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INTEODUCTION TO FOEUM DISCUSSION ON FISHERY MANAGEMENT

By Ira N. Gabrielson

This forum discussion of fishery mancogement is held as a result of a
motion passed at a meeting of the Atlantic States Marine Fisheries Commission
on Beptember 18, 1942, in New York City. According to minutes of that meeting,
"It was agreed that the Commission recognize the seriousness of overcompetition
in the fishing industry in normel times and that it request the Fish and
Wildlife Service to report upon the feasibility of menagement plans and in
cooperation with 2 special committee of the Commission to be appointed

subsequently that it evolve an appropriate program for submission to the
Commission, ™

This motion subsequently was congidered by the Hxecutive Committee,
meeting on the same date, and it was agreed that in view of the divergent
views held by the Commission’s various technical advisors and the divergencies
among the States, it would not be practicable to set up a single model plan
at this time, The Fish and ¥Wildlife Bervice was therefore invited to stage
a forum or panel discussion by members of its staff in which the problems
involved could he explored at length and placed before the Commission as 2
body. The special committee of the Commission could then be created to

study the matter further with a view to making recommendations ultimately
to the Commission,

The Hxecutive Committee expressed the opinion that this topic was one
on which several years of study would have to be spent before any conclusion
could be reached but that it was important to begin such a study at once
so as to have a program ready for adoption when pesace comes,

Personally, I can agree heartily with the Executive Committee that it
is important to begin such a study at once and that it will require several
years to reach valid conclusions, I do not agree, however, that no conclusions
can be reached and that no action should be taken to establish at least the
broad outlines of a fishery management program until such an extended study
has been completed. I believe it highly important that we attempt to under—
stand the fundamental principles as fully as our present knowledge permits
and that specific provisions for fishery regulation in sccordance with our
current understanding should be adopted even during wartime eand before we are
too greatly distracted by the urgencies of post-war reconstruction and
adjustment. The Fish and Wildlife 8ervice has accepted the invitation of the
Commission, therefore, to hold this forum discussion at the firet opportunity
gince the original request was made, believing that the problems are so
urgent &s to broock no further delay in seeking practical solutions.

In my first address to this Commission, on the pecasion of its organiza-
tionel meeting in New York on June 5, 1942, I stated that the task of this
Commission will never be finighed, One measure of its success will be how
honestly it seeks solutions of its problems by the scientific method of trial
and experiment, how criticially it observes the effects of its trial measures,



and how gquickly it abandons old procedurss and adopts new ones on the basis

of experience. I pointed out that our knowledge of the figheries is not
adequate and the facts on which judgments must be based are so obscure and

so diverse that 1t is easy to see why there are differences of opinion on

the sutject of management. I assured you that I shall not attempt to impose
my own views and prejudices upon my ofriicial subordinates nor dictate

"official policy" in scientific matters, for to do so would tend to stifle
progress in finding new and better sclutions as additional facts are discovered
and greater experience is gained,

The discussion of the principles and practices of fishery management
will be presernted this evening from two divergent points of view by members
of our scientific etaff who have had long experience in the field of fishery
biology and close and practical association with the fisheries and the
fishermen, Tiey have thought long and deeply on the subject of promoting the
welfare of the fisgheries. Doubtless you will note & very gemeral agreement
on the basic facts and on the general biclogical principles which underlie
any system of managament, This should give you increased confidence in the
goundness of fishery science a&: a basis for gulding our practical actions.
Tishery science has developed loth in Burope and in America for a period of
more than 50 years and is basec on a great body of factual knowledge which
has beon accumulating for centuries. The integration of these facts and
the deduction of the laws of nuiure that affect the fisheries has resulted
in the founding of a distinct flsld of science, fishery biology. Following
the lead of the Buropean szisntists, American investigators were quick to
adopt the new techniques and concepts, In the past decade or so, they have
forged ahead and now are regarded as world leaders in the fields We may,
therefore, place great confidence in the scientific aspects of their worke

In the course of these diszcussions, however, you will also be aware of
a2 fundamental divergence of opinion regarding the interpretation of certain
facts and more particularly in the purely personal or emotionsl responses
toward these interpretations which lead to actions These differences in
reaction to established facts are as fundamental as the differsnces in
personalities between each of us--differences based on our individual back-
grounds, experiences, situations, aims, and outlook. I am very hopeful,
however, that despite these personal reactions the spirit of compromise,
which is the essence of demccratic Government, will prevail in choosing a
course of action based on reasoned judgment rather than on feeling and that
the free discussion of opposing points of view which we have planned tonight
will be the means of finding a common ground upon which we all can proceed
with confidence.

