South Coast of Newfoundland, During this time there is
some slight intermingling with the cod of the West Newfoundland and
Avalon=-Burin stocks,

The St, Pierre Bank stock concentrates on the western and
southern slopes pf the Bank in the winter and early spring, Feeding
concentrations occur on the shallower parts of the Bank during late
spring, summer and autumn, Many of these cod migrate to the inshore
waters of the South Coast in late spring and early summer, thereby
producing the summer fishery of this region,

On the west coast, the west Newfoundland stock extends

northward to the vicinity of the Strait of Belle isle, At its northern
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fringe it tends to mix with cod of the Labrador-East Newfoundland
stock, at least as far as older fish are concerned, There is also
some occasional intermingling off the South Coast during winter and
spring with the Burgeo Bank and St, Pierre Bank stocks, This stock
produces the winter fishery in the Southwest Newfoundland Coast area
and the inshore cod fishefy along the West Coast during migrations
northward and southward in the Gulf of St, Lawrence, It is also
heavily exploited in late winter to early spring by otter trawlers
of several countries operating in the south-eastern Gulf of
St, Lawrence,

These are the only cod stocks available to both the inshore
and offshore fisheries of the Island, There are other ccd stocks in
the Notth West Atlantic available to offshore vessels only from
Newfoundland ports (3).

The most'widely known offshore cod stocks are those found
in the Grand Bank area to the southeast of Newfqundland. Two separate
stocks of cod can be distinguished in this area; The Flemish Cap
stock and the Grand Bank stock. Not much is known about the westward
movement of the Flemish Cap stock., But the southerly movement to the
south of the Cap for spawning, and the intervening Flemish Channel to
the westward (600 fathoms or more in depth), indicate most of this
stock remains there throughout the year,

The Grand Bank stock may be made up of two separate groups
with different vertebral averages., It could be that one group spends

the winter and spawns to the southward and the cther spends the winter
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and spawns northward, intermingling taking place as part of each group
passes over the surface of the Bank in summer,

Whatever is the composition of this stock there appears to be
no large scale onshore migration and consequent mixing with the coastal

Avalon-Burin stock, However, there may be some Intermingling by the cod

of the Grand Bank stock closest to the Coast with the coastal stock while » :
those farther away on the southern part of the Bank will have no such f
intermingling, The Flemish Cap stock and most of the Grand Bank stock g
are exploitable only by deep-sea vessels, J %
Several more stocks of cod are present in the waters of z

western part of the Gulf of St, Lawrence in summer but migrating to the

Nova Scotian Shelf in autumn and winter, At that time there is some

N [

Intermingling with the West Newfoundland stock, Other stocks are quite
separate from the coastal Newfoundland stocks at all times of the year,
While Newfoundland trawlers fish these stocks, mainty in the Gulf, they
can be considered as marginal cod stocks for the Newfoundland fishery,

The divisions and inter=relationships of the cod stocks

described above are shown in Figure 1,

(i1i) Some Special Implications for the Inshore Fishery.,

Obviously the movements of a stock of fish has little significant
effect on the productivity of a mobile sea=going trawler fleet. However,
the land-bound, immobile inshore fleet is almost completely dependent on

the shore=ward movement of the stock., In the entire history of the

i
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inshore cod fishery if the cod came to shore, catches were high, if not,
landings were low,

Templeman (4) has pointed out some Interesting and crucial
facts on determinants of cod movements which go far In explaining the
annual success or failure of the inshore fishery., The first of these,
hydrographic conditions, also determine the areas of relatlive abundance
in coastal waters., Cod prefer cold water, With prevailing west and
southwest winds during summer, the warm surface water Is blown offshore
from the east coast, Including the eastern sides of the large peninsulas.
Therefore, landings come in rélative abundance from the east coast and in
particular from the eastern sides of the peninsulas, On the east coast
also the Labrador Current has an onshore tendency and helps keep the
water cold, Beyond the Burin Peninsula Its onshore effect Is not great
in most years.,

