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• 
CHAPTER

INTRODUCTION

AN ECONOMIC ANALYSIS OF POLICY ALTERNATIVES

FOR

MANAGING THE GEORGES BANK HADDOCK FISHERY

The basis for a publ.ic interest in commercial fishery resources is

the same as for any other natural resource, namely, in the ability

of the resource to absorb labor and capital, and yield a flow of goods

that have greater value than any other combination of goods that could

be produced with that labor and capital. Even though the United

States is blessed with a high level of per capita food supplies

from land resources, the consuming public and various industrial

uses still call forth a substantial and ever-increasing quantity of

fish and fishery products. In 1966, the United States utilized about

12.4 billion pounds of fish, representing a retail value of approxi-

mately $2.7 billion. This is an increase of 63 percent in volume

and 145 percent in value over the utilization in 1956 of 7.6 billion

pounds of fish with a retail value of approximately $1.1 billion.

During this period of rapid increase in utilization of fishery

products, domestic catch declined somewhat and imports rose sharply.

In 1966, imports of fish and fishery products totaled 8.1 billion



pounds, round weight basis and represented 65 percent of the total

utilization of fish in the United States. The value of imports

amounted to $720.4 million in contrast with exports of $84.8 million.

The decline in domestic catch is due to a wide range of factors which

vary from fishery to fishery. Regardless of the factors explaining

the decline in United States catch, it is significant to note that

in spite of an increasing demand for fish and fishery products,

earnings to capital and labor in fishing have not been adequate to • •

result in an expanding industry.

Although fishery resources in many of the traditional fisheries' of

the United States are now fully exploited, or even overexploited,

preliminary investigations indicate, that there are large stoas of

latent 'fishery resources in the ocean. To develop an industry on

these latent resources will necessitate considerable investment in

research on a number of problems such as locating commercial con-

centrations, new methods of harvesting, new product forms, and so.

forth. Aside from the problem of developing new fisheries, there is

also the question of maintaining employment in the traditional

fisheries. Will the fishery resources now being exploited by the. •

domestic fleet be able to support the present level of employment.

10 10 years from now? One of the major problems to be solved in regard

to both our present fisheries as well as potential fisheries is the.

question of fishery management.



Fishery management is one of the most complex and serious problems

facing the commercial fishing industry today. This'is true not only

for the United States fishing industry but for the world. fishing

industry in general. The world catch of fish and shellfish has

doubled approximately every 10 years since 1940. This increase in
;

catch has been confined largely to a limited number c species of

fish. Thus, the fishing pressure on certain stocks has been in-

creasing rapidly and likely will continue to increase in the future--

not only due to expanding effort on the part of several of the major

fishing nations, but also due to the entry of nations into the

fisheries. The consequence of this rapid . expansion of fishing

effort has been declining catch rates and decreased earnings to

capital and labor employed in the fishery.

The problem of fishery management derives from the fact that most

fishery resources are common property resources. The fish stocks.

are open to exploitation by any and all who care to expend effort

to harvest the resource. An industry based on a common property

resource lacks a mechanism to delegate responsibility for management

of the resource. More specifically, such management responsiblity
a

* must answer the important question of how much labor and capital

should be employed in combination with the natural resource, i.e.,

how far beyond the point of diminishing returns should exploitation

of the resource be carried. As long as the degree of exploitation

of the resource falls significantly short of its productive

capability, the lack of a management mechanism is not noticed.



However, as the industry expands, consequences of the lack of
e

management not only become evident but critical. In fact, the lack

of management over the use of the resource likely will result in over-

expansion of the industry in economic terms and perhaps in physical

terms as well.

In the case of fishery resources involving international waters where

they are common property to the world an additional management

problem arises. If some concept of economic welfare is desirable in

the use of the resource, a necessary condition would be to assure

that the products of the res6urce go into the highest value use.

If world markets were completely free, the market would accomplish

this. Howavel, there are a number of market imperfections and

restraints that could result in fishery products going into low

value uses. One of the most iwortant market restrictions is that

most countries do not allow foreign fishing vessels to land fish

directly at domestic ports. Furthermore, most countries have

varying degrees of tariff protection against the importation of fish

and fish products. The legal restriction on landing may in effept.

mean that certain markets may be closed to many fishing nations and

thus result in the fish being diverted into lower valued uses. Thus,

in the case of international fisheries, the resource management

program also would have to address itself to the problem of directing

the products of the fishery into the highest valued uses.

The common property status of fishery resources also has an

important bearing on risk and uncertainty of the individual firm



and thus on the ability of the firm to make sound long-range -

business decisions. In the case of industries based on resources

held and managed under delegated property rights, the production

function of the firm, i.,., the technical coefficients relating

inputs of labor and capital to output are not affected by

action of other firms .in the industry. But, where ah industry

is comprised of a number of firms utilizing a cannon property

resource, the production function of the individual firm is not

only dependent upon decisions of the respective firm but decisions

of all other firms in the industry as well as on the possibility

of new firms entering the industry. Thus, in the commercial

fishing industry, the firm must make decisions within an area

of uncertainty that defies sound business management and can

better he called economic roulette.

Fishery management is a concept that does not yet have a universally

accepted definition. Crutchfield and Zellner defined fishery

management as ...control exercised by public authority over

fishing activities." On the other hand, Rounsefell and Everhardt

have adopted the definition,

"Fishery management is the application of scientific
knowledge concerning fish populations to the problems
of obtaining the maximum production of fishery products,
whether, stated in terms of factory material or in hours
of angling pleasure."2

For the purpose of this study, a more limited and specific

definition is proposed:

Fishery management is an institutional arrangement
delegated the responsibility of solving the problems



of (1) to what end use will common property fishery. .
:resource's he put, and {2) how much capital and labor,
in total, will he combined with the common property
resource.

Thus; the responsibility of fishery management does not involve

the question of the optimum proportion of capita) to labor in a-

• specific fishing firm but only the extent to which that input

. of capital and labor will be carried beyond the point of

diminishing returns. We would expect the fishery management .

. decisions to he made in such a way as to promote economic

efficiency in both the short- and long-run.

The concept of fishery management is not new. The earliest

involvement of the United States in management of a, marine

resource was the Fur Seal Treaty of 1911. Today, the United

States is a member of nine international conventions which have

resource management as their objective. Four of these

conventions administer catch quotas and a fifth has administered

mesh regulations for 15 years.

Fishery management, until relatively recently, has been of

concern mainly to the fishery biologist. This apparently

resulted from the fact that economists in general overlooked the

question, and administrators and individuals involved with fishery

commissions did not call on the assistance of professional economists.

Consequently, management policy and programs tended to reflect

biological goals and attitudes even though the problem is

essentially One of political-economics.

6



Generally, the biological approach. to fishery management was one

of consei-vation in a physical yield context. The definition. of

fishery management by Rounsel-61.1. and Everhardt is somewhat typica1.

of the view Of in my biologi -sts Where ciiiplyisis is on acideVing• the.

flUXIIiUfli physical yield from a resourca. Another example of earlier

attitude toward .fisheTy management is the following statement:

excerpt from a paper presented by William C Herrington to the

Atlantic States Marine Fisheries - Commission in 1942:

"To simplify and limit discussion, it will be assumed that
the primary- purpose of the desired measures is .to establish
or permit a•fishery which will produce the optimum yield
from a given stock of fish, lor our primary objective is
conservation, . Improved economic and .social, conditions
would be very important, but secondary, objectives."3

And again a statement by Clarence P. Idyll:

"...The 1.a.t situation, and the one of interest here, :is
the circumstances whore populations are being exploited
by sport and . commercial operations, or both. Here it is
conceived that conservation involves the establishment of

• a level of fishing effort which exploits the population
to a maximum - extent possible without harm to the -species.
in the future. This means striving to encourage the
fishery to take all usable fish which are not needed for
reproduction. It is conceived, under this -idea, that
under-exploitation is as bad as over_oitation-, since -
both involve waste, in terms of food and recreation.
(This is only • true, of. course, where the fish are needed,'
and Whele there are men willing and able to catch them.)"4

At the same time some biologists recognized that fishery manage-

ment involved important economic problems. The following quotes

reflect this fact:

"The magnitude of the fishing rate is a function of the
number of operating units and the efficiency with which
they are operated. Each operating unit is capable of
taking a definite percentage of the population when
operated normally and on a full-time basis. If the rate



be excessive, it can be reduced only by eliminating some
of the units or by requiring each unit to operate at less
than capacity, i.e., to operate inefficiently.

"The biological effects of both methods for reducing the
fishing rate arc the same. But the social and economic
consequences are vastly different."5

And an excerpt from the wOrRs of Martin D. Burkenroad:

"Marine fishery biology is an applied science concerned with
improvement of exploitation of the living resources of the sea.
The discovery of exploitable stocks and the improvement of
techniques of utilization through application of biological
knOwledga are within its sphere, but its present major function
is to discover. the cause of change in availability and quality
of stocks in use, to predict the future course of such changes,
and to describe the .biological requirements for control or
modification of these changes.

"Marine fishery biology thus at present serves chiefly as one
of the basis for fishery management. The latter is, as Sette
observes (1943, p. 4), essentially a branch of political
economy. Considerable confusion among fishery biologists has
been caused by failure of some to realize clearly that the
advantage sought by their science is that of man, not fish,
while equal confusion seems to have been caused among
political economists by failure to realize that social
advantages of management depend at bottom upon biological
reactions and environmental changes which are as yet not
fully predictable."6

"The management of fisheries is intended for the benefit of
man, not fish, therefore, effect of management upon fish stocks
cannot be regarded as beneficial per se. Nevertheless, economic
benefits of management depend on biological response to•dif-
ferences in mode of exploitation, the theory of which is
fundamental to an understanding of fishery econom1cs."7

An even broader understanding of the economic aspects of fishery

management is reflected in a more recent statement by Schaefer:

"The question is, rather, from among the wide range of fishing
intensities between zero and the maximum that is economically
possible, to choose that which is most desirable, both in the
sense of being most beneficial to mankind at present and of
avoiding any diminution of the benefits which will be obtainable,
on a sustained basis, in the future. A conservation programme
consists, therefore, in controlling man's predation in such a
fashion as to continue to maintain man's benefits from the
resources at the highest sustainable level.



"It is, in general, considered desirable to maximize total
production in a form useful to man, or, in other terms, to
maximize the total catch of commercial sizes of fish. This
general objective must, however, be subject to modification
in some degree in particular fisheries. One of the results
of increased fishing intensity is the decreased average .age
and size of the individuals of the fish population, so that
an increased total catch is accompanied by a greater share of
smaller fish. Since different sizes of fish are, in some
fisheries, not equally desirble in the market, a compromise.
must he reached between maximum total poundage and the most
desirable size .composition of the catch. In some fisheries,
of course, it is possible to control the site of fish capture,
independently of the intensity of fishing; hut in others this
is not practicable, and in these cases changes in the quality
of the catch go hand in hand With changes in the level of the
average total catch.

"Other economic. considerations must also sometimes he taken
into account. Where as. in the case of a number of clupeids,
fish may be used by man in different forms (for example, as
human food, or as' fish meal for anima:l.feed,) the relative
desirability of such uses needs to be considered. Further,
it is not always desirable to maximize the sustainable total
yield regardless of the effort expended in making the harvest.
In some cases, economy of fishing effort may be of at least
temporary importance, even though the total yield is thereby
somewhat diminished. Indeed, it has been asserted by Gordon
(1953), and implied by.Burkenroad (1951), Beverton (1953) ard
others, that it may be more desirable to maximize the net
economic yield, rather than the sustainable total production. "8

Thus, it is evident that the process of administering control over

the utilization of a common property fishery resource involves

infinitely more complex choices than merely preventing the taking of

more than the maximum annual yield of the resource. The first and .

most important step in managing fishery resources is to develop a

policy for management, i.e. the goal to be achieved by the management

program. Two alternative management policies are reflected in the

quotations given above. There is the biological goal of maximum

sustainable annual harvest as called for by Herrington, Rounsefell

and Everhardt, and Idyll. An alternative is the goal of maximum not



economic yield cited by Schaefer. However, these two alternatives

do not exhaust the range of possibilities for consideration.

Thc purpose of this study is to investigate the possibility of

additional policy alternatives for fishery management and to evaluate

all of the alternatives. Policy alternatives will be developed on

the basis of an a priori bio-ccpnomic model for a closed demersal

fishery and then evaluated with the Cost and yield data for the

Georges Bank haddock fishery. The use of a case study will permit

an analysis of the outcome of policy alternativesin terms of fish

provided to society, employment of labor and capital, and the

returns to labor and capital in the fishery.

1. James Crutchfield and Arnold Zenner, "Economic Aspects of the
Pacific Halibut Fishery," U.S. 'Fish and Wildlife Service, Fishery 
Industrial Review, Vol. 1, No. 1, April 1962, p. 10
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Its Methods and Applications, John Wiley Sons, Inc., New York,

p. ix.
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Their Usefulness in a Management Program," U.S. Fish and Wildlife
Service, Special Scientific Reort No. 18 1943, p. 6.

4. Clarence P. Idyll, "A Concept of Conservation in Marine Fisheries
and Its Implications in Fishery Management," Contribution No. 82,
Marine Laboratory, University of Miami, 1952, p. 368.

5. Robert A. Nesbitt, "Biological and Economic Problems of Fishery
J&Imq;cmont," U.S. Fish and Wildlife Service, Special Scientific 
Eport No. 18, 1943, p. 23.

6. Martin D. Burkenroad, "Some Principles of Marine Fishery Biology,"
Institute of Marine Sciences, University of Texas, Vol. 2, No. 1,
1951, p. 181.

7. Martin D. Burkenroad, "Theory and Practice of Marine Fishery
Management," Institute of Marine Sciences, University of Texas,
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Programme," from papers presented at the International Technical
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2

11



CIIAPTER II

REVIEW 01: ATERATURE

Although passing reference to fisheries can be found in Marshall,'

and references to economic aspects of fisheries can be found in •

various sources, the formulation of economic models specifically

directed to fisheries was not recorded in literature until the .

early 1950's.. Since that time, a limited number of articles and

one book has been published op economic aspects of fisheries.

Inasmuch as the field of literature is limited, a brief chrono-

logical history of the subject can be developed within the scope

of this study. It is not intended that this review of literature

exhaust all references to economic aspects of .fisheries but rather

to sumarize the main points developed by the pioneering authors

who have set forth a model for fishery exploitation.

G. M. Gerhardsen

The earliest work located which represented an effort to apply

economic theory to fisheries was that of Gerhardsen. Gerhardsen

cites the law of diminishing returns as a point of departure and

then establishes the maximum annual output of the fishery as

resulting from the ]aw of diminishing returns.

"In fisheries work one sometimes finds reference to the law
of diminishing returns. that does it mean? On a fishing
boat employing too few fishermen, experience may show that
for each unit (fisherman) added the return per unit increases.

12



At the point where the additional man added the same quantity
to the production as was added by the man before him, we say
that the efficiency is at the optimum point. When added effort

results in less yield on the margin, the marginal efficiency is
on the decline... .

"If we continue theoretically the adding of one kind of effort
(actor of production) without increasing the other, we should

find that the marginal efficiency will continue to decline
until it -reaches zero. We will then be at the maximum point of
production, the point beyond which there can be no possible
increase in the total quantity produced. Each additional
effort after that point is reached, will cause so much undue
interference that the total production will remain constant
or, more likely, der..reaSe."2

Gerhardscn illustrates his point with the following graph:
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He proceeds to draw the conclusion:

"...It will be seen in the chart that, by the time the total ,

catch reaches its maximum, the average catch per unit of effort,

that is, per set, is considerably below the highest average

obtained duripg this development; production has reached its

absolute maximum, the average technical efficiency of the indi-

vidual units of effort has suffered. Considering the vast areas

where fish are caught it is quite unusual that the maximum catch

in this sense is ever reached.: When we talk about ,'maximum

yield' we usually do not refer to this consideration at one point

of time, but :In connection with comparison of yields from year to

year. This must be taken into account in the graphical

description."3

Gerhardscn then utilizes a second figure in which a second abscissa

representing time is added. The second figure shows two sets of

catch and effort curves in which the second set differs from the

first only by the magnitude of the constant in the equations. Thus

all catch values on the second set of curves are lower than on the

first set for the corresponding number of sets (fishing effort)

The significance of the downward shift is explained as follows:

"Our curves in figure 1 refer to one point of time, or if we

stretch it, to such a short period of time that nature does not

add anything to the stock. Let us turn then to a comparison of

two points of time. In figure 2 we have assumed that fishing

as illustrated in figure 1 has been so extensive that it.thanges

in character from the first to the second point of time. The

curves in the second point of time are therefore lower--both

marginal, average and total yield are lower. There is, then, a

possibility that this represents exactly the situation which the

biologists want to prevent, but it is also possible that the

change is caused by change in weather, run of fish or difference

in fishing techniques. One should therefore proceed to observe

the various factors which might be involved."4

Gerhardsen s treatment of the production function and the principle

of diminishing returns is somewhat misleading. The production

function is a long rim static concept in which the basic parameters

are held constant in order to illustrate the technical relationship.

of output (catch of fish) as a function of input of labor and

14



capital number of sets or fishing effort) to a fixed natural

resource (a specific fishery) Generally, the parameters themselves

.are stochastic variables but independent of the input of capital

and labor. Therefore, the points on the production function are

"expected" or man-values of the random variation resulting from

year-to-year variation of the parameters. Consequently, an

.observation at one point in time can fall either above or below the

mean-value represented by the production function. . If the entire

production function changes, i.e., a permanent change in each mean-

value associated with the respective input (fishing effort), a

change in one or more of the parameters is indicated.

Biological "overfishing" does not imply a change in a parameter but

merely the carrying of fishing effort beyond the point which will

yield the maximum sustainable annual catch. Therefore, biological

overfishing would be represented by all points on the branch of the

total catch curve to the right, of the point of "absolute maximum

catch" on Gerhardsen's figure 1.

After his discussion of diminishing returns, Gerhardsen proceeds

to develop an iso-product function relating alternative combinations

of labor and capital to a given catch of fish and presents

graphically a contour map of a series of iso-product functions for

differing levels of catch. He explains management of the inputs

and long run equilibrium as follows:

"A manager of an individual fishing enterprise who expands' '
production will follow this guiding principle:• That the
relation between the marginal efficiency of the producing
agents (in the above case: labour and capital) should be

15



the same as the relations between (prices) for the two. This
can also. be expressed in the following. way: The quantity of
each agent of production used depends on (a) its efficiency and
(b) its price.

".111 the long run., adjustment takes place so that the total of
all recompenses equals the amount which is obtained through the
sale of the product. We may express this statement by a formula:

p = price for fish
= recompense. (price) to each gear unit.

fq = total recompense (cost)
pC = total money value Obtaiped for fish .

"In the simplest equation the relationship is thus:

fq = pC

"When we use two agents (f1 and f2.with recompense per unit.
being ca.and 42 it becomes:

fig' + fzu = pC

"A change in the price of the product may lead to a change. in the
recompense in one or more producing agents. It may also lead to
a change in the qualitative relationship between the. agents.

"Finally, a change in t1.1c, rccouense to the agents of production
may result in a change in their quantitative relationship or in
a change in the prices of the end product. Crisscrossing with
these considerations are the results of changes and innovations
of technique, and so on, all of which influence the efficiency
urge readjustments which in turn lead to different recompense,
or different prices for end products or perhaps both."5

Gerhardsen did not speculate on the relationship between fishing

effort and catch that would obtain at long run equilibrium, nor

did he conclude as to what policy should be, in terms of the

extent of fishing effort exerted on a fishery.

IL Scott Gordon

The next contribution in time was made by Professor Scott Gordon.

Gordon 'sets the stage for his analysis by stating:

"We can .then define the economic. objective of a commercial .
fishery as the achievement of the maximum -net economic yield.
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The level of fishing effort which achieves this MaxlMUffi will.
be described as the 'optimum degree of fishing '"6

He then proceeds to illustrate the conditions for maximizing the net
•

economic yield. Two principal factors are cited—the catch of fish

.and the cost. of fishing. Both of these arc functions of fishing

effort. therefore, the problem is to determine the amount of

effort that will maximize the difference between landings. (measured

in money terms) and costs.

The landings function, OL, becomes asymptotic to some value which

would he the maximum sustainable yield of the fishery. During early

stages of fishing, increasing physical returns might occur, but

eventually the point Ot is reached, whereafter, landings increase

at a decreasing rate as fishing effort increases—the principle of

diminishing returns at work in fisheries. Gordon uses an example

of two fishing areas, one adjacent and one more remote, to

demonstrate the existence of diminishing returns in fisheries.