The two principal speakers will present no debate on the merits of a
specific proposals They will not seek to influence you, as a jury is
influenced, by oratory or forensics, but rather will attempt to present the
facts and to analyze them carefully for your consideration. Although time
has been given each of the principal speakers for rebuttal, such rebuttal
will consist more properly of further discussion of any of the points which
either speaker has presented. Following the main presentation, we shall
welcome free discussion from the floor, for our purpose is to consider all
aspects of the problem as a guide to practical and effective action. - - -



S0ME METHODS CF FISHERY MANAGEMENT AND THEIR USEFULNESS

IN A MANAGEMENT FROGRAM

By William C. Herrington&/

For the last 75 years and more, the coastal peoples of the world have
been concerned actively with the problem of maintaining their supplies of
fish at a prodyctive level, Despite this concern, only limited progress
has been made in solving the problem, Buch progress has been limited partly
by the difficulty in overcoming the long and widely-held belief that the
resources of the se& are inexhaustible and therefore cannot be affected by
the activities of man?/, and partly by the lack of knowledge and technical
methods needed to soclve the very complex problems involved, EKEven now we
are but beginning to make headway in this field and there is as yet no

1/ Bee p.69 for biographical data,

2/ At the Fourth International Fishery Congress in 1908, during the
discussione on menhaden, Profeesor (oode was quoted to the effect that
he estimeted a million, million of millions of menhaden (1018) were
killed annually by natural enemies, Goode considered this only an approximate
estimate, W. F. Hathaway!s peper, read at the same meeting, indicated that
both Dr. Hugh M, Smith and Professor Baird spproved of this general figure
and the reasoning by which it was deduced. I have made some calculations
using Goode's 8stimate, At one pound each, 1018 menhaden weighing 70 pounds
per cubic foot, would require about 1.4 x 1016 cubic feet of spE0s. ak
section of ocean on the continental shelf, one mile square and averagi
50 fathoms deep, would include about 1010 cubic feet, Thus, if the 101
menhaden were packed solid, it would require about 1.4 x 1016 = 1010 « 1,400,000
square miles of continental shelf with an average depth of 50 fathoms to
provide room for them, BSince the total area of the continental shelf inside
the 100 fathom curve, from the Gulf of Maine to the southern tip of Florida,
is much less than 100,000 square miles, it would seem that Professor Goode's
"approximate estimate" was & little extravagant,

Mors recently, the head of a large fishing company told me of a case
in which 20 haddock were removed from one monkfish, Making the apparently
conservative assumption that there were at least 10 million monkfish on
Georges Bank, he calculated that with cach eating 20 haddock a day, 365 days
a year, they destroyed altogether about 73 billion bhaddock annually, He
maintained that in addition, other enemies destroyed additional billions.
Qur data indicate that in the peak year the total population of market size
haddock on this bank was only 300 - 400 million., Thus, his estimate of
haddock killed each year by monkfish alone, was about 200 times as great as
the total adult haddock population.

These examples illustrate the general beliefs concerning the limitleass
numbers of fish in the sea, and how these beliefs have been encouraged by
faulty deduction based on insufficient or erroneous observations,



generally accepted philosophy to guide the practical application of the
results of technical research work, Our discuseion this evening is an
attempt to clarify further, in our own minds as well as in thome of others,
soma of the ideas surrounding this subject.

