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* CHAPTER I
INTRODUCTION

AN ECONOMIC ANALYSIS OF POLICY ALTERNATIVES

MANAGING THE GEORGES BANK HADDOCK PiSHERY

Thé bésis‘fqr a public interest in cmmﬁercial fishery fesburtgs is"
the same'as for any other ﬁatural resource, namely, in the ébility

of the resource to absorb 1aborvand capital, and yield a flow of géods

:-that have greater value than any other combination of goods that could
be produced with that Jabor‘ahd capital. Even though the United

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

from land resources, the consuming public and various industrial

uses still call forth a substantial and ever-increasing quantity of
fish and fishery products. 1In 1966, the United States utilized about

| 12.4 billion pounds of fish, represcnting é retail value of apprOxi;

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

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

pounds of fish with a retail valuc of approximately §$1.1 biilion.

During this period of rapid increase in utilizatiqn 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 frbm' fishery to fishery. . Regardless of the factors explaining -
the decline in United States catch, it is significant to note that
in Qpite of an incréasing demand for fish and fishery products,
earnings to capital and labor in fishing have ‘r‘;ot been a.dequé.te to -

Tesult in an expandiﬁg industry.

Al‘_chough fishery resources in many of the traditional fisheries of
the United States are ﬁow fully exploited, or even overexploited,-
preliminary investigations indicAat‘e. that theré are large stotks 'of .‘
latent ‘fishery resources in thé ocean. - To cievelop an induStry on
these latent resources will necessitate considerable investmen_t-ir'x
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 traditi_onai
fisheries. Wiil the fishery resources now being exploited by the _
domestic fleet be able to support the present level of employment .
10 years from now? One of the major I;roblems to be» solved in regard
to both our present fisheries as well as potential‘v lflishgries 1s thg_ '

question of fishery management.




Fishery managecment is onc 6f the most complex and serious prleehs
facing thc-tmmncrcial fishing industry tdday. This is true not only
for‘the ﬂnited.States fishing industry but for the world fishing o
industry‘in gcnéra1. The world catch of fish and shellfish has
doubled épproximatcly every 10 years since 1940. This inéfease in

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

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

creasing rapid]y and likely will continue to iﬁcrease‘in the fufure--
not only due to expanding effort on the part of several of the major
fishing nations, but also duc 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 arc common property resources. The fish stocks
arc opcn to exploitation by any'éﬁd all who carc to expend effor:
to harvest the resource. An industry based on a common property
resource lacks a mechanism to delegate responsibility for management
of: the rcsource. More specifically, such management responsiblity
must answer thc important question of how much labor and capital
should be employed in combinatidn>with fhe natural résource, i.e.,
how far beyond the point of diminishing'retufns‘should exploitati;n
of thc,reSercc 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 cxpands, consequences of the lack of
“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 cconomic terms and perhaps in physical -

“terms as well.

In the casc of fishery resources involving internafional wafers,where‘
‘they are cpmmoﬁ property to the world, an additionallmanagemeﬁt
probiem ariscs. If some concept of economic weifaré ié desiréble in
the use of the resoufco, a necessary condition would be to assure
that the products 6f the resource go into the highcst valﬁe use;

- If world markets were completely ffee, the market would accomplish 
this. However, there are a nunber of market imperfections and
restraints that could result in fishery products going into low
value uses. Onc of the most Inportant 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 protecﬁiou against the importation of fish
and fish products. The legal restriction on landing may in effect-

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

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

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 fisheryiresoufces 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-rangc

| buéjncss dccisidns. In the casc of industries based onvrésqurces
" he1d and managcd undcr'delegatedvproperty rights, the production
fﬁﬁction'gf the firm, i.e., the technical coefficients relafing
inputs of labor and capital td output, are not affectgd by
action of,dthor firms. in the industry. But, wherc ain industry
is compriéed of a numbcr.of firms utilizing a common propérty
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 {irms entering the industry. Thus, in the commercial
fishing industry, the fimn must make decisions within an arca
of uncertainty fhat defies sound busiﬁess management and can

better be 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.'"l 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
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of (1) to what cend usc will common property fishery
~resources be put, and (2) how much capital and labor,

in total, will be combined with the common property

resource. s
- Thus, the responsibility of fishery management does not involve
the question of the optimumbpfoportion of capital to labor in a
specific fishing firm, but only the extent to which that input '
A'of'capital_and-labor will be carried beyond the poiﬁt_of
diminishing returns. -We would expect the fishery management
- decisions to be madc in such a way as to promote economic

efficiency -in both the short- and longQrun./

The concept of fishery management is not new.l The eariiésf
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 ninc international conventions which have
resource maﬁagement as their objective. Four of thesc
conventions administer catch quotas and a fifth has administered

mesh regulations for 15_yeafs.

Fishery management, until relatively recently, has been of

concern mainly to the fishery biologist. This apparently

resulted from the fact that cconomists in-general overlooked the
question, and administrators and individuals involved with fishery
conmissions did not call on the assistance of‘professional cconomists.,

Consequently, management policy and programs tended to reflect

biological goals and attitudes cven though the problem is

essentially one of political-cconomics.




Generally, the biological approach. to fishery management was one
of cdnscrvation in a physical yicld context. The definition of
fishery MQnagcmcnt by_{ounsoféll_and Everhardt is somewhat typical -
'ofvthc view of many bioiogists wvhere emphasis is on achieving-thc

_hmximum physiéal yield frbm a resource. Another example of earlier

attitude toward fishery management is the following statcment

excerpt from a paper presented by William C. Herfington to the

Atlantic States Marine FisheriCS‘Cmmnission 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, for our primary objcctive is
conservation. Improved cconomic and social conditions
would be very important, but sccondary, objectives.'3

And again a statement by Clarence P. Idyll:

"...The last situation, and the one of interest here, is
the circumstances where populations are being exploited
by sport and comrercial operations, or both. Here it is
conceived that conscrvation 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 futurc. This means striving to encourage the
fishery to take all usable fish which are not needed for
reproduction. It 1is conceived, under this idea, that
under-exploitation is as bad as over-exploitation, since
both involve waste, in terms of food and recreation.

(This is only true, of course, where the fish are needed,
and where 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
nunber of operating units and the efficiency with which
they are operated. Each operating unit is capable of
taking a definitc percentage of the population when

~ operated normally and on a full-time basis. If the rate




be excessive, it can be reduced only by climinating some
~of the units or by requiring cach unit to opcrate at less
than capacity, i.c., to opcrate inefficiently. ‘

"The biological effccts of both methods for reducing the
fishing ratc are thc same. RBut the social and cconomic
consequences are vastly different."S ' :

And an cxcerpt {from the works of Martin D. Burkenroad:

"Marine fishery biology is an applicd science concerned with
improvement of exploitation of the living resources of the sea.
The discovery of cxploitable stocks and the improvement of :
techniques of utilization through application of biological
knowledge arc within its sphere, but its present major function
is to discover the causc 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. J

"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), cssentially 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 cqual confusion secms to have been causcd among
political economists by failurc to realize that social
advantages of management depend at bottom upon biological
reactions and cnvirommental changes which are as yet not
fully predictable."0 ‘

"Ihe management of fisheries is intended for the benefit-of

man, not f{ish, thercforc, effcct of management upon fish stocks
camnot be regarded as beneficial per se. Nevertheless, cconomic
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 economics.'"7

An even broader understanding cf 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 betwcen zero and the maximum that is economically
possible, to choose that which is most desirable, both in the
sensc 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, thercfore, 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'gcneral considerced desirable to maximize total
production in a form uscful to man, or, in other tcrms, to
‘maximize the total catch of commercial sizes of fish. This
gencral objective must, however, be subject to modification
in some degree in partlcu]ar fl%hcrles Onc of the results
‘of increased fishing intensity is the decrcased average age
and size of thc 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 cqually dc511ublc in the market, a compromise .
~ must be rcached between maximum total poundage and the most
~desirable size composition of the catch. In some fisheries,
of course, it is possible to control the size of fish capture,
1ndepcndcnt1y of the intensity of fishing; but in others this
is not practicable, and in these cases changes in the quality
of the catch go hand in hand with changes in thc level of the
average total catch.

"Other cconomic considerations must also sometimes be taken
into account. Where as in the case of a number of clupeids,
fish may bc used by man in different forms (for example, as
human food, or as fish meal for animal feed,) the relative
dcsirability of such uses needs to be considered. Further,
it is not always desirablc to maximize the sustainable total
yield regardless of the cffort expended in making thc harvest.
In some cases, economy of fishing effort may be of at lcast
temporary importance, even though the total yield is thereby
somewhat diminished. Indeced, 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 policics are reflected in the
quotations given above. There is the biological goal of maximum
sustainable annual harvest as called for by llerrington, Rounsefell

and Liverhardt, and Idyll. An alternative is the goal of maximum nct




economic yield cited by Schacfer. lowever, thesc two alternatives:

do not exhaust the range of possibilities for consideration.

The pﬁrpose of this studyvis to investigate the possibility of
- additional pdlicy alternatives for fishery management and to e&aluate o
all of the altcrnatives; Policy alternatives will be deVeioped oﬁv
the basis of an a priori bio-economic model fof a closcd demersal
" fishery and then cvaluated with the cost and yield data fof the
Georges Bank haddock fishery. The use of a case study will permit

an analysis of the outcome of policy alternatives in terms of fish

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

returns to labor and capital in the fishery.
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CHAPTER TI

REVIEW OF LI1TERATURL

\

- Although pﬁssing rcference to*fisheries can be found‘in Marshall,l
and rcféren;es to cconomic aspects of fisheries can be found in :
varioué sources, the“formuiation of economic models specifiéally»
directed to fisheries was not rgéorded in literature until the -
early 1950's.- Sincc that time, a limited number of articles and
oné book has been published on economic aspécts of fisheries.
Inasmuch as the field of literaturec is limited, a brief chrono-
logical history of the subject can be deveiopcd wifhin thc scope
of this study. It is not intended that this review of literaturé
exhaust all réferenccs to economic aspects of {isheries, but rather
to sumnarize the main points developed by the pioneering authors

who have sct forth a model for fishery exploitation.

G. M. Gerhardsen

The earlicst work located which represented an éffprt to‘apply'
economic theory to fisheries was that of Gcrhardsén. Gerhardsen
cites the law of diminishing returns as a point of departure and
then establishes the maximum ammual output of the fishery as
resulting from the law of diminishing returns.
"In fishcries work onc sometimes finds reference to the law
of diminishing rcturns. What does it mean? On a fishing

boat cmploying too few fishermen, experience may show that
for each unit (fisherman) added the return per unit increases.
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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 cffort
“results in less yield on the margin, the marginal efficiency is
on the decline... . ‘ : B

“If we continue theoretically the adding of one kind of effort
(factor 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, dezrease.''2 o

Gerhardsen illustrates his point with the following graph:
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e proceeds to draw the conclusion:

... Tt 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 during this development; production has reached its
absolute maximum, the average tcchnical efficiency of the indi-
vidual units of effort has suffered. Considering the vast areas
where fish arc caught it is quité 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 . -

- Gerhardsen then utilizes a second figure in which a second abscissa
representing time is addéd. 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 sccond sotvof curves arce 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 figurc 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 assumcd that fishing

as illustrated in figurc 1 has been so extensive that it .changes
in character from the first to the second point of time. The
curves in the sccond 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 functicn and the principle
of diminishing returns is somewhat misleading. The production ~

function is a long rUu static concept in which the basic parameters
arc held constant in order to illustrate the technical relatiohship

of output (catch of fish) as a function of input of labor and
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capital (number of scts or fishing effort) to a fixed natural

‘.resourpc (a spécific fishery). Generally, the parameters themsclves

are stochastic variables butlindepcndent of the input of cabitai .
‘and labor. Therefore; the points on the production function are
”éxpécfcd” or mean-values of thc fandom variation résulting {from
ycar-to-year variation of thc parameters. Consequently, an

~ observation at'onc.point in time can fall either above or below the
mean-valuc represented by the production function. If the éﬁtife
prbduction function changes, i.e., a permaneht change in each meaﬁ-
valuc associated with the respective input (fishing effort), a

change in onc or more of the parameters is indicated.

Biologicai ”overﬁishing” does not imply a change in a paramcter but
merely the.carrying of fishing effort beyond the point which will
yicld the maximun sustainable amual catch. Thcrcfpré, biological
over{ishing ﬁould be represented By all points on the branch of the
total catchi curve to the right-éf 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 éiven catch of fish and preéents
graphically'a contoﬁr map of é-series of iso-product functions.for
differing levels of catch. Hec explains management of the inputs
and long run equilibrium as follows:
"A manager of an individual fishing enterprisc 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
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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 pxoductJon used depends on (a) its efficiency and
(b) ‘its price. .

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

price for fish

recompense (price) to each gear unit
total recompense (cost)

total moncy valuc obtaiped for fish

p
q
pC

nmonwonon

"In the simplest equation the relationship is thus:

fq = pC

"When we use two agents (f; and fz_with recompense per unit
being qi .and qp it bccomes -

fra1 + a2 = ¥C

"A change in the prlco of the product may lead to a change in the

rccompcn%c in one or more producing agents. It may also lead to
a change in the qualitative relationship betwcen the. agents.

"Finally, a change in the recompense to the agents of production
may rcsult in a chango in their quantitative relationship or in
a change in the prices of the end product. Crisscrossing with
thesce considerations are the results of changes and innovations
of technique, and so on, all of which influcnce the efficiency
urge readjustments which in turn lead to different recompense,

or different prices for end products or perhaps both.'S

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.

H. 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 cconomic 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 maximum will
be described as the 'optimun degrcc of fishing.'"0

- He "then prdcecds to illustrate the conditions- for maximizing the-hcti’

"eéOndmic yield. - Two prihcipal Iactors are‘cited——the catéh-of.fiSh
and the cost of>fishing Both of these are functlons of flshlng
effort. lhcrcforc the ploblcm is. to dctermine the amount of
effort that will maximize the difference bctWQOn landlngs.(measured

in money terms) and costs.

The landings fuuétion, OL, becomes. asymptotic to some value which
would be the maximum sustainable yield of the fishery. During early
stages of fishing, increasing physical returns might occur, but
eventually the poiﬁt Ot is reached, whcreaftcr, landings increase

at a docrcasing rate as fishing effort increases--the principle of

~ diminishing returns at work ih fisheries. Gordon uses an example
of two fishing areas, onc adjacent and onc more remote, to
demonstrate the existence of diminishing returns in fisherics.

Fof, 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 nceded could be taken from

the near fishery if the production” function were linear.

Having dispenscd with the landings function, he describes the cost

relationship. Fixed costs (OF in figure 1)_représcnt the public
expenditure for wharves, harbors, and so. forth. Theée aréAﬁccessary
for fishing, But arc indepphdent of fishing cffort. All other éosts,
which will change as {ishing effort increases, such as boats,vfuel,
néts,'labor,fefc., are treated ag_variable costs. He assumes fhat
the variable costs will be é linear function of féshing 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 '

a, = ¢
dE “dE

"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 cffort is OX and the catch obtained at the
optimum is 0Q. As one would expect, the economic optimum .

is at a level of fishing intensity somewhat less tﬁgn that
which would produce the maximum physical Tanding, even the
Tatter is a quantity that could be indefinitely sustained.''7

Gordon did not specifically describe whether he was dealing with
the production function (landings fuaction) in tecims of value of

.catch or volume of catch.




The vertical axis is labeled as reprcsenting monctary units. How-

ever, in the quote abovc, and earlicr in his article, his discussioﬁ'
Vof thdulandings function imblics physital catch of fish. If he.did a
intcnd ‘the ].anc‘lings function to -ba{ pounds of fish, then th_e_t;bﬁ—
‘ditions stated ébovclwould not fcprésent the maximum net economic |
'yield. It is meaningless to cquate the derivative of physical
~ yield to the derivative of monetary costs. On the othéf hand, if
he intended that landings be cxpressed in terms of value‘bf catch,
he would hdve»to amplify his treatment of the landings function
to justify the shape of OL as a-rcvcnue function of fishing effort.
Gordon i$ treating the industry as a singlevfirm (i.e., a single
decision-making unit). Therefore, this monopolisﬁ would be cognizant
of its impact on price. In this case, price would not bc a constant
to the firm, but would tend to decrease as landings increased with
fishing effort. The result on revenue would depend on therelasticity
of consumer demandfl Revenue would be a positively inclined function
of landings if, and only‘if, the consumer demand wefe relatively
elastic. If démand approximatéd unit - elasticity, the revenue curve
would be a constant, and if demand were ineclastic, the revcnué
function would decrease as fishing effort increased. If either of
these latter two cascs obtained for a fishery, the net economic yield
would be achicvédAby 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 cffort,
ohviously‘thc maximum'net revenuce above costs will occur at the’first

input of labor and capital.




Gordbn published a second paper on fhe economics of fishery
exﬁiditatibn in 1954, a ycar after his first contribution.  The
gencral theme and érgumcnt of thc_sécond‘papcr are similar to thosé
of his carlier contribufion.

"We can define thc optimum degree of utilization of any
palf]cu]al fishing ground as that which maximizes the net -
economic yield, the difference between total cost, on one
hand, and total revenue (or total value ploductlon), 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 solutnon is possible. Total cost will
“be a linear function of fishing effort, if we assume no
fishing--induced effects on factor prlces which is reason-
able for any particular regional flshery

"17. Expressed in thcse terms, this appcars to be the
monopoly maximum, but it coincides with the social optinum
under the condltlons employed in the analy51s, as will be
indicated below.'

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

yicld to be the difference between costs and revenue. However, when
he procecds to demonstrate the "optinum degree of utilization," he
reverts to ‘a physical catch effort 1e1atnonsh1p

"Our analy919 can be simplified if we retain the ordlnary p10—
duction function instead of converting it to cost curves as is -
usually donc in the theory of the firm. Let us further assume
that the functional relationship between average production
(production-per-unit-of-fishing-cffort) and the quantity of .
fishing cffort is uniformly lincar. This does not distort the
results unduly, and it permits the analysis to be presented
mere simply and in graphic terms that arc already quite
familiar. :

"In figure 1 the optimuwi intensity of utilization of a
particular fishing greund 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 revenuc in imperfect competition theory, and MP
bisccts any horizontal between the ordinate and AP.  Since
the costs of {fishing supplies, etc., are as sumcd 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. Thesc costs arec 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 yicld 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 cconomic fishing intensity is less than that which
would produce the maximum sustained physical yield."9

Fishing
Effort

The technique uscd 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. Hec uses average and marginal physical production in lieu

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

throughout in order for average and marginal product to be monotonic
lincar 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 have to.