For, as he points out, if diminishing returns did not apply in

fisheries, there would never be any need to apply inputs to the
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more distant fishery. All the fish needed could be taken from

the near fishery if the production functionwere linear.

Having dispensed with the landings function, he describes the 6ost

relationship. Fixed costs oar in figure 1) represent the public

expenditure for 'wharves, harbors, and so forth These are .necessary

for fishing, but arc independent of fishing effort. All other costs,

which will change as fishing .effort increases, such as boats, fuel,

nets, labor, etc are treated as variable costs He assumes that

the variable costs will be a linear function of fishing effort as

depicted by line FC in figure 1.

With the landings and cost functions both related to fishing effort,

Gordon states the conditions for maximizing net cconomic yield:

"The net economic yield of the fishery which is represented
by the landings and cost functions of figure 1 is the
vertical distance between L and C. This distance is at a
maximum where the slope of the landings function is equal
to the slope of the cost function, or where

di, = dC
dE -c11-1

"In the language of economic theory, the optimum level of
production is where 'marginal production equals marginal
cost.' With the functions as drawn *in figure 1, the optimum
level of fishing effort is OX and the catch obtained at the
optimum is 0Q. As one would expect, the economic o  timum .
is at a level of fishing intensity somehat less than tat 
i741Ti-EN iTioind produce the maximum physical landing, even the
latter is a quaaity that couia" be indefinitely sustained."7

Gordon did not specifically describe whether he was dealing with

the production function (landings function) in terms of value of

catch or volume of catch.
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The vertical axis is labeled as representing monetary units. How-

ever, in the quote above, and earlier in his 'article, his discussion

of the landings function implies physical catch of fish. If he did

intend the landings function to be pounds of fish • then the con-

ditions stated above would not represent the maximum net economic

yield. It is meaningless to equate the derivative of physical
a

yield to the derivative of monetary costs. On the other hand, if

he intended that landings be expressed in terms of value of catch,

he would have to amplify his treatment of the landings function

to justify the shape of OL as a revenue function of fishing effort.

Gordon is treating the industry as a single firm ( .e. a single

decision-making Therefore; this monopolist would be cognizant

of its impact on price. In this case, price would not be a constant

to the firm, hut would tend to docreae as landings increased with

fishing effort. The result on revenue would depend on the elasticity

of consumer demand. Revenue would be a positively inclined function.

of landings if, and only if, the consumer demand were relatively

elastic. If demand approximated unft'elasticity, the revenue curve

would be a constant and if demand were inelastic, the revenue

function would decrease as fishing effort increased. If either of

these latter two cases obtained for a fishery, the net economic yield

would be achieved .by allowing only a small amount of fishing effort

in the fishery. If costs increase as fishing effort increases, and

revenue either remains constant or decreases with fishing effort,

obviously the maximum net revenue above costs will occur at the first

input of labor and capital.
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Gordon published a second paper on the economics of fishery

exploitation in 1954, a year after his first contribution. The

general theme and argument of the second paper are similar to those

of his earlier contribution.

"We can define the optimum degree of utilization of any
particular fishing ground as that which maximizes the net
economic yield, the difference between total cost, on one
hand, and total revenue (or total value production), on
the other 17 Total cost and total production can be
expressed as a function of the degree of fishing intensity
or, as the biologists put it, 'fishing effort', so that a
simple maximization solution is possible. Total cost will
be a linear function of fishing effort, if we assume no
fishing--induced effects on factor prices which is reason-
able for any particular regional fishery.4

"17. Expressed in :these terms, this appears to be the
monopoly maximum, but it coincides with the social optimum
under the conditions employed in the analysis, as will be
indicated below."

Thus, in his second paper, again Gordon indicates that net economic

yield to he the difference between costs and revenue. However, when

he proceeds to demonstrate the "optimum degree of utilization," h

reverts to a physical catch effort relationship:

"Our analysis can be simplified if we retain the ordinary pro-
duction function instead of converting it to cost curves as is
usually done in the theory of the firm. Let us further assume
that the functional relationship between average production
(production-per-unit-of-fishing-effort) and the quantity of
fishing effort is uniformly linear. This does not distort the
results unduly, and it permits the analysis to be presented
more simply and in graphic terms that are already quite
familiar.

"In figure 1 the optimum intensity of utilization of a
particular fishing ground is shown. The curves AP and MP
represent, respectively, the average productivity and mar-
ginal productivity of fishing effort. The relationship
between them is the same as that between average revenue and
marginal revenue in imperfect competition theory, and MP'
bisects any horizontal between the ordinate and AP. Since
the costs of fishing supplies, etc., are assumed to be .
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unaffected by the amount of fishing effort, marginal cost and
average cost are identical and constant, as shown by the curve
MC, AC. These costs are assumed to include an opportunity •
'income for the fisherman, the income that could be earned in
other comparable employments. Then OX is the optimum intensity
of effort on this .fishing ground, and the resource will, at
this level of exploitation, provide the maximum net economic
yield indicated by the shaded area apqc. The maximum sustained
physical yield that the biologists .speak of will be attained
when marginal productivity of fishing effort is zero, at Oz of
fishing intensity in the chart shown. Thus, as one might expect,
the optimum economic fishing intensity is less than that which
would produce the maximum sustained physical yield ."9

a

MP AP

Fishing
Effort

The technique used by Gordon for illustrating the optimum degree of

fishing effort gives rise to some serious questions. As he indicates,

he is using the model for monopoly equilibrium with some modifi-

cations. He uses average and marginal physical production in lieu

of demand marginal revenue. .Thus he must assuthe a constant price

throughout in order for average and marginal product to be monotonic

linear decreasing functions of fishing effort. However, in the case

of a single decision making unit (the monopoly model), the firm



would be cognizant of consumer demand in which price would h
ave to•

decrease in order to market the increased catch that would 
result

from increased fishing effort .* In order for marginal revenu
eltobe

'positive, the demand curve would have to be relatively elas
tic. If

the demand curve were of unit elasticity or inelastic,. the m
arginal;

revenue would be either zero or a negative quantity- iespectivel
y.

The marginal cost concept used in the graph is also not consist
ent

with the definition of marginal cost in the theory of the firm:

Gordon has used marginal cost as a function of fishing effort,

whereas it normally is defined as a function of output in the

theory of the firm. Granting the prerogative to define a marginal

cost of fishing effort, the conclusion cannot be drawn that the 
firm

will maximize net economic returns where marginal physical produ
ct

and marginal dollar cost are equal. It does not make sense to

equate a physical unit to a monetary unit. If Gordon intended that

marginal cost be expressed in physical product, then a fixed price

would have had to-have been used to convert the constant marginal

cost into pounds of fish and again one runs into the question of

elasticity of demand and what price could be used for such con-

version: The concept that the monopoly firm zill maximize net

returns where Ma-VIR is true, but it would seem that the graphic

.analysis presented by Gordon is not accurate in representing the

marginal revenue and marginal costs of the firm.

Following his discussion of the optimum degree of fishing effort,

Gordon proceeds to point out that the economic rent implicit In the
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resource likely dll be dissipated through the entry of more fisher-

men into the fishery. He further uses this as an explanation as to

why fishermen are generally not wealthy.

PiVe now come .to the point that is of greatest importance
in understanding the primary production phase of .the
fishing industry and in distinguishing it from agriculture.
In the sea fisheries the natural resource is not private
property, hence the rent it may yield is not capable of
being appropriated by anyone. The individual fisherman
has no legal title to a section of ocean bottoM. Each
fisherman is more or less free to fish wherever he
pleases. The result is a pattern of competition among
fishermen which culminates in the dissipation of the
rent of the intramarginal grounds...

"...What happens is that the rent which the intramarginal
grounds arc capable of yielding is dissipated through
misallocation of fishing effort.

"This is why fishermen are not wealthy, despite the fact
that the fishery resources of the sea are the richest and
most indestructible available to man."10

The point thaf the economic tent may be dissipated through the

entrance of additional firms to the industry is a valid one. How-

ever, it does not follow that this is a reason for fishermen to be

poor. If the fishing firm is earning its opportunity costs for

labor and capital, the inability to draw economic rent from the

natural resource involved is ro reason that the industry be a

poverty industry. The economic rent could be taxed away without

disturbing the level of fishing effort and thus one could not claim

that the tax was the result of lack of earnings on the part of the

firm. Similarly, in agriculture and industry, a highly profitable

firm may not own the land it uses but instead pays the economic

rent for the use of the land. Therefore, the low earning capacity

of fisimbmen, if it is an industry characteristic, must be explained
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by some other factors than the dissipation of the economic rent.

Gordon completes his. article with a "bionomic" equilibrium model for

a fishery. The model includes four variables:

"Let P represent the population of theparticular fish
species on the particular fishing bank in question, L
the total quantity taken or "landed" by man, measured in
value terms; H the intensity of fishing or quantity of
'fishing effoi t'. expended, and C the total cost of making
such effort. Thb system, then, is as follows:

P = P(L),
= L(P,E), (2)

C = C(E) (3)
C = L."11

The graphic representation of the model is as follows:

(i)

His explanation of these relationships is:

(3)

"Thus, for example, if population were P3, effort of Oe
would produce 01 of fish. For each given level of popu-
lation, a larger fishing effort will result in larger landings.
Each population contour is, then, a production function for
a given population level. The linearity of these contours
indicates that the law of diminishing returns is not operative,
nor are any landings-induced price effects assumed to affect
the value landings graphed on the vertical axis. These
assumptions are made in order to produce the simplest
determinate solution; yet each is reasonable, since our
analysis deals with one fishing ground not the fishery as
a whole."12
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Gordon proceeds to point out that whore the equilibrium condition is

L=C, .no solution would exist if the individual production functions

wore linear. If the slope of C(E) wore greater than the 'slope of

L(E) no fishing eFfort 'would be forthcoming. Conversely, if the

opposite is true, fishing effort would expand without bounds.

Finally, if C(E)=1,00 there would be an infinite number of solutions

to the model. Therefore, either the L(E) function, or the C(E)

functIon,.Or .boti must be non-linear. The case then becomes one in

which the population is reduced by fishing and the function

L=L(E,P) must be characteri'zed by a positive first derivative and a

negative second derivative.

Gordon then proceeds to point out:

"The analysis of the conditions of -stable equilibrium
raises some. points of general theoretical interest. In
the foregoing we have assumed that stability results -
from the effect of fishing on the fish population. In
the standard analysis of economic theory, we should have

. employed the law of diminishing returns to produce a
landings function of the necessary shape. Market factors
might also have been so employed; a larger supply of fish,
forthcoming from greater fishing effort, would reduce unit
price and thereby produze a landings function with the
necessary negative second derivative. Similarly, greater
fishing intensity might raise the unit cost of factors, .
producing a cost function with a positive second derivative;
Any one of these throe-population effects, law of diminishing
'returns, or market effects - is alone sufficient to produce
stable equilibrium in the ecosystem."..

"In point of fact, the law of diminishing returns is much more
difficult to sustain in the case of fisheriesthan in agri-
culture or industry. The 'proof' one finds in standard
theory is not empirical, although the results Of empirical
experiments in agriculture are frequently adduced as
subsidiary corroboration. ...In fisheries, however, the
pattern of reality can easily be explained on other grounds.
in the case at, least of developed demorsal fisheries, it
cannot be denied that . the fish population is reduced by
fishing, and this relationship serves perfectly won to

•
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explain why an infinitely expansible production is not
possible from a fixed fishing area.,11.5

Two points might be made in relation to the above quote. First, most

likely both cost and -revenue functions in a fishery will be.non-lineer

due to both the law of diminishing returns and market factoi-s, Second,.

if the principle of diminishing returns is. interpreted to represent

time limitations in the complex set of interrelationships involved in

an ecosystem rather than trying to explain. it on the basis of a popu-

lation of fish the law of diminishing returns is quite feasible

and consistent.

! Anthony D. Scott 

The third author to publish on the subject of economics of fishery

exploitation was Anthony D. Scott. Scott states the purpose of his

paper as:

"In this paper I wish to compare the use of a fishery by
competing fishermen with the mode of management that would
be most profitable to a 'sole owner' of the same fishery.
In particular, I wish to show that long-run considerations
of efficiency suggest that sole ownershii) is a much superior
regime to competition but that in the short-run in the
ordinary case there is little difference between the effi-
ciency of. common property and private property.' 14

Scott leaves some doubt in the mind of the reader as to just what

he had in mind by 'sole owner." He defines the concept in a foot-

note as:

" 'Sole ownership' is not monopoly but merely complete
appropriation of all of a natural resource in a particular
location. Putting a resource into sole ownership is some-
times called making a resource 'specific' to one owner."15

He further qualifies the role of the sole owner as:

"In the second place, I have assumed that the sole owner is
not the nonopolist of the product. If 116 were a monopolist
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• and could influence the price by his output, he would be
confronted with a nonlinear total revenue curve in Fig. 2,
and it is conceivable that his landings per period would -
be 'ev(nl smaller than those of a corresponding solely-owned
fishery competing with many other fisheries "16

However, at other points in, his discussion, he does extend the power

of restricting inputs into the fishery to the sole owner in the long

run. If the sole owner arrangement is not a monopoly, or at least

has a monopolistic effect in controlling the amount of fish placed

on the market, then it must be tantamount to dividing a fishery

into sub-areas and extending the right of private property to an

individual firm for each sub-area.

An important contribution of Scott is his distinction between short-

run and long-run considerations.

"In the short-run, fishermen do not expand their catch
indefinitely because they do experience increasing costs
in attempting to increase their landings. Gordon depends
upon the omnibus variable 'effort' to cover the changeable
combinations of men, boats, and other equipment used by
individual fishermen. But, if we look through this
omnibus variable, we see that in fact the short-run
situation in a fishery exploited by competing fishermen
will be very like the standard situation in pure com-
petition. The supply curve of this fishery (with price
given by the world market situation) will be made up by the
addition of the relevant portions of the supply curves of
the individual fishermen. These curves will slope upward
because, with fixed equipment and a fixed number of boats,
there will be some number of landings per boat which has a
least cost; if the crew is worked long hours, or the fleet
is kept running without time for maintenance or repair, the
cost per landing will begin to rise. Each boat will in-
crease its landings until its supply price (marginal cost)
is equal to the going price. The 'surplus' that might be
captured in this situation is the usual quasi-rent, available
to each boat by operating at the point where marginal costs
are equal to marginal revenue."17

Scott then proceeds to investigate the question of whether sole

ownership would produce different results than allowing the
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resource to be exploited competitively. He distinguished between two

possible situations, the first in which the sole owner takes over an

existing fishery, boats, canneries and crews, and second, a case in

which he reorganizes the fishery in the most efficient way % It is

not entirely clear that these are clear-cut alternatives. Supposedly

in the first case, the sole owner would gain title to all capital

but in the second instance he would merely have authority to make

production and management decisions. In the first case, he con-

cludes that the sole owner, if given control for only one fishing

season, would operate the fishery identically as it would have been

operated under the competitive regime, that is at the output at

which marginal cost were equal to price and at the extent of fishing

for which marginal value product oflabor equaled the price of labor.

It is difficult to vision how a sole owner would not see himself as

having some effect on price by his decisions in regard to the fishery.

It would seem logical for him to weigh the alternatives of laying off

some vessels and fishermen and saving the variable costs involved,

particularly if he is now fully integrated through having full

control of not only catching but processing the fish.

Scott points out that if the sole owner is given permanent tenure,

then even in the short run he will tend to reorganize the fishery.

However, the sort of changes he describes (substituting traps for

vessels, achieving economies of scale, and eliminating wasteful

interference of fishermen with each other) are mainly long-run

changes, except for the latter. He still concludes:
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"Hence, we can say that, as a general rule, the mere
fact of sole ownership does not bring about a significant
change •in the exploitationof the fishery in the short-
run. Both the sole owner and the competing fisherman
will operate at an output which is theoretically similar
(in its. equality of marginal cost and marginal revenue)
to that in other industries "18

This might be interpreted that if a management commission were

set up to manage a fishery, it would not reduce the number of

vessels and fishermen imediately as long as the vessels and

crews were covering opportunity or even variable costs. The

commission would then tend to limit fishing effort in the long-

run through preventing the replacement of vessels as they wore out

and needed to be replaced.

In developing the long-run equilibrium of the industry, he intro-

duces another important concept.

"As long as the user of a fishery is sure that he will
have property rights over the fishery for a series of
periods in the future, he can plan the use of the fishery
in such a way as to maximize the present value (future net
returns discounted to the present) of his enterprise."19

Therefore, the optimum position of the "sole owner" in the long

run will not be simply the maximum net revenue over current costs

but rather the maximum net revenue over user costs where the user

costs include the value of future landings discounted to present.

value. It should be pointed out that future value of landings

foregone only will be relevant if fish left in the ocean today

will add permanently to future catches. However, this would be

a function of mesh size and not of fishing effort.
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Mdint.lr B. Schaefer
• •

The next contribution in time was a paper by Milner. B. Schaefer.

Schaefer opens his article by questioning whether the law of

diminishing returns can be applied to fi'sheries as it is to land..

Withip the category or renewable natural r.esources he draws a

distinction between non-self-regulating resources and self-

regulating resources:

'Vk more familiar example, uhich has been the basis of much
classical economic theory, is the use of agricultural land
to produce cultivated crops from planted seed. As we
have noted above, .the land is considered to be a fixed
factor of production, the 'amount of which can neither be
increased nor diminished by man's action. Since the
qtwitity of this factor is fixed, the application of
increasingly large quantities of other factors of pro-
duction (labour and capital) to the land results in a
decreasing return per unit of these other factors. So long
as the inherent natural properties of the land are not
destroyed, incteasing effort will give increasing return.
but the, return per' 'dose' of capital and labour
decreases..."

"Population of sea fisheries belong to. a different type of
natural resources, for which the annual rate of renewal of
the resource is a function both of the physical environment,
which is presumably constant, on the average, over the long
run, and of the magnitude of the standing crop, or population
of the resource which is diminished by the rate of
harvesting. n20

This distinction seems to be overstated in terms of inter-

preting the law of diminishing returns as it may apply to

fisheiics. The principle of diminishing returns is a long-

run concept representing the technical relationship between

combinations of variable inputs of certain factors with a

fixed quantity of another factor within a stated period

of time. The points on the production function
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(the functional relationship illustrating the law of diminishing

returns) are simultaneous possibilities, only one of which can be

realized within one time period. As long as the points of a yield/

effort relationship for a fishery are sustainable yields, the produc-

tivity of the fishery is not being diminished for future time periods

by increasing catch. The important thing is, in fisheries as in the

cultivation of land, as succeeding higher levels of inputs of variable

factors are considered, the sustainable production will increase at a

decreasing rate after the application of the variable inputs has been

carried beyond a certain point. Furthermore, "mining the resource,"

i.e., utilizing it in such a 'way as to decrease its innate pro-

ductive capability, is equally as possible in land use as in fisheries.

Furthermore, reversing the effects of mining the resource might be

more costly for cultivatable land than for fisheries.

Schaefer gives an excellent brief description and mathematical

representation of the biological model on which his analysis is based..

The meaningful conclusion of his biological model is that population

of a fishery is a linear decreasing function of fishing effort and

that the annual sustainable landing from a fishery has the property:

L K
2
E (4 k

2 
E)

k--1
Where: L = Landings

E = Fishing Effort
K2, and M are constants

'Thus landings have the general property of a second degree parabola

open in the negative direction of the landings axis. This means
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that as effort is increased, landings will rise to some maximum

value and then will decrease if effort is increased further. This

landings function then is in reality the best representation of the

principle of diminishing return in fisheries.

In developing his economic model Schaefer gives a good description

of the effect of price elasticity of demand on the value of landings.

as a -function of fishing effort but then proceeds to adopt the same

assumption as Gordon and Scott:

"For most individual stocks of sea fish, the catch is a
rather small share of the total production of all fish with
which it. competes in the market, and, therefore, it seems
reasonable to assume that for the products of a particular
fish stock the elasticity, of demand large. Indeed, we
should not go far wrong in assuming, as has Gordon (1954)
that the price does not vary with landings, '21

The assuinption of perfectly elastic demand means that the value of

landings as a function of fishing effort is the landings function

multiplied by a constant price and thus the value function will

have the shape and mathematical properties as the landings function

itself has. The complete model then becomes:

= aE(b-E)
V = a
= aE

Mere: L = Landings
V = Value of Landings
C = Total Cost of Fishing Effort
E = Fishing Effort

a, b, 0, a, are constants.