I believe that most of us will agree that the ultimate aim of 21l our
fighery work is to obtain the maximum continuous yield (optimum yield)
from our fishery resources in the way of food, value, recreation or other
return, for the benefit of our country, our state, our people, and our
fishing industry (fishermen, dealers, etc.). Tonight we are concerned with
a single, but vital element of this fishery program: What is the best way
to go about the formulation and application of practical and efficient
menagement measures designed to make possible these objectives, By itself,
thie is a complex economic and social problem, Perhaps our approach to
it will be clarified if we can gain the proper perspective; that is, see
how this particular problem fits into the complete picture of fishery
management. Consequently, as a preliminary to the later discussion, I shall
attempt to outline the primary elements or steps in a complete program,
As the basis for such a program it must be assumed that it is kmown or
believed that the fishery is not yielding its meximum, Some factor or
factors is or are limitinz the yield,

AFFRAISAL OF THE MANAGEMENT PROBLEM

The firet step is to diagnose the situation and determine in quantitative
terms what factors are limiting production., Frequently history, properly
interpreted, will provide a clue, Take, for instance, the overall problem
of improving the fisheries of the Maine coast, What caused the decline in
Maine's fisheries from 1888 to 19387 Was it due to biological, economic or
technological factors? The answer to these questions will help to provide
the basis for a rational approach to the present Maine problem, The United
States cod fishery provides another example. What caused the decline in
this fishery between 1880 and 1935 and how greet was the decline? Answer
that and you have your principal overall cod production problem. The United
States mackerel catch declined from an annual averagze of about 1C0,0C00.000
pounds from 1860-85 to about 20,000,000 pounds from 1888-1923, and about
40,000,000 since 1925, Was this due to changes in the fleet, in fishing
methods, in abundance of fish, or to changes in the fish'!s habits which made
them less available to the fisherman's gear? The answers to these questions
by themselves are involved and difficult, and an attempt to prescribe a
remedy before the questions are answered, might at best be useless and at
worst be dangerous.

Assuming that these questions have been answered to the effect that
the limiting factor is the quantity of fish available,rather than economic
or technological conditions, our second step is to determine what is con-
trolling this quantity. If the stock of fish is reduced, is it due to
unfavorable environmental conditions such as temperatures, feeding conditions,
unfavorable ocean currents causing loss of eggs or larvae; or to the acts
of man in catching too many fish, too young fish, changing the biological
talance, or affecting the enviromment through use of destructive gear, dams,
or pollution} How does so-called "destructive" gear such as the otter trawl
affect the fish populations? Does it affect the bottom, spawn and larvae,
young fish, or through efficieney of operation does it critically reduce

n



the spawning stock?

When we have discovered what conditions are limiting the stocks of
fish, the third step is to determine how these cohditions can bs altered
in order to permit the stocks to recover to the level at which they will
provide the optimum yield, What are the conditions neceasary to obtain
the optimum yleld? In general, the most important are an optimum adult
stock and a fishery that takea the fish when they have reached the optimum
size. (The optimum size involves the balance between growth and natural
death), Other conditions that may be critical in some cases are predators,
supplies of food, competition, physical conditions, etc.

In no case will it be found that return to virgin conditions of
abundance and age composition is the answer, while in some instances tha
reduced yield may be the best that can be expected.

Cnce some of the above questions can be answered, it is possible to
consider intelligently the application of management measures. Much of the
failure of management measures during past years is due to the lack of this
basic information. Their failure does not mean, necessarily, that the
measures themselves were unsound basically, it means that without the
essential knowledge of the ills to be corrected, the correct measures could
not be prescrived. In the same way e surgeon might perform a highly proficient
tonsilectomy which was prescribed to cure your rheumatism, tut if the rheu—
matism were caused by infected teeth, the net result on your ailment would
be nil, This does tlot prove that tonsilectomies are valueless; it simply
proves the prescription was wrong.

It is possible to point out many éxamples in fishery administration,
of prescriptions based on insufficient, erroneous, or completely lacking
diagnosis., For instance, following the mackerel decline in 1885 and later,
Congress passed an act prohibiting the landing of all maclkerel caught between
March 1 and June 1, except that caught by hook and line, traps, and weirs.
This was in effect from 1888~92, It was a move in the dark and had no
measurable effect in increasing the mackerel population. Failure simply
meant that it was not the cure for that particular ailment, although it
might be for another, - The history of the lobster fishery records a long
series of protective regulations, despite which the population of lobsters
continued to decline, Most of these regulations were based on limited
.sclentific facts or on personal opinion and, as the catch declined, pressure
was increased to relax regulations. Personal opinion and limited facts were
not sufficient bulwarks to prevent such action and regulations were relaxed
progressively. So again, the methods were not necessarily wrong but lacking
a fixed background of fact, it was not possible to devise adequate measures
and defend them with sufficlent determination .and effectiveness. This might
compare with the case of an individual who is dying from diabetes. The
doctor believes that insulin will help, but lacking knowledge of how much
is needed, prescribes an amount which slows down the approach of death but
does not prevent it.