The south coast west of Fortune Bay, and the west coast are
little affected by the Labrador current., There the prevailing west and
southwest winds force the warmer water onshore and the cod is usually too
far offshore in summer to be taken by the inshore traps and handlines.
The period December to April Is the time of winter fishing in the Port
aux Basques=Rose Blanche area when the inshore waters are colder. Unlike
the east coast, this whole section is not suitable to cod=trap fishing

because of these conditions,




FIGURE 2

VARIATIONS IN TEMPERATURE CONDITIONS IN VARIOUS MONTHS ON THE EAST
COAST OF NEWFOUNDLAND, AND THEIR EFFECTS ON WATER LAYERS AND ON
AVAILABILITY OF COD DUE TO THE TRAP FISHERY,
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Apart from determining the local occurences of cod, the water
temperatures play a major role in the year=-to=year success of the
Inshore trap and handline fishery, especlally on the east coast,

When the cod migrate inshore, they move In an intermediate
layer of water between the too warm upper layer and the too cold bottom
layer, The depth of this Intermediate layer determines how close cod
will come to the shoreline and be avallable to the Inshore gears: cod
traps, handlines and trawls (See Figure 2),

In some years there may be little onshore winds as the surface
water warms in May and June, There are then no large waves to mix the :

warmer surface water with the cold layer underneath, The warm layer

(and the intermediate layer) remain shallow, This leaves a small bottom .

area with sujtable water temperatures for cod. When the fish follow the
caplin to shore, they come very close because of this restricted afea.
If these conditions continue Into July, the cod may stay in shallow
water close to Ishbre throughout July, early August, and even later in
certain areas, The same situation would be created by a cold winter
with considerable ice and a late spring. |In such a year traps and hand-
line fishing begin late but usually last longer than in a warm year when
‘the shallow surface water warms more quickly,

In years of onshore winds in June or early July the opposite
conditions will prevail. The warm surface layer will be mix;d with the

cold layer below, thus creating temperatures suitable for cod at a deeper



FIGURE 3

EFFECTS OF OFFSHORE AND ONSHORE WINDS ON WATER LAYERS AND
WATER TEMPERATURES ON THE EAST COAST OF NEWFOUNDLAND, AND
ON AVAILABILITY OF COD TO THE TRAP FISHERY,
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depth. The bottom area cod can occupy will now be greater and they will
not approach as close to shore and be available to traps and handlines,
The same conditions would be caused by a warm winter and early spring,

In such a year a relatively thick surface layer of warm water may develop
by the latter part of June (the Intermediate layer will then be dseper
and farther from the shore),

The Inshore conditions in Individual focallties could give rise
to more complex situatlons, The movements of Inshore cod are then not as
simple as described above, The differing conditions can especially affect
the cod trap fishery (See Figure 3).

If a strong offshore wind occurs at the beginning of the trap
season, it would be unfavourable because It would force the warm surface
layers (and the intermediate layer) farther offshore, Most of the cod
may then move out of the range of cod=traps. Such a wind may be favour=
able late In July or August when the warm surface layer extends so deep
that cod have moved out of the range of traps. Then as the warm layer
moving offshore Is reached at a depth by water suitable for cod they
may move shoreward with it, These conditions could change several times
in the course of a trap fishing season, As well the effects would be
different In bays where an offshore wind on one side may be an Inshore
wind on the other,

Onshore winds would have opposite effects. They would bring
the cod onshore when the warm layer Is originally very thin and not too

warm and driving them away from shore when the warm surface layer Is

made too deep.

. -
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Light can also have an important effect on the inshore cod
fishery., Light penetration is determined by the amount of sunlight and
of fog, as well as the transparency of the sea water, Compared with
large cod, small cod can endure greater extremes of temperatures and
brighter light, In a year when conditions are favourable to the
penetration of light commercial=sized cod may not be taken by inshore
traps and handlines except for periods at night,

Cold water on the cod wintering grounds may delay spawning.
€od feed much more heavily after than before spawning, If cod spawn
late, they may not make contact with the shoreward-moving school of
caplin, When this happens, smaller quantfties of cod than usual will
concentrate into the small inshore area where they may be fished by
inshore gears.