With total cost defined as a linear function, marginal cost and

avuragc cost arc identical and are constant. Likewise, with price

a constant, average and marginal revenue will both be linear
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decreasing functions of fishing effort. The maximum net economic

yield will then occur at that level of fishing effort at which the

marginal revenue is equal to marginal cost. The results are .incli-

cated graphically as:

Average Return: Y.. Ai

Marginal Cast:Average Co31::a

d V
Marginal Return::

E F FORT

Schaefer then proceeds to explain what will happen under freedom

of entry for a common property resource:

"In a fishery :lich is common property resource, where anyone
who wishes .to do so is free to enter, new operators will be
attracted to come into the fishery so long as the average cost
is less than the average return (cost of course, including all
the costs of factors of production, including interest on cap-
ital investment and the normal entrepreneurs fee), so that in
the unrestricted common property fishery the effort will grow
until 131' whe

re average cost equals average return and the net
economic yield is zero. .

"If unit. cost - is high relative to unit price of product
(Fig. 4A,A1), E1 may be at - a level of effort below that corre-
sponding to maXlmum sustainable yield (Ern). In this case no
increase in total yield can be obtained from restrictions on
fishing effort. Any increase in yield must involve increasing
unit prices or decreasing unit costs by .some artificial means,
such as price supports, subsidies, etc.

"If, .on,the other hand, unit price is sufficiently high
relative to unit costs- (Fig. 4B, B1), 1-31 may be at a level

of effort higher than the level - Lim where maximum yield' is
obtainable. In this case, the yield can be increased by
restricting the amount of _fishing effort.,,22
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In turning to the question of fishery management policy, Schaefer

points out that two alternatives can he considered, increasing

total production of food and increased net economic return, but

that these are to some extent mutually exclusive. He proceeds to

discuss the food problem of the world and problem of whether food

supplies can increase sufficiently to meet the expanding world needs.

On this basis he concludes:

"It would seem, therefore, that there is adequate reason
to give first priority to maximizing the yield of the sea
fisheries. This choice has been the basis of fishery
management in general., in the United States, and has, as
noted by Graham (1956), been explicit in all the recent
international conventions, in the New World."23

Introducing the problem of nutritional needs of the -world bring

an entire sot of new considerations into the picture. The question

is not just one of total world .production but equally as important

is the problem of distribution. Maximizing food production from

the oceans likely would add more to the diets of the "haves" than . .

the "have nots" under present arrangements. Furthermore, if the

question of increasing world food production is considered, there

is still the economic question of what is the best distribution of

labor and capital between agriculture and fishing to achieve a

given increase in caloric output. Production is not now carried to

the point of absolute maximum returns on land. Thus before the

maximum sustainable yield was reached in fisheries, it would be

economically advantageous to increase inputs of labor and capital

into agriculture.
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James .Crutchfield and Arnold Zellnbr

The next contribution to economic analysis of fisheries was made by

Crutchfield and Zellner. The biological model employed by Crutchfield

and Zellner is basically the same as that developed by Schaefer.

However, they introduce the concept of 'eummtric" fishing which

requires some clarification. The eumetric yield curve is the

production function resulting from the simultaneous variation of both

gear selectivity and fishing effort. Thus i it is a "ridge line" of

the production surface generated by all possible combinations of gear

selectivity and fishing effort. If discreet Changes in gear selec-

tivity are made, the eumetric yield curve could be considered as

passing through the maximum for the individual yield/effort curves

for each gear size.

The eumetric curve, as it is generally presented, is somewhat mis-

leading in that it does not reach a finite maximum but becomes

asymptotic to some value. However, once a gear size is fixed, and

fishing effort increased for that gear size, it would still be

consistent to eventually reach a maximum sustainable yield followed by

a declining catch if fishing effort were increased beyond that point.

Inasmuch as a specific gear must be selected for a given fishery, the

yield/effort relationship for that gear would seem to be more relevant.

This is the landings function developed by Schaefer and is also the

yield/effort relationship used by Crutchfield and Zenner in their

final analysis. Moreover, if fishing effort is held constant and

gear size increased, declining catch rates will occur at some point.
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Crutchfield and Zellner use a perfectly competitive long-run equilib-
••

rim model to illustrate how an unrestricted fipery will behave over

time. Thus, in their model price and quantity are determined by

supply and demand, and at the equilibrium price, costs are being fully

covered 'so that no new firms will enter the industry nor will any

firms in the industry drop out. The biological condition for equilib-

rium is that the yield being taken at long-run equilibrium must he

sustainable yield for the fishery involved. .This condition then

demonstrates that final equilibrium can exist only after the fishery

a

population has adjusted to its stable state for the level of fishing

effort involved in producing the equilibrium quantity of fish. Their

model is graphically illustrated as follows:

GROWTH IN POPULATION
PER UNIT OF TIME

02

AMOUNT SUPPLIED
AND DEMANDED PER
UNIT OF TIME

Biological and economic equilibrium

P1

i• •

AMOUNT
SUPPLIED AND
DEMANDED
PER UNIT
OF TIME

Equalibrium with restricted
catch
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The curve in the upper graph represents the rate of change in the

population per unit of time as a function of the size of population.

Thus the greatest growth increment will occur at population size B,

which will, in turn., be the population size that will support the .

maximum sustainable yield for the fishery. If the population is

stabilized at a level larger than B, for example C, or less than B,

for example A, then the annual net increment of bio-mass produced

by that population will be less, and therefore, the yield that can

be taken out of the fishery by fishing effbrt will be less. DI, D2,

and D3 represent successive demand curves at different points in

time. Similarly, S-OC, s-013, and S-OA represent different supply

response's over time. The long-run equilibrium of demand ,and supply

must fall on the dotted curve in order for the fishery population

to be able to support that quantity of fish harvested over time.

The equilibrium point indicated by the intersection of Di and S-OC

would result in the fishel'y population being stabilized at size C

in the upper graph. Now an increase in demand to D2 would result

in a decrease in supply (i.e., a higher price is now necessary to

.call forth each given level of output due to the drop in catch per

—unit of effort. on the part of the individual firms as new firms enter

the industry in response to the profit resulting initially from the

increase in demand). However, because the increase in demand has

been relat:wely greater than the decrease in supply, the output of.

the industry has expanded in response to the higher price. The

fishery population has now been reduced to B, but at B, the growth

increment is larger, and thus, the harvest of fish by the industry
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can be larger. This equilibrium takes place at the maximum -

sustainable yield. A further increase in demand to D3 again

results in short-runsprofits and an inducement for new firms to

enter the industry . However, this increase in fishing effort has

reduced the population to a size where its annual growth increment

is lower, thus the total sustainable harvest of the industry is

decreased.. This is reflected in the further .decrease in supply

from S-OB to S-OC. The new long-run equilibrium then results in a

smaller total output for the industry than was true at the equilibrium

resulting from D2. The equilibrium at D3 and S-OC would represent

the case of biological overfishiilg in which the fishery was being

exploited beyond the maximum sustainable yield for the resource.

From the above analysis it is evident that unregulated use of a

common property resource can result in an end result where every-

body loses. That is, the total amount of fish available to society

is decreased, the ptice paid by the consumer is higher, and the

amount of capital and labor necessary to harvest the decreased

volume of fish is greater. Obviously, all would be better off by

not letting fishing effort be carried to this extreme. This takes

them then to the next question. If common property resources are

going to be controlled, what objective should be sought in adminis-

tering the limitations on use of the resource?

Their definition for the economic optimum for fishing is as follows:

"If we may assume that market prices for goods reflect
with reasonable accuracy the preferences of consumers, the
basic economic objective, from the standpoint of society,
is to see that the fisheries maximize net economic yield--
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the difference between the aggregate money value of output
and the aggregate. money cost of input needed to produce it
(excluding, of course, money returns based on monopolistic
restriction of output)

"It is desirable that this rosult be achieved by providing a
situation in which the *pursuit of profit by businessmen
vill 'result in:output,Trices, and Costs that also maximize
the industry's contribution to society as a whole." .

"Viewed in this light, the performance of a fishing industry
should be judged by the standards that have been developed
as guides to public policy toward private enterprise generally.
These may be summarized as follows:

"1. Output and factor allocation: At first glance
it might seem that, other things equal, the more production
of a marketable fish the .better. If our ecommy is at full
employment, however, more fish can be produced only by giving
up some output of other things. Thus, the proper objective
is that output of fish at which the value of the last unit
taught is just equal to the value of. other things that 'would
have been produced with the required inputs of labor, capital
and management (including additional fish that could be taken
later by restricting output in the current period) 1124

In all of the articles reviewed, the maximization of net economic

yield has been demonstrated as occurring at the level of fishing.

-:effort Where marginal cost and marginal revenue are equal, If

marginal revenue is viewed from an industry basis and not from

the viewpoint, of the individual firm, this would not eliminate'

the possibility of building monopoly profits into the industry

optinium,. Crutchfield and Zellner do specify that this maximum

should exclude money returns based on monopolistic restriction of

putpit. The necessary .condition -for this to be achieved is that

the Marginal cost of the individual firm be equated to the -

margin-al revenue ofthe.firm,. where the marginal revenue of the

firm is equal to the equilibrium price determined in the imdustry,

This is one point that has. been glossed over•in all of the
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preceding articles but. i.s still an important point in the

definition of the optimum econOini( level for exploitation o.

common property fishery resource..

.Ra1lih.TOry.2y

The next cohtribution'to. the-field:of economic analysis of fisheries

was an articleby Ralph Tulvey. Ttirvey states the objective .of.his
.0

study as:

"The purpose of this 'article is to show that. fishery
.regulation is one of those spheres of economic policy
where what is the best thing to do 'depends on what can .
he done:"". ..... "If the-.2E0mum 2ptiMorumis to be •
reached (the highest mountain staled)77then regulation
must extend not Only to the scale but also. to the mode
of ppetation."25 ,

His analysis is a long-run stotic equilibrium for a single trawl

fishery. Only one fish stock is involved .and this is fished

from ports which are equal distance from the fishery. The markets

for the product Are all Competitive and, there is freedom of entry

into the fishery. •Thus one mould conclude that the fishery

resource would be a common property resource. In the biological

model mortality and growth are both functions of .age, recruitment

to the fish stock is an exogenous variable (Le„ dependent on the

mesh.' size used by the fishermen) and fishing mortality rate is

proportionate to fishing effort. Fluctuations in the natural

process are small and random (i.e., no trend).

Turvey points out that costs in fishinu are complicated by the

fact that fishermen do not draw a wage but rather are paid on. a

share-of-catch basis. He circumvents this problem as follows: .
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"Such matters are not relcvant to the argument of the
present paper, however', so I shall exclude them by simply
assuming that over the relevant range of catch, the total
cost of fishing effort rises more than proportionately to
the amount of.fishing effort because the minimum earnings
necessary to attract and retain labor and capital at the
margin rise - as .more of these resources are employed in
fishiilg. Total cost is defined to include "rents" of
the intramarginal factor_s, i.e., the excess of their
actual earnings over minimum required to retain them in
the indusby. This is the only aspect of costs that we

.require in the present argument, so I need not discuss
whether few ships fish many hours or vice versa, since .
fishing effort as defined above is the independent variable
of the cost function. lthat is 'significant in this formulation
is the implicit assumption that mesh size has no noticeable •
effect upon the costs of fishing effort."26

This treatment of costs gives rise to some questions. It is

difficult to agree that marginal cost of inputs, particularly

for capital, will have to use for a specific fishery as the

amount of labor and capital .used in that fishery is increased.

If the labor force is a homogeneous labor force, and the irjdividual.

fishery is small, in its demand for labor in relation to the

total labor force, it would not seem likely that an increase in

wage rates would be necessary to attract more fishermen. However,

if one considered that fishing includes certain hazards and un-

pleasantness as an occupation, and that the labor force was not

homogeneous in its willingness to undergo the rigors of "life on

the sea" one might pose the case that wage rates would have to

rise to overcome the reticence of people to go to sea. But there

seems to be no basis for assuming that the rate of return to

capital will have to rise in order to attract more capital into

the industry.
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A second question in regard to his treatment of costs is the inclusion

of "intramarginal rents" in costs. If this is a common property re-

source there is no conceivable way in which the market would build

implicit economic rents into the cost structure. The earnings of a

part of the labor force and some of management would no doubt include

a "quasi-rent" if labor and management costs had to rise at the margin

to attract more of these resources into the industry. However, it

would not seem likely that capital could earn a "quasi-rent" in the

long run in a fishery in which there was freedom of entry, unless

economies of scale were such that capital requirements presented a

practical impediment to entry. However, it would seem almost

impossible to measure such quasi-rents in a fishery.

Finally, can one neglect the number of ships and fishing time

achieved by each vessel? Certainly the total cost in the industry

would be different if there were many ships fishing few days each as

compared with fewer ships fishing more days each. In fact, this is

one of the main problems to consider in the question of fishery

regulation.

The matter of revenue is dismissed as follows:

"The price of fish, given income levels and the price of other

foods, depends not only upon the total weight of the catch but

also upon its size distribution and upon its freshness. Here

we shall assume that there is some given minimum marketable

size of fish, otherwise I neglect these points. Thus I postu-

late a given function relating total revenue to weight of

cathh."Z7

It is perfectly permissable to postulate a revenue function. How-

ever, in the process of postulating such a function, the author
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should specify his assumptions as to price elasticity of demand.

Turvey does not mention price elasticity but he shows revenue to be

a positive function of the weight of fish landed. Therefore he must

have assumed a relatively elastic demand for fish.

Turvey also makes the following assumption about behavior of

fishermen:

"Each fisherman will want to maximize the marketable value
of his catch at any given level of costs. This means, on
our assumptions, that he will wish to maximize the weight
of his catch of fish above the minimum marketable size for
any given level of costs. Thus for the present argument
we will assume that he will choose a mesh which limits his
catch to fish above that size. If he uses a smaller mesh,
he would have to throw part of his catch back into the 'sea,
which would involve unnecessary trouble.1 t28

The real significance of thisi.assumption is that the mesh size which

will assure the individual fisherman of getting the maximum weight

of fish above marketable size is not the mesh size that will place

the industry on the highest sustainable yield effort function for

the fishery. Tprvey's last sentence about the effect on costs of

throwing fish back is not a meaningful explanation. In the process

of trawling a wide array of fish are taken, thus necessitating

sorting and discarding, not only small fish, but fish which sell

at. such a low price that it does not pay the fisherman to keep

them. The validity of the assumption that fishermen likely would

use a mesh size smaller that would be most advantageous for the

industry as a whole is borne out in experience. The imposition of

a mesh regulation in a fishery generally requires an enforcement

program to keep the fishermen from slipping a "liner" in the cod

end of the trawl, or devising Someother modification of the
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gear that tends to negate the effect of selectivity of the

mesh size.

.0n the basis of his description of cost .and revenue factors the•

long-run equil ibrium 3S defined as that point at which total

revenue is equal to total costs including the rent of intra-

marginal factors. The adjustment is stated as "If total revenue

..exceeds total costs, resources not in the industry will find that

it is worthwhile to Move into it, while in the reverse :case some

resources at the margin will be earning less than is required .to

retain them in the industry, and they will leave it "29

• It is difficult to accept that the long-run equilibrium in a common

property resource will occur at the level of inputs (fishing effort) .

which will retain the economic rent in the fishery (the rent

accruing to the scarcity ofthe natural resource). As long asthe

fishery is open to entry, the economic rent would represent a

payment above the opportunity costs of labor and capital and

hence would tend to attract more labor and capital into the

industry. Therefore, it would seam that fishing effort would

continue to increase until all economic rent was dissipated and

total revenue would equal total cost where total costs represented

only payments to labor and capital (this would, of course include

quasi-rent to labor and management). This situation would have

to be where average revenue would equal long-run marginal cost,

which would be equal to the long-run minimum average cost per ton•

of fish produced by the individual firm.
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The graphic illustration of Turvey's equil ibrittm is as follows:

Weight of Catch

Total
Revenue 1

Total Cost

Yield Curve

Fishing
Effort

Total Cost Including Rent

lurvey points out that either an increase in demand or a decrease

in cost of fishing could result ih fishing effort increasing to the

right of the point that would produce the maximum weight of catch

for the resource. This would moan a greater total utilization of

inputs in the fishery but at the same time a reduction in the amount

of total product available to society.

This peculiar result indicates that there is something special

about the industry. This unique problem is really twofold:

"But from what has been said it should be apparent that
two problems are involved, not one. The first is that
while the catch of the individual fisherman is propor-
tionate to his own fishing effort, the same is not true
of all fishermen together;

"Each fisherman imposes an external diseconomy upon his
brethren; the marginal private product of his fishing
effort exceeds the 'marginal social product... •

"The second problem involves mesh size. By catching small
fish, fishermen are reducing the number of large fish to be
_caught later.. If an individual fisherman were to raise his
mesh size, he would lose by increasing the number of hauls
necessary to achieve any given weight of catch. Yet in the
-long run, his use of a larger mesh may lower the costs of
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all fishermen together and, if all of them used larger
meshes, all would benefit Here again; social and private
product diverge.

"When external economics arc involved both in the level of
fishing effort and in the choice of mesh size, it is clear
that to achieve the optimum resource allocation requires
regulation of both of these variables ,"30

This, develops a rather widely accepted principle in fisheries that

mesh size alone will not suffice as a program for fishery management

but that both mesh size and limitation of fishing effort arc needed.

Turvey then proceeds to develop the conditions for the optimum

allocation offishery resources:

"Let us assume for the present that the conditions for
optimal resource allocation arc fulfilled in the 'rest
of the economy, so that no problems of. 'second best'
arise. Let us further assume, first, that the effect of
changes in the price of fish upon the distribution of
real incomc between fish consumers and other is unimportant
and, second, thaL z! level of earnings in the industry which
is equal (at the margin) earnings those resources
could obtain elsewhere is socinlly acceptable. Finally;
let us consider only those cases whr^ the fishery is a
very small part of the economy.

"Under these conditions,•the 2pIimum optimoim) is reched
when G is maximized, G being the excess of the valuuef
the catch to consumers over the value to them of the
alternative goods and services sacrificed by devoting
resources to fishing. Now the value of the catch to
consumers is the maxiilinn they would pay rather than go
without it, i.e., what they do pay (total revenue) plus
consumer surplus: •TR S, the area under the demand curve.
The value of the goods and services sacrificed is equal
to the contribution to production that the resources used
in fishing would make if they were not so used and .this,
on our assumptions, is what they could earn elsewhere. It
is therefore measured by the total costs of the fishery
less the rents of the intramarginal resources, TC-R. Thus
the optimum optimorum is to he reached by maximizing:

G = (FR S) ('IC R)"31•-
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Hero as against-his carlic* amlysis:, an increase in mesh size

would have an •effect on .cost orproducing fish, but not Ofl fishing

effOrt... Inasmuch as-Tul'yoy .has be6ndiscussing the Cost of fishing

effort, achange in mesh size would be reflected through the revenue

of the firm and not cOst.

'Yk necessary, but sufficient condition - for maximization.
is that mesh size be such as to maximize the catch for
the actual level of-fiShLng effort

"In terms of Figure 1 this means that the fishery - must be
'On' the dotted envelope curve, known as the 'eumetric yield
curve' (Bevcrton and Holt (1)). It is a property of this
curve that, unlike the individual yield curve for given mesh
sizes, it is asymptotic to the horizontal, thus rising
throughout its length."32

The optimum optiForum is illustrated graphically as follows:

TR+S
•

Total
Revenue

Weight of Catch

•••••• II.•••••

•
o •

Eumetric
•• Yield Curve

• I

IF Fishing
 Effort

Total Cost TC TC-R

G is maximized then where the price of fish times the marginal

catch is equal to the marginal cost of labor and capital into

the fishery, or:

Price x marginal catch = Marginal cost of fishing effort.

Turvcy maintains that this condition will result in the two

following conditions:

Price x marginal catch = Average cost of fishing effort
including rent
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Price x average catch = Average cost of fishing effort
including rent.

Thus Turvcy concludes:

... which means that total revenue exceeds total costs
including rent. G=S+R-1-(TR-TC), the maximum gain is the
sum of consumer's surplus, producer's surplus, (the rents
of intramarpnal labor and capital), and the rent of that
other scarce resource, the fish stock." 33

It can be agreed that it would be desirable to increase fishing

effort just to the point where the price times the marginal

increment of catch would be equal to the marginal cost of fishing

effort. However, it does not follow that the price times marginal

catch will equal the average cost of fishing effort, including

rent. It would be sufficient for the marginal value product to

the firm (price x marginal catch) to just cover the average cost

of effort at the minimum point on the average cost excluding

economic rent. The summation of :the marginal value products over

the range of fishing effort of the firm would exceed price times

average cost by the amount of. economic rent earned by the firm.