'Adccreaso in order to markct the increased catch that would rcsu]t

- {rom 1ncrcascd Ilshlng effort In order for malgnnd] revenue to be

'.posztlvc ‘the demand curve would have to- be relatlvcly elastlc Ifl'
the denand curve were of unLL elast1c1ty or 1ne1astlc, ‘the marglnal B

revenuc would be elthcr zero‘or a negative quantlty-respectlvcly.

The margiﬁal cost éoncepf dscd in tﬁe graph is élSo not éonsiétcnt
with the definition of marginal cost in the the01y of the firm.
'Gordon has used marginal cost as a functlon of fishing cf£01t
whercas it normally is defined as a functlon of output in the

theory of the fimm. Granting the prerogative to define a marginal
cost of fishing cffort, the conﬁlusion cannot be drawn that the firm
will maximize net economic returns where marginél physical product
and marginal dollar cost are cqual. It does not make éense 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 ¥will maximize net
returns where MC=MR is true, but it would seem that the graphic
~analysis presentcd by Gordon is not accurate in representing the

marginal revenue and marginal costs of the fimn.

Following his discussion of the optimum degrec of fishing effort,

Gordon procecds to point out that the economic rent 1mp11c1t in the

22




resource likely will be dissipated through the entry of morc fisher-

men into the fishery. He further uscs this as an explanation as to
why fishermen arc geﬁcrally not wéalthy.
''We 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 sca fisheries the natural resource is not private
property, hence the rent it may yield is not capable of
‘being appropriated by anyonc. The individual fisherman
has no legal title to a scction of occan bottom. Each
fisherman is more or less {rec to fish wherever he
pleascs. The result is a pattern of competition among
fishermen which culiminates in the dissipation of the
rent of the intramarginal grounds...
'"...What happens is that the rent which the intramarginal
- grounds are capable of yielding is dissipated through
‘misallocation of fishing effort.
"This is why fishermen arc not wcalthy, despitc the fact
that the {ishery resources of the sca are the richest and
most indcstructible available to man.'10
The point that the economic rent may be dissipated through the
entrance of additional firms to the industry is a valid onc. How-
cver, it does not follow that this is a reason for fishermen to be
poor. If the fishing {irm is earning its opportunity costs for
labor and capital, thc inability to draw cconomic rent from the
natural resource involved is ro recason that the industry be a
poverty industry. The cconomic rent could be taxed away without
disturbing the level of fishing cffort and thus one could not claim
that the tax was the result of lack of earnings on the part of the
firm. Similarly, in agriculturc and industry, a highly profitable
firm may not own the land it uses but instcad pays the cconomic

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

of fishermen, if it is an industry characteristic, must be explained
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by some other fuctors than the discipqtion of the economic rent.
Gordon complctcs his article w1th a "bionomic" cqullnbrlum model £01'
~a fishery. The modcl 1nc]udcs four varldblcs

"Let P represent the population of the particular fish

species on the particular fishing bank in question; L

the total quantity taken or ''landed' by man, measured in
value terms; E the intensity of fishing or quantity of

'fishing cffort! expended; and C the total cost of maklng
~ such effort. The systcm then, is as follows:

P(L), - (:
L(P,E), (
(

CEy

The graphic representation of the model is as follows:

2
£)
ON

(L B | B

(1) v (3)

His explanation of these relationships is:

"Thus, for example, if population were Pz, effort of Oe

would produce 01 of fish. For each given level of popu-
lation, a larger fishing cffort 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 valuc landings graphed on the vertical axis. Thesc
assumptions are made in order to produce the simplest
determinate solution; yet each is reasonable, since our

analysis dcals with one fishing ground not Lhc fishery as
a whole."12




Gordon proceeds to point out that where the cquilibrium condition is

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

were linedr. If'thc é]ope of C(E) were greater thén fhé slope of
.‘.L(]), no st]ung, c[‘fmt would be forthcomlng Conversely, .if‘ ’the‘
opposite is t1 ruc, flshlng cff011 ‘would cxpand ulthout bounds
'Finally, if C(E)=L(H) there would bc an infinite numbcr'of solutibns
.to'thc modc] Thercfore, either the L(E) fungtlon, or the C(E)
funct on, or both, must be non-lincar. Fhe.qase then bccomes one in
which the population is redu;od by fishing and the: function |
L=L(E,P), must be chdractorizcd by a poéjtivc first defivativcvand,a‘

negative sccond derivative.

Gordon then plOLCCJS to point out:

""The analysis of the conditions of stable cqu1]1br1um
raiscs some points of general theoretical interest. In

the forcgoing 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
cmployed the law of diminishing returns to produce a
landings function of the nccessary shape. Market factors
might also have been so employed; a larger supply of fish,
forthcoming from greater {ishing effort, would reduce unit
price and thereby produce a landings function with the
necessary negative sccond derivative. Similarly, greater
fishing intensity might raise the unit cost of factors,
producing a cost function with a positive secend derivative.
Any one of these three- -population effects, law of diminishing
‘rcturns, or market cffects - is alone sufficient to produce
stable cquilibrium in the ecosystem.'...

"In point of fact, the law of diminishing returns is much more
difficult to qustaln in the case of fishories than in agri-
culturc or industry. The 'proof' onc finds in standard

theory is not empirical, although the results of cmpirical
experiments in agriculturc arce f]cquontly adduced as
subsidiary corroboration. ...In {isherics, however, the
pattern of rcality can casily be explained on other grounds.
In the casc at least of developed demersal {isheries, it
camot be deniced that the fish population is reduced by
fishing, and this rclationship scrves perfectly well to
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explain why an infinitely expapsible groduction is not
possible from a fixed fishing arca.'l

v: Two points might be made in relation to the above quote. FirsnlnoSt N

iikcly both éost and revenue £uncﬁions in a fishery'will bevﬁon~lihear
~duc to both the law of diminishing returns and market factors.ﬁ Second,
" if the principle of diminishing returns is interpreted to répréScnt
,; time limitations in the complex set of interreléticnships involved in
} an ecosystem rather than trying to expléin it on the bésis of a pepu-
i lation of fish, the law of diminishing rcturns 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 -
papcr as:

"In this paper I wish to compare the usc of a fishery by
competing fishermen with the mode of management that would
be most profitable to a 'sole ownecr' of the same fishery.

In particular, I wish to show that long-run ccnsiderations
of efficiency suggest that sole ownership 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.''l4

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-

. notc as:

" 'Sole ownership' is not monopoly but mercly complcte

appropriation of all of a natural resource in a particular
location. Putting a resource into sole owncrship 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'thc solc owner is
not the nmonopolist of the product. If he were a monopolist




and could influence the price by his output, he would be.
confronted with a nonlinear total rcvenue curve in Fig. 2,
. and it is conceivable that his landings per period would -
- be ‘even smaller than those of a corresponding solely-owned -
fishery competing with many other fisheries."16

Howéver, at o%hef points in his discussion, he does extend tho-power
,of restrictihg'inputs into the fisheiy to the sole'owner in the long -
mn. If the sole owner arrangement‘io not a'mohopoly,’or ot,ieést ‘
has a monopolistic effect in cogtfolling the amount of fish placed
'on the market, then it must be fantamount to dividing a fishery |
into sub-areas and‘exténding the Tight of privato 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 exploltcd conmetltlvely ‘He dlstlngulshed between two
p0551ble situations, the first in which the sole owner takes over an
existing flshery,_boats, canneries, and ctews;'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. Suppose&ly

in the first case, the solevowner would gain title to all capital
but in the second instance he would metel& have authority‘te make_
productlon and management deC151ons In the first eaSe he con-.
‘cludes that the sole owner, if given ‘control for only one. f15h1ng
season, would operate the fishery 1dent1cally as it would have been
operated under the competltlve reglme, that is, at the output at

" which marginal cost were equal te price and at the extent of fishing
for which marginal value product'of lzbor equaled the price of labor.
It is difficult te vision how a sole owner would not see himself as
having some effect on price by his decisiens in regard te the fishety;i
It would seem logical for him to weigh the alternativee of laying off
some vessels and fishermen and'saving.the variable costs involvedﬁ"
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 tennre5
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 econemies of scale, and eliminating wastefui :
interference of fishermen w1th each other) are ma1n1y long-run g

changes except for the 1atter. He still concludes:
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"Hence, we can say-that, as a general rule, the mere

fact of sole owncrship does not bring about a significant
change in the exploitation of the fishery in the short-
run. Both thc sole owner and the competing fisherman
will operate at an output which is theoretically similar
. (in its cquallty of marginal cost and maxglnal 1evenue)
to that in other industries."18

This might be interpreted that if a management:comnission were
vsct up to mﬁnage a fishery, it Wouid not reducc the number of
vesscls andlfishermen imnediately as long as tﬁe vessels and

crews were covering opportunity or even variable costs. Thé
conmission would then tend to limit {ishing cffort in the long-
Tun thfough prcveﬁting.the rcplacement of vessels as‘they wore out

i

and nceded to be replaced.

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

duces another important concept.

"As long as the uscr of a fishery is surc 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 maximizc the present value (future net

returns discounted to the present) of his enterprisc.'l9
Therefore, the optimum p051t10n of the '"sole owner'" in the long
Tun will not be simply the maximum nct revenuc over current costs
but rather the maximum net revenuc over user costs wherc the user
costs include the value of future landings discounted to present.
valuc. It should be pointed out that future value of landings
forcgone 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.




MI]QQI"B Sgh}gfkl
The next contribution in time was a papgr by Milncr B. Schaefer.
"Schagrol opens hjs article by quostlonln wvhether the law of

dimiulxhlng rcturns can be applicd to fisherics as it is to 1and..

Within the category of rencwable natural resources, he draws a

distinction between non-self-regulating resources and self-

rcgulating resources:

A more famllndr example, which has been the ba51s 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 producticn, the amount of which can neither be
increcasced nor diminished by man's action. Since the .
quantity of this factor is fixed, the application of
incrcasingly 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 1ong
as the inherent natural properties of the land are not
destroyed, increasing cffort will give increasing return .
but the return per- 'dose' of capital and labour
decrcases..."

"Population of sea fisheries belong to a different type of
natural resources, for which the annual rate of rencwal of
the resource is a function both of the physical enviromment,
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.'20

This distinction seems to be overstated in terms of inter-
preting the law of diminishing returns as it may apply to
fisherics. The principle of diminishing returns is a long-
run concept represcnting the technical relationship between
combinations of variable inputs of certain factors with a

fixed quantity of another factor within a stated periocd

of time. The points on the production function
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(the functionalkrelationship illustrating the law of diminishiﬁg
retdrns) are simultaneous possibilities, only one of which can be
realized within one time period. As long as the poihts of a yield/.
‘effort relationship for a fishery are sustainable yields, the produc-
tivity of the fishery is nbt being diminished for future time periodé
by increasing catch. The important thing is, in fisheries as in the
cultivation of land, as succeeding higher levels of inputs of variablé
factors are considered, thexsustainable production will increase at a
decreasing rate after the application of the variable ihputs 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, revérsing 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= KZE ™ kZ_E)

R
Where: L = Landings

E = Fishing Effort .
Kl, KZ’ and M are constants

‘Thus landings have the gencral property of a second degree parabolé

~ open in the negative direction of the landings axis. This means
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that as cffort is increased, landings will rise to some maximum
value and then will decrease if effort is increcased further. - This
landlngq function thcn is in 1ca11ty the best rcprcscntatlon of thc'

prlnalplc of dnmlnlthng returns Jn f15hc1les

- In developing his cconomic model, Schacfer gives a good desqriptidn :
of the effect of price elasticity of demand on the valueﬁofAlandings
as a function of fishing‘éffort 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 is large. Indeed, we
should not- go far wrong in assuning, as has Gordon (1954)
that the price docs not vary with landings.'21
The assumption of perfectly elastic demand means that the value of
landings as a function of fishing cffort is the landings function
multiplicd 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:
L = aL(b-L)

V = gL
C oE

Where: Landings

Valuc of Landings

Total Cost of Fishing Effort
Fishing Effort

nwnu

1

V
C
E

a, b, B, o, are constants.
With total cost defined as a lincar function, marginal cost and
average cost are identical and are constant. Likewise, with price

a constant, average and marginal rcvenue will both be linear
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'décreasingAfunctions df fishing effqrt. The maximum net economic
vyicid will then occﬁr at that level of fishing effort at which the.
marginal rcvenue is equal to marginal cost. The results are,indi;
-éafed graphicaily,as: N ‘ : -
. | . . A L B
: C=aE

1
Average Return= YE- A
Marginal Cost=Average Cosl=a

: _dyv
Marginal Return = JE

E2 Em B4 grrorT-o>-

]
|
L
|
1
E

1
1
‘ .
2 E1Em  EFFORT--

Schaefer then proceeds to explain what will happen under frecdom
of entry for a common property resource:

"In a fishery vhich is common property rcsource, wherc anyone
who wishes to do so is frec to center, ncw 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 intecrest on cap-
ital investment and the normal entreprencurs' fee), so that in
the unrestricted common property fishery the effort will grow
until L., where average cost cquals average return and the net
economic yicld is zero. '

"If unit cost is high relative to unit price of product ,
(Fig. 4A,AL) Ey may be at a level of cffort below that corre-
sponding to maximum sustainable yield (Ep). In this case no
increasc in total yiecld can be obtained from restrictions on
fishing effort. Any increase in yield must involve increasing
unit prices or decrcasing 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, Bl), L) may be at a level
of cffort higher than the level Ly wherc maximum yield is
obtainable. In this case, the yield can be incrcased by
restricting the amount of fishing cffort."22
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In turning to the question of fishery management policy, Schaefer

points out that two aitcrnativcs can be considered, increasing
total production of food and‘ihcreascd net cconomié return, but
“that these arc to somc extent mutuully exclusive. He procecds to
discuss the food problem of the world and problem of whether fopd
supplics can incfcase sufficiently to meet the cxpanding wofid necds.
On this basis he concludes: |

"It would séem, thefcfore, 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 W011d 123
Intfoducing the problem of nutritional neceds of the world bring
an cntire sét of new considerations into the picture. The question
is not just onc of total world production but equally as important
is the problem of distribution. Maximizing food production from
the oceans likely would add mérc 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 cconomic question of what is the best distribution of
labor and capital between agriculture and fishihg té achieve a
given increcase 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 fishefies, it would be
economically advantagcous to increase inputs of labor and capital

into agriculture.




',James Crutchfleld and Arnold Zellnor

" The next contrlbutlon to economic analy51s of flsherles was- made by

Crutchfleld and Zellner. The blolog1cal model employed by Crutchf1e1d-,s:‘

and Zellner 1s ba51cally the same as that developed by Schaefer.
However, they introduce the concept of "eumetrlc" f1sh1ng wh1ch

- Tequires some clarlflcatlon. The eumetric yiéld curve is the

, product1on function resulting from the 51multaneous variation of both
gear selectlvlty and flshlng effort. Thus, it is a "'ridge 11ne" of
the productlon surface generated by all possible combinations of gear
select1V1ty and fishing effort If discreet changes in gear selec-_‘;
tivity are made, the eumetric yield curve could be cons1dered as
passing through the maximum for the individual 9ield/effott curfes

for each gear size.

The eumetric curve, as it is generally presented, isvsomewhat mis-
leading.in that it does not reach a finite maximum but becomes
asymptotic to some value. However,'onCe a gear size 1is fiked, and
fishing effort increased for that gear size, it would still be
consistent to eventually reach a maxinum sustainable yield followed bf
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 relat10nsh1p for that gear would seem to be more relevant.
This is the landlngs function developed by Schaefer and is also the
yield/effort relationship used by Crutchfield and Zellner in their '
final analysis. Moreover, if fishing effort is held constant and

gear size increased, declining catch rates will occur at some point.




Crutchfield and Zellner usc a perfectly competitive long-run equilib-

'bfiUm model td illustrate how ah unrestricted fishervaill behave 5vér'e
time. Thus, in ‘their model, price and quantlty are determlncd by %
:supply and demand, and at the eqU111br1um p11ce costs are belng fully; :
'covercd 'S0 that no new flrms w111 enter the 1ndustry nor w111 any
firms ir the Jnduatry dlop out The blologlcal cond1t10n for equ111b~ =
- r1um is that the ylcld belng taken at long-run equ111br1um must be a.
sustalnablc ylcld f01 the flshery 1nvolved ThlS cond1t10n then
'demonstratcs that f1na1 equ111br1um can exist only after the flshery
'populatlon has adJusted to its StablC state for the level of flshlng
effort. 1nvolvcd in produc1ng the equ111br1um quantlty of flsh Thelr

mode] is graph1ca11y 111ust1ated as {ollows

* GROWTH IN POPULATION
“PER UNIT OF TIME

POPULATION |

AMOUNT - -
SUPPLIED AND
DEMANDED
PER UNIT

OF TIME

6

Biological and economic eduilibrium Equalibrium with restricted
: ' ' caich
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The curve in the upper graph represents the ratc of change in the
populatlon per unlt of time as a function of the size of populatlon
‘Thus the grcatcst Llowth 1nc10ment will occur at populatlon size B,
which will, in turn, be the population size that will support the
maximum sustaineble yieid for the fishery. If the population is
stabilized at a 1eVe1 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 Wlll be less, and therefore the yield that can
be taken out of the flshery by fishing effort will be 1ess Dy, Dy,
and D3 represent successive demand curves at different p01nts in

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

responses 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 equilibriun point indicated by the intersection of D; and S-0OC
would result in the fishery population being stabilized at size C
in the upper graph. Now an increase in demand to Dj would result
in a decrease in supply (i.e., a higher price is now nccessary to
‘call forth each given level of output due to the drop in catch per
“‘unit of effort,on_rhe 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 relatively greater than the decrease in supply, the output of |
.thc industry has expanded in response to the higher price. The
fishery population hasynow 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 1arger. ThiS_CQuiljbrium takés.place at the méximum
Sustainﬁblé Yjeld. A furthor increasc in demand tqkﬁg again
results ipvshor£~run~pr0fit5'aﬁd aﬁ inducement fbf new firms to
_enter the industry}'>However, this iﬁcrease in'fishing effort has
reduced the popU1ation to a size where itsAénnuai growth increment
"is lower, thus tho;fot51 sustaiﬁqbleiharvést'of tﬁé industry is
decreased. This is reflected infthc’furthér-deéreése inisupply
fme S-0B to S-OC. Thebhéﬁ ipng;run eQuiliBrium tﬁeﬁ,reSﬁlts in‘a
'Smalier total 6uﬁpUt for the industry thén was frﬁe at fhéchuilibrium
5 resulting‘from‘ng “The equilibrium at D3 énd SQOC_Would représent
the case of biological ovéffishihg ih which the fishery was being

exploited beyond the maximum sustainable‘yieid'for the resource.