As the cod stocks continue to be reduced a higher percentage
of the reduced stock will possibly find enough food in the deep water
after their April=June spawning, which may be 100 miles or more offshore.
Thus they may not need to move inshore for feeding, If caplin becomes
more relatively plentiful, the cod, while Inshore, will become glutted
more quickly.and remain so for a longer period. They then will not
take bait until late July or early August when the caplin move offshore,
Moreover, if the cod become glutted quickly enough, they may remain
close to or on the ocean floor;-they may not move enough to be caught

readily by either traps or gill-nets,
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It should now be obvious that the inshore cod fishery is
greatly influenced by the biological behaviour of the cod., As will
be shown in more detail later, the types of gear used in the inshore
fishery compound rather than eliminate the problems caused by this
biological behaviour, Although not hampered to the same extent by
population dynamics, the offshore fishery nevertheless has yielded a
rather small percentage of total cod landings., This point will be
deve loped more fully in Chapter V,

A demersal fishery, such as the cod fishery, is characterized
by certain biological=economic factors which have important implications
for economic exploitation 2nd management, These will be dealt with in

the following chapter.
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111, Blological and Economic Optima of a Fishery

The economics of exploitation in a given fishery as developed
by Gordon (1) and later expanded by Scott (2) and Crutchfield (3)Aare
based on biological Interrationships among flsh populations, fishing
éffort and landings, Prior to and since their writings, most
conservation programmes, national or international, have attempted to
achieve the blological optimum of maximum sustained physical yield
rather than the economic optimum of maximum net revenue, In various
fishery deveiopment schemes In Newfoundland no attention has been paid
to either. we shall now examine the relationship of biological and
economlc factors that operate in a fishery., Hopefully, we will obtain
some deeper insight Into the problems that have plagued the cod fishery
of this province and some new guidelines for future development.

(1) Biological Equilibrium and Optimum of a Fishery

First, we shall examline how a fishery ackieves blological
equilibrium and what the optimum blologlcal position means for a
demersal sea'fishery.

The cod, and most other demersal sea fishes, are of a natural
resource for which the annual rete of natural reproduction is a
function both of the physical environment, which Is assumed constant
over time, and of the slze of the existing population which is
diminished by the rate of harvesting. Such resources tend to remain in
dynamic balance over some sufficliently lona period of time; losses will
be balanced by accessions or recruitment to the population or stock,

If the rate of loss Is Increased, for whatever reason, the rate of

renewal must increase so that balance Is again achleved,
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Fishing by man is simply another source of loss to the
population or stock, This will be met by a compensatory increase in
natural reproduction until the population again comes into balance at
some lower level where increased recruitment equals natural mortality
plus landings (4), There is then a circular relationship among
landings, population size, rate of population growth, and fishing
effort, The natural rate of increase is a function of population size;
landings a function of population and fishing effort; while the
population size Is ftself related to fishing effort. The equilibrium
catch can be defined as that level of catch which is exactly equal to
the rate of natural increase, Under these conditions population size
will be stable,

Under normal fishing conditions (i.e, without simultaneous
adjustment of gear selectivity and fishing effort (5), the physical
yield from any demersal fishery will increase at a low leve] of fishing
as effort is Increased, but the increase in physical yield will be at
a decreasing rate, |In effect the reduction in population and average
weight is more than offset by natural reproduction, However, as
effort continues to increase, physical yield will reach a maximum and ,
then decline because the decreased population and average weight are ‘
not capable of sustaining the high level of harvest,

As effort continues to expand, the total catch will approach
zero as an asymptote, In extreme cases, landings could be reduced to ;
zero, but in a demersal fishery such as cod, this is unlikely for

three reasons: (1) The vast reproductive powers of most demersal
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species, and cod in particular, make extinction by man a virtual
impossibility, (2) The decreasing stze of fish with increasing
effort allows the less than commerclial=sized stock to escape ordinary
fishing gears. (3) The cost element, to be dealt with in the next
section, which makes biological, if not economic, extinction
inpossib]e in most demersal flsherfes,

Figure 1 shows the typical yleld function of a fishery

characterized by the biological features just outlined (6),

Figure 1, Physlical YI Function of a
Demersal Fishery,

Catch
{(1bs,)
A
c
: Y
0 d 4

Every point on the yield curve Is one of equilibrium
landings and of sustained physical yield., For example, at maximum
population size, landings must be zero by definition: natural
reproduction balances natural mortality and natural rate of
increase is zero, At each lew! of effort, balance will be

achieved between landings and natural Increase when all envircmmental
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forces have worked themselves out, Each leve! of effoirt, therefore,
is associated with a given size of the population capable of
supporting a certain sustained yield, At OE effort this sustained
yield will be OC (Figure 1), This yield will range from zero at
maximum population size to almost zero when population size is very
small, At some intermediate level is the population size which can
produce the maximum rate of natural increase (and landings). When
fishing effort reaches that level the optimum biological equilibrium,
maximum sustained physical yield, is attained, (0B in Figure 1),