Turvey identifies a change in the mesh size as determining S (the

consumer surplus) and the amount of fishing effort as affecting

only R (the rents in the industry). However, it would seem that

the consumer surplus and rent both are a product of the combination

of mesh size and amount of fishing effort, and no useful purpose

seems to be identified with trying to sort them out.

The maximization of economic welfare out of the use of fishery

resources will require both optimization of mesh size and fishing

effort, however, 't is still questionable whether the maximum to
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be realized would be the economic rent or the maximum combination

of economic rent and consumer' surplus. It would not seem possible

to maximize both. Therefore if an increment is to be included for

consumer surplus, it would have to be achieved through lowering the

economic rent loft in the industry.

TurVey mould utilize a 01.1 or foe to .approximate the .econOmic, rent

as a means of maximizing the -rent after the consumer surplus had

•been m.aximized thrOugh the subopt;iinization of mesh size Such a

ton would have .to be somewhat less .than the economic rent implicit

in the natural resource if credit is to be .given to•increasiTig

consumer, surplus-..

TC

Greatest
Depth

Ei E2

Assume that in the above graph, the total revenue function i.s

developed by al lowing the marginal cost of fish i ng effort for the
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firm to equal its marginal value product. Thus for the individual

firm the l'evenue would not include monopoly profits. The plaximum

differenCe between cost _and this revenue would represent the economic

rent. However, if the difference between 'IV and TR4S were achieved

in the industry, this would have to occur at .a level of fishing

effort to the right of El, for example E2, and the economic rent,

i.e., the difference between costs and revenue in the industry .

would be less than .if fishing effort were limited to El, the level

that would produce the maximum economic rent.

Some confusion seems to arise out of Turvey's treatment due to

failure to distinguish between the functions for the individual

firm and industry aggregates. This same, problem seems apparent in

a discussion of Turvey's. article by J. Hayden Boyd:

"In words, additional fish ought to be caught up to the

point where the increment in costs associated with an

additional pound of fish just equals the value the market

places on that additional pound of fish. In the absence

of a toll or charge for the use of the fish stock, long-run

competitive equilibrium will be achieved when P=C/f, the

average cost to the fishing industry. •

"Now average cost equals marginal cost only when the former

is a constant. If this is the case, additional industry

output will be proportionate to the extra fishing effort

expended. This is equivalent to stating that increases in

industry output have a negligible effect on the fish stock,

and, hence, that the marginal product of the fishing banks

is zero." 34

The firm will realize a marginal cost equal to average cost where

the marginal cost curve cuts through the average cost curve and

this does not require that average costs are constant nor that the

marginal product of the fishing binlks is zero. If the marginal

product of the fishing banks were zero, an increase in fishing
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product of the fishing banks were zero, an increase in fishing

effort would certainly have to result in average cost increasing.

Francis T. Christy Jr and Anthony Scott

The most recent contribution to economic analysis of fisheries is

that of Christy and Scott. Their conclusion is that the maximum

net economic revenue should be sought from the fishery. . Their

analysis is as follows:.

"... Thus where there are OA fishermen engaged, each receives
an average revenud of OD, and where there are OB fishermen
engaged, the average revenue declines to OC.

"With OA fishermen, the additional revenue to the industry
would equal the costs that each fisherman bears. This is
the point where marginal costs and marginal revenues are
equal and where the industry will produce the greatest net
revenue, profit, or rent. 600

'Ptt this point a sole owner of the fishery resource would
stop hiring additional fishermen because at this point the
profit to the owner is maximized.

"The goal of economic efficiency can be approached by
preventing excessive entry into the industry, so that
those who fish would be producing the maximum net economic
revenue (to be shared by them, or appropriated by the.
public) and so that those who are prevented from parti-
cipating will be able to produce other goods and services
of value to the comunity."35

If the range of choice were limited to the two alternatives, i.e.,

operating the industry under conditions of freedom of entry so that

all the economic rent would be dissipated and a redundant quantity

of labor and capital would be tied up in fishing, or achieving the

monopoly outcome for the industry and to maximize the monopoly

profits of the industry; perhaps the latter would be socially more

desirable than the former. However, the field of choice is not

limited solely to these alternatives. Again it would seem possible
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to achieve a goal superior to either in which something akin to

only the economic rent of the resource were allowed to exist over

and above capital and labor costs in appropriating.fishcry

resources. This would allow a somewhat larger amount of labor -

and capital to be employed in the fishety than would Christy'.s

and Scott's goal, but at the same time would not result 'in the

redundancy of labor and capital that would obtain under complete

freedom of entry.

Summaly  and Conclusions

The literature reviewed indicates four policy goals .for con-

sideration. Schaefer cited the goal of maximum production of food

from the oceans. Gordon, and Scott and Christy would seek to

maximize the net economic yield above costs or in effect seek the

monopoly outcome for the industry. Crutchfield and Zellner called

for the maximum net economic yield but qualified this by excluding

"money returns based on monopolistic restriction of output." 'Thus

one would conclude that they intended basically the net economic

yield to be that of the economic rent implicit in. the resource.

The solution by Turvey is close to this with the exception that he

would include consumer surplus in the quantity to be maximized and

thus would merit extension of the fishing effort as long as the

sacrifice in economic rent was offset by a gain in consumer surplus.

Apart from the policy goal proposed by the various authors, some

confusion arises from three deficiencies in the literature. The

first is the lack of attention to explanation of the individual
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firm and means by which the firms are aggregated into industry

totals. The second is the lack of treatment of short-run and

long-run equilibrium. The third is the treatment of the principle

of diminishing returns as it may apply to fisheries. The development

of the bio-economic model for this study is expanded to attempt to

bring out more clearly what is involved in the first two areas.
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CILMITIM III

TflE BIO-ECONOMIC MODEL

The model is based on a closed demersal trawl fishery. A demersal

fish is a bottom-dwelling fish. A closeU fish population is one

which neither loses nor gains members through migration. Therefore,

the fishery is represented by a self-contained set of factors

embodied in the ecosystem of which it is a part. This species of

fish are harvested with bottom trawl gear and the technology of

fishing and efficiency of fishing equipment wil] be assumed

constant during the period of time needed for all adjustments to

long-run equilibrium of the fishery.

The Biological Model

The fishery, in its natural state, is characterized by a set of

differential equations relating the fish population (P), recruit-

ment (R), growth (G), and natural mortality OA).

Population:

Recruitment:

Growth:

The bio-mass weight of fish in the
fishery at the beginning of a time
period.

The bio-mass weight of fish entering
the population during a time period.

The bio-mass weight added by all fish
within the population during the time
period.

56



Natural. mortality: The bio-mass weight of fish lost from
the population during the time period
due to natural death and predation:

This species of fish spawn one time a year and the young follow a

consistent pattern .of development until they reach the age at which

the survivors at that point in time are considered to enter the

fishery population. Thus the time differential will be 1 year.

In addition to the above variables the ecosystem has several

parameters which are considered fixed and independent of changes

in the above variables. Some of these parameters are salinity,

temperature, prevailing currents, other species of fish, radiated

solar energy, the rate of photosynthesis, and the rate at which

mineral elements in the environment are replaced. Although these

parameters are considered fixed, they are fixed in the sense of

being stochastic variables with constant expected values about which

random variation may occur.

.The fishery can be considered as a sub-system of the broader eco-

system of which it is a part. The fishery sub-system is similar to

any system containing a volume which changes over time due to

differential rates of inflow and outflow. The implicit functional

relationship involved is:

f(P,R,G,M)=o

(P)

and Pt: P +R +G—M
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In the fishery sub-system, the rate of change of the population

bio-mass weight, will be the net result of the rates of recruitment,

growth, and natural mortality during the time period. If the dif-

ferential increments of recruitment and growth were constants and

exceeded the differential for natural mortality also a constant,

then the population would continue to grow without bound obviously

an impossibility. Conversely, if all the above increments wore

constants, but the increment of mortality exceeded recruitment and

growth, the population would constantly decline to zero. If the

population achieves a steady state equilibrium with its environilent,

recruitment, growth, natural mortality, and the population site must

all be interrelated and one or more of the partial derivatives must

also have second derivatives such that the second partial derivative

of either R or G both must be negative, and/or the second partial

derivative of. M must. be positive.

When man influences the. ecosystem through his fishing effort, a; new

variable, fishing mortality (F) is introduced into the fishery sub-

system and an entirely new system of differential equations will

characterize the fishery sub-system.

Fishing mortality... The bio-mass weight removed from the
fishery by man's fishing effort..

The fishery population will now be defined as the bio-mass weight

of fish of an age and size, subject to capture by the fishing gear

used, and recruitment can be defined as the bio-mass weight of fish

reaching an age and size subject to capture within the time period.
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The fishery now is described by the implicit function:

and +R+G M—F

Because fishing mortality represents an additional drain on the

population during each time period, unless the rates of recruitment,

growth and/or natural mortality change from their values when the

fishery was in a natural steady state equilibrium, fishing mortality

would tend to pull the population steadily downward towards zero.

Two hypotheses can be formulated about the impact of fishing mortality.

First recruitment, growth, and natural mortality can be assumed

independent of fishing mortality. Thus, a given level of fishing

mortality would reduce the population to the point where the rate

of natural increase just offset fishing mortality. The population

would then be in a steady state equilibrium as follows:

dP = G F = 0 and d2P <

• dt dt2

The second hypothesis would hold recruitment, growth, and natural

mortality as all being interrelated with fishing mortality such that

>aF <0, F 0,
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Again, the population would come into a steady state equilibrium

with its environment but the rate of natural increase to be cropped

off by fishing effort would he grekter because of the impact of

fishing mortality on recruitment, growth, and natural mortality.

In either case, for any given population size, fishing mortality

can just offset the natural rate of increase without causing

population to decline. Therefore, for each possible level of

population of fish, there will be a corresponding level of sus-

tainable fishing mortality that can be achieved. through fishing

effort. If fishing mortality is less than the increment of natural

rate of increase, some net addition to the population will take

place.

Even though the partial derivatives of this complex system may not

be subject to measurement, a relationship can he derived which is

not only subject to empirical approximation but at the same time

gives knowledge necessary to analyze economic aspects of utilization

of fishery resources. Schaefer has developed the logic as follows:'

"For each size population, there is a certain rate of natural 
increase; which is, under average environmental conditions,
some single valued function of population size. In mathematical
notation

dP f(p)
dt

"The catch, or landings, L, during a yeat is some function
of the size of population and the amount of the other
factors of production, which we collectively term 'fishing
effort', E.

L =

In the equilibrium state, which we are here discussing,
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. the -catch is exactly equal. to the rate- of .natural increase. •
has, been call.e4. the ..s.L;guilibrium- catch by Schaefer (1954-a).

This •equilibrium .Catch is. tE-o• long-term annual production of
the fishery for a. given level .of population -(and effort).

"It immediately foil ows,. of course, from (1) and (2) that •
_under equilibrium conditions population size is some function'

P = I (E)

"Data from experimental - animal populations and from the
commercial .fisheries (Nuchmann 1938, Graham 1935, 1939,. 
Schaefer 195.4a) indicate that f (P) is • a 'single valued.
po'sitiVe . function,. falling to zero at ,P = 0 and at P-...77
:the maximum population which the environment Will support.
ander. avei age. conditions, with no fishing, and having. a .
maximum ._ at some intermediate value of P . .It further. 'appears

. that a• reasonably good first approximation is the -.quadratic

f (P) = kiP (M-P)
Whe -e k1 and .M are constans..

"It also appears that., to a good degree of -approximation,

= .1s2EP -
where 1(1 is a constant so that,. under equilibrium
conditions

and consequently
k EP =

P = M k2  E

"That is, .for equilibrium ..conclitions population size is
linear function of fishing effort; and, from (5) and (7).

E(M- k2  E)

Schaefer's last equation can be written as follows:

L KE - gli2-
Whel'e J. = Total landings of fish per year

E = Total standard days of fishing effort per year.
K and g are constants.

svinclard day of fishing- effort for this fishoty is defined as

24 hours of actual trawling time. For example, if a vessel were

at sea for 1.0 days., and during this time it made 90 tows of 2 hours

(3)

(8)"
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each, it would have accomplished 7.5 standard days of fishing

effort (90 x2 24 = 7.5).

The above equation will be of the standard form of a second degree

parabola opening in the negative direction of the landings axis:

L2

L3

Li

Each point on the parabola would be considered the "expected value"

or sustainable yield of the fishery after the population had adjusted.

to its steady' state equilibrium for the amount of fishing mortality

represented by the corresponding level of fishing effort. For

example, if the level of fishing effort were held constant at El

for a period of years, then, after population adjustment, landings

could be expected to average Li, and. similarly for E2 and E3..

Some level of fishing effort would enable landings to be a maximum

for the fishery sub-system. This level of fishing intensity will

be at the level of fishing effort where the first derivative of

landings-effort function is zero:

If: L=KE-032
Then: dIddE=K-2gE
And: a/dE=0 when 3=K/2 .

62



This point is illustrated at the level of h2 and L2. in the above

graph. A level of fishing effort grcatcr than this, for example

E3 would actually produce a sinailer sustainable yield of fish

• from the fishery..

A distinction must be kept in mind as to fishing mortality in a

pure biological model for a fishery, and the landing effort

function for a fishery. •Although the landings of fish (accounting

for small fi3h discarded) is a measure of the fishing mortality

introduced into the fishery system, the landings function also is

a technical relationship between inputs of fishing gear, knowledge,

and expertise for catching fish, and the output of pounds of fish.

Thus, technical catching aspects of the fishing geat, and their

method of use, are also reflected in an empirically determined

landings effort function.

One of the most important considerations in the use of fishing gear'

and its impact on the fishery is the selection of the mesh size for

the cod _end of the trawl. As the size of the mesh opening is

increased„ larger fish can escape through the mesh. so that the

•minimum age and size of fish taken in the trawl is increased.

This action of the mesh size must be considered in a couple of.

respects. On one 'hand, an increase in Mesh size will affect

recruitment. The .larger the mesh size, the larger and thus

older, fish will be before theyare actually recruited to the

fishery population (i.e., the population of fish subject to
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• fishing mortality by the fishing gem). At the same time, it is

possible that, if fishing effort is held constant and the mesh

size is increased through a range of values the actual landings

will drop, not because of a decrease in the population of fish,

Lut rather because of the limitation on catching ability posed by

the large mesh used. Therefore the landings function will be

affected by mesh size as well as the biological . interrelationships

within the fishery. If the mesh size is small very young fish

will be taken in the fishing process. If th6se fish were left in

the ecosystem for a longer pericdiof time the weight added per.

fish as they matured in age would be 'gyeater than the loss of

*weight due to natural mortality. Thus, an increase in mesh size,

(through a certain range of values) will tend to increase

-recruitment and permit a hii;hcr . level of sustainable yield. for

some levels .of fishihg effort.. However 'after a point has - been

reached, a further increase .in mesh size will result in a drop

in. the landing effortlunction due to the limited ability of the

_gear to take - fish (i.e., because the bio-mass of fish subject to

the catching character of the gear is greatly reduced). Intro-

diktion of mesh size can be illustrated graphically as follows:
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For each given mesh size, a separate landings-effort function will.

obtain. Thus, the curve labeled 1 in the above gi ph llustrates

one mesh size, whereas, the curve marked 2 represents the use

of a larger mesh size. Throughout a range of fishing effort the

larger mesh size produces .a smaller catch than the smaller mesh

size. However, after the landings function for the smaller mesh

size has reached its peak and turned downward (due to biological

factors) landings continue to increase as effort is increased with

the larger mesh size. Furthermore, the maximum sustainable yield

for tie fishery is greater with the larger mesh size. This impact

of mesh size has a limitation on sustainable yield as indicated in

landings-effort function 3. With the adoption of the mesh size

commensurate with this landings function, the sustainable yield

for the fishery is a maximum at L. An increase in mesh size

beyond this, for example, landings function 4, results in all

points on the respective landings function being lower. An

envelope curve (Le) can be fit tangent to all such landings

curves, or passed through tile maxima of all such landings curves.

In the development of biological population dynamics, such ap

envelope curve has been termed the eumetric yield curve. The

eumetric yield curve has been illustrated as becoming asymptotic

to some value on the basis that fishing mortality in the population

could not exceed some maximum value. However, where the relation-

ship reflects the combined considerations of technical interplay

between landings and effort, and landings and the biological
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relationships in a fishery, it is logical to include the possibility

of a loss in catching ability due to increase in mesh size.

The economic significance of this possibility depends on the effect of

mesh size on the average size of fish landed and the tendency of the

market to discriminate in terms of price for different size of filsh.

If the market prefers large fish to small fish, and this is reflected

in a substantial price differential the landings/effort function that

will produce the maximum sustainable physical yield, is not neces-

sarily the landings/effort function that will produce the maximum

market value of fish landed. Furthermore for relatively unexploited

fisheries, the mesh size that will maximize sustainable yield will

not necessarily represent a social optimum. This latter point can be

illustrated as follows:

S3

Ei E3

In the above situation, El of fishing effort will produce landings of

1,1, L2, or L3, respectively, for mesh sizes Sl, S2, or S3. Costs

likely will decrease somewhat as mesh size is increased. The smaller

mesh size will require higher initial cost, higher maintenance costs,

greater fuel utilization, and more culling.
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However this last item will only add to costs if the increase in

culling requires a larger crew, an unlikely situation. The -change

in cost due to mesh size will be small •in relation to the total

costs of fishing. In fact, for most fisheries no great error

would be introduced if it were assumed that costs did not change

with mesh size. On the other hand, fishing effort of E2 and E3,

respectively, would be needed to produce L1 of fish with mesh

sizes S2 or $3 Thus) with the larger mesh sizes, the total

cost of producing 1,1 quantity of fish would be substantially

greater.

The problem of mesh size is far more complicated than this simple

illustration. Obviously, as the industry approached the maximum

sustainableyield for mesh size Si, costs would be rising rapidly:

Furthermore, the maximum sustainable yield. would be less. than pos-

sible outputs of the fishery for larger mesh sizes. Thus., a

small mesh size would provide fish to society at the lowest cost

in the initial stages of development of the fishery but would be

a limiting factor on the growth of the fishery. Therefore, one

mesh size may be justified in the initial stages of development

of a fishery, and a larger mesh size would be more advantageous

. as the industry developed.

In summary, the industry faces a biological parameter of the form:

al KE - a gri2

67



Where: L = Total landings of fish by the industry
E = Total fishing effort applied to the fishery
K and g are constants ,
a and a2 are functions of mesh size and operate on K and1 g, respectively.

That is; for the industry to be ii equilibrium, the landings

achieved from the fishing effort applied by the industry must be

related by K and g as indicated above for the specific mesh size

in use. If L exceeded the sustainable yield, the fishery popuia-

tion and landings reached an equilibrium state for that level of

fishing effort. Conversely, if landings were less than the sus-

tainable. yield, the population would increase, thus increasing

catch rates until again the population and yield were in equili-

brium for the amount of fishing effort being applied.

The Economic Model

In order to evaluate the four policy alternatives proposed in

chapter II, certain market factors affecting the decisions and out-

come of the fishing firm must be added. The decision criteria and

variables involved in the individual firm will be the same for

each of the policy alternatives. Adhange from one policy alter-

native to another will, in. effect, be a change in certain

parameters affecting the specific decision of the firms and thus

the outcome of the industry. Therefore a generalized model

incorporating the variables subject to control by the firm, and

the parameters that will be altered under the various management

policies, will permit evaluation of all four policy alternatives.

The model for equilibrium of an unregulated competitive fishery
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will serve this purpose. Such a fishery is defined by the

following conditions:

. The industry is comprised of a large number of independent

firms (one firm operates a single vessel).

• The industry is open to entry of new firms.

• Capital requirements are not great so that firms are able

to enter the fishery with relative ease.

4. The fishery represents only a small part of the total

fishing activity of the region. Therefore skilled labor is

available without affecting the wage rate.

5. The species of fish involved is differentiated by con-

sumers so that a specific demand relationship exists for this

fishery.

6. The individual firm will seek to maximize profit from

his fishing activity.