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

conmon property'resource can result in an énd result where cvery-
body losecs. Thatbis, the total amount of fish available to society
is decrecased, the price paid by'thé consumer is higher, and the

~amount of capital and labor neccssafy to harvest the decreascd

- volumc of fish is greater. Obviously, all would be better off by
not ictting 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 adininis-

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 recasonable accuracy the preferences of consumers, the
basic cconomic objective, from the standpoint of society,
is to sce that the fisheries maximizc net cconomic yield--
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the difference between the aggregate money value of output
and the aggregatc moncy cost of input necded to produce it

(excluding, of course, moncy réturns based on monopolistic
restriction of output)

"It is desirable that this result be achieved by providing a -
situation in which the pursuit of profit by busincssmen _
vill result in.output, prices, and costs that also maximize
the industry's contribution to society as a whole.'...

'"Vicewed 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 prlvate enterpllse genelally.
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 flsh the better. If our econcmy is at full
employment ; however, more fish can be produced only by giving
up sone output of. other things. Thus, the proper objective
is that output of fish at which the value of the last unit
caught 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 restr1ct1ng output in the current period).'24

In all of the articles reviewed, the max:mlzatlon of net economic

yield has been demonstrated as'0ccurring at the level of fishing
“effort where marginﬁl cost'aﬁd marginal revenue are eduai. If
marginal revehué'is viewed from an industry basis and not from:f
the viewpoint of the. individual firm, tﬁis would not eliminaté
the possibility of building monopoly profits into the industry.
optimum. Crutchfield and Zellner do specify that this mathnn'
should éxclude moncy réturns based on mbnopolistic restriction of
output. The neéessary cbndition for this to be achieved is that
the marginal cost of the individual firm be équated to the
marginal revenue of the firm, wherc the marginal revenuc of the
firm is equal to the equilibriuwn price determined in the industry.

This is one point that has been glossed over in all of the

39




pleccdlng articles but is 51111 an 1mportant point in the

definition of thc optlnmm economic level for exploltatlon of a

common propcrty fishery resource.

alﬁ__Turqu o
The next contribution to the field of economic ana1y51s of flsherles

was an article by Ralph Turvey. Turvey states the ochctlve of his

study as: ‘

- ""The purpose of this article is to show that fishery
regulation is onc of those spheres of - economic policy
“where what ‘is the best thing to do depends on what can
be donc." ... "If the optimum optimorum is to be
recached (the highest mountain scaled), then regulation
must extend not only to the scale but also to the mode
of opcration."25 |

His analysis is a 1ong—run static cquilibrium for a single trawi'
fishery. Only one fish sfock is iﬁvolvedAand this is fished _
from poris which are equél distance frém the fishery. The markets
for the product are all competitive and there is freedom of entry
into the fishery. lhu% one would conclude that the fishery
resource would be a conmon property resource. In the blolovlcal
modcl, mortality and growth are both functions of age, recruitment
to the fish stock is an exogenous variable (i.e., dependent on the
mesh. size useh by the fishermen) and fishing mortality rate iS
proportionate to fishing effort. Fluctuations in the nétural

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

'

Turvey points out that costs in fishine arc complicated by the
fact that fishermen do not draw a wage but rather are paid on a

sharc-of-catch basis. e circumvents this problem as follows: .
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"Such matters arc not relevant to the argument of the
present paper, however, so 1 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
nccessary to attract and rctain labor and capital at the
margin rise as more of these resources are employed in
fishing. Total cost is defined to include 'rents' of
the intramarginal factors, i.c., the excess of their
actual earnings over minimum required to retain them in
 the industry. 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 decfined above is the independent variable
of the cost function. What is significant in this formulation
is the implicit assumption that mesh size has no noticeable
effect upon the costs of fishing effort."20

fThis‘treatmcnt of costs gives rise to sqmebquestions. It is
difficult to agrec that marginal cost of inputs,‘particularly

for capital, will have to risc for a specific fishery as the
~amount of labor and capital uscd in that fishery is increased.

If the labor force is a homogencous labor force, and thg ipdividual.
fishery is small in its dcmaﬁd for labor in relation to fhe

total 1abor‘fofce, it would not secm likely that an increase‘in

- wage rates would bc necessary to attract more {fishermen. However,

if onc considered that fishing includes certain hazards and un-

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

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

the sea" one might posc the casc that wage rates would have to
risc to overcome the reticence of people to go to sca. But there
scems to be no basis for assuming that the rate of return to
capital will have to rise in order to attract mdrc capital into
the industry.




A second qucstiOn in'rcgard‘to his treatment of costs is the inclusion
'6f»"intramargina1 rents" in costs. If this is a common property re-
‘éourCe, there is noltdnceivablo way in which the'mafket wouldvbﬁiid
-implicit econoimic feﬁts intovfhe cost structure. Thé eafnings of a
part of the labor force and some of-management would}no doubt include
a "quasi-renth if labor and managementvcosts had to fise at the_ﬁargin-
to attract more of these resources into the industry. However, it
would not‘seem likely that‘capital could.eafn a "qgasi-rent" iﬁ the
long ruh in a fishery iﬁvwhich there was freedom of entry, uniess
economies of scale were such.that capital requirements presented a
‘practical impediment to entry. However, it WOdld 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 indﬁstry
would be différeht if there were many ships fishing few days each és
compared with fewer ships-fishing more days each. In fact, fhis 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 §iven function relating total revenue to weight of
catch."47 | -

It is perfectly permissable to postuiate'a revenue function. How*'

ever, in the process of postulating such a function, the author
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should spccify'his aSsumptions’as to price elasticity of demand.
‘ Iurvcy docs not mcntlon p11ce clast1c1ty but hc shows revenue to bc
a p051t1vc functlon of -the welght of flSh landed 'Therefore, he must

fhave assumed a relatlvely elastic demand for fish.

Turvey also makes the fOlldwing assunption 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 minimun 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 aboye that size. 1f he uses a smaller mesh,

he would have to throw part of his catch back into the sea,

which would involve unnccessary trouble. 128
The real significance of thisiassumption is that thc mesh size which
will assurc the individual fisherman of getting the maximum weight
of fish above markctable size is not the mesh size that will place
the industry on the highest sustainable yield effort function :for
the fishery. Turvey's last sentence about the effect on costs of
throwing fish back is not a meaningful explanation. In the process
of trawling, a widc array of fish are taken, thus, necessifating
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 valldlty of the assumption that fishermen likely would
use a mosh size smaller that would be most advantageous for the
Jndustry as a whole is borne out in experience. The imposition of
a mcsh regulation in a fishery generally requires an enforcement

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

cixl of the trawl, or devising some other modification of the
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gear that tends to negate the effect of sclectivity of the

mesh size.

'Cn the bugis of his dcscription of gést.und revenue factors, the
llong—rUUHCQUi]ibrium is dbfincd as that point at which tota1 
‘revenue is equal to total costs includiﬁg thevront of intra-
marginal factors. Thc ad;usUncnt is stated as, "If total revenue
_excccds tOLdl costs, TLSOUYCbQ not in the 1nduat1y w111 flnd that

it is worthwhile to move into it, while in tho reverse case some

resources at the margin will be earning 1ess than is 1cqu1rcd-to

rctain them in- the industry, and they will leave it.'29

It is difficult’to éccéﬁt that the 1ongjrun_equilibrium in a common
 property resource will occur at the level of inputs (fishiﬁg éffort)'
'which will retaih the.eéonomic,rent-in the fishery‘(thevrent
accruing tovth§‘$¢ércity'of the natural resource) . ,As'long-as_the
A fi%hcry is open fo entry, the economic rent wbuld fepresenﬁla

. paymcm_ above the oppor umlty costs of labor and capltal and -

hence would tend to attract more labor and cap1ta1 into the
industry. Therefore, it would secm that flsh1ng effort would
continuc to increase until all economic rent was dissipated and
total revenue would cqual total cost where total costs répresented
only payments to labor and capital (this would, of course, includé
quasi-rent to labor and management). This situation would have

vto be where averagc\revenuc would equal long-run ﬁarginal cost,
which would be equal. to the 1ong-run minimun average cost per ton

of fish produced by the individual firm. -
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The grhphjc_illustrationlof Turvey's equilibrium is as follows:

Vleight of Cotch

Yield Curve

Total N7 : Fishing
Revenue , - Effort

Total Cost Including Rent
Total Cost '

Turvey poinfs_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 wpuld producc the maximum-wcight of catch
{or thé resource.  This would mecan a greater total utilization of
'inputs in the fishery but at the samc 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 uniquc problem is really twofold:

"But from what has been said it should be apparent that
two problems arc 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 discconomy upon his
brethren; the marginal private product of his fishing
effort exceeds the marginal social product.

'""The sccond problem invelves mesh size. By catching small
{ish, fishemmen are reducing the nunber of large fish to be
~caught later. If an individual fishcrman werc 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 usc of a larger mesh may lower the costs of
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all fishermen together and, if all of them uscd larger - ,
* - meshes, all would benefit. Herc again, social and private -
product diverge. ' o o

"When external economies are involved both in the level of

fishing effort and in the choice of mesh size, it is clear

that to achicve the optimum resource allocation requires -
* regulation of both of these variables.'30 ’ g

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 necded.

Turvey then proceeds to develop the conditions for the optimui
allocation of fishery 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 income between fish consumers and other is unimportant
and, second, that ¢ level of carnings in the industry which
is equal (at the margin) “.» the earnings those resources
could obtain elsewherc is socinlly acceptable. Finally,
let us consider only those cascs whiocre the fishery is a
very small part of the economy. ‘

"Under these conditions, the optimum optimori is reached
when G is maximized, G being the excess of the valuc of
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 maximum 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 valuc of the goods and services sacrificed is equal

to the contribution to production that thc resources used
in fishing would make if they were not so used and this,
on our assumptions, is what they could earn elsewhere. Tt
js therefore mcasured by the total costs of the fishery
less the rents of the intramarginal resources, TC-R. Thus.
the optimum optimorum is to be reached by maximizing:

G= (TR +8) - (IC - R)"31




Here as ag:xinst» his carlicer an:n.ly‘s'.i::', an ix‘lcrcnsc in mesh size

~would ha'\v/cvau c;ffc'ct on cost of producing fish, but not ‘O]‘l fishing.
ef'fortk. Inzlsn_ujch as ’l‘urvcy‘haé been discussing t}ie coét of fishing
effoft, a change in mesh sizé'would be reflected throﬁgh the revenue
of the firm and not cost. |

~ "A nccessary, but sufficient condition for maximization
is that mesh size be such as to maximize the catch for
the actual level of fishing effort.

" "In terms of Figure 1 this mcans that the fishery must be
'on' the detted envelope curve, known as the 'eumetric yield
curve' (Beverton 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 optimorum is illustrated graphically as follows:

Weight of Catch .
R o o Eumetric

°® Yield Curve

!
|
|
|
|
1
1

Total v Fishing
Revenue « 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.

Turvey 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 = Avcragg cost of fishing cffort
- : “including rent. :
Thus'Turvey'concludesi
“... which means that total revenuc excceds total costs |
including rent. G=S#R+(1R-TC), the maximum gain is the =
sum of consumer's surplus, producer's surplus, (the rents

of intramarginal labor and capital), and the rent of . that
other scarce resource, the flsh stock." 33

It can be agrced that it would be desirable Lo increase fishing

effort just to the point whcrevfhe.price times the marginél

' ‘incfemeﬁt,of catch wouldwbe equél to the margiﬁai cost ofwfiéhing
effort. However;vit'docs not follow that the price timesvmarginal
catch will equal the average cost of fishing'effort,_ih;luding
rent. It would be sufficiént for the marginai value'prdduct to
the firm (price‘x marginal catch) to.just_covcr the'éverage'cost
of effort at the minim@n point on the average cost eXcludipg
economic rent. Thé sﬁmmation of the marginal value products ov¢r>
the range of fishing effort of the firm would exceced price fimcs

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

Turvey identific$ a change in thevmesh size as determining S (the
consumer surplus) and.the amount of fishing effort as affecting
only R (the rents - in the industry). Howcver, it would.éecm 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

scems to be identificd with trying to sort them out.

The maximization of economic welfare out of the usc of fishery
resources will require both optimization of mesh size and fishing

effort; however, it is still questionable whether the maximum to
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be fealized WOuld be the cconomic reht‘or the maximun combination
"of economic rent and constmer SUIP1UJ. It would not seem poesihlc L
:V_te;maXJmlze both, Therefore 1f an 1nc1cmcnt is to be 1nc]udcd for
hconsUmcf sdrblhs, it would have_to be achieved through 1ower1ng theh

economic rent left in the industry.

Turvey would utlllzc a toll or fee to approxlmate the economic. rent
as a means of max1mL21ng the rent after the consumer surp]us had
been maximi.zed through the suboptlmlzatlon of mesh size: Such a

_toll,would have‘to be somewhat less than the economic rent implicit

~in the natural resource if credit is to be given to increasing

consuner surplus,’

Assumc that in the above graph, the total revenuc function is

devcloped by allowing the marginal cost of fishing effort for the
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fimm to cqual its marginal valuc product. Thus for the individual

firm the revenue would not include monopoly profits. The maximum

diffcrénté between cQst.und thjs revenue would rcpfcsont the cconomic
rent. lowever, if thc'dif{éronéé between TC and TR+S were achicyeQ :
in thé industry, this wbuld have to occur at.a level of fishing
effort to the right of Ej, for example, Ep, and the economic rent,
i.é., 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 maximumn economic rent.

~Somc confusion scéms to arise out of.Turvéy's treatﬁent due to
failure to distinguish between the functions for tﬁc individual
firm and industry aggregates. This same préblem seems apparcht 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 cquals 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 achicved 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

olutput will be proportionate to the extra fishing effort
expcnded.  This is equivalent to stating that increases in

industry output have a negligible cffect on the fish stock,
and, hence, that the marginal product of the fishing banks
is zero."
 The firm will rcalize a marginal cost cqual to average cost where
the marginal cost curve cuts through the average cost curve and
this does not requirc that average costs are constant nor that the

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

product of the fishing banks were zcro, an increasce in fishing
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product of the fishing banks werc zcero, an increase in fishing

- effort would certainly have to result in average cost increasing.

' Fréncié T.’Christy Jf., and Anthony'Scott

lbn most recent. contr:butJon to cconomic ana1y51s of {1shor3es is
that of Chrlsty and Scott ‘Their conclu51on is that the_max1mum
net economlc revenue should be sought from the fishery.  Their
~-analysis 1is as follows:

. Thus where there are OA fishermen engaged each receives
an avcrage revenuc¢ of OD, and where there are OB fishermen
engaged, the average revenue decllnes to CC.

"With OA fishermen, the additional revenue to the industry

would cqual the costs that each fisherman bears. This is

the point wherc marginal costs and marginal revenues are

equal and where the industry will produce the greatest net .

revenue, profit, or rent.

”AL 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 efficicncy can be approached by

preventing excessive entry into the industry, so that

thosc 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 plOdUCC other goods and services

of value to the community. ”'5
If the range of choice were limited to the two alternatives, i.é.,
-operating the industry under conditions of freedom of entry so that
all thc cconomic 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 industyry and to maximize the monopoly
profits of the industry; perhaps the latter would be socially more
desirable than the former. However, the ficld of choice is not

limited solely to thesc alternatives. Again it would scem possible
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to achicve a goal superior to ecither in which something akin to

only thc economic rent of the fésourcc were éllowcd to exist over
and Qbovc capital and labof'costé in>appropriating-fishcry
fcsourccs. lhis_wéu]d allow a'sohcwhat_largcr amount of labor
and cupitalltq_bc cmp]dycd in the fishéry.fhah would Christy's
and Scott's goél, but at thc,same timg,Wouid not rcSult‘in'thé
reduhdancy of labor and capital'that would obtain under Compléte

frecdom of entry. -

Sumnary and Conclusions

The.literatufe reviewed indicates four pélicy géals-for coﬁ—
sideration. Schaefer cited the gbal of maximum prquction~of food
from the.occans.- Gordbn,‘and Scott and Christy would séek to
maximize the net economic yield above ébsfs or in ef£ect seek the
monopoly outcome for the irdustry. Crutchfield and Zellner called
for the maximum net economic yield but qualified tﬁis by ekcluding
""moncy returﬁs based on monopolistic restriction of output.'" Thus
onc 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 surpius 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 proposcd by the various authors, some
confusion arises from three deficiencies in the literature. The

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

. totals. "ﬂxe second is the lack of treatment of short- run and
IOng'—run equ111br1um. The thlrd is the treatment of the pr1nc1p1e
:of diminishing returns as it may apply to fisheries. The development
of the bio- economlc model for this study is expanded to attempt to

brmg out more clearly what is :mvolved in the first two areas.
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CHAPTER III

" THE BIO-ECONOMIC MODEL

~

The model is based on a closed demersal trawl fishery. A demersalv
fish is a bottom-dwelling fish. A closed fish population is one
whichineithér loses nor géins members through migrétibn. Therefore,
the fishery'isArcpfesented by a sélf-contained set of factors
embodied in the ccosystem of which it ié'a paft. This species of
fish are harvested with bottom trawl gear and the technology of
fishing and gfficicncy of;fishing equipment will be assumed
constant during the perioa of time needed for éll adjustments to
long-run equilibrium of the fishery.

The Biological Model

N

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 (M).

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

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

Growth: The bio-mass weight added by all fish

within the population during the time
period. ‘
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Natural mortality: =  The bio-mass weight of fish lost from
‘ : ' the population during the time period
duc to natural death and predation.
“This species of fiSh'spawn one time a'year and the young follow a
_ consistent pattcfh_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'hasAséVéral o

. pafamctcrs'whi¢h arc considered.fixed‘and independent of_changeé ’

' in'fhe abovg Qatiables.( Some of these paréméters are‘éalinity,
temperatufe, prevailing currents, othefnspecies of fish; radiated
solar enefgy, the rate of photbsynthesis, and the rate at which
mincralvelements in the environment are replacéd. Although these
paramcters are considered fiked; they are fixed in the sense of
being stochastic variables With_constant expeétéd 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 fishory sub-system is similar to
any system containing a Vo]ume which chahges over time duc to
differential rates of inflow and butflow. The implicit functional
rclationship involved is:

f(P,R,G6,M)=0

—>

ond Pyz Pj_| +R +6-M




In the fl%hCly sub-system, the rate of change of tho.pbpulation
b10~muss weight, WJll be the net result of the rates of rccrunhncnt
'growth, and nqtural'mortalnty durJno the t1mc perlod If the dif-
fClcntlal Jnclcments of rec1u1tmcnt and growth were constantq and
cxcccdcd the d1ffcrcnt1a1 for nﬂtu1al morta]11y, al%o a con%tant
then the population would continuc to grow w1thout bound,-obviously
an impossibiliﬁy. Convcrscly; i{:ail the abbve incréménts were
constants, bﬁt the incremént of mortality éxcecded recruifﬁent énd__“
growth, the pbpulation would‘constantly dcclinc,to‘iero. If the
popu}atlon achlevcs a steady state cqullnbrlum w:th its onV1ronncnt
TCCTUlthHt, growth, natu1a] mortality, and the populatlon snzc must
ali be interrelatcd and one or more of the partlal ‘derivatives must
also have second dcrivativcé such that the second partidl_derivative

of either R or G both must be negative, and/or thc second partial_'

derivative of M must:bc positive.