11, Economic Equilibrium and Optimum of a Fishery

An economic model of a fishery is obtained by building
revenue and cost elements into the function of physical yield just
described, The following model is based on two simplifying .
assumptions, While these may not be indicative of actual conditions,
they do make for ease of presentation, And they do not affect the P
theoretical conclusions drawn, It is assumed price does not vary with
the size of the catch; the physical yield function is thus transformed
into a total revenue curve, This is not an unreasonable assumption
for a small fishery whose products are closely competitive with
many others, For the Newfoundland cod fisheries this assumption
appears valid enough,
The second assumption is that cost per unit of effort is
constant, The total cost curve is thus a linear function and
includes the opportunity cost of laboﬁr and capital. Because some

1
TS

minimum investment is necessary before any landings can be made,
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the varlable total cost curve starts from a polnt above zero on the
vertical axis (See Flgure 2).

When the fishery s open to all, the level of fishing effort
will expand to 0Z (for the cost-effort'relatlonshlp shown in Figure 2),
At this point total costs, TZ, equal total receipts, 0D, Average cost
per unit of landings ecquals average revenue and there are no excess
profits (7).- At a lower level of effort excess profits (hatched area)
wouid exlst; other vessels and men would be attracted to the fishery
until total costs and total revenuss are again equal, At higher levels

of effort (to the right of Z), total costs will exceed totn! recelpts.

Costs
&
Landings
- (8) ' RS .
D il '///////HT Cost. B
| /W/f/// 2 ot
T |
|
i
E || | L
0 1
WX Y z Effort

Figure 2, Interrelation of Total!l Costs and
Tota] Revenue for a Demersal Fishery,

Vessels and men will then leave the flshery and normal vessel
replacement will not be made. The level of effort will then move back
to 0Z and the fishery will be in equilibrium again, The level of effort

could also change if prices of fish or costs of flshing changed, These

cases are discussed below,
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As Figure 2 shows, an unregulated fishery will lead to a
lower sustained yleld than could be achieved with a lower level of
effort and cost (8), This maximum yleld, SY, is attained at OY
effort and cost, Such a situation (Point T) exists because the
fish resource Is not solely owned by any of the decision-making
units (9). In other words, the rent (hatched area) cannot accrue
to any Individual operator (10), Since no one flsherman can obtain
this rent, Individual operators simply continue entering the fishery
until all but necessary minimum profits are wiped out, This pushes
effort up to the point where when the total cost curve cuts the
total revenue curve, (T in Figure 2),

Therefore, rather than effort tending towards equating
marginal cost and marginal revenue (Point R where the siopes of OL
and EC are equal), It Is expanded untl! average cost and average
revenue are equated and all rent disappears, The individual
flsherman tries to maximize his total revenue, He has no assurance
of fish being avallable tomorrow If he does not catch It today. If
entry to the fishery Is unrestricted, any attempt to Increase profits
(rent) by reducing effort, collectively or Indlvidually, will simply
induce more men and vessel§ to enter this fishery, Effort Is then
Increased until all but necessary minimum profits are wiped out,

The situation shown in Figure 2 represents biological as

well as economlic overfishing (11), Maximum sustained physical and

revenue yleld Is obtained at OY of fishing effort, where the yield




- 23 -
curve Is at Its highest point, The economic optimum will be even further
to the left, OX, where the difference between total revenue and total cost
Is greatest, At tHis point, marginal cost equals marginal revenue (slopes
of EC and OL are equal), At effort levels to the right of X, each unit of
effort adds more to total cost than to total revenue, |[f effort were less
than 0X, more could be added to total revenue than to total cost by addlng
additional unfts.