Profit maximization on the part of the firm implies that the firm

seeks the output of fish which will yield the • maximum difference .

between the revenue he receives from the sale of the fish and

the cost of producing fish. This is illustrated as follows:

ph - CO

where: = Profit to the firm
P • = Price received for fish

= Quantity of fish landed by the firm
C(h) = Total cost as a function of landings
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TI is a maximum when:

o; d2
 ii

dh

dh4

2d c(h) 

dh2

Thus the firm maximizes its profit at the output where its marginal

cost equals marginal revenue (which is the. same as price in a cam-,

petitive industry) and any further increase in output will increase

costs more than revenue.

Given the competitive structure assumed for the industry, the indivi-

dual firm has control over two variables which will affect its revenue

and cost; namely, fishing effort, e; and mesh size, S. However, be-

cause of the biological parameter faced by the industry, the actual

landings of the individual firm will depend on the number of firms

in the industry as well as the firms' choice of fishing effort and

mesh size. This can be illustrated as follows:

ei av 1 • • • N)

.11
. 1 hi Nh
1 11' 1

(•

th
where: ei = Standard days of fishing effort of t1i---vessel.

hi = Total pounds of fish landed by the i---vessel.
N Number of vessels in the fishery.

At equilibrium:

c KE - a gE2
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or: allNe

aiKe

f(s)

= f(s)

h h(e,S N)

e <

S > S

2g(Ne)2
20,e2

Thus, the production function of the individual firm will be a function

of two variables dontrollable by the firm, days of fishing effort ex-

pended and mesh size selected, and a parameter beyond control of the

firm, the number of vessels in the fishery. An upper constraint -e-*,

must be placed on e, for there will be a maximum number of days of

fishing effort that a vessel can achieve within a year. Similarly,

the market will place a minimum constraint, S, on mesh size. There

will be some minimum size fish that the market will accept. There-

fore, the firm will not consider mesh size smaller than that which

will assure the taking of minimum size fish acceptable in the market.

The exvessel price for fish also is interrelated with mesh size. Large

fish sell at a premium over small fish. Inasmuch as an increase in

mesh size will tend to increase the proportion of large fish in

landings, it will also tend to increase the average exvessel price

for fish. The decision of the firm relative to mesh size now can be

analyzed in terms of the firm's profit maximization criteria:
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= P(S)xh(S) C(h,S,N)

. 0 P ah + h aP - ac 0

cr, al) o; aC < o
as Yg

Thus, the firm's decision as to mesh size will depend on the magni-

tude of the changes involved. If the relative change in price is

less than the relative change in landings (the general case), the

firm s revenue would decrease with an increase in mesh size. In

this case, the firm would increase mesh size only if the decrease

in cost were greater than the decline in revenue. However, the

decrease in cost likely would be small. Therefore, the firm

probably would adopt the minimum mesh size. Nbreover, the firm

is not likely to be cognizani of the external effects of a change

in mesh size on the biological parameter. Thus the fishery, left

entirely to market forces, would tend to come into equilibrium with

K and g as functions of the minimum mesh size. The profit maximizing

function for the individual firm then would be:

Tr. R(P,h) C(h,N)

awU o -m R P aqh,N) a o
"5-fis ah

2a Tr <0 D2C(I N) <o; true if a2C >0
2

111 ah`

The model for the entire industry now can be completed with this

knowledge of• the behavior of the individual firm established. If

the firm is going to produce where its marginal cost is equal to

price, the marginal cost function for the firm becomes the supply

response of the firm and the supply response for the industry is
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N times the respective quantities. that the individual firm will

offer (under the assumption of homogeneity of cost structure for

the firms). If the marginal cost dirv6 of the individual firm

is of the general form b2h2 bp + 130, then the individual.firm

supply curve can be expressed as b2h2 bp + 1)0 P = o, and the

supply curve for the industry would be :

b2Ls2 1)1 Ls bo = o

N

In addition to the supply relationship, given consumer tastes,

income, and prices of competing goods, there will be some demand

function Ld = D(p) for this fish. Assume this demand function to

be of the general form aiLd + P ao = o.

Given the demand and supply relationships for the fishery,

equilibrium of the industry must satisfy three identities. First,

the total revenue earned in the industry must just equal the total

cost of the industry so that firms will not enter or leave the

industry, second, the quantity supplied at equilibrium must be

equal to the quantity that buyers will purchase at the equilibrium

price; and third, the combined output of the industry must be a

sustainable yield for the resource for the amount of fishing effort.

being applied to the. fishery at equilibrium. Thus, the industry

equilibrium will be:

alLd+P ao = o

b2Ls2 - biLs - P = o

N2
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Equilibrium for the above industry can be illustrated graphically

as follows:

(P)

UNIMMINNIMMI,

Nh=L
' 
Ne

00 o 00 o

Thus, demand and supply determine the equilibrium price, Po, and

quantity Lo. The individual firm equates its marginal cost to price

at an output of 110, and the sum of the production of the individual .

firms On x 110) just equals Lo, the quantity that buyers are willing

to purchase at the equilibrium price. At output 110, the firm is just•

covering its average total cost of production per pound of fish

produced, so that it will be willing to continue in production, but at

the same time economic profits are not being earned so there will he

no incentive for additional firms to enter the industry. Furthermore,

the industry output, Lo, is the sustainable yield of the resource for

the amount of fishing effort Eo' 
being applied to the resource.
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Now suppose a shift in a parameter of the demand curve resulted in an

increase in demand for this product. The new equilibrium would be:

Po

L0 1

N h
1 1 =

N el, N1 No

L,
Lo

Eo

Thus, because of the external diseconomies arising from the common

property status of the ‘resource, the industry is a rising cost

industry. An expansion of the industry (entry of new firms)

results in a use in the costs of producing fish for the individual

vessel, and therefore, a decrease in supply (i.e., the firm will be

willing to supply the same quantity only at a higher price).

Even though the industry is an increasing cost industry (supply

tends to decrease as the 'industry expands), the total output of

the industry will tend to increase with an increase in demand up

to the maximum sustainable yield of the resource. However,

because the firm does not pay Ltn economic rent for the right to
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exploit the resource, it is possible for the exploitation of the

resource to ,be carried beyond the point. of diminishing total

:physical returns.

The ne.t result of the above condition would be less fish available,

a higher ptice for fish, and a great redundancy of economic inputs

being utilized in the fishery.

Obviously, everybody would be better off to reduce fishing effort

in this case. However, given the economic conditions in an open

entry competitive fishery, the industry itself cannot correct this

situation. Therefore, steps will have to be taken from without the

industry to limit the fishing effort.

This brings the problem back to the question of fishery management

policy. The various policy objectives outlined in chapter II can

now be viewed in terms of the implied equilibrium conditions for

the industry. The demand and supply 'behavioral relationships
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will be• the same in each dase. The difference in the respective

models will be the industry equilibrium identity added to the model.

A competitive fishery

The identifying feature of a competitive fishery model is the

requirement that TC = TR at equilibrium. Equations 1 and 2 can

be solved for P and the results substituted in equation 3 to

obtain the following results;

1. P=a -aL
o id

2
=b

o is 
b
2
L
s

N N

From the above the model can be reduced to:

3. NI 13211 bp -1- 1)0111 = aolL - a1L2

The identity equations:

4. L =L =
d s o

5. L = KE gE2

can be incorporated into equation 3' to yield the following

equation for equilibrium in a competitive fishery:

NJ b2(Ke-gNe2)2 - b1(Ke-gNe2) bodh = a0(KE-gE2) al KE-g2

The graphic illustration of the above equilibrium condition is:

Ei
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Thus under one demand condition, the fishery may. be in equilibrium•

at a level of fishing effort ho to the left of .E1, the level of

fishing effort that would produce the maximum sustainable yield

However, given a shift in demand, the industry could come into a

new equilibrium at B2, a level of fishing .effort to the rightof

maximum sustainable yield. ,A .necessary condition for the total .

revenue function to be rising as E increases up to the Maximum
,•••

sustainable yield is that the price elasticity of demand be greater

than 1 i.e. that the demand curve is relatively elastic.

Maximum Net Yield Above Cost

The objective posed by Gbrdon, and Christy and Scott can now be

depicted in the same manner. The behavioral equations in the

model will be the same as before but. the equilibrium equation for

the industry must he such as to maximize the monopoly profits from

the fishery. Therefore, equation 3 of the model now would become

3. MC = MR

and by solving equations 1 and 2 for P and substituting into

equation 3 the following results are obtained:

3' b2 L2- - bl L + bo = ao -

Again, identity equations 4 and 5 can be substituted into 3' to

form the single equation equilibrium .condition to maximize monopoly

profits as follows:

b (n_gE2 2
1 

(KE..gE2)
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Graphicallr this solution :

An 'increase in demand noiv would shift. the revenue function upward,

and therefore, at the former level of E, the slope of the cost

curve would be less than the slope of the revenue curve thus per-

mitting an expansion of the fishing effort until the slope of the

revenue curve again were equal to the slope of the cost curve. The

vertical distance between the cost function and the revenue function

would be the monopoly profits which could either be left to be

divided among the economic inputs used in the fishery or could be

taxed away. In no case would the fishery ever expand to the point

of maximum sustainable yield.

In order for the net return above cost to be a maximum, the

industry would have to be on the highest possible revenue curve,

and the lowest possible cost curve. Therefore, the management

program would have to be concerned with selecting the mesh size
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and number o - firms along with the ov
erall level of effort

allowable in the fishery to achieve t
he desired goal. A mesh

size larger than the mesh size which 
would place the industry

on the landings/effort function comm
ensurate with the maximum

sustainable yield would be adopted on
ly if the increase in price

more than offset the decrease in lan
dings for each respective

output of the industry.

Maximization of Economic Rent

The Crutchfield-ZellneT proposal to m
aximize economic rent would

require the maximization of R = PxL 
C(L). Economic rent, R,

would be a maximum :when dR = o, or, 
when P dC = 0.

at at

Thus, equation e would become:

3. P dC = o
at

and substituting from equations 1 an
d 2

3). a
o 
-a1

L=b2
L2
 -b1

L+bo

and substituting from equations 4 an
d 5

acy - al (KE-gE2) = b2 (KB-gE)2 b
1
 (KB-gE

2 ) +

Graphically the equilibrium is:

111.1111111011.411110100101111.1.
e...MWM.1.0006
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Again, to assure that economic rent from the resource was a maximum,

mesh size and the number of vessels. would have to be determined as a

part of the management program to assure that the industry was on

the highest revenue function, and lowest cost function.

. The Turvey Solution

:Turvey proposed that a quantity, G, be maximized for a fishe

where G = (TR + S) (TC.- R).

TR = Total Revenue from fisb.. produced -

S .= Consumer Surplus

TC = Total Cost of producing the fish

R = intramarginal Rents
:For simplification it will ho. assumed that the labor supply is

- homogeneous in its skills and willingness to go to sea.. Therefore,

no fishermen are earning a quasi-rent so that intramarginal rent is

zero. The Turvey maximum therefore would be:

G = fL a -a. L Njhb 112 b h + boo 1 2 o

dG.= o = a a l. = dC 
aT

The biological parameter, L.= ICE-gE2 can then be used to replace L

in the identity equation to reduce the Turvey equilibrium to one

equation in terms of fishing effort. The graphical illustration of

this equilibrium is:'
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If no mtramarginal rents were accruing to capital and labor,

. the only source of rent would beJhe economic rent implicit in.

the natural resource. .Thereforc the Turvey proposal would

justify increased fishing effort as long as consumer surplus

increased by an amount greater than the decrease in economic

rent resulting from the increased effort.

1. Milner B. Schaefer, "Soine Considerations of Population
Dynamics and Economics in Relation to the Management of the
Commercial Marine Fisheries," J. Fish. Res. Bd., Canada
141(5) 1957, p. 673.
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CHAPTER IV

THE GEORGF:S BANK HADDOCK FISHERY

Georges bank is a plateau rising from the ocean fl
oor to produce

an arca of relatively shallow water - 2 to 50 fathoms 
in depth.

This plateau lies to the east of Nantucket and Cape 
Cod, falling

between 40 degrees and 42 degrees.npfth latitude an
d 66 degrees

and 69 degrees west longitude. The Bank is oblong in shape

angling from southwest to northeast. Although the Bank extends

about 150 miles from southwest to northeast, and 98
 miles from

south to north, the total area of the fishing bank
 is only approxi-

mately 8,000 square miles.

The bottom is sand intermingled with patches of 
gravel and rock.

Various shoal areas are found on the Bank where w
ater depths are

reduced to,2 to 15 fathoms. The gulf stream, passing to the cast

of Georges Bank, produces a rapid tide across the
 Bank. However,

because of the shoal areas, the tide is not a smoo
th flow but

rather a series of swirls, eddies, and rapid cur
rents.

The fisheries of the Northwest Atlantic Ocean have
 a commercial

history extending back to pre-colonial days. Growing recognition

of the combined problems of reduced abundance and
 potential

depletion of the fishery resources of the Nort
hwest Atlantic led
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to the convening of a conference of 11 nations (Canada, Denmark,

France, Iceland, Italy, Newfoundland, Norway, Portugal, Spain,

United Kingdom and the United States) fishing the Northwest

Atlantic in Washington, D.C., in January 1949. The representatives

of these governments drafted the text for an International Commission

of the Northwest Atlantic Fisheries (ICNA11).. The Commission entered

into force July 3, 1950, with the deposit of documents of ratifica-

iion by Canada, including Newfoundland Iceland, the United Kingdom,

and the United States. By 1967, membership in ICNAF had expanded

to 14 nations composed of Canada Denmark France,

of Germany, Iceland, Italy, Norway

Federal Republic

Poland, Portugal, Romania,

Spain, Union ofSoviet Socialist Republic United Kingdom and the

United States of America.

The objective of ICNAF is stated in the introduction of the

Convention as follows:

"The Governments whose duly authorized representatives have
subscribed hereto, sharing a substantial interest in the con-
servation of the fishery resources of the Northwest Atlantic
Ocean, have resolved to conclude a convention for the
investigation, protection and conservation of the fisheries
of the Northwest Atlantic Ocean, in order to make possible
the maintenance of a maximum sustained catch from thbse
fisheries ..."1

. The Convention arca is defined in Article I of the Convention:

The area to which this Convention applies; hereinafter
referred to as "the Convention Area," shall he all waters,
except territorial waters, bounded by a line beginning at a
point on the coast of Rhode Island in 71°40' west longitude;
thence due south to 39°00' north latitude; thence due east
to 42°00' west longitude, thence due north to 59°00' latitude;
thence di.18 west to 44°00' west longitude, thence due north to
the coast of Greenland; thence along the west coast of Greenland
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to 7810' north latitude.; thence southward to a point in 75°00'
north latitude and 73°30' \cost longitude; thence along a rhumb
line to a point in 69°00' north latitude and 59°00' west longi-
tude; thence due south to 61000' north latitude; thence due west
to 64°30' west longitude, thence due south to the coast of
Labrador; thence in a southerly direction along the coast of
Labrador to the southern direction along the coast of Labrador
to the southern terminus of. its boundary with Quebec, thence
in a westetly direction along the coast of Quebec, and in an
easterly and southerly direction along the coast of New
Brunswick, Nova Scotia, and Cape Breton Island to Cabot
Strait*, thence along the coasts of Cape Breton Island, Nova
Scotia, New Brunswick, Maine, New Hampshire, Massachusetts, and
Rhode Island to the point of beginning "2

The Northwest Atlantic includes a wide range of fishing grounds and

species of commercially valuable fish. To facilitate studies and

discussion of problems of the individual fisheries, the Convention

area was divided into five sub-areas and smaller divisions within

each sub-area. Division 5Z of sub-area 5 is comprised of Georges

Bank (figure 1).

The combination of temperature depth of water, and nature of bottom

result in Georges Bank being one of the most productive fishery areas

of the Northwest Atlantic and pL:rhaps the world. In 1966 741,766

metric tons of fish and shellfish were taken from Division 5Z (Georges

Bank) of the ICNAF Convention area. Thi,s represents 23 percent of the

total catch for the entire Convention area in that year.

Haddock. (melanogrammus aeglefinus) is a member of the Gadidae family

of fishes. Other commercial species of this family are cod, pollock,

and cusk. The haddock is not a large fish on the average. The bulk of

commercial landings of haddock range between 14 and 23 inches in length

and 1-1/8 to 4-3/4 pounds in weight.

85





The haddock as a bottom-living-and-feeding fish profering water

depths of 25-75 fathoms and a temperature range of 35 degrees. to

52 degrees Fahrenheit. They tend to inhabit gravel, pebbly, clay

or sandy bottoms, and feed on a wide range of invertebrates that

live on these bottoms.

Haddock mature sexually at a weight of 2-3 pounds or at an age o

3-4 years. The females of the species are quite prolific, pro-

ducing as many as 169,000 eggs in their first year of spawning

and. over 1-1/2 million eggs .when they are 7-8 years of age, The

main spawning .season is from late 17ebruary to May. The eggs are

spawned on the bottom but are buoyant and rise to the surface

after spawning. The incubation period of the egg tends to vary

with water temperature and may be. as shott as. 13 days with

temperature in the vicinity of 41 degrees, or 15 days or more .for

temperatures of 37 degrees or colder. . After hatching, the young

persist as pelagic .creatures for a period of. approximately 3.

- months during which time they complete a larval stageand mature

into young fish. During the pelagic stage, the eggs and larvae

are at the .mercy of the currents and a substantial. number may

. drift but of the area.

When the young fry reach a size of 3-4 inches, they settle to the

bottom and complete their life cycle in their preferred habitat of

25-75 fathoms of water. Therefore due to the fact the Georges

Bank is bordered on the west by shallow water, and on the south,

east, and north by deep water, the haddock population is a good
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example of a closed fishery, i.e., the bottom-dwelling population

neither gains nor loses members by migration.

Between the age 2-3, the young haddock reach .a size of 13-14 inches

in length and 1-1/4 - 1-1/2 pounds in weight. At this size, the

fish are subject to capture by the 4-1/2 inch mesh used in the com-

mercial trawl fishery. Therefore the haddock are considered to be

recruited to the population at 2+ years of age. The oldest haddock

caught of record was 14 years of age. However, only about 15 percent

of the commercial catch on the average is comprised of fish 7 years

old or older. Therefore, for practical purposes, the fishery

population is comprised of 6 age groups, 2+ years of age through 7+,

with the 2+ and 3+ age groups accounting for approximately SO percent

of the commercial catch in recent years.

Temperature, bottom conditions, water depths, and food supply on

Georges Bank are particularly favoicable for haddock and result in..

this area being the most productive haddock fishery in the world.

Georges Bank generally has accounted for 25 to 30 percent of the

entire catch of haddock for the ICNAF Convention area, and from

65 to 80 percent of the entire United States catch of haddock

(table 1). Haddock generally average higher in price than most

*species of fish taken in the Northwest Atlantic so that if a

comparison could be made of the ICNAF production on a value basis,

the Georges Bank haddock fishery would appear even more important

in the total Northwest Atlantic fishery picture.
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Table 1. Contribution of Georges Bank to the Haddock Catch of the Convention Area arid theUnited States, 19554966

Haddock Catch in. Convention Area 
Total On Georges Bank
Convention Georges As Percentage

Year Area Bank Of Total

Total
U.S.
Landings

fladdock Catch for U.S. 
From Georges Bank
Georges Bank Percentage Of
Total U.S.

1955 198
1956 194
1957 171
1958 138
1959 129
1960 159
1961 179
1962 138
1963 136
1964 142
1965 . 249

43•
51
49
37
36
41
46
54
55
64
150

22
26
29
27
28
26
26
39
44
45
60

(000 Metric Tom)
64
73
64
57
51
54
61
61
56
60
61

43
51
49
37
36
41
46
49
44
47
53

67
70
77
65
71
76
75
80
79
78
87

Source: ICNAF Statistical Bulletin, Vols. 545, Dartmouth, Nova Scotia, Canada.
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The Georges Bank haddock 'fishery was exclusively a United States

fishery Until 1962. Since 1962, increasing amounts of haddock have

been taken by Canada and Russia. In the case of Canada, the haddock

.taken from this area represent fishing trips made to Georges

PTimarily for haddock fishing. In the case of Russia the catch

-during 1962-64 was largely in the form of incidental catch while

fishing for other species. Russian vessels fished Georges Bank

for thefirst tima in 1961. 'In that year, they reported taking

a total of 68,521 metric tons of fish from sub-area SZ of which

67,550 metric tons were herring and only 55 tons wore haddock.

In 1962 the Russian fleet reported a catch of 209,370 metric

tons on Georges of which 151,144 metric tons wore herring and

1,134 metric tons wore haddock.