. When man influences the ecosyétcm-through his {ishing cffort, a new
variable, fishing mortality (F)‘is'introduced into the.fishery sub-
- systen and an éntirely new system of differential equations will
chalacterlzc the flshcry sub system. |

Fishing mortality: The bio-mass wc1ph1 rcemoved from the
‘ fishery by man's fishing cffort.

, 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

rcaching an age and sizc subject to capturc within the time period.




“The fishefy now is described by the implicit function:

£(P,R,6,M F)=0

—>

ond Pyz Py +R+G M—F

Because fishing mortality repreéents an additional drain on the
population during ecach time period, unless the rates of recruitmcnt,
growth, and/or natural mortality chénge from their values when the
fiéhery was'in_a natﬁra] steady state equilibrium, fiéhing mortality

" would tend to pull the population steadily downward towards zero.

Two hypotheses can be formulated about the impact of fishing mortéiity.
First recruitment, growth, and natural mortality canvbe’aSsumed
independent of fishing mortality. Thus, a given level of fishing
mortality would reduce the population to the point where thé rate

of natural incrcasc just offsct fishing mortality. The population

would then be in a'steady state equilibrium as follows:

dP=R+G-M-F=0 and d?P <0
dt : e ‘ dt?2

The sccond hypothesis would hold fccruitment, growth, and natural

mortality as all being interrclated with fishing mortality such that

;R 36 M
3F 2 0, 3aF > 0, aF




: Aydln, the populatlon would conie 1nLo a steady state cqulllbrlum.
with its cnv1ronment but the rate of natural increase to be c1oppcd
off by {ishing effort would beAchater because of the impact of

fishing mortality on recruitment, growth, and natural mortality.

i
In cither casec, for any given popuiation size, fishing mortélity
can just offsetithe natural rate ofvincrease without causiﬁg
population to declinc. Thereforo, for each pdssible level of
population of fish, therc will be a corresponding‘levcl of sus-
tainablc‘fishing.mortality.that'cén 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 mﬂasurcmént a relqtionship can be derived which is
not only subject to emp111ca1 approxunatlon but at the same time
gives knowledge nccessaly to analyze economic aspccts of uLlllzatlon
of fishery resources. - Schaefer has developed the logic as follows:1
""For each size population, there is a certain rate of natural
increase, which is, under average envirommental conditionms,

some single valued function of population size. In mathematical
notation :

= f
- @) 4 _ @

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

L= ¢(P,E)
"In the equilibrium state, which we are here discussing,
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~the catch is exactly equal to the rate of natural increase.

< This has been called the equilibrium catchi by Schaefer (1954a).
This equilibrium catch is the long-term annual production of
-the fishery for a glven level of population (and effort)

"It immediately follows, of course, from (1) and (2) that
under equilibrium condltlons p0pn1at10n size 1s some function

Pe1®) = ®

"Data {rom expecrimental animal populations and from the
comnercial fisheries (Muchmann 1938, Graham 1935, 1939,
Schaefer 1954a) indicate that £(P) is a single valued
positivc function, falling to zero at P = 0 and at P = M,
‘the maximum populatlon which the environment will supp01t
under average conditions, with no fishing, and having a
maximun at some intermediate value of P. It further appears
“that a- reasonably good fllst approx1matnon is the quadratlc

£(P) = kP(M-P) o )
where kl and M are constants.

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

L. = koEP
where k1 is a ‘constant so that, under equlllbrlum
conditions; : :

~ kobP = KyP(M-P)
and consequently

P=M-ky E
ki

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

L=k E(M- ]ﬁz_ E)
1

Schaefer's last equation can be written as follows:
L = KB - gi2
where L = Total landings of fish per year
E = Total standard days of flshlng effort pcr year
K and g are constants.
A standard day of fishing effort for this fishery is defined as

24 hours of actual truwling time. For cxample, if a vessel were

at sea for 10 days, and during this timec it madec 90 tows of 2 hours
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each,,it would have accomplished 7.5 standard days of fishing,

effort.(QO X‘Z + 24 = 7.5).

The above cquation;will be of the standard form of a sccond-degrec3}"5

~ parabola opening in the ncgative direction of the landings axis:

g

Each point on tﬁe parabola‘would be considered the "expected value"
or sustuinaﬁlc yield of the fishery after the population had adjusted
~to its stcédy'statc eQuiijbrium for the amount of fishing mortality
represented by the corresponding level of fiéhing cffort. For
~example, if the levcl_df fishing cffort weré held constant at E;
for a period of years, then, after populationvadjustment, landings
could be expected to average Ly, and similarly for E; and Es..v
Some level of fishing effort would enable landings to be a maximun
for the fishery sub-system. This level of fishing intensity will
be at the level of fishing effort where the first dcrivétive of
iandings-cffort function is zcro:

IS L=KL-gli2

Then:  dL/dL=K-2gk
And: dl./dE=0 when E=K/2g.




This point is illustrated at the level of L and Ly in the above

graph. A level of fishing cffort greater than this, for cxample

- Ez, would actually produce a Smaller'sQStaihablc yield of fish

7frqm the fishery..

A.distinctiéﬁ must be kept‘in mihd‘as to fishing mortality in.aA
pure biologi;al model for a fishery, and the landing effort
function for a fishery. ‘Alfhough the landings cf fish (accounting
for small fish discarded) is a measufe of the fishing mortaiity
introduced intc the fishery systcm, the landings function also‘is_
a technical relationship between inputs of fishing gear, knowledge,
and cxpertise'for catching fish, and the output of pounds of -fish.
Thus, technical catching aépects of the fishing gear; and their
mcthod of use, are also reflected in an empirically determined

landings effort function.

Onc of the most important considerations in the use of fishing gear
and its impact on the fishery is thc selection of the mesh size for
the cod end of the trawl. As the size of the mesh opening is
increased, 1érger fish can escape thrcugh the mesh so that the
minimun age and size of fish taken in the trawl is increased.

This aétion of the mech size must be considered in a couple of
respocﬁs; Cn cre hand, an increase in mesh size will affect
recruitment. The 1afger the mesh size, the larger and thus

oldcer, fish will be before they are actually recruited to the

fishery populaticn (i.e., the populaticn of fish subject to




4fishing mortality by the fishihg_g@arj. At the same fime;.it is
' poSsiblc that, if fishing effort is held cohstant and the mcsh
size is increascd'througﬁ a range of Valucs,.thc acfual landings __‘H
‘,’wili:drdﬁ; not be@ausé.qfva décrcaSé[invtﬁe.pqpulation of fiéh,: :
Lut fathcx'because of the }imifution on catching ability posed'by_>
tﬁg,iargé mesh used. Therefore, the landings function’wiil.bé-- |
affccted.by mesh size as well as the biolbgical'interrelationéhips .
withir. the fishery. If thé mesh size is smali,‘very'youhg fish
. will be taken ir the fiéhing process. If these fish were left in
the ecosystem for a longer pericd :of time,:the ﬁeigﬁt»added per
fish as théy‘maturcd in agc would_be‘greater than the loss of
~weight dde to natural mortality;» Thué; an increase in mésh size,
(through a écrtain.range of valucs) will tend to increase
fcc1uitm¢nt and permit a hiéhcr level of sustainable yiéld.for
sane levels of fishing effort. However, after a point has been
reached, a furthér iﬁcrease in mesh size will resﬁlt in a drop
in the landing effort function duc to the limited ability of the
gear tc take fish (i.é., because the bio-mass of fish subject tc

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

duction of mesh size can be illustrated graphically as follows:




_For cach piven mesh size, a separatce landings-cffort functicn will
" obtain. Thus, the curve labcled 1 in the above graph jllustrates

~one mesh size, whereas, the curve marked 2, rcpresents the use

“of a larger mesh size. rThroughOUt‘a-rapge of fishjhg effdrt, the

larger'mesh size produces-a_smallcr catch thar. theAémaller mesh
: sizc. ,Hocher, after th0‘1andings functicn for the smaller mesh
siickhas reached its peak and turned dowrward (dueAto bicleogical
factors) landings continue -te increase as‘effort is increased with
the larger mesh size. Furthermore, the maxinwmlsustainablc'yiéld'
for thkc fishery is greater with the larger mesh size. This impact
of mesh size hag 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 yiéld
for the fishefy is.a maximum at L. An increase in mesh size
beyond this, for exmnple; 1andings 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 passcd through the maxima of éil such landings curves.
In the development of biological population dynamics, such an
envelope curve has been termed the eumetric yield curve. The
eumetric yicld 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 reflocts the combined considerations of technical interplay

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

of a loss in catching ability duc to increasc in mesh size. |

v
I
H

The cconomic significance of this possibility depends on the cffect of

mesh size on the average size of fish landed and thé‘tcndency of the
market to disériminate‘in terms of price for'diffcreﬁt'sizéqu fiéh;
If the market prefers 1érge fish tQ‘small fiSh,.andkthis is reflected
in a substantial price diffcrential, the landings/effort function that
will producé the maximum sustainable physical yield, is nof neces-
sarily the 1andings/effqrt function that will produce the . maximum
market value,Of'fish 1énded. bFurthermore, for fciatively‘ﬁne£§1oited
fisherics, the mesh sizc_thét will maximize sustainable yield wiil

not necessarily represent a social opﬁimum. This latter poinﬁ can bé'

illustrated as follows:

;j

mpE——————
(30}

In the above situation, El of fishing effort will produce landings of
Ll, Ly, or Ly, respectively, for mesh sizes Sy, S,, or S+ Costs

likely will decreasc somecwhat as mesh size is increased. The smaller
mesh size will require higher initial cost, higher maintenance costs,

greater {fuel utilization, and more culling.




HoWever, this.laet item will oniy add to costs if the'increese in'
_cu1]1ng TCQULTCS a 1argcr Crcw, an unllkely 51tu1t10n The-ehange‘
-~ in cost due to mesh size W111 be smal] in rolatlon to the total
costs of flshlng In fact for most flShCTlCS no great error , :
would be Jntroduced if it werc assumed that costs’ did not change‘,>
w1th mesh size. On the other hand, flshlng effort of Ep and Ez,
':respectlvely, would'be'needed to produce hl oflfish with mesh

- siZCS'Sé'of SS' Thus with the larger mesh sizes, the total

_ cost of produc1ng Ll quantlty of fish would be substantlally

"-grea101.

'The problcm of mesh size is far more compllcated than thlS snnple
111ustrat10n. Obviously, as the 1ndust1y approached the max1mum
‘sustainahle.yleld-for mesh size Sl, costs would be rising rapldly. .
Furthennore, the maximum enetainable yield would be lessdthan pos-
sible outputs of the fishery forhlarger mesh sizes. Thus, ab
small mesh size would provide fish to society at the iowest cost
in the initial stages of development of the I1shcry but would be
a lnnltlng factor on the growth of . the flshery Thereforc one
mesh size may be justified in the 1n1t1al stages of development
of a fishery,land.a iarger‘meshfeize would be more advantageous

.as the industry developed.

In sumnary, the industry faces a biological parameter of the form;}

L =aj KE - angz




.Where: L = Total landings of fish by the industry

E = Total fishing effort applied to the fishery
“K'and g-are constants

@y and. “2 are functions of mesh 51ze and operate on K and
- g, respectlvely.- :

.,vThat is, for the 1ndustry to be 1n‘equ111br1um, the landlngs |
achieved from the fishing effort applied by the 1ndustry must be
related by K and g as 1nd1cated above for the spec1f1c mesh size
in use. If L.excecded the sustalnable yield, the flshery popula?
‘tion and landings reached an equilibrium stéte for fhat level éf
fishing effoft. Cdﬁversely, if laﬁdings were less than the sus-
'tainable yield, the populationﬁwould increase, thus incréaSing‘
catch rates until again the population and yieid Wefe in equili-

brium for the amount of fishing effort being applied.

The Economic Model

In order to evaluate the four policy alternatifes proposed in
chaptef II, certain market factors affectihg the decisions ahd out-
come of the fishing firm must be added. The decisién criteria and
variables involved in the individual firm will be the same for
each of the policy alternatives. A change from one policy alter-
native to another will, in effect, be a change in certain
parameters affecting the specifié decisioﬁ of the firms and thus
the outcome of the industry. Therefdre, 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 equilibfium of an unregulated coﬁpetitive fishery .
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. will serve this purpoqe.“Such~é'fishery is defined by the

: f0110w1ng cond1t1ons

1. The 1ndustry is compr1sed of a large number of 1ndependent -

o f1rms (one f1rm operates a single vessel)

2. .The-lndustry is open to entry of new firms.vv
'~‘3}'ACapital requirements are not greét SO that.firmévéfe able
,’to enter the flshery with relative ease. | | |

4, The flshery represents only a small part of the total
fiéhing.act1V1ty of the region. Therefore, skllled 1abor is
availagble without affecting the wage rate.

5. - The species of fish involved is differentiated by con-
éumers so that a specific demand relationship exists for this
fishery. |

6. The individual fim will seck to maximize profit from

his fishing activity.

Profit maximization on the part of the firﬁ 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 iliustrated as follows:
' 7 = Ph - C(h) o
where: - Profit to the firm
_ Price received for fish

- = Quantity of fish landed by the firm
= Total cost as a function of 1and1ngs




v is ‘a maximum when:
. dn= o dzn <o
dh - '('1;2'

dn = Pdh -dcﬂ_!) élfo L
i i@ <o
o @t

Thus the firm maximizes its profit at the output where its marginal
~cost equals marginal revenue (which is the same as price in a com-
‘petitive industry) and any further increase in output will increase

costs more than revenue.

.Give_n the cdmpetitive structure assumed .for the industry, the indivi-

~ dual firm has control over two variables whic_:h_ will affect its revenue
- and cost; nameiy., fisiling effort, e; and mes'h'size, S. However, be- |
| cause of the biological parameter faced by the inaustry, the actual |
iandings of the individual firm will depend on the nurber of flrms
in the industry as well as the firms' choice of fishing effort and
mesfx size. Thi§ can bé i'llustrated as follmvs:

N -

. 5;'1 ei=E=Ne  (i=1,..0, N)
1= . o _ -

. Z 1 hi = L = Nh . (i = l’o.o, N) ‘.

where: ei = Standard days of fishing effort of i—t-}l vessel. ‘
hi = Total pounds of fish landed by the i— vessel.
N = Number of vessels in the fishery.:

At equilibrium:

L=c gEZ




a, ke - ,<':g2_g(Ne)~2
"alKev -~ angeZ
£(s) - o
= £(s)

h = h(e,5,N)
e<e

s>8

"Thus, the prdduction function of the individual firm will be a function

of two variables controllable by the firm, days of fishing effort ex- =~
’» pended and mesh size 'sellected, and a parameter beyond control of thé_
-firm, the nunber of vessels in the fishery. An upper constraint, E',
must be piaced "6n e, for there will be a maximum nuxﬁber'v of days of
fishing effort that a vessel can achieve within a year. Similariy,

the mérket vwill_place a minimum constraiht, S, on mesh size. There
will be some mi‘nimum.'si‘z‘e fish that the market will accept. There-
fore, the firm will not consider mesh size smaller than that which

will assure the ta_king' of minimm size fish acceptable in the iparket.

The exvessel price fof fish also is interrelated with ‘mevsh’ size. Large
lfish sell at a premium over small fish. Inésm’uch as an increase in |
mesh size will tend to‘ increase ‘the proportion of lafge fish in
landings, it will also tend fo increase the average exvessel pri'ce

for fish. The decision of the firm relative to mesh si.ze now can b'ek

analyzed in terms.of the firm's profit maximization criteria: -




7 = P(S)xh(S) - C(h,S,N)

8n=o=P3h+haP-aC~o
38 s 'a§'5§

h<o, 9P >0; aC<o
23S - EE R PR

Thus, the firm's decision as to ‘;n;'ash size will depend on the magni-
tude of the chmlgés. imiolved. 1f the relative cha_nge in pricé is
less than the relative.change in landings (fhe genéral caée) , the
fu'm s revenue would decrease with an increase in mesh size. In
‘this case, the firm would increase mesh size only 1f the decrease
in cost were greater than the declme in revenue. ‘However, ther‘ '
" decrease in cost likely would be small. Tﬁerefore , the firm
-probably would adopt the minimum mesh size. Moreovér; the firm
is not 11ke1y to be cognlzant of the external effects of a change
in mesh size on the blologlcal parameter. Thus the fishery, 1eft
'elitirély to market forces, would tend to come :mto equ111br1um with
K and g as functions of the m1n1mum mesh size. The proflt max:.m:l.z:mg
'funcuon for the individual firm then would be:

7= R(P,h) - C(h,N)

~dm=o=3R P- 3C(h,N) = o
oh oh 2 "

2

' y | a2
3°r <o = - 3“°C(h,N) <o} true if 3°C >0
= _Q%L)_ ’ =—°

~o%h - dh ‘ ~ ch

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 eqhal to |
price, the marginal cost function for the firm becomes the suppiy"

.

response of the firm, and the supply response for the industry is
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FN fimCS‘thé respective quantities. that the individual firﬁ will
offer tunder thcAaSsumptipn of homogeneity of cost structure for f
. the firms).  if.the mafginéi cost 6urVé of the individual firmlﬂ

is of the‘general'form bzhz.—-b'h + b, , then thevindividualffinﬁ
*supply curve Cdn.bC cxprcsscd as bzh2 o blh + b - P=o, énd thé
supply curve for thc 1nduery would be :

bZLSZ'- by Lg + by -

NZ N
In addition to the supply reldtionship, given‘consumef tastes,
incmﬁe, and prices ofvcmnpéting goods, there will be some demand
function Lg = D(p) for thié fish. Assume this demand function to

~ be of the general form ajly + P - aj = 0.