Because the fishery is open, the equilibrium position (T) of

Figure 2 Is inevitable urdar the assumed cost-effort relationship,

Costs
& ' ) YI
Landings Y
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Figure 3, Case of a Fishery in Equilibrium.
below Maximum Yield and where no Commercial
Operations Yill Take Place, .

However, other exceptional situations could occur 23 zhown in Figure 3,

If the market nrice fell or fishing costs rose, equilihrium could exist

at O0A effort and AB costs and revenue which are below the maximum

physical and revenue yield, CE (12), The economic ontimum would still be
somewhere to the left of /., Also if the cost curve were to become so steep

that no level of effort could produce revenue equal to costs, no economic
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operation would take place, This case Is shown by cost curve XY,

(111) Blological-Economic Equilibrium

The conditions determining the blological and the economic
equilibrium of a demersal sea fishery are such that, given time for
all necessary adjustments, both equilibria for each level of
population will be the same,

The conditions necessary for long term biological-economic
equilibrium (13) may be restated more fully: Given the demand for
the final product, the physical production function, and the costs
of labour and capital used, equilibrium will be attained when: ;*é

(1) The price of the final product Is such that
amounts demanded and supplied are equal,

(2) At that price, net returns to fishing units are
Just sufficlent to maintalin the existing level
of fishing effort (no excess profits exist),

(3) The catch at that level of effort Is such that
the population remains stable,

Any change In the basic determinants of population, yleld,
price or cost will involve Interacting adjustments In both biologlical
and economic factors until these conditions are again restored.

For example, If consumer demand rises, the resulting

Increase In price and profits will Induce an: Increased effort and .

catch ia the short run, This cannot be sustained as population
will decline and costs per unit of catch Increase, Equilibrium will

be restored only at a higher level of fishing effort and total costs,

e
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where profits are again Just sufficient to maintalin the new level

of effort (14),
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Also if flshlng costs per unit of effort should decrease, a similiar
development will result, Profits Increase, followed by Increased effort and
catch In the short run and a decline in price as these products reach the
market, Agalin, however, thls sltuation Is unstable over time, The Increased
catch reduces population and fncreased flshing costs per unit of catch, The
catch will eventually fall back from its Iﬁ!tial increase as population
changes and economic adjustments take place (15).

In both these examples of possible changes in the equilibrium

L position, the new equilibrium depends on the Initial position of the fishery,

If this were at or beyond the maximum revenue and physical yield, equilibrium
will be restored only with a lower sustalned catch. Increased costs per

pound of landings and higher short run market prices, Figures 4a and 4b
shows the adjustments that will take place In a fishery beyond the maximum
yleld position when changes In fishing costs occur, If fishing costs decrease
(through improvements In gear or vessels), there will be excess profits,

(cX tn Figure 4a), at the Initial position, These profits will induce an
increase in flshing effort and catch in the short run. The increased
short-run catch will reduce prices for the product, This will tend to lower
total revenue even before the long run adjustments. begin to take effect,
Finally, the increased short-run catch will reduce the fish population,
resulting in a lower long-run sustalned catch and increased total costs,

The fishery will eventually become stable at OB effort after catch has fallen
from AC to BD, Total costs will rise to BD after falling originaliy to AX,
Therefore, the sustained catch will be lower and total costs higher than

when the decrease In fishing costs first occurred.
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As shown In Figure 4b, the reverse will occur If fishing costs
Increase when the fishery Is beyond the maximum yleld position, In the
short run, losses (CX) will reduce effort and catch and raise market
prices, Equilibrium will finally eccur at Oa\effort. In this case a
decrease (AB) In effort and a higher sustained catch (BD) results from
the Increase In fishing costs,

The long=run adjustments caused by & change In demand for a

fishery below the maximum yleld position are shown In Figures S5a and 5b,
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A decrease in demand (Figure 5a) wlll reduce revenue and effort and
eventually stabilize the fishery a lower level of effort (08) and
landings (BE). Conversely a rise In demand will lead to a new e&ulllbrlum
with higher effort (OF) and Increased landings (FH), See figure 5b,

in this discussion of blologlcal-economic equilibrium we have i
made no mention of optimum positions, |t should now be clear that, while |
a fishery will always tend toward a blologlcal-economic equilibrium, the
attalning of an optimum blologlcal-economic position would occur only
under some chance comblnatlon of costs and prices. The economic 