The catch for 1965 and 1966 represents a significant change in

Russian fishing. The hatch of haddock eggs and retention of fry

on Georges Bank were unusually high in 1963. As a result,

recruitment in 1965 was of record proportions. The entrance of

this enormous year class into the fishery in 1965 resulted in

greatly improved catch rates on the part of all vessels in the

fishery in both 1965 and 1966.. The Russian fleet was aware of

the large year class entering the fishery in 1965 and took

advantage of this abundance to fish specifically for haddock.

Thus in 1965 and 1966 the Russian fleet landed 82,000 and 48,000

metric tons of haddock respectively. Since 1965, all year classes

recruited to the fishery have been average or below. Therefore,

due to the fact that the enormous abundance of the 1965
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recruitment was harvested in 1965
 and 1966, the catch rate, as

well as total catch have fallen sha
rply since 1966.

Data on total landings of haddoc
k from sub-area 5 date back to 187

3.

However, measurement of effort an
d catch per unit of effort based

 on

observations of a sample study 
fleet were not started until 193

2..

Prior to 1925 the fishery was being fished at
 a low level of

effort and the standing stock co
uld almost be considered a virgi

n

stock of fish. From 1925 on, fishing effort i
ncreased rapidly.

The 3-year period 1929-31, wa a particularly he
avy period of

fishing. Based on the number of vessel
 trips to Georges Bank

during this period, it is estima
ted that fishing effort may hav

e

averaged over 13,000 days per y
ear, during these 3 years. This

fishing effort reduced the stan
ding stock and catch rates fell

sharply. Following the peak 7.i.vel of ef
fort in 1930, fishing

effort declined steadily to a lo
w of 4,800 standard days in 193

4.

The level of fishing activity the
n increased and stabilized b

etween

7,000 and 8,000 days through th
e 1937-41 period.

Limitations an manpower, mat
erials and funds resulted in a decline

of fishing activity again durin
g World War II Fishing effort an

Georges Bank averaged only 5,3
00 days per year during the fou

r war

years compared with an averag
e of 7,700 days for the previous.

years. Following the cessation of h
ostilities, fishing effort

r.

surged to a peak of 8,200 days 
in 1947 and then dropped back 

and
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stabilized at a level of about 6,000 days for the period 1950-56.

Fishing effort then increased again and reached a peak of 9,400

standard days in 1959, the highest level of fishing effort since

accurate records were started for the study fleet in 1932.

Fishing activity had appeared to stabilize around 8,000 days of

cifort during the turn of the decade. However, improved catch

rates and prices resulted in a further increase in domestic fishing

.in 1963 and 1964. The total level of fishing effort also increased

as a result of Canadian and Russian catches during the 1962-64

period. The various periods of fishing effort, catch per unit of

effort, and total harvest are summarized in table 2.

Table 2. Fishing Effort, Catch Per Unit of Effort, and Total Catch
of Haddock on Georges Bank for Selected Periods, 1934-1964

Time Period

1934-36
1937-41
1942-45
1946-49

.1950-56
1957-62
1963-64

• Average Days of
Effort x 10-3

5.8
7.7
5.3
7.6
6.0
8.1

• 12.3

Catch Per Day of Total
Effort x 10-d Catch x 10-6

12.0
12.3
17.5
12.6
13.8
10.4
9.4

71.0
101.3
92.8
96.1
83.9
83.5
114.9

Source:Bureau of Commercial Fisheries, Biological Laboratory, Woods
Hole, Massachusetts

The catch per day of fishing effort is subject to substantial

fluctuations due to annual variation of recruitment. Furthermore,

the recruitment may, by chance, happen to coincide with a change

in fishing effort, i.e., a larger year class may be recruited to

the fishery in the year that fishing effort increased. Thus, the
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full impact of fishing effort on catch rates does not show up in

the data. Novertheless, the averages for catch rate and days of

fishing effort in the above table do show an inverse relationship

between the level of fishing effort and catch rate.

Two factors can be cited as having some impact on catch rates during

the 1950's. First, one of the initial projects taken into consider-

ation by the newly-formed ICNAF was the subject of a minimum mesh

size for trawl gear used for haddock- The normal industry practice

was to use trawls with a mesh opening of 2-7/8 inches in the cod

end. This mesh size resulted in the taking of a large number of

fish too small for market acceptance. These small fish were culled

out of the catch and discarded overboard. However, this resulted

in the destruction of these fish and thus had an impact on re-

cruitment to the fishery.

Based on biological studies of growth rates and the effect of mesh

size on escapement a minimum mesh size of 4-1/2 inches was proposed

for haddock fishing in sub-area 5. This proposal was approved by

Canada and the United States (the only two countries affected) in

February 1953 and was put into effect on June 13, 1953. This .

increase in mesh size tended to decrease the loss of young fish

and should have had a positive impact on recruitment from 1953 on.

A second factor that is significant in the post World War II

fishing effort is the wide scale adoption and use of echo sounders

as fish locating devices. Echo sounders were introduced into the

New England fisheries in the early 1.950 's and had come into general
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use by the end of the decade. Although no objective measurement

has been made of the effect of echo sounders on the fishing effi-

ciency of New England vessels the fact that the echo sounder is

now standard equipment on all groundfish trawlers indicates that

industry considers the cost justifiable. It would seem logical

that with echo sounders the vessel would be able to increase the

proportion of standard days fished per trip at sea and perhaps

increase the catch per day.

The measurement of catch per, unit of effort for the sample study

flecit has enabled fishery biologists to draw tentative conclusions

about the population dynamics of the Georges Bank haddock population.

The relationship between catch per standard day of fishing effort

(24 hours of actual trawling) and the total number of standard

days of fishing effort is ,illustrated in figure 2. The catch per

day of effort is plotted against the terminal year of a 3-year

moving average for total fishing effort. The use of a 3-year

moving average introduces an adjustment for the impact of previous

years' fishing effort on the standing stock.

The equation for the least squares regression line is:

(1) L = 22.6 - 1.357 E
• 1000

1000

1Vhei I = Annual landings of haddock from Georges Bank
E = Standard days of -fishing effort

The coefficient of correlation was .618. With 2i) degrees of

freedom; a value of .456 is significant at the 1 percent level..
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If the equation (1) 's multiplied through successively by 1,000 and'

by E, the following equation is derived:

(2) L 22,600E - 1.357E2

This equation would represent an estimate of the equilibrium

yield/effort relationship for the Georges Bank haddock resource see

line A in figure 2).

Additional considerations indicate that the true catch/effort

relationship may have a somewhat steeper slope and peak sooner and

at a slightly higher point than the equation derived empirically.

The empirical observations of catch per unit of effort are like
ly

biased on the high side for increases in fishing effort and on t
he

low side for decreases in fishing effort. In the case of a decrease

in fishing effort, the catch rate would reflect a smaller sta
nding

stock than would be true at equilibrium for the lower catch rate.

The reverse would be true in cases of increases in fishing effo
ri.

Thus it would be reasonable to shift the catch/effort relation-

ship to the left and increase the slope slightly. Based on

estimates of total mortality derived from age classification 
of

the catch the Beverton-Holt yield-per-recruit model turns out a . "

catch/effort 'relationship as follows:

(3) L= 28,340 - 2.0243E
2

(4) = 28,340 - 4.0486E

Solving for E in equation (4) the maximum sustainable yield
 would

occur at about 7,000 days of fishing effort. Substituting this

value into equation (3) yields an estimate of 99,190,000 
pounds of
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haddock for the maximum sustainable yield. In view of the stronger

supporting biological .evidence for the last equation, it is used as

the best estimate of the yield/effort relationship for the Georges

Bank haddock population see line -B in figure 2).
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Figure 2. Relationship Between Catch Per Day of Effort and Total Effort

Georges Bank is fished by vessels operating out of ports from

Rockland Maine, to Newport, Rhode island. However, the bun of

the haddock is ]anded at Boston, Massachusetts. -A tabulation of

16,622 vessel trips to Georges Bank by 480 vessels accounting for
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96 percent of the haddock caught by the United States on the Bank
 in

1964 showed that 68.9 percent of haddock produced from the Ba
nk was

landed at Boston. Gloucester and New Bedford, Massachusetts were

the next two.mostl.mportant ports in terms of a market for haddock

from Georges. These three ports accounted for 97.7 percent of the

86.1 million pounds of haddock landed by these 480 vessels see

table 3).

Table 3. Landings of Haddock Caught on Georges Bank by Port for 1964

Port Haddock Landings Percentage of Total

Boston, Mass...
Gloucester, Mass.
New Bedford, Mass.
Chatham, Mass.
Provincetown, Mass.
Other Ports

Total

59,300,038
14,482,359
10,323,842

978,738
737,875
.287,166

86,110,018

68.9
16.8
12.0
1.1
.9
.3

100

Source: Bureau o Commercial Fis eries, I 'vision o Data ollection,

Washington, D.C.

The landings by port do not tell the full story of the 
importance of

Boston as the center of the fishing activity for the Ge
orges Bank had-

dock resource. Although 480 vessels were involved in the 16,622 v
essel

trips to Georges Bank, a significant amount of haddock 
landings from

Georges is in the form of incidental catch while fishin
g for other

species. The criterion for designating vessels as primarily 
haddock

vessels was that their catch had to be composed of at l
east 50 percent

haddock. Based on this criterion, 70.9 million pounds of h
addock--82.3

percent of the landings--were landed by 93 vessels (see 
table 4). The

bulk of these landings was made by medium and large sid
e-trawlers

fishing out of Boston.
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Table 4. Landings of Haddock from Georges Bank by Vessel Size for 1964

Vessel Size
(Full time
haddock vessels)

Number
of
Vessels

PouaUTEIT
Haddock
Landed

Percentage
of
Total

us of
Other Species
Landed

50 tons and under 5 530,545
50-150 tons V 52 33,972,486
150 tons and over 

• 

36 36,382,362

Sub-total 93 70,885 383

Incidental Catch of Other Vessels

50 tons and under .
50-150 VtOflS
150 tons and over

Sub-total

Total

.6
39.4
42.3

82.3

75,412
14,409,879
14,564,837

29,050,128

190 2,915,624 3.4 89,884,135
183 11,360,362 13.2 112,827,424
14 948,639 1.1 2,696,213

385 15,224,625 17.7 205,407,772

480 86,110,018 100 V 234,457,900 

Source: Bureau of Commercial. Fisheries Division of Data Collection,
Washington, D.C.

Of the 93 vessels whose landings contained 50 percent or more of 'Ia.&

dock, 61 vessels landed their catches primarily at Boston (table 5).

These 61 vessels accounted for 56.7 million pounds of haddock in 1964 -

95.6 percent of total landings at Boston and 71.3 percent of total

landings from Georges Bank.

Table 5. Landings of Haddock from Georges at Boston by Full-time
Haddock Vessels in 1964

•

Vessel Size No. of Vessels Pounds of Hadcrocic Landed

SO tons and under
50-150 tons
150 tons and over

32
24

Total 61

Source: Bureau of Commercial
Washington, D.C.

Large trawlers accounted for 56.8 percent of the landings at Boston of

the vessels primarily engaged in haddock fishing. However, the trip

duration for most of the medium trawlers varied from 1 to 5 days.

Therefore these vessels were fishing the channel and western

530 545
23,937,670
32,215,950

56,6841145 

Fisheries, Division of Data Collection,
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edge of the Bank: Consequently, the major fishing effort of the

ce,ntral and eastern portions of the Bank had to be carried out b

the large trawlers whose trips averaged about 10 days.

The commercial fishing indUstry, is 'somewhat unique among United.

States industry .in that labor is not paid a predetermined wage hut

rather- the value of the catch is split among the vessel -owner and

crew as per an agreed upon "lay system."

The "lay system' arid earnings for averagecrewman and average vessel

of the study fleet in 1964 are presented in table 6. Certain costs

are paid out of the, Crew share and the net is then divided by• -the:

rnuntciof men in the Crew .to detetmine the share per man The pre's7.-

ent agreeMent between vessel operators and fi.5heinen specifies that

the minimum payment will be $12 per day for deCkhan4 and .$13 per

day for the 'other crewm6n .(i.e., cook, 2ncl. engineer mate, 1st en-

gineer, and captain). Therefore, •a 10-day trip for a 17-man Vessel

would have to yield a minimum net crew share of $2,090 ($13x1.0x5+

$12x10x12=$2,090) If the net crew share is Tess than this amount,

the trip is-_termed a "bi oker. trip" and the vessel operator must make

Up the. difference between the actual net crew share and the minimum

guarantee. Some vessels are so well managed that they have no broker

trips within a year.. However, for 1964, the average annual "broker

payment" for the 13 vessels in the sample fleet was $3,690 per vessel.

As indicated in the discussion of the population dynamics of the

Georges Bank haddock resource, a study fleet iS used to gather the
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•

Table 6. 'Average Costs and Earnings of Study Fleet Vessels in the
Geoi.ges Bank Haddpck Fishery in 1968

• 
•.•••••••••••='••••••••••••••“•••••••••....••••....-....•••••••••••••••

Item Amount

Gross
Less: Marfage- ,224 .

-Scale fee 233
Exchange f6c 2,347
Welfare fund 2,347
1st engineer bonus 644

-1‘bte bonus 515
2d engineer bonus 387
Echo sounder 627
Watching 742
Radar -
Ice 1,870
Lumpers 450

Net Stock.

Crew Share (GO percent)
Less: Fuel and oil 21,453

ice 3,794
Icing : 824
Groceries V V 14,166
Cook bonus 387
Water 206
Lumpers 2,109
Miscellaneous 84

Total.

$234,677

12,663
222,014
133,208

Total 43,024
Net Crew V . V V 

V V 90,184
+Broker Payments 3,690

Total Crew Earnings 93,874
Share Per Man 5,904

Vessel Share (40 percent) 88,805
Less: 10 percenL captain bonus 8,881

Broker payments V 3,690
Gear 15,000..
Insurance,repair maintenance 32,000
Payroll taxes V 3,665
Office expenses 10,000

Total 77,236

Net for Interest, Depreciation, Management, and Risk 11,570

Source: Unpublished data from Atla --Elc -N:khcil's Union and vessel
records at Boston, Massachusetts.
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• data oh catch per standard day of effort. The study fleet in 1964

included 13 vessels. The composite and average characteristics of

the study fleet are given in table 7.

Table 7. Composite and Average Characteristics of 13 Vessels in

Georges Bank Snudy Fleet in 1964

Item
Total for Average per.
Study Fleet Vessel

Vessel Characteristic
Age 332 26

• Length (ft) 1,439 111

Gross registered tonnage 2,996 230

Horsepower 7,030 541

Crew size 207 15.9

Fishing Characteristics
No. of trips 335 •25.8

No of days at sea . 3,510 270

Standard days of fishing effort 2,297 176.7

Total catch (lbs. 31 824,000 2 448 000

Source: Atlantic Fis ermen's Union, Boston, Mass.

Thus from the average characteristics of the study fleet it can be

seen that the fleet is largely comprised of older boats. However,

age of the vessel is not the sole determinant of fishing success
 if

the vessel has been kept in good repair. Some of the older vessels

in the study fleet are "highliners" in the fishery. The average

success of the study fleet compares quite closely with the a
verage

of all vessels.

A gross return of $11,570 might be considered alright by a vessel

owner if the vessel were completely depreciated out and if the 
owner

has no indebtedness on which he was paying interest and principa
l.

However, if the vessel owner had just gone into debt $70,00
0 for a

new engine and had to pay 6 percent interest plus 1/10 of the
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principal each year on this debt, he would l have nothing left for

management and risk until after after most of the loan had been

repaid.

The return to management posed here certainly would not be attractive

from the viewpoint of reinvesting in this industry. If a new vessel

cost of $500,000 in 1964, and 40 percent of the vessel cost would he

paid for under the vessel construction subsidy bill, the owner would

have to consider investing $300,000 of his own money in this vessel.

in this case, he should charge interest and depreciation against the

vessel construction.

At 6 percent interest and 20 years for depreciating, the hull, his

annual interest and depreciation charge would he $36,000. Therefore,

if he could not expect to gross more than $11,570 per year the

venture obviously wou]d he a losing proposition. Therefore, for the

average vessel in 1964, the Georges Bank fishery could not he con-

sidered a particularly lucrative venture.

The financial conditions of the industry are equally as dis-

couraging when considered from. the viewpoint of the average

fisherman. The average annual share per man of $5,904 cannot he

considered a good wage for a full time occupation and particularly

so considering the number off hours on duty and the hazardous

conditions necessary to earn this annual income. The share .of

$5,904 was based on a vessel spending 270 days at sea a year.

The Cl euman stands a 12-hour watch each day at sea. Therefore,

if a fisherman made all trips, which would be necessary to earn

•••
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the full $5 904, ho would be standing watch, i.e. on duty work

3,240 hoursa year. On this basis, his earning per hour would he

$1.82 if he were not allowed overtime pay for time on dut
y beyond

40 hours poi.. week. If, however, he were to bo paid On the basis

of straight time for 40 hours, and timo and one-half for ov
er 40

hours, his base hourly wage would be only $1.55 per hour. 
This

hourly rate cannot be viewed as attractive when compared 
to hour

. •

rates in alternative occupations in the Boston area (table
 8).

Table 8. Average Hourly. Earnings for Production Workers in

Selected Occupations in Boston, 1964

industry  • 

Durable goods manulacturing

Primary metal industries
Textile mill products.
Food and kindred products
Carpenters, maintenance
Electricians, maintenance
Engineers, stationary
Firemen, stationary or boiler

Hclprs; maintenance trades

.Mechanics, maintenance
Oilers •
Painters, maintenance
Pipefitter, maintenance
Tool and dicmakers'
Janitors, porters, and cleaners

Laborers, material handling
Packers, shipping
Shipping and receiving clerks

• Truck drivers
Elevator operators- •
Guards and watchmen

Average  hourly rate 

$2.68
2.64
2.05
2.40
3.13
3.24
3.06
2.66
2.62
2.97
2.48
2.88
3.19
3.40
1.86
2.25
2.32
2.50
2.91
1.55
1.74

Source: Virgil J. Norton and Morton M. Miller, An Econom
ic_Stu4y of

the Boston _Large-TrawlerLa.bor _Force., U.S. Department Of the

Interior, Bureau of Ccmimerei al Fisheries, Circular 248, Ma
y '1966,

p. 15.
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The unattractive level of earnings to labor in this industry is

substantiated by the age characteristics of the fishing labor

force: In the same publication cited in the above table, Norton

and Miller reported that 62 percent of the labor force making

trips on trawlers out of Boston were SS•years of age or older

and only 12 percent were under 35. Therefore, this industry has

not been able to attract young. workers at any appreciable rate

during the past decade. These statistics imply a trapped,

relatively immobile labor force.

1. International Commission for the Northwest Atlantic Fisheries,
Report No. 1, U.S. Department of State, 1951, p. 13. .

2. BID, pp. 13-14.
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GLITTER

OUTCOME OF MAIRNATIVE MANAGEMENT OBJECHVES

ON THE

GEORGES BANK IIADDOCK FISHERY

The purpose. here is to illustrate the level. of fishing effort on..

the Georges -Bank lia.dclock . fishery .necessary to achieve each of the

policy .alternati.ves- out in Chapter III and to demonstrate

the returns to capital and labor in cach case. This means that

•solutions must be found for the level of fishing effort. volume.

of fish, and p1 ice for fish given the biological and economic'

parameters for .the resource and industry. Ideally, the Para-

meters should be estimated simultaneously from a .common set- of

empirical data. Unfortunately, this cannot be done for the

Georges Bank fishery.

The biological parameters • are based on study fleet data from 1933.

through 1964. However, cost data on the vessels are available

only since 1960. The observations for 1965 and 1.966 have been

eliminated because of the obvious departure from normal conditions

due to the entrance of an ellormous. year class in 1965 and the

simultaneous entrance of Russian vessels on a large scale in
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the haddock fishery. If. a simultaneous equation model were fit to

.the comthon costs and -rpturn's and 0,tdi per day of effort

of the study fleet. for 1960-64 the obserVations would - apply. o.y to

- -a, small arcof the overall yield/effort fUnctio
ri. Furthermore, the

observations would encompass a .period of time during whith'
fish - harm

Vest wa's not only beyond the maximim. sustainabl
e yield but fishing

effort was intreasing. Thus, the data. would not give reliable

estimates of all the parameters in the bioecono
mic model.