Given the demand. and supply relationships for the fishery,

equilibrium of the industry must satisfy three identities. First,
the total revenuc earned in the industry must just cqual the total
cost of the industry so that finns wiil ndt enter or iea&e the
industry; second, the quantity supplied at equilibrium must be
equal to the quantity that buyers will purchase at the equilibrium
pricc; and third, the combined output of the industry must be a
sustainable yield for the resourcc for the amount of fishing effort
being applied to the. fishery at equilibrium. Thﬁs, the industry
| equililﬁ*ium will be: |
ajlgtP - ag = o
byLg2 - bilg + by - P = o
NN




&
@
thilibrium foritho abofe industry cgﬁ be_illustfated graphicaliy_f'.

as follows:

Lo /

Lo

Thus, demand and supply determine the equ111br1um 1co P o’ and
quantlty L . The 1nd1v1dua1 flrm equates its marg:nal cost to price
at an output of h_ o’ and the sum of the productlon of the 1nd1v1dual
firms (n x_ho) just equals Lo, the‘quantlty that buyers are willing
to purchase at the equilibfium price. vAt output.ho, the firm is just-"
covering its average tbtal'cost of production per pound of fish
produced, so that it will be w1111ng to cont:nuc in productlon but at
the same time economic profits are not belng earned so there will be )
no incentive for additional firms to enter the industry. Furthermore, 
the industry output, Lo, is the sustainablec yield of the resourcé'for

the amount of fishing effort, BO, being applied to the resource.




~ Now suppose. a shift in a parameter of the demand curve resulted in an -

" incrcase in demand forithis product. The néew equilibrium would be:

ho

N.h L

ihy = L3 N

1615 NN

'Thds, bcCause‘of the external discconomies arising from the common
property status of the resource, the industry is a rising cost
industry. An expénsion of the industry (entry of new firms)
results in a risc in the costs of producing fish for the individual
vesscel, and therefore, a decreasc 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 indﬁstry (supply -
tends to decrease as the industry expands), the total output of
the industry will tend to increasé with an increasé in demand up
to the maximﬁm sustainable Yield of the resource. However,

because the firm does not pay un cconomic rent for the right to
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cxp101t the resource, 1t is p0551b1e for the cxploltatlon of the
' reqource to’ be carrlcd bcyond thc po:nt of d1m1nnsh1n0 total

phy51ca1 returns.‘f.

The net result of the above condltlon would be less fish avallable, o
a higher prlee for flsh and a great redundancy of economic 1nputs

being ut1117ed in the flshcry

' Obv1ouq1y, everybody wou]d be better off to reduce f1sh1ng effort -

in this case. However, ngen the economlc conditions in an open
entry ‘competitive flshery, the industry 1tse1f cannot correct thls
situation. Therefore, steps will have to be taken from without the

industry to limit the fishing cffort.

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 suppiy,behavioral relationships




will be the same in each case. The difference in the respective

models will be the industry equilibrium identity added to the mbdelé

A cmnpctitiVe fishery L |
The identifying:féature'of a cbmpefitive fishery model ié the
' requirement that,TC = TR at équilibfium. Equations'lland 2 cén:_
‘be solved for P and the results substituted in equation 3 to
obtain the following resultsi |

1. P aé - alLd

2. P=b_-bL_+b,L
- o _1's s
N

From the above, the model can be reduced to:

Cx 2 P 42
3. Nf bh" - bjh +bdh =al - al

1 1
The identity eqﬁations: |

R
5. L0 KE - gi

L°d

can be incorporated into equation 3' to yield the following

equation for equilibrium in a competitive fishery:

Nf bZ(Ke—gNez)2 - bl(KngNez) + b dh = ao(KE~gE2) —.al(KE—gE?)Z

The graphic illustration of the above equilibrium condition is:

$




.Thuq, under one demand condltlon,.the flshely may - be in cqulllbrnuma
jat a 1evc1 of flshlng effort b “to the left of El, the level of =
"flshlng effort that would producc the maxlmum sustalnable yleld
Howeve1, glven a Shlft 1n demand, the 1ndustry could come into a
: new equilibrium- at EZ’ a level of flshlng effort to the rJght of
.maanmmxsuetalnable yleld A necessary condition for the total
revenue £unct10n to be 1151ng as E increases up to thc max1mum :‘
_‘sustalnable y1e1d is that the prlce elast1c1ty of demand be greater .

than 1, 1 e., that the dcmand curve is relatlvely e]astlc

Maximum Net Yield Above Cost

The objective posed by Gordon, and Chriety and Scott canvnow'be
acpicted in the same manner. The benavioral equations in the
model will be the same as beforeAbut'the equilibrium equation for
the industry must be such aa te.maximize tne monopolj profité from
the fishery. Therefore;’equatien 3 of the model now would become
3. MC =M
and by solving equations 1 and 2 for P and substituting into |
equation 3 the following results are obtained:

3. b L - b1 L + b - ZalL

©
Again, identity equations 4 and 5 can be substituted into 3’ to
form the single equation equilibtiumlcondition to maximize monopoly

profits as follows:

202 L2 2.
b2 (KE-gli™)" - bl (KE-gE™) + b0 =ag - 2 (KE-gE™)




Graphically this solution is:

T e
A28y (KE-gE®)

' An increase in- demand nowv would qnlft the 1evenue £Unct10n upward
and thcrefore at the formcr level of E, the slope o{ the cost

curve would be less than the slopc of the revenue curve thus per-
mitting an expansion of the fishing effort until the slope of the
Trevenue curve again(wefe equal to the slope of: the coet curve; The
vertical distance between the cost function and the revenue function
would be the monopoly profits wﬁich 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 fishcry 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




' and number of firms :—.1.1011[r wuh the ove1a11 1eve1 of cff ort

'allowable in the flshery to achlew, thc dcsncd goal A niesh
size lar ger 1han Lhe me%h size whi ch would place the 1ndustry
on the 1and1ngs/off01t functlon commcnsuratc with the mammum
'sustalnable yield would be adoptcd only if the 1ncreasc in pr1c:¢ |

more than offset the dec1ease in 1and1ngs for each respectwc "

_output of the industry.

Maximization of Economic Rent

 The Crutchfield-Zean‘r proposal to maximize economic rent would
require the maximization of R = PxL - C(L). Economic rent, R,

would be a maximum when %11 = 'o, or, when P - dC = o.
‘Thus, equation e would become:

3. P-dC=
ar

and substl‘cutlng from equatlons 1 and 2

3, ag - 1L bL-bL b0

‘and substituting from equations 4 and 5
a- 3 (G-gkd) = b, (KE-gE)? - by (KE- oF ) * by
N~ | N—_

Graphically the equilibrium is:




Agaln to assure that cconomlc rent. flom the rescurce was a mdxlmum,, .

: .mesh 51ze and the number of vesscls woulcl havc to be detemlned as a

o part of the nlmlagemont program to assure that the 1ndustry was on

_the hlghest revcnue functlon, and lowest cost i'unctlon

- Thev lur\rey Solution

~‘Turvcy proposc,d that a quant1ty, » be maximized for a _fiShéI’)’
"where G= (IR + S) - (IC - R): |
“ . TR Total Revenue f10m fish produced |

S Consumer Surpluc.

TC = Total Cost of -produci_ng the fish

, R = Intrcunarglnal Rents
“For simplification, it w111 be assumed that thc labor supply is

: ho'nogenoous in its Sk.LllS and W1111ngness to go to sca. Therefo*e ,
no flshcnnen are earning a quasi- rcnt so that intramar g:mal rent is
‘zero. The Turvey mam mm- therefore would be:

= [ga, - al - thb b® - bh + by

. ggv:: O_=‘ao_ all‘=g%-,

The biological parameter, L = KE—gEz

can then be used to replace L
in the identity équatibn' to reducc the Turvey equilibriumito one
equation in terms of flqhmg, effort. The graphical illustration of

this cqu:llbuum is: g ' TC
. —TR+ S

TR




1 o Jntldmalylnal 1vnts thc dcuxunﬁg to capital and labor,
 thc only source of ront WUU]d be! 1hc cconomic Tent 1mp11c1t in -
 the natu1al rcsource. Ihelcforc, thp Purvey proposal would -
'JUStlfy 1nc1cased flshlng effort as 1ong as consuner surplus

increased by an amount greater than the decrease in economlc '

‘rent resulting from the increased effort.

‘1. Milner B. Schaefer, "Soine Conslde1atlons 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. :




CHAPITR 1V

THE GEORGES BANK w\nuock FISHERY

Georgcs bank is a plateau rising from the ocean floor to produce
an arca of relatlvcly shallow water - 2 to 50 fathmns in depth.

This platcau lies to the east of Nantucket and Cape Cod, falling
between 40.degrees ahd 42 degrées.nprth latitude and 66 degrecs

and 69 dcgrecs west longitude. The Bank is oblong in shape
angling from southwest to northeast. Although the Bank extends
about 150 mllc% fiom 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 arveas are found on the Bank where water depths are
reduced to 2 to 15 fathoms. The gulf stream, passing to the east
of Georges Bank, produces a rapid tide across ‘the Bank. However,
because of the shoal areas, th¢ tide is not a smooth flow but

rather a series of swirls, eddies, and rapid currents.

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 Northwest Atlantic led




‘to the ﬁon?éning of a conference Qf~ii'nati¢ns (Canada,"Denmark,
Frqﬁcc,;ICOlénd, dely, Neﬂfqundland,>Norway, Portugal, Spdih,  f
'iUnitcdwK{nngm; ﬁnd‘thc UhlthIStates)‘fishihg fhé Ndrtﬁwe§t -:
:‘Atianfic in Washington, D,C}; in‘Janudfy‘1949. AThé répresehtéti?eS‘
~of these governmchts drafted.the toxt for anInﬁérnatiohélvCQmmission_
~of the Noffhwest Atlantic Fishcrics.(iCNAFj. ‘The CommiéSion cntéfed:,"‘
"inﬁo:forceJﬁly‘S,,1950,ﬂwifh the_deppsit of doéumehts.oferatifiCa;
“tion by.Canada;:inéluding'Nngoundiaﬁd; Iéeland, théHUhitcdtKingdom;;
| andfthe,Unit§d Stafe$. UBy i967, membefship in ICNAF hadbékpandéd s
té 14 natidns_;bmpbsed'of Canada;’Denméfk,'Eraﬁce; Féderal Rébubiic
- of Gcrﬁénf,*féeland, Italy, Ndrway;'Polaﬁd,vPortugal,'Romania,_
,Spaih,'Unioﬁ'ofSoviet SdcialiSt Republic,-ﬁnited Kiﬁg@om, énd the' .

United States-ovamérica. "

The objeétive,of‘ICNAF is stated in the.introdﬁctibn of the

Convention as follows:

"The Govermments whose duly authorized representatives have
subscribed hereto, sharing a substantial interest in the con-
servation of the fishery resources of the Northwest. Atlantic -
Ocean, huve resolved to conclude a convention for the

- investigation, protection and conservation of the fisheries
of the Northwest Atlantic Occan, in order to make possible
the maintenance of a maximum sustained catch from those
fisheries..." ‘ ' '

~'The Convention arca is defined in Article I of the Convention:

"The arca to which this Convention applics, hereinafter

referred to as "the Convention Area,' shall be 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 duc north to 59°00' latitude;
thence daé 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 78°10' north. latitude; thence southward to a point in 75°00' °
north latitude and 73°30' wast longitude; thence along a rhumb
linc to a point in 69°00' north latitude and 59°00' west longi-
tude; thence due south to 61°00' 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 westerly 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
Scotla, New Brunswick, Maine, New Hampshire, Massachusetts and
Rhode Island to the po1nt of beglnnlng "2
The Northwest Atlantlc includes a wide.range of fishing gfdunds and
. species of commercially‘valuable fish. - To facilitate studies and
discussion of problems of the individual flsherles the Conventlon
area was d1V1ded into five sub- -areas and smaller d1V151ons w1th1n
each sub-area. Division SZ of sub-area 5 is comprised of Georges

Bank (figure 1).

The combination of tehperature, depth of water, and nature of bottom
result in Georges Bank being one of thé most prodﬁctive'fishery areas
of the Northwest Atlantic and porhaps the world. In 1966,.741,766
métric tons of fish and shellfish'were takén from Division 5Z (Georges
Bénk) of the ICNA? Convention area. This represents 23 pércent'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

conmercial landings of haddock fange between 14 and 23 inches in length

and 1-1/8 to 4-3/4 pounds in weight.
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The haddock is a bottom-1iving-and-feeding fish prefering water

: dépths.of 25-75 fathoms and a tcmpcraturé'rahgo of 35 degrees to

52 degrees Fahrenhcit. .Théy tend to.inhabit grévcl, pebbly, clay _“

~or sandy bottoms, and feed on a wide range of invertebrates that

1ive on thesec bottoms.

Haddock mature sexually.at a weight of 2-3 pounds or at aﬁ agé of‘
3-4 years. fThe'females_of the sﬁecies are;qﬁite prolific, pro-

| ducing as many as 169,000 eggs in their first year of spawning
and over'1~J/2 million eggs when they-aré 7-8 years of agé, The
‘main spawning season is ffom late February to May. The eggs are
spawned on the bottom but are buoyant and rise to the surface
after spawning. The ihcubafibn period of the egg tends to varyv
with wéter temperature and may be as short as 13 days with ‘
temperature in the vicinity of 41 degrees, or 15 days or morc_fof
temperatures of 37 degrees or colder. After hatching, the young
persist as pelagic creatures for é period of. approximately 3

- months during which time they complete a 1arvai'stagc and mature
into young fish. During the pelagic stage, the eggs and larvae
are at the mercy of the currents and a substaﬁtial'numbgr.may .

_ drift out of the area.

wWhen 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 bordercd on the west by shallow water, and on the south,

cast, and north by deep water, the haddock population is a good
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‘éXample'of a closed fishery, i.e., the bottom-dwellingfpopﬁlation :

neither gains nor loses members by migration.

Between.the age«z-s,.fhe young haddock reach a size of_13714 inches'}
~in length and 1-1/4 - 1-1/2 pounds in Qeight; At ﬁhis size, the‘

- fish afe_subject t0-captdre by the 4-1/2 inch mesh used in the com-
‘mercial trawl fishery. Therefore, the haddock are éonﬁidered to be

i recruited»to the poﬁulation at é+ years 6f age. The oldést haddotk
caughf of record Qas 14 years|of age. However, only about 15 percent:
of the commércial catch on.thé average is comprised of fish 7 years
old or'older. Thetefbfe,:for practical purposes, the fishery
population is comprised of 6 age groups, 2+ years of age through 7+,

'_ with the 2+‘énd 3+ age groups accounting for approximately SO-pércent |

of the commercial catch in recent years.

Temperature, bottom conditions, water depths, and food suppiy on
Georges Bank are particularly favorable 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 ﬁercent of the

' entire cat;h of'haddock for the iCNAF Convention area, and from

' §$ to 80 percent of the entire United States catch of haddock
(table 1). Haddock generélly average higher in price than most
'spécies of fish taken in the Northwest Atlantic so that if a
comparison could'be‘méde 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. Contrlbutlon of Georges Bank to the Haddock Catch of the Convéntion Area and the
R Unlted States, '1955-1966 . ' :

‘Haddock Catch in Conventlon Area ’ o Haddock Catch for U.S.
- Total - On Georges Bank: Total From Georges Bank
. Convention Georges As Percentage- -  U.S. Georges Bank Percentage Of
Year = Area Of Total a Landings Total U.S.

‘ (000 Metric Tons)
1955 198

- 1956 - 194
1957 © 171
1958 138
1959 129
1960 159
1961 179
1962 138
1963 - 136
1964 142 64
1965 - 249 150,

Sourcé: ICNAF Statls‘clcal Bulletin, Vols. 5- 15, Dartmouth Nova Scotia, Canada.




‘Thc Ceorges Bahk.haddpék {ishery qu cxﬁlusivély a United States -
fishery‘Unfi] 1962. Sincé 1902, iucreasing amounfs of haddock have
~ been taken by, Cénadg and Russia. In tﬁc case'Of.Canada; the haddock _
.takén from this arca represént>fishiﬁg trips made to Géorges |
' prhnafily for haddock fishing. In the case of Russia, fhe catch
‘ dﬁfiﬁg 1962-64 was.lérgely in the‘form of inqidentél éétch while
fiﬁhing fof‘other species. RussianbveSSels fished Georges Bank
) for the first time in 1961. 'invthat.year, they~re§ortedxtaking A
| a total of 68,521 metric -tons of fish from sub-area 5Z of which
67,550.metric'tons were hefring and‘oniy SS tons were héddock.

In 1962, the Rnssian fleet reported a catch of 209,370 metric

tons on Georges offwhich 151,144 metric tons were herring and

1,134 metric tons werc haddock.

 The catch for 1965 and.lQéG represents a significant chaﬁge in-
Russian fishing. The hatch of haddock eggs and retention of fry
on Georges Bank»wcre unusually high in 1963. As a result,
recruitment in 1965 was of record proportions. The entrance of |
this enormous year élass intoAthé fishery in 1965 resulted in .
B greatlyvimproved catch rates on'the.part of all vessels in thé
£ishery in both 1965»and 1966. The.Russian fleet was aware of
the large year class entefingvthe fishery in'1965‘and took
advantage of this abundance to fish specifically for haddock. 
Thus in 1965 and 1966 the Russian flect landed 82,000 and 48,0007¥
metric tons of haddock respectively. Since 1905, all ycér classcs -
recruited-to the f{ishery have been average or below. Therefore,
due fo»the fact that the enormous abundance of the'1965. |
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frecru1tment was harvested in 1965 and 1966 the catch rate,

| well as total catch have fallen sharply 51nce 1966

| Data on total 1and1ngs of haddock from sub- area 5 date back to 1873' T

. However, measurement of effort and catch per unit of effort based on

observations of a sample study fleet were not started unt11 1932.

'blPrlor to 1925 the flshery was belng fished at a low 1eve1 of
effort and the stand1ng stock could almost be con51dcred a V1rg1n
stock of f1sh.' Prom 1925 on, fishing effort 1ncreased rapldly.il'
The 3-year period, 1929-31, was 2 particularly heavy period of
fishing. Based on the number of vessel trips to Georges Bank
during this period, it is estimated that fishing effort may have
averaged over 13,000 days per year, during these S'years.‘ This
fishing effort reduced the standing stock and catch rates fell
sharply. Following the peak ¢vel of effort in 1930, f1sh1ng
effort declined steadily to a low of 4,800 standard days in 1934.
The level of fishing activity then_increased and stabilized between.

7,000 and 8,000 days through the 1937-41 period.

Limitations on manpower, materials, and funds resulted in a decline'
of fishing activity again during World War II. Fishing effort on
Georges Bank averaged only 5,300 days oer year during the four war -
years compared with'an average'of 7,700 days for the previous -

5 years. Following the cessation of hostilities, fishing effort

surged to a peak of 8,200 days in 1947 and then dropped back and




stabilized at a level of about 6,000 days for the perlod 1950 56.' :

"Plshlng effort then increased agaln and reached a peak of 9, 400
standard days in 1959 the h1ghest level of f1sh1ng effort since:

. accurate records were started for the study fleet 1n 1932

Fishing activity had appeared to s£abi1ize around 8,000 days of
*éffbrt.during the turn of the decade. Howevef, improved catch
réteéAand prices resulted in a f@ftﬁer {ncreaée_in domestic fiShing.
 :ﬂin'i963’ana‘l964ﬁ The total level of fishing effort also iﬁcréased
as a fesﬁlt 6f Canadian and Russian catches duringkthe 1962-64
rfipériod; The varioué.périods of fishing effort, catch per unit of

effort, and total harvest aré'summarized in table 2.

Table 2. Fishing Effort, Catch Per Unit of Effort, and Total Catch
of. Haddock on Georges ‘Bank for Selected Pgrlods 1934-1964

' - Average Days of Catch Per Dag of Total
Time Period  Effort x 10-3 Effort x 10~ Catch x 10~ -6

1934-36 - 5.8 12.0 71.0
1937-41 : 12,3 ~ 101.3
1942-45 ~ 3 17.5 | 92.8
1946-49 | : | 12,6 96.1
-1950-56 . - 13.8 ~83.9
11957-62 ' 1 10.4 83.5
© 1963-64 : 12. . 9.4 114.9

Source:Bureau of Commercial Flsherles Biological Laboratory, Woods
Hole, Massachusetts

The catch per day of fishing effort is subject to substantlal
fluétuations due to annual variation of recruitment. PUrthermoré.
the reéruitment méy,'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 yéar that fishing effort increased. Thus, the
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~ full impact of fishing éffortvon catCh rates does not show up in
‘the data. Nevertheléss; the averages for Catchvrate and days of
fishing cffort‘in the above table do show an inverse relationship

~between the level of fishing effoft and catch rate. -

Iwo factors can be cited as having some impact on catch rates during
the 1950's. First, one of the initial pfojects-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 cf 2-7/8 inches in the cod

end. This mesh size resulted in the taking of & large number of
fish too small for market acceptance. These small fish were culled
out of the catch and diséarded overboard. lHowever, this resulted
in the destruction of thése fish and.thUS had an impact on re-

cruitment to the fishery.

Based on biological studies‘of growthvrates and the effect of mesh
size on escapcment, 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) inf
February 1953 and was put-into effect on June 13, 1953. This
increase in mesh sizd tended to decrease the loss of young fish

and should have had a positive impact on recrﬁitment from 1953 on.

A second factor that is significant in the post World War II

fishing effort ié the wide scale adoption and use of echo sounders
as fish locating devices. Echo sounders were introduced intp the

New Lngland fisheries in the carly 1950's and had come into general
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USc by the end of the decade. ’Although no objéctivc measuremént
' ‘hdq been madc of the effect of echo soundcrs on the flshlng effl-
 c1cncy of Ncw Lngland VCSSL]s, the fact that the ccho sounder 1is
now <tanda1d equ1pmcnt on all groundf:qh trawlerq indicates that |
-1ndustry considers the cost justifiable. It would seem logical
'.thatvwith echo sbundcrs‘the vessel would be able to increase the -
ﬁroPdrtiOn of standard days fished per,trip at sea and perhaps

increase the catch per day.

‘The measurenent of catch per unit of effort for the sample study

flect has enabled fishefy 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 cffort is illﬁstrated.in figure 2. The gatch‘per
day of effort is pioftcd against the terminai ycar of a S—year
moving average for totai fishing effort. The use of a 3-year
nmoving average introducés an adjustmént for the imﬁact of previous

years' fishing effort on the standing stock.

The equation for the least squares regression linc is:

(1) L =22.6 - 1.357.E
E 1000

1000

Where: L = Annual landings of haddock from Ge01uos Bank
E = Standard days of fishing cffort

The coefficient of correlation was .618. With 20 degrees of

freedom, a value of .456 is significant at the 1 percent level.

93




If the cquation (1) is multiplied through successiveiy by 1,000 and

| by E, the foiiowing equation is derived:

| (2) L = 22,600E - 1.357E* |

Th1s equat1on would represent an estimate of the equ111br1um
’yleld/effort relat1onsh1p for the Georges Bank haddock resource (see

line A in flgure 2).

Addltlonal con51derat10ns 1nd1cate that the true catch/effort

: relatlonshlp may havb a somewhat steeper slope and peak sooner and -

-at a sllghtly hlgher point than the equatlon derlved emplrlcally
- The emp1r1ca1 observatlons of catch per unit of effort are likely
'blased on the high side for increases in f15h1ng effort and on the
low side for decreases in fishing effort In the case of a decrease
in fishing effort, the catch rate would reflect a smaller standing
stock than would be true at equilibrium for the lower catch rate.
The reverseﬁwould be true in cases of increases in fishing effort.
Thus, it would be‘reasonable to shift the catch/effort relation-
ship to the 1eft and increase the slope slightly. Based on
estimates of totel mortality derived from age classification of

the eatch, the Beverton-liolt yield-per-recruit model tufns out a
catch/effort relationship as follows: B
(3) L = 28,340% - 2.0243E%

(4) L» = 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
- supp01tlng blOlO”lCdl cv1dpnce for the last equallon, it is uscd as
- the best estimate of the yle]d/cffort 1cla11on<h1p fo1 the C001gcs

Bank haddock populat:on (sec line B in flgure 2).

= G

N G

S

e
=
>
-
g
=
“
Y
W
L e
o
a1l
o
b
Q
a .
w
(=
£
©
[ =4
[~
-

N

[SLI <) R N o - I o]

I L ] I
7 8 9 10
Days of Fishing E¢fort X 10”3

Figurc2. Relationship Between Catch Per Day of Effort ‘and Total Effort

Georges Bunk is fished by vesscls opérating out of ports from
Rockland, Maine, to Newport, Rhode lsland. However, the bulk of
the haddock is Janded at-Boston, Massachusetts. ‘A tabulation of

16,622 vessel trips to Georges Bank by 480 vessels accounting for
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196 percent of the haddock caught by the United States on the Bank in
'5'1964 showed ‘that 68.9 percent of haddock- produced from the Bank was

landed at Boston Gloucester and New Bcdford Massachusetts were.
‘vnthe next two, most 1mportant ports in terms of market for haddock

from Georges ‘These three ports accounted for 97. 7 percent of the

- 86 1 m11110n 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.. . 59,300,038 ; 68.9
Gloucester, Mass. = 14,482,359 v 16.8
New Bedford, Mass. : 10,323,842 12.0
Chatham, Mass. o 978,738 1.1
Provincetown, Mass. - 737,875 : 9
Other Ports E 287,166 - : .3
Total - - 86,110,018 100

'Source: Bureau of Commercial Flsherles D1v151on of Data Collectlon,
Washington, D.C. :

The 1and1ngs by port do not tell the full story of the 1mportance of
Boston as the center of the fishing act1V1ty for the Georges Bank had-
dock resource.. Although 480 vessels were involved in ‘the 16,622 vessel
trips to Georges Bank, a significant amount of haddock 1andings from’
Georges is in the form of incidental catch while fishing for other
species. The criterion for designating Vessels.as primarily haddock
vessels was that their catch had to be-conposed of at least 50 percent
haddock. Based on this criterion, 70.9 million pounds of haddocke-82.3
percent of the landings--were landed by 93 vessels (see table 4)., The
bulk of these landings was made by med1um and large side- trawlers

'fishing out of Boston.




- Table 4. Landings of Haddock from Georges Bank by Vessel Size for 1964

- Vesscl Size ~ Number Pounds of Percentage Pounds of .
© (Full time = of . lHaddock  of - Other Species
~haddock vessels)  Vessels Landed Total . Landed
50 tons and under 5 . 530,545 - .6 75,412
50-150 tons .52 - 33,972,486 39.4 . 14,409,879
150 tons and over = 36 _ 36,382,302 42,3 14,564,837
. Sub-total = 93 70,885,383 82.3 . 29,050,128

Incidental Catch of Other Vessels

" 50 tons and under . 190 2,915,624 3.4
'50-150 tons 183 . 11,360,362 13,2 112,827,424
150 tons and over 14 948,639 1.1 2,696,213
7.7

© Sub-total 385 15,224,625 17. 205,407,772
Total 480 86,110,018 100 234,457,900

Source: Bureau of Conmercial Fisheries, Division of Data Collectlon, -
Washington, D.C.

89,884,135

Of the 93 vessels whose landlngs conta1ned 50 percent or more of had-»
dock, 61 vessels landed their catches prlmarlly at Boston (table 5).
These 61 véssels.accounted for 56.7 million pounds of hédddck in 1964 -
95.6 percent'of»tdtal landings at Boston-and 71.3 peréent of total
lland1ngs 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 Haddock Landed

50 tons and under 5 o _ 530,545
50-150 tons 32 : : - 23,937,670
150 tons and over - 24 » - 32,215,950

Total 61 - . 56,684,145

Sourco: DBurcau of (ommcxcxal Flshcr1es Division of Data Collectlon,
' Washington, D.C.

Large trawlers accounted for 56.8 percent of the iandings 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
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- cdge of thc Bank. Conqeqhuntly, the major fishing offort of the
ccntlal and cast01n poxtlon' of the Bank had to be Cdllicd out by

hthc ]axgc lldWlC]S WhOQL tlJps avel agcd dbout 10 days.

The cmmncrc1a1 flshnng 1ndubtly 15 qomcwhat unquL among Unlted
States’ industry . in that lah01 is not pald a prcdctermnned wage but

rathervthc~va1uc of the catch is split among the vessel owner and

crew as per an-agrded upon “1ay”system.”

- The ”1ay systcm" and carnlrgsvfor averégc crewman and a901age vcséél
of the study fleet in 1964 are prcscntcd in table 6. Certdnn costs
are pald out of Lhc crew share and the net is then d1v1ded by the
numL01 of men in the crew to dctcnnlnc the share per man. The pres-
ent agreemcnt bctwecn vessel operators and flshermen spec1fies that
the minimum payment will be $12 pcf day for deckhands and $13 per
day for the other crewnen (i.e., cook, Z2nd engineer, mate, 1lst en-
gineer, and cuptaln) lhclcfore a 10-day trip for a 17-man Vessel
would have to yield a minimwi net crew share of $2,090 ($13x10x5+
$12x10x12=$2,090). If the net crew share is less than this amount,
the trip is temed a '"broker 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 fhat they have no broker

trips within a year. However, for 1964, the average annual "broker

payment'" for the 13 vessels in the sample flect was $3,690 per'vcssel.

As indicated in the discussion of the population dymamics of the

Ceorges Bank haddock resource, a study fleet is used to gather the
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Table 6. Average Costs and Farnings of Study Fleet Vesscls in the
S Georges Bank Haddock Fishery in 1968

Amount

Gross ' ' - o ' $234,677
Less: Wharfage- S 1,224 o
: - Scale fee ' ' . 233
Exchange fec o , . 2,347
Welfarce fund : S 2,347

.- 1st engineer bonus 644 -
~Mate bonus : : 515
2d engineer bonus 387
Echo sounder - : 627
- Watching R 742
" Radar o - 1,277
Ice N 1,870
Lumpers - - ' 450 :
- - R ' , - 12,663
Net Stock S o - 222,014
“Crew Share (60 percent) : 133,208
Less: Tuel and oil : ' 21,453 :

lce 3,794

Icing ' : - 824

- Groceries o - 14,160

Cook bonus , 387

Water - C - 206

- Lumpers | : 2,109

Miscellaneous ' 84

Net Crew

+Broker Payments
Total Crew Larnings
~ Share Pcr Man

Vessel Share (40 percent) ,
Less: 10 percent captain bonus 8,881
' Broker payments 3,690
Gear ' 15,000
Insurance,repair § maintenance 32,000
Payroll taxes 3,005
Office expenses 10,000
. , Total ' 77,236

Net for Intercst, Deprecciation, Management, and Risk 11,570

Source: Unpublished data from Atlantic Fishermen's Union and vesscl
records at Boston, Massachusctts.
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- data oh catch per standard day of cffort. The study fleet in 1964

included 13 vessels. The composite and average characteristics of -

the study fleet are“given'in table 7.

Table 7. Comp051te and Average Characterlstlcs ‘of 13 Vessels in
o Georges Bank Snudy Flect 1n 1964 -

. , . Total for  Average per. -
Item - ' s . Study Fleet  Vessel '

Vessel Characteristics _ - o e
Age B v ‘ 332 26
Length (ft) - : 1,439 111

Gross registered tonnage o ‘ 2,996 230
Horsepower : o : 7,030 - 541
Crew size - - ) - 207 - 15.9

Fishing Character1st1cs _ . ' '
No. .of trips ‘ 335 - 25.8
No. of days at sea . 3,510 270
Standard days of {1sh1ng effort . 2,297 176.7

Total catch (1bs.) 31,824,000 2,448,000
Source: Atlantlc Fishermen's Unwon, Boston, Mass -

Thus, from the average characteristics of the_study fleet it can be
seen that the fleet is iargely comprised of older boats. However,
age 6£'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 afe "highliners'" in the fishery. The average

success of the study fleetzcompafes quite closely with the average

of all vessels.

A gross return of $11,570 might be considered alfight 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 principal;
liwever, if the vessel owner had just gone into debt $70,000 for é

new engine and had to pay 6 percent interest plus 1/10 of the




prJnCJpal each year on thjs debt he would have nothing left for

managemont and 115k untn] after aftcr most of the 1onn had bocn

,repald.

-lhe return to managomcnt posed hc1c Lcrtalnly would not be attlagtlve"<
from the Vlcwp01nt of relnvcstlng in this industry. If a new vessc]
cost of $500,000 1n 1964 and 40 peréent of the vesSel cost would be'
pald for under the vess cl constructlon subsndy b11] “the owner WOﬁld
.havc to con51der 1nvcstlng $300,000. of his own money in thJs vessel.

In this case, he should cha1gc 1ntelest and dcplec1atlon agalnst the

" vessel construction.

“At 6 pO}LCHt Jnterost dnd 20 yecars for dop1uc1at1ng the hull, h1§
annual interest and depreciation charge would be $36,000. 1h01cfore,
if.he could not expect to gross more than $11,570 per year the
venture obvioﬁsly would beba losing propoéition. Therefore, for the

average vessel in 1964, the Georges Bank fishery could not be con-

sidercd a particularly lucrative venture.

The financial conditions of the industry arc equally as dis-
couraging when considercd from the viewpoint of the average
fisherman.. The average annual sharc per man of $5,904 cannot be
considered a good wage for a full time occupation and particularly
SO considcring tho nmmber of hours on duty and thc hazardous
conditions noccs*aly to earn 1h19 annual income. The share of
$5,904 was bascd on a vcssel spending 270 days at sea a year.

The crewnan stands a 12-hour watch cach day at sca. Therefore,

if a fisherman made all trips, which would be necessary to carn
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the {ull $5,904, he would Lic standinv watch, i.é.; on duty work
3,240 homs a year. On 1 1is hasw his carning pcr hour \»ou]d be
$J §2 1[ hc were not a]lowcd overtime pay for time on duty boyond
40 hours per.wcck. If houevcr hc were' to bo pald on the ba51s
,.of qtldloht time for 40 houra, and tlmo und onc-half for over 40 -
hou1s his basc hourly hagc “would be only $1.55 per houl.‘ This

hourly ratc cannot bc v1ewcd as attractive when compared to hoully

rates in altcrnativc occupations in the Boston area (table 8).

Table 8. Ayorage Hourly Lalnlngb 1or Production Workers 1n
Sc]octcd Ocuupatlons in. Boston, 11964

Average liourly rate

Durable goods manufacturing $2.65
Primary mctal industries 2.64
Textile mill products - , 2.05
Food and Kindred products v 2,40
Carpenters, maintenance : 3.13
Electricians, maintenance .24
Engincers, stationary ' o 3.00
Firemen, stationary or boiler - 2.60 -
llelpers, maintenance trades 2.62
Mechanics, mﬂ:ntcnanco 2.97
Oilers

Painters, maintcnance
Pipefitter, maintcnance

Tool and dicmakers

Janitors, porters, and cleaners
Laborers, material handling
Packers, shipping

Shipping and receiving clolks
Truck drivers

Elevator operators:

Guards and watchmen
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Source: Virgil J. Norton and Morton M. Miller, An Lconomic Study of
the Boston Large-Trawler Labor Force, U.S. Department of the

Interior, Tireau of Commercial }1ShLIJCS Circular 248, May 1966,
P 15.




The ﬁnuttracfivw lcﬁcl 6f carnings to labor in this industry is
substantiatéd by the age characteristjcs of.thc fishing’lahof

. force;'_In the sdme publication cited in the abovcvtablc;-Norton
and Miller reported that CZ'pgrccnt_of the labor force making
trips oﬁ trawlers odt_of Boston were SS‘ycaTS éf age or older
and only 12 percent were under 35. Therefore, this industry has

not been able to attract young workers at any apprcciable rate

durjng the past decade. These statistics imply a trapped,

relatively immobile labor force.

1. International Comnission for the Northwest Atlantic Fisheries,
Report No. 1, U.S. Department of State, 1951, p. 13.

2. IBID, pp. 13-14.




~ CHAPTER V

- OUTCOME OF A[;'rum\u\'rl‘\m MANAGEMENT OBJECIIVES '-

ON THE

GEORGLS BANK HADDOCK FlSHERY

The purposc_hérc is to illustrate fhc level of fishing effort on
the Georges Bank haddock fishefy'neccssary to achieve each of the
policy,alternatives»éutlincd in Chaptor ITT and to dembnstrate
the returns to capital and labof in cach case. This means that
solutions must be found for the level of fishing cffort, volume
of fish, and pricc‘fqr fish given the biological and économic
paramcters for the reéburcc and industfy. Idcally, the para-
meters should be estimated simultaneously from a common set- of
cnpiricalAdata. Unfortunately, this cannot be done for the

Gcofges Bank fishery.

The biological parémctCIS'arc based on study flecet data {rom 1933
through 1964. liowever, cost data on the Vésse]s arc available
only since 1960. The obscrvations for 1965 and 1966 have bcen
eliminated because of the obvious departure ffom normal conditidns
duc to the entrance of an cnorMous year class in 1965 and the

s ,
simultancous entrance of Russian vessels on a large scale in
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the haddock flbhery. If a sxnmltancouc equation model were fit to
the common data i.e., costs and roturns, and catch per day of effort
-of the study fleet for 1960-64, the observations would apply only to
a small arc “of the overall yleld/effort functlon Furthermore, the

observat1ons would encompass a period of time during which’ f1sh har-

vest was not only'beyond the maximm sustalnable yield but fishing

effort was increasing. Thus, the data would not give reliable

estimates of all the parameters in the bio-economic model.

In view of these data problems a statlc modellassumlng complete
’certalnty is employed. The biological data developed by the Woods
‘Hole Biological Labofatory and dlscussed in the previous chapter are
used as the basis for the biological parameters. ‘A study by Farrell
and Lampe on the demand for had&ock was used as a basis for the.price
elasticity for haddock. Vessel performance and.cost data for a selec-
ted sample of siﬁ Boston offshore trawlers were used as the basis for
: determiningjthe cost of fishing. Inasmuch as the putposé of this
analysis is to compare the odtconw of alternative equilibrium
positions and not to'stﬁdy the dynamics of the industry, the model

used here is applicable.