In view of these data problerds, a static model a
ssuming complete

certainty is employed. The biological data developed by the Woods

Hole Biological Laboratory and discussed in the
 previous chapter are

used as the basis for the biological parameters
. A study by Farrell

and Lampe on the demand for haddock was used as a
 basis for the price

elasticity for haddock. Vessel performance and cost data for a selec-

ted sample of six Boston offshore trawlers were 
used as the basis for

determining the cost of fishing. Inasmuch as the purpose of this

analysis is to compare the outcome of alternati
ve equilibrium

positions and not to study the dynamics of the i
ndustry, the model

used here is applicable.

The Biological and Economic Parameters 

As developed in the preceding chapter, the e
quilibrium landings/

effort function and the catch per day of effor
t are:

(1) L = 28, 340 E 2.024 E2

(2) WE 28,340 - 2.024 E
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Thus at long- run equi 1 ibrium the caithi nod catch of all of the

V( ssel s in the fishery • must coinc ide: with the corresponding

yield v al Lie for that level of el (Tort a s • per equation• .(1)

Farrell and Lampe estimated the elasticity of demand for haddock

at the vessel level to he 2.22.1 This .estimate was based on

monthly data for the period 19544962 using a limited information

maximum likelihood simultaneous equation model in logs. Therefore,

they had a constant elasticity throughout the demand curve.

For 1964, haddock landings frOm all grounds totaled 133,498 000

pounds and the cxvosse] price for haddock averaged 10.4 cents a

pound at Boston. . However, the landings and moasure.of price

elasticity are based on round weight of haddock, whereas the ex-

vessel price is for dresed weight. The conversion factor from

dressed weight to round weight is 1.14. Therefore a price of

10.4 cents a pound dressed weight would he equivalent to a 9.1

cents per pound price for round weight fish. A straight lino

demand curve with an arc price elasticity of 2.22 over the range

of landings from 100 to 133.5 million pounds, was passed through

the point representing landings and price for 1964, adjusted to

round weight basis. The equation for this demand cui've is:

P + 4.18 14.7 = 0

10

One adjustment must be made to this demand curve in Order to make

it app] icable to the Georges Bank model. The above equation

represents the demand for to Lai landings of haddock in Now England.
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however, • Georges 1>an1 only provides about 77 percent of total Naw

England haddo4 pi-oduction. Production of haddock from other

'fishing grounds.averaged 28.7 million pounds during the 1960-64

5-year. period. Production from these fishing banks tends to remain

relatively constant and exhibits no significant correlation with

pi-oduction from Georges Bank. The demand curve can be adjusted by

setting the point of origin at 28.7 million pounds and thus using

a dmand equation as follows:

(3) P+4181135=0
108

Vessel Costs

As indicated earlier, the bulk of Georges Bank haddock is harvested

by medhun and large trawlers fishing out of Boston, with the large

trawlers.accounting for the largest proportion of the landings.

Cost data for the medium' trawlers were quite limited hut rather com-

plete cost and data are available for the large trawlers.

Although the study fleet used for measuring catch per unit of effort

is comprised of 13 vessels; a sub-sample of the 6 most efficiently

operated vessels is used for the determination of costs of fishing:

The justification for using a sample of only 6 vessels i that if

a fishery management program is going to achieve some economic ob-

jective involving efficient use of resources, then such a management

program should provide fOr the fishing effort to be -applied by the

most efficiently managed vessels over time. Therefore, the cost and

effoft observations for the 6 most efficient vessels are more meaning-

ful than the data for the entire study fleet of. 13 vessels.
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'able ). Composite and Average Characteristics of the Six Vessels

Used for Determination of Cost of Fishing Georges Bank

in 1964

Item Total Per Vesse

Vessel Characteristics
Age 112 18.9

Length 714 119

Gross Registered Tonnage 1548 258

Horsepower 4120 686.7

Crew Size 102 17

Fishing Characteristics
No. of Trips 181 30

No. of Days at Sea 1868 311

Standard DAys of Fishing Effort 1212 202

Total Catch 20,560,000 3,426,667

Source: Atlantic Fishermen s Union, Boston, Massachusetts

The "lay system" for these six vessels is the same as described in

the preceding chapter. The lay system represents somewhat of an

economic irrationality. The vessel owner decides whether or not the

vessel goes to sea. However, the bulk of the variable costs of

fishing do not enter into his decision.

The vessel owner's decision would be made as follows:

Vessel Gross (40 percent of net stock)

Less out-of-pocket costs
Bonus to captain (10 percent of vessel share)

Payroll taxes
Maintenance and repair of vessel and gear

Insurance (hull. and KO .
Broker payments
Office and accounting expenses

Interest on indebtedness and debt retirement

Sub-total
Net for fixed cost and management

Less depreciation and interest on equity

Net for management.and risk (before corporate income tax).
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Within this framework, the bulk of labor costs and most other

variable costs of fishing would not enter into the entrepreneurial

decision of whether a vessel was going to contribute to the total

amount of fishing effort in the haddock fishery. For the purpose

of analyzing national policy for management of a fishery, all costs

attendant to applying fishing pressure to the resource should enter

into the fishery management program. Thus, for the purpose of this

analysis a hypothetical example is developed in which the vessel

owner is made completely responsible for all costs as is the case in

.most industries. Labor is charged to the vessel on the basis of a

wage rate that will yield an annual income to the deckhand equal to

the average earings of $8,240 earned on the six sample vessels in

1964. The standard bonuses for officers were converted into wage

rate differentials for each respective position. The wage rate for

the captain will produce an annual income equal to the average

captain's earnings in 1964 including the 10 percent bonus to the

captain out of the vessel owner's share. Because the standard

watch on a fishing vessel is 12 hours, 311 days at sea represents.

3,732 hours of paid time per year. The variable cost per day of

effort and annual fixed cost for this simulated fishing firm is given

in table 2.
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Table 2 Fishing Performance and Costs for 12 Months' Operation of
Hypothetical Firm Fishing Georges Bank Haddock Fishery

Item Rate 
'Vessek_pperation

No. of-fi'W 30
Days at sea - 311
Standard days of fiAling. effort 202

Cost of Fishinz
Trip expenses per day of fishing effort

Wharfage 8.50
Scale fee .1.34
Exchange fee 16.74
Echo sounder 3.45
Radar 7.43
Ice 35.94
Icing up 4.75.
Fuel and oil 135.00
Groceries 89.95
Water 1.20
Miscellaneous .75
Gear expenses .74.25
'Repair and maintenance • 84.15

Sub-total $ 463.45 -

Labor .costs
Captain @ $5.70 per hr 105.00
1st engineer @ $2.45 per hr 45.20
Mate @ $2.37 per hr 43.72
2nd engineer @ $2.33 per hr 43.00
Cook g $2.33 per hr 43.00
Deckhands (12) @ $2.21 per ht 489.24
Lumpers 13.10
Watching 4.10
Welfare fund 16.75
Social Security taxes 35.61

Sub-total 838,72

Total trip-related costs per day of effort 1,302.17

Fixed Costs
Insurance
Accounting, legal & office.
Other onshore expenses
Interest & depreciation

Return to management (before taxes)

16,000.00
8,000.00
4,000.00
46,200.00

28.000.00
102,200.00

Source: Unpublished data from Atlantic Fishermen's Union and vessel
records at Boston, Massachusetts.
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Therefore, the cost of fishing of the individual firm in terms

of days of fishing effort would be:

(4) —C = $102 200 $1,302.370

A complicating factor enters in developing a deeision model for

• haddock fishing in that, a day of fishing effort produces not

only a catch of haddock, but also an incidental catch of other

fish, mainly cod pollock, cusk and flounder. These incidental

catches fluctuate from year to year but bear no statistical

relationship to the catch rate for haddock. For the period

1960-64, the incidental catch for large offshore haddock

trawlers average 4,800 pounds per standard day of fishing effort

with a standard deviation of 330 pounds.

The weighted average price for this incidental catch in 1964 was

6.4 cents a pbund. Therefore, the incidental catch can be con-

sidered as a byproduct with a mean value of $307.20 per day of

effort, or $62,054.40 per year for the average vessel used in

this study. One alternative would be. to apply the entire by-

product value to variable costs. However, this would bias down-

ward the marginal costs of fishing for haddock. Therefore, the

byproduct value was split among fixed and variable costs in the

same proprotion as each represents of total cost. Fixed costs

account for 28-percent of total costs when fishing 202 standard

days a year. Thus, $17,375 of the byproduct value was applied

to fixed costs leaving a fixed cost of $84,825 to be applied

against haddock fishing. The remaining $44,679.40 byproduct

value of incidental catch provides a credit of $221.19 per day.
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against the variable costs of fishing. The cost function adjusted

for incidental catch can then be expressed as:

(5) Total Cost = $84,825 $1080.98e

According to the biological model, the catch rate will be proportional

to the size of the standing stock of fish. The equilibrium catch

rate can be determined from equation (2) for any level of fishing

effort. This catch rate represents the annual average catch rate.

Because of the schooling habits of haddock, the actual catch rate

fluctuates seasonally. In order to consider this in the model, a

seasonal index of catch rates was computed from monthly catch rate

data for the period July 1956 through June 1964 by a percent of a

12-month moving average method. The seasonal index was arranged

in descending order of magnitude and used to generate a series of

monthly catch rates from the equilibrium catch rate for each 1,000

days of effort from 1,000 through 10,000 days of effort.

The 202 standard days of effort also was distributed among the 12

months. By multiplying the standard days of effort per month times

the respective seasonal catch rate, a series of landings per month

was generated. Similarly, the variable cost of $1,080.98 per day

of effort multiplied by the days of effort per month plus the

$84,825 fixed cost provided a series of total cost corresponding

to the respective total catch. Marginal cost was calculated by

dividing $1,080.98 by the monthly catch rates (see appendix 1,

table 2)..
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Thc average total cost and marginal cost for 4,000; 7,000; and

9,000 days of effort are illustray in figure ]. These levels of

effort arc roughly comparable to 20, 35, and 45 vessels re-

spectively. The effect of the externality due to the common

property status of the natural resource is quite evident in the

shift upward and to the left of the cost curves as the days of

fishing effort increase by the entry of more vessels. The slope

of the marginal cost curve particularly becomes steep as effort

approaches and goes beyond the level for maximum sustainable yield.

AC

MC

2

:9,000

MC =7,000

MC

ATC

3

Catch Per Vessel (Mul lbs.)

4

Figure 1. Effect of Fishing Effort on Cost
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Another striking feature of thf average total cost is that the .

fixed costs are such that "siiireading the overhead" results in

declining average total cost almost throughout the range of, possible

output for the entire year's fishing activity. The marginal cost'

does not exceed the average total cost until the last increment

of effort is added. This generally agrees with actual observations

that most haddock vessels tend to fish year round except for

requireer periods of lay-up for maintenance. This also indicates

that for a vessel to be maximizing its awn profit position in

such a way that it will be covering all long-run costs, it will

have to fish a full year.

As indicated in chapter 111, the system of equations describing'

equilibrium can be reduced to a single equation in terms Of

fishing effort. In this form, the model is solved in terms of

marginal revenue product and marginal revenue cost tather than

marginal revenue and marginal cost. If the revenue function is

developed by substituting the landings/effort equation

(L 28,340E - 2.024E2) in the demand equation extraneous roots

are introduced into the revenue equation. Therefore, a series of

values for total revenue was generated from the demand curve for

the equilibrium yield of the fishery for each 1,000 days of

fishing effort from 1,000 through 10,000. Asecond degree

parabola was then fit to :these revenues as a funCtion of fishing

effort. The ensuing equation is:
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and

) 1R=1,501,8 8 • 2273.45E .1624E2

(7) MRP-2273.45 .3248E

1 000<1 1 000

Under the assumption that all vessels in the fishery have

identical costs the total cost for the industry can be expressed

as:

T.C. = $84,825N • $ ,080.98E

where

= Total cost of fishing
N = Number of vessels in the fishery
E = Days fished by allvessels -

Inasmuch as a well-managed vessel can fish 202 standard days of

effort a year, and the marginal cost does not rise through the

average total cost curve until the vessel is in the vicinity of

200 days of effort, the substitution N=E can be made In the
202

cost curve. Thus the industry total cost curve can he written:

or

and

T. C. $84,825 E
202-

(8) T.C. = $1500.9113

(9) MRC = $1500.91

$1080.98E

Maximum Not Return Above Cost

The equilibrium position for the fishery that will produce the

greatest net return above total costs is where the rate of

increase in revenue and cost arc the same, or where MRP=MRC.
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Thus, the sinOe equation solution is achieved by setting .

equation -(7) to equation (9):

(10) 2273.4S - .3248E $1500.91

'Solving equation (10) for I yields a solution .of 2,379 days of

fishing effort. At the rate of 202 days per vessel per yeai-

approximately 12 vessels would be sufficient to fish 2,37') days.

a year. These 12 vessels would land approximately 56,804,016

pounds of haddock a year for an exvesscl.value of $6,305,246

Thus, the fishery would be exploited at about .57.3 percent of .

MSY but would capture 68.4 percent of the maximum value of the

resource. Each vessel would .gross approximately $587,491 per .

year and would have total cost of $337,238.

Table 3. -Revenue; Cost and Net Retuin Per Vessel at Maxima
Net Return Above Costs

item   Landings Value

Haddock
IncidenLal catch

Total

Cost (excluding return to management)
Net return above cost per vessel

4,733,668
969,600

5,703,268

525,437
62,054
587,491

337,238 
250,253

At this rate of return, the entrepreneur could net the cost of a

new vessel in less than 3 years of fishing, even given the high

vessel construction costs of the United States. This model,

because labor inputs were pricpd at a fixed wage rate, auto-

matically shows the monopoly profits and economic rent as

accruinv, to the vessel owner. Towever, these results now can
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be simulated through the standard "lay" system of the offshore

trawlers. In .this case, the vessel net before taxes would be

reduced to $97;180 but the share per crewman would increase to

$16,484 almost double the $8,247 annual earnings. por deckhand

built into the labor 'cost of the simulated vessel. Under actual

conditions the split of returns above costs would depend on

relative bargaining power between the union and the vessel owner

the

and the amount taxed away as an economic rent for the privileg
e

of the right to exploit the resource.

Table 4. Simulated Return to Labor and Capital Under Conditions

That Maximize Net Return Above Cost

Item

Gross Stock
Less "off the top costs"

Net Stock
Craw Share (60%)

Less costs
Net Crew Share
Share per man

Vessel Share (40 ..)
Less "out of pocket" costs
Less interest and. depre-
ciation
Sub-total

Net Before Taxes

$82,598

46,200

 Amount 

$587,491
22,547
564,944
338,966
58,733
280,233
16,484
225,978

128,798

97,180

If open access to the haddock resource is continued additional

vessels could be expected to enter the fishery as long as revenue

exceeded cost for the individual vessel. On the other hand, for

vessels to continue in the fishery in the long run, the vessel

must at least cover all costs. Therefore, the equilibrium

condition would obtain when total cost equalled total re
venue

for the fishery. The single equation equilibrium condition
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for this objective is. achieved by setting equation (8) equal to

equation (6).

(11) $1,500.91E 1,501,808 2273.45E - 1624E2

Solving equation (11) for E yields an estimate of 6,239 days of

effort or about 31 vessels. The landings for the fleet would

total about 98,100 492 pounds for an exvessel value of $9,221,446.

Thus, the industry would capture 99 percent of MSY and 99.96 percent

of the maximum value of the resource.

The question might be raised, if free entry equilibrium is 6,239

days of effort, why did the U.S. fleet fish 8,800 days in 1964?

The answer obviously is that the fishery was not in long-run

equilibrium. The average age of the New England medium and

large otter trawler in 1964 Was 23 years. Thus, over half the

fleet was either completely depreciated out or near so. If

the capital value of the vessel is near zero, the fixed costs

are also low. Thus, if the vessel can cover variable costs and

yield any positive return to the owners, it is likely to be kept

in the fishery. This is one of the most basic problems to a

healthy viable fishery if the common property status is maintained.

A number of factors may result in vessels entering a fishery and .

driving up the cost of harvesting fish under the common property

status. Some of these factors may result in a short-run equilibrium

in which price does not cover average total cost for the individual

firm.
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An increase in demand or a reduction in costs as a result of

technological development may produce a stable long-run equilibrium

at a level of fishing effort far beyond the level of effort that

will produce the MSY. This can .be demonstrated by changing

equation (11) to reflect either of these conditions.

Assume that demand shifted upward. by 20 percent but that the slope

of the demand curve remained constant. The new demand equation

would be:

P +   - 16.2 = 0

108

TR = 1,501,315 + 3038.26E .217E

Now, under free access to the resource, equilibrium in the industry .

would result when:

(12) $1500.91E = 1,501,315 3038.26E - .217E2

Solving equation (12) for E gives an estimate of 7,958 days of

effort in the fishery under the new demand status. Effort would

be carried 14 percent beyond MSY and the annual harvest would drop

about 1.7 million pounds below the annual harvest that could be

achieved with only 7,000 days of fishing. Therefore, market

conditions can result in a stable equilibrium at a level of effort

considerably beyond MSY under open access to the resource.

Similar results can be produced as a result of an innovation in

vessels and gear. Assume a new type vessel is developed which

lowered the cost of the vessel by $70,000 and reduced the size
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of the crew by 4. The total cost function for the individual

vessel would now b $67,385 + 888.381: and total cost for the

industry could be expressed as:

(13): TC, $1.221 -.97E

Asuming the original demand cu -vc, long-run equilibrium for the

industry is a result. of the innovation would become:

. (14) $1221.97E. = 1,501,808. 4- 2.273.1B .1624132

Solving equation (14) foi E yields an estimate of 7,679 days of

effort for long-run equilibrium. Therefore, no lasting benefits

can be gained as a result of innoVation. The decrease in costs

per tOn of fish harvested resulting_ from the innovation will

eventually be completely eliminated by expansion. of fishing .

effort;.

Ninximuin Economic_ Rent

The unique situation with regard to the point at which marginal

cost passes through the average total cost curve suggests a

simplified statement of the equilibrium Condition for generating

the pure economic rent from. the natural resource. In order for

economic rent to be realized, the marginal cost of the firm must

equal the price of fish and Marginal cost irnist exceed average

total cost. The only occasion in which marginal cost exceeds

total cost is when the vessel. is fishing the full 202 standard

days a .year. Therefore, if functional relationships are deter-

mined between the final increment of MC- and effort and price and

.effort,, the level of, effort can be solved for the maximum economic
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rent. Thus the follow.ing •regression equations wort: it to the

The: cigi.11:1Jbritua. position .for Maximizing. economic rent can then

bc.exOressed by setting equation (15) equal to equation (16).

(17) 6. 7 - S.SE 16.8E1 2 = 13.5 - 12E 8.598E2
- 4 
10 198 10 •108

Solving for E yields an estimate of 6,029 clays of effort necessary

to maximize econowic rent: At 20] days per year, 30 vessels would

fish 6,030 days. With the fishery in equilibrium at 6,030 days of

effort per yevr, the daily catch rate would be 16,135 pounds and

the entire fleet would land 97,294,050 pounds of haddock per year

uith an exvessel value of $9,145,641. Thus, given the demand and

cost functions assumed here the economic rent would be maximized

when lanling about 98 percent of the I\ISY and 99 percent of the .

maximm value of the resource. The individual vessel would have

gross an66a] sales of approximately $366,909 and a total cost of

$363,936. The economic rent earned per vessel would be $2,973, 0

$89,190 for the entire fishery.

The amount of yeturn above cost that can be. generated per vessel

in the fishory suggests an additional management objective for

the United St;tcs. Because of a 1aw passed by the First Congress

of the United States, all fish landed at U.S. ports must he
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landed by vessels constructed in the United States. Vessel

constiuction costs in the United antes have increased sub-

stantially over -construction costs in many &net nations. Thus .

because of •this landing law, the capital investmont required for .

a vessel is almost double what i. • would bc if the entrepreneur

were free Lc) purchae his vessel whei ever. he could buy it at the

lowest co,3t. In order to •dmeliorg.e .this. inccoity to .the

iiidustry resulting from a subsidy to the shipbuilding. industry,

•a 1.aw has been patzsbc1 (78`ltat...714) prov.Wing. for a fishiit

vessel construction- differential .payment of up to SO percent by

the Federal Government. Thus, if a Vessel. cost $800,000 in the

Unitdd States, that could be con5.;tructed for $400,000 in a foreign

shipyl:rd, the' .Federal GOVei inent. will pay $400 000 of the con-

struction costs. .1".t would pos..sible to do the same :thing

through generating profit in the. 'fishery- and taxing the ..prOfit

away but in - turn giving .a .6),c credit to the vessel owner towards

construction cost of a 'new vessel. .