The Blologlcal and Economic Parameters

As developed in the precedlng chapter, the equilibrium 1and1ngs/
effort function and the catch per day of effort are:
(1) L =28, 340 E - 2.024 E°

(2) L/E = 28,340 - 2.024 E




Thﬂs, at long-run cquilihrium, the coibined catchi of all of the

vessels in the fishery -must coincide with the corresponding

“yicld value for -that level of cf[ort'ns<pcr_cquation’(l).

PP

Farrell and Lampe estimatced thC.elaSticjty of demand for haddock

) : ' .
This -estimate was bascd on

at the vessel level to be 2.22.
monthly data for the period 1954-1962 using a limited information
maxinum likelihood simultaneous eQuationvmodel in logs. Thercfore,

they had a'constant elastitity throughout the demand curve.

-For 1964, haddock landings erm all grounds totaled 133,498,000
pounds and thé exvessel price_for'haddock avcragcdu10.4 centé a
pound at Boston. Howe?or, the landings and measure. of price
clasticity arce bascd on rOund weight of haddock, whercas the ex-
vessel price is for dressed weight. The conversion factor from
dressed weight to round weigﬁt is 1.14, Therefore, a price of
10.4 cents a pound dressced weight would be equivalent to aA9.1
cents per pound price for round wcight fish. A straight line
denand curve with an arc price clasticity of 2.22 over the range
of landings from 100 to 133‘5 million pbunds, was passcd through
the point representing landings and price for 1964, adjusted to -
round weight basis. The equation for this dcmand curve 1is:

P+4.181 - 14.7 = 0
108

One adjustment must be made to this demand curve in order to make
it applicable to the Georges Bank model. The above equation

represents the demand for total landings of haddock in New Ingland.
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lowever G“0150 Bank only provides about 77 percent of total New

.England haddock production. Production of haddock from other

‘fishing gfounds'avcfagcd 28‘7'million pounds dufing’the 1960-64

S~ycar pcriod. Productlon from thesc flthng banls tcnds to remain
B 1e]aLJVc1) constant and C\hlbltb no slonlflcant correlation with
'q‘ploductnon from Georges Bank. The demand curve can bé'adjusted byi
setting the point of-origin at 28.7 million pounds dnd thus using
“a demand equatlon as follows:

(3) P+4.181L - 13.5 =0
108

Vcseclhggggg

- As indicated carlier, the bulk of Georges Bank haddock is harvested
by mcdium and large trawlers fishing out of Boston, with the largé
tTdWlO]S accounting TOL the largest proportion of thc landings.

~Cost data fqr the mediun trawiers were quite limited but rather com-
plete cost and effort data are available for the large trawlers.
Although the study fleot_uscd for measuring catch per‘unit of effort
is compriscd of 13 Vcssuls;va sub-sample of the 6 most efficiently
opecrated Vessels is used for the determinatibn of costs of fishing;v
The justification for using a sample of only 6 vessels is, that if

a fishery management program is g01nw to achieve some economic ob-
jective involving efficient use of resources, then such.a managcment
program should provide for thé fishing effort to be applied by the
moSt efficiently managed vessels over time. Thercfore, the cost and
effort observations for the 6 most efficient vesscls are more meaning-

ful than 1hc dita for thc entire study fleet of 13 vessels.
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Table 1. Composite and Average Characteristics of the Six Vessels
Used for Determination of Cost of Fishing Georges Bank
in 1964 ‘ : '

Item ' : . Total =~ Per Vessel

Vesscl Characteristics -~ - _
Age ‘ 112 . - 18.9
Length 714 ' 119
Gross Registered Tonnage - 1548 258
llorsepower o 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 o 7 20,560,000 3,426,667

Source: Atlantic Fishermen's Union, Boston, Massachusetts
"The "lay systéﬁ” for these six vessels is the same as described in
the preceding chapter. The lay éystem 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 »ercent of net stock)
Less out-of-pocket costs
Bonus to captain (10 percent of vessel share)
Payroll taxes
Maintenance and rcpair of vessel and gear
Insurance (hull and P§I)
Broker payments
Office and accounting cxpcnses
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, tﬁe'Bu]k of laborbtdsts-aﬁd most other
~variable costs of f15h1ng would not enter into the entrepleneurlal
'dcc151on of whcther a veqscl was going to contrlbute to ‘the total

' ;amount of'f1sh1ng,effort in the haddock fishery For the purpose

of analy21ng national pollcy for management of a flshery, all costs
attendant to applying flsh1ng pressure to the resource should enter

";nto the fishery management program. Thus, for the purpose-of thlS

- analysis a‘hypothetical example isvdeveloped in which fhe Qessel :

owner is made completely responsible for all costs as is the case in

most induStries; 'Labor_is chargéd to the vessel on the basis of a

wage rate that'wil1,yie1d.an annual income to the deckhand equal to |
the averége earings of $3,240 earned on the six sampie vessels in
1964. The standard bbnuées for officers were convérted into wage
rate differentials-fdr each.réspective 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 ouﬁ 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 fimm is given

“in table 2.




'.Tnble 2. FLshlng Performance and Costs for 12 Months' Operation of
Hypothctlcal Firm Fishing Georges Bank Haddock Flshpry

Item 3 Rate
“Vessel Operation ' ' v
No. ol trips , - ' : 30

Days at sca ' ' , - 311
Standard days of fishing effort 202

" Cost of Fishing
Trip expenses per day of f1$h1ng effort
Wharfage - 8.50
Scale fee o ' _ ‘ 1.34
LExchange fee S ‘ S 16.74
Echo sounder , _ L 3.45
Radar ’ 7.43
Ice . _ - 35.94
Icing up , B 4.75
Fuel and oil . L . 135.00
Groceries _ . _ 89.95
Water . - 1.20
Miscellaneous ' . .75
Gear expenses : - - .74.25
‘Repair and malntenance - 84.15 R
Sub-total = S , : $ 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 € $2.33 per hr 43,00
Deckhands (12) @ $2 21 per hr 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 T 1,302.17

Fixed Costs )
Insurance : 16,000.00
Accounting, legal § office : 8,000.00
Other onshore expenses - 4,000.00
Interest § depreciation . 46,200.00

Return to management (before taxes) . 28,000.00
102,200.00

Source: Unpublished data from Atlantic Fishermen's Union and vessel
records at Boston, Massachusetts.
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_:Thcrcfoto; the cdSt'of fishing of the individuﬁlffirm-ih teims
cof days ofcfishihg'cffort-w0uld be:

(4) " IC = $102,200 + $1,3oz 17¢
'hA compllcatlng factor enters in developlng a dcc1>10n modc] for
haddock fishing in that a day of flshlng effort produces not .
' only a catch o[ haddock, but also an- 1nc1denta1 catch of other
flsh, malnly cod, pollock cush and flounder Thesc incidental -
catches fluctuate from year to yoar but bear no statistical
reiationship.to the~catch'tatc for haddock. For the period
1960-64, thé incidental catch for large offshore haddock
trawlers avorage 4,800 pounds‘pet 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 pOund.‘ 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 aﬁeragc vessel used in
this study. Onc alternative would be to/opply the entire by-

. product value to variable costs. However, this would hias-down-
ward the marginal costs of fishing for haddock. Therefore, the
byproduct valuc was split among fixed.and variable costs in the
sanc proprotion as each represents of total cost. Fixed costs
account for 28 percent of total costs when fishing 202 standard
days a,ycar; Thus, $17,375 of thoAbyproduct'valuc was applied
to fixed costs lecaving a fixed cost of $84,825 to be applied
against. haddock fishing. The remaining $44,679.40 byproduct

valuc of incidental catch provides a credit of $221.19 per day.
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against the variable Costs of fishing The cost function adJustcd

for Jnc1dcnta1 catch can thcn be cxplessed as:
| 5) TOtdl Cost = $84,825 + $1080 980
Acc01d1ng to the biologicul model, the catch rate will be proportional
to the size of thc standing stock of fish. The equilibrium catch
| rate can be detcnnincd from'equation (2) for any level of fishihg ,
effort.. This catch rate 1eple,ents ‘the annual average catch rate.
Because of the schooling habits of haddock, the actual catch rate
fluctuatcs)seasonélly. In order to considef this in the model, a
seasonal indcx'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 aVcragc.mcthod. The seasdnal index was arranged
in descending order of.magnitude and used to gencrate a‘scriés of
monthly catch rates from the equilibrium cétch rate for each 1,000

days of effoft from 1,000 through 10,000 days of effort.

The 202 standard days of effort also was”distributcdlamong the 12
months. By multiplying the standard days of effort per month times
the respective scasonal catch rate, a scries.df landings per month
was gchcrated. Similarly, the variable cost of $1,080.98 per aay
of cfforf multiplied by the days of cffort per month plus the
$84,825 fixed cost provided a series of total cost correspondiug
to the respective total catch. Marginal cost was calculatgd by
dividing $1,080.98 by the monthly catch rates (see appendix I,
table 2).'




lhc avclago Lotal Cost and marhlna] cost for 4 ,000; 7, 000 and ‘

= 9 000 days of cffort arc 11]u9tlaiqd 1n f1gu10 1. Thcsc ]cv 1q of

":cffoxt are rough]y comparable 10 20, 35, and 45 vesqc]s re-.

'::schtJvcly ic effect or thc ch01na11ty duc to thc common -

| p]OpOlty status of the natu1a1 _resource is qultc ev1dent Jn the
shift upwald and to thc 1eft of the cost curves as the days of

» sthlng cffort 1nc1casc by Lhe cntry of more vessels The slope
of the mirglnal cost curve paltlculally becomes steep as effort

approaches and gocs beyond the level for maximum sustalnable yield.

Cost Per Pound

i
3

Catch Per Vessel (Mil Ibs.)

Figure 1. Effect of Fishing Effort on Cost




..Anothor striking feature of tng avorage ‘total cost is that the

fixed costs are such that "sprcading the overhead" results 1n

declining average total cost almost throughout the range of p0551b1e.1 R

voutput for the entire year s fishing act1V1ty ‘The marginal cost
does not exceed the average ‘total cost until the last increment A
voi effort is added. This generally agrees w1th actual observations.
that mostvhaddock vessels tend to fish year round except for

| requireo periods of lay-up for maintenance. This alsovindicates a
that for a vessel to be max1mizing its own profit p051tion 1n |
su;h a wax that it W111 be covering ail 1ong-run costs, it will

have to fish'a‘full Year.

As indicated in chapter IIi, the system of equations describing'
equilibrium.can be reduced to a single equation in terms of
fishing effort. In this form, thelmodel is solved in terms of
marginal revenue product and marginal revenue cCost rather than
marginal revenue and.marginal cost. If the revenue funct1on is
developed by substituting the landings/effort equation
(L = 28,340E -'2.024E2) in the demandvequation, extraneous roots
are introduced into the revenue equation Therefore, aAseries,of
. values for total revenue was generated from the demand curve for
the equilibrium yield of the fishery for each l 000 days of
fishing effort from 1,000 through 10,000. A second degree
parabola was then fit to .these revenues’as a function of fishing

effort. The ensuing equation is:




©(6) IR=1,501,808 + 2273.45L - .1624E° 11,000<E<10,000
and e ' |
(7)) ¥RP=2273.45 - 32481

" Under. the éssumption ‘that all vesscls in the fishery have

" identical costs, the total cost for the industry can be expressed

-as:

T.C. = $84,825N + $1,080.985
where | [

T.C. = Total cost of fishing
N Number of vesscls in the fishery
E Days fished by  all vessels
Inasmuch as a \\'e]j.-xﬁallaged vessél"canvfi_sh 202 standard days of
effort a ycar, and the marginal cost docs not risc 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
cost curve. Thus the indusbtiry tetal coggzcurve can be written:

T.C. = $84,825 B+ $1080.98E

(8) T.C. = $1500.91L

(9) MRC = $1500.91

Maximum Net Return Above Cost

The equilibrium position for the fishery that will produce the
greatest net return above total costs is where the rate of

incrcasc in revenue and cost arc the same, or wherc MRP=MRC.




Thus, the single equation solution is achicved by setting

' cduatidh Q) tb cQuqtion (9):4>
(0) 227545 - ;32481 I - $1500.91
'501v1nv CQUdllOH 10) f01 ¥ ync]ds a solution of 2,379 days of
| flshlnn cff01t At thc ratc of 202 ddys p01 vosscl per ycar,
apploXLmaLcly 12 Vcssels would be suff1c10nt to flsh 2,379 days.
a year. lhesc 12 vesscls would land approx1natcly 56, 804 016
v poundq of haddock a year for an exvessel value of §6,305, 246.
lhus, the fishery would be cxplolted at about 57 3 percent of
MSY but wou]d Cdptﬂlc 068.4 pc1conL of the maximum value of the
resource.  liach vcssol ‘would gross approx1mately $587,491 per

ycar and would have total cost of $337,238.

Table 3. - Revenue, Cost and Net Return Per Vessel at Maximun
‘ Net Return Above Costs

Item : _ 4 Landings - Valuc

Haddock : 4,733,668 - 525,437
Incidental catch 969,600 62,054

Total _ | 5,703,268 587,491

Cost (excluding return to management) 37,238

Net return above cost per vesscl - 50,25

At this rate of rcturn, the éntreprcneur could net the cost of a
new vessel in less than 3 years of fishing, even given the high
vessel construction costs of the-Unltcd Stapcs. This model,
because labor inputs were priced at a fixed wage rate, auto;
matically shows the monopoly profits and cconomic rent as

accruing to the vessel owner. :lowever, these results now can




- be simuiated through fhc standurdl”]ay” Systém of.thc offshQre -

erw]cls In.this casc the vessel nct before taxes uould be
cducad to %07 180 but tho 9ha10 per crewnan wou]d increasc. to o

‘-b]6 4&4,‘almo<t doub] thL $8, 24/ 1nnual cdrnlngs pcl dcckhand

. built into the 1abor cost of the slmulaged VCbbCl - Under actu11
cond1t10nq the bpllt of rcturns above costs would decnd on the
rclat:vc baxgalnlng pOuer between thc union and the vcssel owner

'and the amount taxed away as .an economlc rent f01 thc pr1VL]cge ,

-~ of the nght to cxploit Lho 1050u1cc

Table 4. Simulated Return to Labor and Cap1t11 Under Condltlons
That Maximize Net Return Above.Cost

“Ttem . N Amount

Gross Stock = ' - - $587,491
Less M'off the top costs" : 22,547
Nct Stock o 5 564,944
Crew Share (60% ) , 338,906
Less costs o 58,733
Nct Crew Sharc o 280,233
Share per man : ' : 16,484
Vessel Share (40%) - : 225,978
Less “out of pocket' costs — $82,598 :
Less intercest and depre- '
ciation - 46,200
Sub-total : - 128,798

 Net Before Taxcs o | 97,180

If open access to the haddock resource is continued, additional

vessels could be cxpccted to enter the fishery as long as rcvenuc
excceded cost for the individual vessel.. On the other hand, for
vessels to continue in the fishery in the long rum, the vesscl
mst at least cover all costs. Thorcforé, the cquilibrium
condition would obtain when total cost equalled total rcvenue

for the fishery. The single equation equilibrium condition
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for this objective is achieved by setting equation (8) equal to

equatlon (6) .. '

| (11) $1 500. 91E =1, 501 808 + 2273 45E - 1624E _
.Solv1ng equatlon (11) for E y1e1ds an estnnate of 6, 239 days.of
cffort 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 1ndustry would capture 99 percent of MSY and 99. 96 percent o

- of the maximum value-of the resource.'

The questioﬁ.might belraiseg,.if free}entfy‘equilibrium is 6,239

~days of effort, why did fhe U.S. £1eet’fish 8,800 deys in 19647

The answer obv1ously is that the flshery was not in long- Tun

equ1l1br1um. The average age of the New England medlum and

-large otter trawler in 1964 Wwas 23 years. Thus, over half the

fleet was either cempletely'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 retumn to-tﬁe owners, it is likely to be kept

.in the fishery. vThis is one of the most basic problems to a

" healthy viable fishery if the common property status is maintained.

A nurber 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 equ111br1um
in which price does not cover average total cost for the 1nd1V1dua1

firm.




An 1nc:1ease in dunand or a rcd'uctlon in costs ds a result of
technologlcal development may produce a stable 1ong TUn equ111br1um
at a level of fishing. effort far beyond the level of effort that : |
w111 produce the MSY. T}us can be- demonstrated by changmg

=equat10n (11) to reflect elther of 1_hese condltlons. o

'Asswneithét demand shifted upwardv by 20 percent but that t‘ne‘slope
of i;he demand curve rémoinéd constant. The new demaod equation . |
| wooid be: » » | |

P+ 4.18L - 16,2 =0
: 108 ' L

“and

TR = 1,501,315 + 3038.26E - .217E

Now, under free access to the resource, equilibrium in the industry .
would result when: A

(12) $1500.91E = 1,501,315 * 3038.26F - .217E°
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 /anynual harvest would drop
about 1.7 million pounds below the annual harvest that could be _
achievéd with only 7,000 days of fishing. Therefore, market |
conditions can reSult in a stable equilibriwn 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




of Lho crew by 4. The total cost function for thc individual
: vcs%c] wonld now be $67 385 -+ 888. 581 and total cost {or Lhc
| 1ndUery could be cxpressed asf
(13) T( $1221.971
A5§um1ng the 01Jana1 demand curve, long-run oqu111br1um for the -
industry as a 1csu]t of tho 1nnovat10n would become:

- (14) $1221.97E'=_1,501,808‘+ 2273.45 - .1624h

Solving equation (14) for E yiclds an estimate of 7,679 daYs of

~effort for long-run equilibrium. Thcreforé, no 1astiﬁg Benefit§
can be a1nea as a Icsult of innovaticn. The decrease in costs
pcr ton of fish ha;xcstcd rcsulilng from Lhc 1nnovatlon w111
cvcntuully be complotely eliminated by expansion of fishing .

clffort.

gpxinuun Lconomic Rent

The unique situation with regard to the point at which'marginal
cost anSCS 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 ﬁricc of fish and marginal cost must excced avérage
total cost. The only occasion in which marginal cost exceeds
total cost is when the vessel is fishing the full 202 standard
days a ycar. Thercfore, if functional rclationships are dcter-
minced between the final increment of MC and cffort and price and

effort, the level of cffort can be solved for the maximum economic
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rent “Thus ‘the Ibllowing repression equations were (it to the

gdagu: ‘ | _
(15) M.C.=6.57 - 5.5+ 16.881°
RUE S ]04 = 10& .
S16) P = 13.5 - _1_'51_, 8. rw7
| o ]0

- The cqu1)1b11um pOS]l]OH fOJ mdxun17ing ‘economic rent can then

| f3 bc cApchch by sctting cqudtion (15) equal to cquation (10)

(17) 6. 57 - 5.5 + 16, 8E1% = 13,5 - 121 + 8.5081°

10 198 108 ¥

Soivnnp for ] yiclds an csiimﬂtc of 6 020 days of c££011 necessary
to maximizce cconomic rent, At 20] days pcr ycar, 30 vcssc]s wou]d
fish. 6,030 days. - With the {ishery in equilibrium at 6,030 days of
cffort per yeéf, the daily catcﬁ_ratc would be. 16,135 puunds and
the entire flect would land 97,294,050 pounds of haddock per ycar
with an cxvesscel value of $9, 145 ,641. Thus, given the demand and
cost functions u<xumcd here, the economic rent would be maxinized
vhen landing about 98 pcrcent cf thq MSY and 99 pcrcent of the
waximun value of the resource. The individual vessel would have
pross annual %aleq of appioxima1oly $K66 900 and a tetal cost of
$363,936. The economic rent CQTncd per vessel wculd be $2,97%, or

$89,190 for the entirc fishery.