For example, if the construction differential were. $40,000,

and the allowed period for dcprcciating the hull were 20 years,

a vessel would have to deposit $12,916 annually. at 4 percent to

have accumulated $400,000 - t the end of 20 years. Thus,. entry

could be licensed to produce an annual. profit of $12,916 per .

vessel and a tax in this •amount levied against the vessel. The

tax would be deposited With the Federal Government annually but

the actual tax liability would be deferred. Interest would
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accumulate .11)]!U 11)'.on the i.ccoul0 t I tho prifil0 intercst rate

to the Federal Governmept. Al such time that the-vessel owncy

decided to bui]d a new ve!;sel. the tax liability would be

cancelled and the tax and acciued interest returned to cover, the

construction differential. tn -thh, manner,'profit generated from

the Latural resource could hear the subsidy to . the shipbuilding

industry

Tur-vey propw,ed that an increase, in fishing 'effort beyond the

level that maximized economic rent would be justified if consumer

surplus increased *more than economic rent decreased. In this

example, the rate of.increaso in consume'r surplus a rather small

because the total landings at the point that maximizes economic

rent is close to the maximum sustainable yield of the resource.

On the ethel hard, because of the shnrp rise in cost as output

appreaches sustainaWo yield, the economic rent is dis-

sipated rapidly as output is increased. Thus, consumcr surplus

plus rent is a maximum at the output which maximizes economic rent.

Conservation and Common Property

The model used above can also be used to depict the result of a

progiam to protect the maximum sustainable yield of the resource

but. at the same time to maintp.in the common property status

(opori access) of the resource. Such a program can be implemented

merely by placing a quota on the fishery and closing the fishery

for the remaindoi of the year when this quota is realized. Such

a prcTram is DOW employed in conserving the North Pacific halibut
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stock and the eastern tropical Pacific tuna stock.

The initial demand equation resulted in a free market equilibrium at

a level of effort less than MSY. In this case, a quota would be

redundant. However, assume the 20 percent increase in demand which

resulted in fishing effort being carried beyond the level forKSIL

The results of the quota under open access to the fishery would be:

(18) 84,825 N 4- 1080.98 x 7000 - $11,902,800

'Solving equation (18) for N indicates that approximately 51 vessels

would enter the fishery. With SI vessels fishing, each vessel

would only be able to fish about 137 (7000 51) standard days a

:year, or, the fishery.wou41 be closed about the last week of August.

.Conceivably, the vessels would he idle the remainder of the year.

Thus, the value of the resource would be dissipated over 21 more

vessels and crews than would be necessary to harvest the same volume

of fish.

International Fisheries

In a domestic fishery, i.e., a resource 'wholly contained in U.S.

waters, (3 miles territorial sea plus 9 miles fishery jurisdiction),

the U.S. can adopt and Implement any objective for fishery manage-

ment it deems in the best interest of the country. However, in .

international fisheries,, where the resource is common property

to the world, additional problems arise. Turvey s observation

that, "...fishery regulation is one of those spheres of economic

policy where what is the best thing to do depends on what can
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be done' is particulari approriate in regard to international

fish 
2

eries.
•

An i.nteniationai fishery involves a number of nations with

differing gbals,.cost and demand situations. Under such con- .

ditions perhaps the most in terms of common agreement can be, that

,regulations be adopted to protect the MY and prevent bioiogital

overfishing. .Within this general premise, suboptimization can •

still be achieved if some system can be worked out for "splitting

the pie," i e., dividing the quota among the participting

nations, in which case, each nation could seek to optimize its

_own fishing within its quota limit. A near optimum in terms of

use of the resource could be achieved under such a country quota

system if a market were allowed to develop for such quotas.

Conceivably, under such a market arrangement, nations with the

greatest comparative -advantago or least comparative disadvantage

could afford to lease quotas from othcr nations. However, such

a market system opens the possibility of nations playing a game

of strategy in which they seek a monopoly ofthe resource through

indirect subsidies to their fishing fleets.

Summary and Conclusions

Because of the common property status of most fishery resources

the structure of industry does not include delegation of responsi-

bility for determining the optimum amount of capital and labor

to bc combined with the natural resource. The consequences of

.this situation has quite often resulted in an overexploitation
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of the natund re:;our,...0 in the physi •;i1 son so, 111(1 flVedUlldallt

.amount or nbor zind capi t a L. (1111110).0d in .a Ii Iicry . Biologists

have Iong recogni zed merfhthing in the physical sense and pro-

posed Management measures to pzwent destruction of the basic -

productivity of the resourco, mesh regulatipn and catch

• quotas. •Ilowever, such measures did .not take into account the

basic question of optimum combination of factors of production,

More recently, a limited nuniber of economists have become

interested in fishery problems and a literature is .beginning to

take shape proposing economic objectives foi. fi shei y: management.

The major divergence to date is. whether fisheries. 'should be

managed so as to produce the maximum net return above costs or

to produce the pure economic rent .implicit in the natural.

resource. A Modification of the latter was proposed by Turvey

in terms of giving credit to. consumer surplus against decreases.

in economic rent as a justification for allowing the exploitation

of a fishery to go beyond tile - level that will maximize economic

rent. Beyond the economist camp, some individuals feel that

freedom of enterprise when applied to fisheries means that no

interference with the common property status must be permitted

regardless of the consequences. And some biologists still hold

the view that because a fishery resource exists, •and this

resource can yield some maximum annual harvest we should take

this annual maximum regardless of the cost.
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This study has .developed a I io-cconomj.c. model to evaluate the

outcome of all pal icy al terWtt yes in terms of fish landed, price

of fish of inputs and returns to management, .capital.., and

I abor. :lids. model' is a .static model. devised for comparing .the

results of equi Librium that would result from al.ternatiVe policy

Proposals. This mode]. -was then applied to the Georges- Bank.

haddock fishery as a case study to demonstrate the results of

the policy alternatjvc.

The objective of maximum not return above costs produced dramatic

returns above cost for the individual vessel, or would permit

.substantial returns above costs to be split between capital,

labor, and the entreive,neur or be taxed away. At the same timei

it is the most limiting objective in terms of the use of the

resource. In the Georges Bank haddock fishery, it would limit

catch to approximately 57 percent of the MSY.

The maximization of economic rent carried utilization of the

resource to approximately 98.9 . percent of the. maximum sustainable

yiel.d. This policy objective turned .but to he the most liberal

approach to, utilization of the resource still in keeping with

efficiency in use of limited economic resources.

Turvey's proposal for maximizing the sum of consumer surplus and•

'rents vas inconclusive for the Georges Bank haddock fishery. The

level. of fishing effort .that maximized economic rent was also tile

level that would maximize the sum of Consumers surplus and economic

rent.
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If open access to the resource must be maintained, as some would

argue, little hope can be held for a positive contribution from

fishery resources to economic welfare over time. At best, the

industry would work toward an economic equilibrium that would

achieve a competitive return to capital and labor. However,

before such a long-run equilibrium were ever realized, a series

of short-run equilibriums (a short run that could persist for

many years in fishing) could keep returns to labor and capital far

below competitive earnings in other industries. No lasting benefit

could be expected from innovation for increased efficiency would

soon be dissipated among a redundant number of firms. Biological

overfishing in the physical sense could be prevented by catch

quotas, but unless some limitation of effort were included in the

management program, prevention of physical overexploitation is the

only accomplishment that would be achieved.

In conclusion managing a fishery to realize the economic rent

from the natural resource seems most compatible with Pareto optimality

criteria for economic welfare. To limit effort to a level that would

produce the maximum net return above cost (the monopoly result)

forces some labor and capital into alternative uses at earnings,

below what they could realize in fishing. Thus earnings to inputs

in fishing are enhanced only by forcing someone into a less desir-

able position.

On the other hand, if open access to a fishery leads to entry of

some labor and capital that would in effect produce greater social
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value in other occupations, restricted entry also would result in

a net social gain.

The TUrvey solution would permit an expansion of fishing beyond the

level that would maximize economic rent if the increase in consumer

surplus more than offset the decrease in rent. However, this would

appear to involve inter-personal transfers within the economy and

thus could not be evaluated on the basis of Pareto optimality criteria.

Additional legislation as well as clarification between State and.

Federal responsibilities likely will be needed in order to implement

fishery management programs for economic objectives. Equally as -

important will be adequate data and estimates of biological and

economic parameters for each fishery. Thus, of immediate concern

is the further development of bio-economic models for management

on a fishery-by-fishery basis. Such models become the basis for

data collection, and data now available is inadequate for many

fisheries. Only in this manner can reasonably accurate estimates

be developed for optimal fishing effort for each fishery.

Although economic models are generally built around output, it is

believed that the model employed here demonstrates that a model

based on fishing effort can serve equally as well for the purposes

of fishery management. The measure of fishing effort is a logical

link between the population dynamics model of the biologist and the

market model of the economist. The biologist needs a measure of

effort to develop an index of fishing mortality. As long as the
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economist can relate the unit measure of effort to cost of economic

inputs and market returns, the market model and biological model can

be linked with the measure of fishing effort. In this respect,

much remains to be done in defining the base unit of fishing effort

and developing means to quantify units of vessel and gear in terms

of such base units for measuring fishing effort. Hopefully, joint.

discussitns of the biologist and economist could carry this area of

research methodology ahead quite rapidly.

Much remains to be done in economic model building for fisheries.

One aspect not touched on in this study is the question of dynamics

of change. Adynamic model that traced out the recursive relation-

ships between exogenous fluctuations in recruitment, growth, and

natural mortality and yield per unit of effort, and thus, to returns
.•

from fishing and investment decisions in vessels and gear; and thus,

back to the impact on the natural resource must be developed.

Pelagic fisheries Contain different problems of specification than

closed demersal fisheries. Thus, the model developed here is not

directly applicable to pelagic fisheries. Fisheries that are almost

completely dependent on 1 or 2-year classes (shrimp, menhaden)

present unique problem. Thus, much interesting work remains in

developing bio-economic models necessary for sound resource develop-

ment and use.
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'able 1. Landings Per Day of Erfoyt, Days of Effort, •ana 3-Year

Moving Average of Days a Effort for Georges Bank Hadaock,
1932-64

, •••••••••••••••

••.••••••••••••••••••••••••••••••••••••••••••••••
•••••••••••••-•••••....••...••••••• •••••••••

Landings Per
Year  Du/Effort 10

1932 11.6
1933 9.8
1934 10.3
1935 12.3
1936 13.5
1937 11.6
1938 11.7
1939 13.0
1940 12.8
1941 16.6
1942 18.7
1943 18.3
1944 17.0
1945 16.0
1946 14.3
1947 12.8
1948 12.1
1949 11.4
1950 14.5
1951 14.1
1952 14.1
1953 10.7
1954 15.4
1955 15.6
1956 13.9
1957 11.4
1958 8.8
1959 7.3
1960 10.4
196] 12.6
1962 12.2
1963 8.4
1964 10.2

3

••••••••• ••••

Days of
Effort i0-

3-Year Moving Average
.Day/Effort 10-3 

9.1
8.4
4.8
6.4
6.2
8.2
7.9
8.0
7.2
7.3
5.7
4.9
5.6
4.9
7.3
8.2
7.7
7.1
5.5
6.5
5.9
6.5
5.8
5.0
6.8
7.8
7.8
9.4
7.7
7.2
8.6
12.5
12.1

7.4
6.5
5.8
6.9
7.4
8.0
7.7
7.5
6.7
6.0
5.4
5.1
5.9
6.8
7.7
7.7
6.8.
6.4
6.0
6.3
6.1
5.8
5.9
6.5
7.5
8.3-
8.3
8.1
7.8
9.4
11.7

•••••••••• ••••••••••

Source: Bureau of Commercial Fisheries, Biological Laboratory,

Woods Hole, Massachusetts,
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le 2. Seasonal Index for Catch Rates, Monthly Distribution of Effort, Landings and Costs for Successive Levels of Fishing

on Georges Bank Haddock

Aug. Mar. Apr. Sept. July Feb. Oct. May June "Dec. Jan. Nov.

Seasonal Index 126.1 .120.8 115.2 109.4 107.1 100.0 99.8 95.7 95.0 81.9 77.4 71.6

Days of Effort 18 18 18 18 18 16 17 17 17 16 15 14

Total Cost 104,283 123,740 143,198 162,656 182,113 199,409 217,736 236,162 254,539 271,835 288,049 303,183

Landings •& Costs .
1,000 days effort

Catch rate(lbs) 33,-184 31,790. 30,316. 23,790 28,184 26,316 26,263. 25,184 „25,00 21,553 • 20,639 18,8,42

,Landings(000's) 597.3 1,169.5 1,715.2 2,233.4 2,740.7 3,161.8 3,603.2 4,036.4 .4,461.4 4,806.2 - 5,115.8. 5,379.6.

ATC (01b) 17.46 10.58 8.35 7-.28 6.64 6.31 6..04 5.85 - .5,71. 5,66... 5.63. 5.64

MC (c/lb) 3.26 3.40 3.57 3.75 3.84 - 4.11 4.12 4.29 4.32 5.02 • -5.24. 5.74

2,000 days effort
Catch rate(lbs) 30,632 29,345 27,984 26,575 26,017 24,292 24,243 23,247 23,077 19,895 18,302 17,393

Landings(000's) 551.3 1,079.5 1,583.2 2,061.6 2,529.9 2,918.6 3,330.7 3,725.9 4,118.2 4,436.5 4,718.6 4,962.1

ATC (q/1b) 18.91. . 11.46 9.04 7.39 7.20 6.83 6.54 6.34 . 6.18 6.13 6.10 6.11

XE (c/1b) 3.53 3.68 3.86 4.07 4.15 4.45 4.46 4.65 4.68 5.43 5.75 6.22

3,000 days effort
Catch rate(lbs) 28,080 26,900 25,653 24,361 23,849 22,268 22,223 21,310 21,155 18,237 17,235 15,944

Landings(000's) 505.4 989.6 1,451.3 1,889.8 2,319.1 2,675.4 3,053.2 3,415.5 3,775.1 4,066.9' 4,325.4 4,548.6

ATC (/1b) 20.63 12.50 9.87 8.61 7.85 7.45 7.13 6.91 6.74 6.68 6.66 6.67

NC (/1b) . 3.85 4.02 4.21 4.44 4.53 4.85 4.86 5.07 5.11 5.93 6.27 6.78

4,000 days effort
Catch rate(lbs) 25,528 24,455 23,321 22,147 21,681 20,244 20,204 19,374 19,232 16,580 15,669 14,495

Landings(000's) 459.5 899.6 1,319.4 1,718.1 2,108.3 2,432.2 2,775.7 3,105.1 3,432.0 3,697.3 3,932.3 4,135.2

ATC (4./1b) 22.69 13.75 10.85 9.47 8.64 8.20 7.85 7.61 7.42 7.35 . 7.32 7.33

NC (/1b) 4.23 4.42 4.64 4.88 4.99 5.34 5.35 5.58 5.62 6.52 6.90 7.46



Table 2. Seasonal Index for Catch Pates, Monthly Distribution of Effort, Landings and Costs for Successive Levels of Fishing
on Georges Bank Haddock (continued)

Aug. Mar. Apr. Sept. July Feb. Oct. May June . Dec. Jan. Nov.

5,000 days effort
Catch rate(lbs) 22,975 22,010 20,989 19,933 19,514 18,220 18,184 17,437 17,309 14,922 14,102 13,046
Landings(000's) 413.5 809.7 1,187.5 1,546.3 1,897.5 2,189.0 2,498.2 2,794.6 3,088.9 3,327.6 3,539.1 3,721.8
ATC (q1b) 25.22 15.28 12.06 10.52 9.59 9.11 8.71 S.45 8.24 8.17 8.14 8.15
NC (c/lb) 4.71 4.91 5.15 5.42 5.54 5.93 5.94 - 6.20 6.25 7.24 7.67 S.29

6,000 days effort
Catch rate(lbs) 20,423 19,565 18,658 17,718 17,346 16,196 16,164 15,500 15,386 13,265 12,536 11,596
Landings(000's) 367.6 719.7 1,055.6 1,374.5 1,686.7 1,945.9 2,220.7 2,484.2 2,745.7 2,958.0 3,146.0 3308.3
ATC (/1b) 28.37 17.19 13.57 11.83 10.80 10.25 9.81 9.51 9.27 9.19 9.16. 9.16
NC (q1b) 5.29 5.53 5.79 6.10 6.23 6.67 6.69 6.97 7.03 8.15 8.62 9.32

7,000 days effort
Catch rate(lbs) 17,868 17,117 16,324 15,502 15,176 14,170 14,142 13,561 13,462 11,605 10,968 10,146
Landings(000's) 321.6 629.7 923.5. 1,202.5 1,475.7 1,702.4 1,942.9 2,173.4 2,402.2 2,587.9 2,752.4.7.,894.5
ATC (q1b) 32.42. 19.65 15.50 13.53 12.34 11.71 11.21 10.87 10.60 10.50 10.47 10.47
NE (/1b) 6.05 6.32 6.62 6.97 7.12 7.63 7.64 7.97 8.03 9.31 9.86 10.65

8,000 days effort
Catch rate(lbs) 15,319 14,675 13,994 13,290 13,011 12,148 12,124 11,626 11,541 9,949 9,403 8,698
Landings(000's) 275.7 539.8 791.7 1,031.0 1,265.2 1,459.5 1,665.6 1,863.3 2,059.5 2,218.7 2,359.7 2,481.5
ATC (01b) 37.82 22.92 18.09 15.78 14.39 13.66 13.07 12.67 12.36 12.25 12.21 12.22
MC (/1b) 7.06 7.37 7.72 8.13 8.31 8.90 8.92 9.30 9.37 10.87 11.50 12.43

9,000 days effort
Catch rate(lbs) 12,766 12,230 11,663 11,076 10,843 10,124 10,104 9,689 9,618 8,292 7,836 7,249
Landings(000's) 229.7 449.9 659.8 859.3 1,054.4 1,216.3 1,388.1 1,552.8 1,716.3 1,849.0 1,966.5 2,068.0
ATC (&/lb) 45.38 27.50 21.70 18.93 17.27 16.39 15.69 15.21 14.83 14.70 14.65 14.66
NE (q1b) 8.47 8.84 9.27 9.76 9.97 , 10.68 10.70 11.16 11.24 13.04 13.80 14.91



Table 2. Seasonal Index for Catch Rates, Monthly Distribution of Effort, Landings and Costs for Successive Levels of Fishing

on Georges Bank Haddock (continued)

Aug. Mar. r. Sept. July Feb. Oct. May June Dec. Jan. Ycv.

10,000 days effort
Catch Rate(lbs) 10,214 9,784 9,331 8,861 8,675 8,100 8,084 7,752 7,695 6,634 6,269 5,800

Landings(000's) 133.8 359.9 527.9 687.4 843.5 973.1 1,110.6 1,242.4 1,373.2 1,479.3 1,573.3 1,654.5

ATC (9/lb) 56.72 34.37 27.12 23.66 21.E9 20.49 19.61 19.01 18.54 18.38 18.31 18.32

NC (Vlb) 10.58 11.05 11.58 12.20 12.46 13.35 13.37 13.94 14.05 16.29 17.24 18.64

•



Table 3. Equilibrium Catch Rate, Total Lanangs, Price, and Total Revenue for Each 1,000
Days of Effort on Georges Bank Haddock Fishery

R-aular Demand 20% Increase in Demand

Days of Catch Total Estimated Total
Effort Per Day Landings x10

-3
Price Revenue x10 Price R,Nenue x10

Estimated Total

1,000 26,316
2,000 24,292
3,003 22,258
4,000 70,244
5,000 18,120
6,000 16,196
7,000 14,170
8,000 - 12448

‘.71 9,000 10,124
10,000 8,100

26,316 12.4 3,263 15.1 3,974
48,584 11.5 5,587 14.2 6,899
66,864 10.7 7,154 13.4 8,952
80,976 10.1 8,179 12.8 10,365
91,100 9.7 8,837 12.4 11,296
97,176 9.4 9,135 12.1 11,758
99,190 9.3 9,225 12.0 11,903
97,184 9.4 9,135 12.1 11,759
91,116 9.7 8,838 12.4 11,298
81,000 10.1 8,181 12.8 10,368

Source: Bureau of Commercial Fisheries, Biological Laboratory, Woods Hole Massachusetts
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The goal of the Division of Economic Research is
to engage in economic studies which will provide indus-
try and government with costs, production and earnings
analyses; furnish projections and forecasts of food
fish and industrial fish needs for the U. S.; develop
an overall plan to develop each U. S. fishery to its
maximum economic potential and serve as an advisory
service in evaluating alternative programs within
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