The amount. of return above cost that can be generated per vessel
in the fishery sugpests an additional management objective for
the United States. Bccuusc of a law passed by the First Congress

of the United States, all fish Tanded at U.S. ports nust be
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Tanded by vessels constructed in the United States. Vesscl

constiuction costs in the United States have increascd sub-

‘stantially ovcr*constructjon‘costs in many other nations. Thus,

"bcgau'v of 1hJs ]andjny iuw' the Cupitai invustmcnt'rcquircd for
a VLSSCl 15 almost doublc what 31 would. bc if the entreprencur
were free to purcha%c his vcssc] wheiever be could buy it at the
lowest. cv"t In ordcl te amOJJOLJic Lh]% JnchJty to the flshlng
1ndhst1y resulting from a subsidy to the sh1pbu11d1n0 Jnduqtly,

‘a law las been passed (785tat.714) prov1ang for a f15h1ng

vesscl Conqtluu110n dlIfOT(Pin] paymcnt of up to 50 percent by
the choral Govermenit.  Thus, Jf a vcssc] cost $800 000 in the

‘ Unitcd Sfates, that could be constructed for $400,000 in a foreign
shipyard, the lederal Govermment will pay $400,000 of the con-
structicn costs. It wou]dibc possible to do the same thing
througl generating profit in the fishery and taxing the profit
away but in turn giving a tax credit to the vesscl owner towards

constructicn cost of a new vessel.

Yor cxample, if the construction differential were $400,000,
and the allowed period for depreciating the hull were 20 years,
a vesscl would have to deposit $12 916 annually at 4 percent to
have accunulated $460,000 at the end of 20 years. Thus, entry
could be licenscad to producc an anual plcflt of $14 916 per
vessel and a tax in thlq amount levied against the vesscl. The
tax would be deposited with the Yederal Government annually but

the actual tax liability weuld be deferred. Interest would
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accunnlate anvuull) ol the u;LUUHi at thv prime interest rate

to Ihc Federal Govermment. . At such tlmc that the: vossol owner
dCleOd o build a new vessoel : Lhc tax ]]db]]LLy vould bo"
-capccllcdland the tax and accxucd interest returned 1o covcrfthé

construction differential. In'this mamer, profit generated from

the ratural rbspurcc_cou]d bear the subsidyAto'tho shipbuilding

Cindustry.

lulvc) p10p0=cu th an inCTcdso jﬁ fishing“cfforf beyona the
level lhat max1m11cd cconionic rent would be justifjcd if consumér
surplus Jncyoudcd more 1Ld] cconomic rent dccrcésod.'.]n this
example, thc rate of increasc in consumer su1p1u¢_1< rather small
bccausc the total landings at the point that maximizes cconomic
rent. iS closc to the maximum sustainable yield of the rescurce.
On the ciher hand, because of the sharp rise in cost as output
apprcaches naximum snstainnb]e yield, the econowic rent is dis-
sipated rapidly as output is increased. Thus, consumcr surplus

plus rent is a maximum at the output which meximizes economic rent.

Conscrvaticn and Common Property

The model used above can also be used to depict the result of a
progiam 1o plotect the waxinum sustainable yield of the resource
but.at the same time to maintain the common property status

(open arccss) of the resaurce. Such a progrem cen be implemented
merely by placing a quota on thc’fishely and closing the {ishcry
for the remainder of the ycar when this quota is realized. Such

a program is now cmployed in censcrving the Morth Pacific halibut
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‘stock_and;the,eastern.tropical Pacific tuna stock.

_;The 1n1t1a1 demand equatlon resulted in a free market equ111br1um at
a leyelsof effert'less ‘than MSY. In thlS case, a quota would be
.reduhdent ~ Hchver assume the'ZO percent increase in ‘demand wh1ch |
resulted in flshlng effort being carried beyond the level for MSY

' The results of the quota under open access to the flshery would be
;(18) 84,825 N + 1080.98 x 7000 = $11,902,800 .
fSolring:equation‘(lS)'for N iﬁdicates that approxiﬁate1y Sl‘vessels
would enter the:fishery.“With'SIINessels fiShiﬁg, each veSSel |
weule only be able to fish about 137 (7000 + 51) standard daysva
year, or the fishery-would be’closedtabeut the 1ast week of August.
.Concelvably, the vessels would be idle the remainder of the year.
Thus, the value of the resource would be d1551pated 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 flshery jurisdiction),
the U.S. can adopt and 1mp1ement any objective for fishery manage-
ment it deems in the best interest of the country. However, in .
international fisheries,,where the.resource is common proberty

te 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 particularly appropriate in regard to international

s .2
fisheries.

.bAn jntérnétioﬁal fishery involvcha number‘of nations with
di{[cring gOé]s;'COSt, énd.dcmand situations. Under such cdnf
ditiqns, péfhnps'thc mbst_in tems of Cbmmonlagreemcntican be, thaf
regulations be adopted to prdtcétvthc MSY and pfcvcnt biologitall
overfishing. .Within this general prcmise, subbptjmiZafion can

'  still be achicved if some system can be wurkcd out for "'splitting.
fho‘pjc,” i.e., dividiﬁg the quota among the participating
nations, in wﬁich casc, cach nation céuld scek to optimizc’its
own fishing within its quota limit. A near obtimum in terms of
use of the resource could be achicved under such a country QUota
system if a mafkot were allowed to develop for such quotas.
Conccivab]y,.uﬁdcr such a market arrangcmcnt,.nations with the
greatest comparatiVC'advanfago or lcast comparative disadvantage
could afford to lease quotas from other nations. However, such

a market system opens -the poséibility of nations playing a game
of strategy in which they scek a mdnopoly“of the resourcc-through

indirect subsidies to their fishing fleets.

Sunnary and Conclusions

Becausce of the common property status of most {jshcry Yesources,
>thc structure of'industry does not include delegation of responsi-
bility for determining the optimum amount of capital and labor

to be combinéd with the natural resource. The conscquences of

this sitvation has quite often resulted in an overexploitation




cof ihc nntur§1 cesouree in the physivd] sense, and a fcdundunt
»-amounl of’]nhorlund cubitul_gmployvd in a fishery. Bioiogi&ts
“have Jong recognized ovcxfj,hlnp in thc physical sensc aﬁd prof
'po»cd manxbcmcnt moasu;cs to plchnt dostructlon of the baglc
pzodugl1v11y of Lhc resource, 1 c., mcsh rcgulal:on and catch
quotas. ”OUCV(l, euch measures did ot take into dccouni the

basic qucs tjon of optlmum conbination of factors of ploductlon.

More rccently, a limited number of cconomists have become

interested in fishery problems and a 1itératuro is beginning to
take shape proposing cconomic objectives fofﬁfishery management.
The major divcrgonéc to datc is whcther fishéries should be
managed so as to produce the maximum net return above coéts or
to produce the pure cconomic rent implicit in the natural
resource. A'modification of the latter was proposed by Turvey
in tcrms.of giving credit to consumer surplus against decreases
in cconomic rent as a justification for allowing the exploitation
of a fishery to go beyond the level that will méximize economic
rent. Reyond the cconomist camp, some individuals feel that
freedom of enterprise when applicd to fisheries means that no
interference with the comion propcrty status must be permitted
regardless of the consequences. And somcvbiologists still hold
the view that because a {ishery resource exists, -and this |
“resource can yicld some maximum annual harvest, we should take

this annual maximun regardless of the cost.




This %tudy hdb dcv“lopcd a bio-cconomic modc] to cva]uatc the
oulaomo of d]] pollcy d]LOTHdllVLS 1n tclms of fis sh ]andod, price
of flsh, volumc of anuts ﬂnd )Ctu1ns to mdnauomont capltdl und
]dhor This: model is a statlc nmdc dCV1ch for comparxnﬂ the
rcsu]ts of cqu3]1b11um thdi would 1csu1t from a]tCJnatlv pollcy
‘proposg]s.‘ This model was thcn appllcd to the Ceorncs Bank
‘haddock'fjshcry as a casc study to dcmonstratc the results of'-

Athc policy altcrnative.

Thc ochctjvc of maxinum net 1b1u1n.dbOVL cosis produccd dramatlc
returns above cost for the 1nd1V1dua1 vessel, or would pcrmlt

substantial returns above costs to be split betwcen capltal,

labor, and the entreprencur or be taxed away. At the same time;

‘it_is;the most limiting objective in terms of the use of the
resource. In the Georges Bank haddock fishcry,'it would limit

catch to approximately 57 percent of the MSY.

The maximizatibn of economic rent carried utilization of the
‘resource to approximately 98.9 percént of the maximum sustainable
_yjcld. This policy objective tufncdrout to be the most 1ib¢ra1
approach to utilization of the reSource still in keeping with

efficiency in usc of limited economic resources.

Turvey's proposal for maximizing Lho sum of consumer surplus and "
rents was'inconclusive for the Georges Bank haddock fishery. The
lovel of fishing effort that maximized cconomic rent was also the
level that would maximize the sum of consumers surplus and economic

rent.




if open access to the resource must be maintained, as some. would
argue, little hope can be held for a p051t1ve contr1but10n from
‘flshery resources to economlc welfare over time. At best, the
industry would work toward an economic equ111br1um that would
achleve a compet1t1ve return to capltal and labor. However,

before such a 1ong Tun equ111br1um were ever reallzed a serres f‘ﬁ
of short-run equ111br1ums (a short run that could per51st for

many years in flshlng) could keep returns to labor and capital far
below competitive earnings in other 1ndustr1es No lasting benefit
could be expected from innovation for 1ncreased eff1c1ency would
soon be dissipated among a redundant nunber of firms. 'Biological
overfishing in the phy51ca1 sense could be prevented by catch
quotas, but unless some 11mdtat10n of effort were 1nc1uded in the
management program, prevention of physical overexp101tat1on is the

only accomplishment that would be achieved.

In conclusion, managing a fishery to realize the economic rent

from the naturai 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 Tesult)

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 somebne 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 Tprvey solution woﬁld pcrmit an éxpansipn of-fishiﬁg beyond‘the'
- level that would maximize economic rent if the increase in_consumér
surplus more than offset the decrease in rent. However, this would
éppear 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 iikely will be needed in order to implément
‘fishery management programs for eccnomic 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
.déta collection, and data now available iS inadequate for many
fisheries. Only in this manner can reésonably accurate estimates

be developed for optimal fishing effort for each fishery.

Although economic mddels are generélly built around output, ;t is
believed that the model employed here demonstrates that a model
based'on fiéhing effort can serve equally as well for the purposes
of fishery management. The measurerof 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 withvthe mcésure of fishing effort. In this respect,
nuch remains to be done in defining the base unit of fishing effort
and developing means to Quéntify units of vessel and gear in terms
of such base units for measuring fishing effort. Hopefully, joinﬁ~

discussicns of the biologist and econdémist could carry this area of

research methodology ahead quite rapidly.

Much remains to be done in econohic model buildiﬁg for fisherieg.
One aspect not touched oﬁ in this study is the question of dynamics
.of change. A dynamic model that traced out the recursive relation-
ships between exogenous fluctuations in fecruitment, growth, and ~
natural mortality and yield per unit of effort; and thus, to returns
from fishing and investment decisions in vessels and gear; and‘thds,
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 almbsf :
~ completely dependent on 1 or 2-year classes (shrimp, menhaden)
present unique problems. Thus, much interesting work remains in
developing bio-economic models necessary for sound resource develop-

ment and use.
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Table 1. lLandings Per bay of Lffort, Days of Lffort, and 3-Year
Moving Average of Days of Lffort for Georges Bank Haddock,
1932-064 o

"~ Landings Per . bays of ~ °  3-Year Moving Average

.~ Year  Day/Effort 10-3 . Effort 10-3  -Day/Effort 10-3

1932 11.6 - ’

1933 9,
1934 10.
. 1935 .12,
© 1936 13.
1937 11.
1938 - 11,
1939 13.
1940 12.
1941 16.
1942 18.
1943 - 18.
1944 17.
1945 16.
1946 14.
. 1947 12.
1948 12.
1949 11.
1950 14,
1951 14.
- 1952 14.
1955 10.
1954 15,
1955 15,
1956 - 13,
1957 11.
1958 8.
11959 7.
1960 10.
1961 12.
1962 12.
1963 8.
1964 10.

N oo
NNV
OB~ WOo U,

@me\INLNlDO’\LO\IMNO\DNN-Pm-PP—‘

\IKD\!\IO\U'!U'IC\(HO\U"‘J\lOO\I-bU’I-hU‘!\]\IOO\IOOC\O\-b'OO‘D

O NN 000000 W

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
.7

N-bNC'\@(NOObKOO\-h\lHHUW&P-‘OOLNOOM\}O\OOO\]C\U‘I

[SSIS e R ]

P
—
-

Source: Bureau of Commercial Fisheries, Biological Laboratory,
Woods llole, Massachusetts




Seasonal Index for Catch Rates, Monthly Distribution of Effort, Landings and Costs for Successive Levels of Fishirg
on Georges Bank Haddock

Mar. Mr. pt. July Feb. Ocz. June

Seascnal Index .120.8 115.2 107.1 100.0 99.8 95.0 .
Days of crfort 18 18 18 16 17 17
Total Cost 125,740 143,198 . 182,113 199,409 217,786 254,536

Lendings & Costs
1,000 days effort
Catch rate(lbs)
Landings (000's)
AIC (¢/1b)
MC  (¢/1b)

O
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2,000 days effort
Catch rate(lbs) : 27,984
Landings (000's) . .5 1,583.2
ATC (¢/1b) .91, . 9.04
MC (¢/1b) . . 3.86
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3,000 days effort
Catclh: rate(1bs) 25,653
Lardings (005's) . 1,451.3
ATC (3/1b) . 9.87
MC  (¢/1b) .85 4.21

4,000 days effort _
Catch rate(lbs) 23,321 1 20,244 20,204
Landings (000's) 1,319.4° . .3..2,432.2 2,775.7
ATC (¢/1b) 10.85 . . 8.20 7.85
MC  (¢/1b) 4.64 4. . 5.34 5.35




Table 2. Seasonal Index for Catch Rates, Monthly DlSLr*OuL‘OW of Effort, Landings and Costs for uUCCvSSlVe Levels cf Fishing
on Georges Bank Haddock (continued)

Mar. Avr, . July Feb. Cct. May

5,000 days effort
Catch rate(1bs) 22,010 20,989 514 18,220 18,184 17,437
Landings{000's) 413. 809.7 1,187.5 5. .5 2,i89.0 2,498.2 2,794.6
ATC (¢/1b) . 15.28 12.06 . . 9.11 8.71 8.45
MC  (¢/1b) 7T 4.91 . ‘5. . 5.63 5.94 - 6.20

© 6,000 days effort .
Catch rate(lbs) . 19,565 ,046 . 16,196 16,164 15,500 .15, .
Landings (000's) 367. 719.7 . .5 1,686.7 1,945.9 2,220.7 2,484.2 2,745.7
ATC (¢/1b) . 17.19 . . 10.80 10.25 9.81 9.51 9.27
MC  (¢/1b) . 5.53 . . 6.23  6.67 6.69  6.97 ©7.03

7,000 days effort
Catch rate(lbs) 17,868 17,117 , 15,176 14,170 14,142 13,561 13,462 ,
Landings (000's) 321.6 629.7 .5 2. 1,475.7 1,702.4 1,942.9 2,173.4 2,402.2 2,587.9
ATC (¢/1b) 32.42- 19.65 . . - 12.34 11.71 11.21 10.87 10.60 10.50
MC (¢/1b) 6.05 6.32 .6 . 7.12 7.63 7.64 7.97 8.03 - 9.31

8,000 “<ays effort
Catch rate(lbs) 15,319 14,675 R ‘12,148 12,124 11,626 11,541 9,949
Landings (000's) 275.7 539.8 . . .2 1,459.5 1,665.6 1,863.3 2,059.5 2,218.
ATC (¢/1b) 37.82 22.92 . . . 13.66 13.07 12.567 12.36 12.25
MC (¢/1b) 7.06 7.37 72 . . - 8.90 8.92 9.30 9.37 10.87

9,000 days effort : v
Catch rate(lbs) 12,766 12,230 , R 10,124 10,104 . 9,689 9,618 8,292
Lendings (000's) 229.7 449.9 . . ,054.4 1,216.3 1,388.1 1,552.8 1,716.3 1,849.
ATC (¢/1b) 45.38 27.50 . . i7. 16.39 15.69 15.21 14.83 - 14.70.
MC - (¢/1b) 8.47 8.84 . 9. .97 . 10.68 10.70 11.16 11.24. 13.04




wdex for Catch Rates, Monthly Distribution of L::oru, Landings and Costs for Successive Levels of Fishing
Bank Haddock (gontlnhed)

Seasonal In
on Ceorges

Aug. Mar.

)
()

10,000 days etfort
Caubh Rate(1bs) 10,214
Landings{000's) 18? 3
ATC {¢/1b) '56.72
MC (¢/1b) 10.58
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3,263 151 ,974

5,587 14.2 ,899
55,854 . 7,154 13.4 8,952
80,976 8,179 10,365
91,100 8,837 11,296

7,176 9,135 11,758
195,190 9,225 11,903
97,184 9,135 11,759
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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
the Bureau of Commercial Fisheries.

In the process of working towards these goals an
array of written materials have been generated repre-
senting items ranging from iterim discussion papers
to contract reports. These items are available to
interested professionals in limited quantities of
offset reproduction. These "Working Papers" are not
to be construed as official BCF publications and the
analytical techniques used and conclusions reached in
no way represent a final policy determination endorsed
by the U. S. Bureau of Commercial Fisheries.