These examples might be continued at length and in most cases where
protective measures failed, the failure was the effect of erroneous diagnosis
or inadequate prescription. If we had adequate factual information from



scientific research, showing quantitatively the conditions needed in the
way of fisgh sizes, spawning stock magnitudes, or other conditions required
for the optimum catch, it would be possible to make the diagnosie more
accurate and the writing of an adequate prescription would be simplified,
To attempt to prescribe before accurate diagnosis is to revert to the level
of medical practice in the Dark Ages. An exception to this should be made
to cover cases in which fishery restrictions are used to alter conditions
for experimental purposes, but this is not a prescription if used in this
way and the purpose of such restrictions should be understood clearly.

This brings us to the fourth step in developing a management program,
the formulation of effective, practical and adequate measures which will
produce the conditions found to be necessary to permit the optimum yield.
First of all, what are the technically ideal methods: that is, what methods
theoretically are most effective and efficient? Becond, what modifications,
if any, are necessary to make the ideal methods economically and socially
practical, and can these modifications be made without depriving the methods
of their effectiveness? For instance, it might be proved that the optimum
size for teking lobsters was 3-3/U inches.J/ However, if there were a very
limited market for lobsters above 3-1/2 inches, the practical economic
level to be considered as a minimum would be 3-1/2 inches instead of 3-3/U
inches, This economic limit of 3-1/2 inches could be applied in a single
increase from 3-1/8 inches to 3-1/2 inches, but that would not be socially
practical since it would reduce the catch so seriously during the first one
or two years that large numbers of fishermen and dealers would not bes able
to survive. Consequently, a reconciliation of biologicsl, economic, and
social requirements might result in a program involving a series of one-
sixteenth inch or one-eighth inch increases at one~ or two-year intervals
until the 3—1/2—inch size was reached, This would provide the best practical
conditions in respect to size, Other measures might be necessary if further
protection were needed to maintain the most productive spawning stock.’

FORMULATION OF MANWAGEMENT MEASURES

To simplify and limit the 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 object is conservation. Improved economic and social conditions
would be very important, but secondary, objectives. If you wish to reverse
this order of importance, then the problem primarily is for the economist
or sociologist instead of the aguatic biologist or conservationist..

In order to take up the next step in this program it will be assumed
that the data required for steps 1 - 3 have been obtained and they show
that; 1. The limited production from a given stock of fish is due to
reduced catches, 2. The reduced catches are due to the decreased produc-
tion of young resulting from an overfished spawning stock and from catching
most of the fish while they are much below their optimum size (size at
which natural death balances growth), 3. That the conditions necessary to

3/ Oarapace measure.



provide the optimum yield require an adult stoek doubls the present level -
of abundance and an ayerage fish size of three pounds compared to the
present average of e¢ne to two pounds, Qur problem is to formulate measures
which will' change the fishery in such a way as to obtain these conditions.
This is a relatively ideel situation in which all of the noesded bioclogical
answers are available before-it is necessary to take regulatory acticn.

To O0btain the Optimum Size

In situations whare vnnecessarily smanll fish are being taken, the use
of minimum size limits perhaps offers greater possibilities than any other
measure; Proirection in this way results in the smell fish reaching a mera
productive size. thus increasing the yield in pounds from the same numbers
of young fish, The protection of young alse permits the survival to spawning
size of increased numbers of fish, and this will heln to cnrrect any cverfished
condition of the spawning stock. This latter effect may be much more important
than the first., ZXven when no overfishing is taking place, protection of the
young may be worth vhile in situations where undersized fish (those below
the optimum size) are taken, since i1t will result in & greater abundance
(in pounds) and therefore in a higher yiald per unit of effort, However, if
the fishing intensity is low there may be exceptions to this generalization,
particularly in cases where an cverabundance of adulte inhibits the production
or survival of young., (Figures 1 and 2)

For the purpose of obtaining the optimum yield, the ideal size at
which to harvest any group of fish is when the annual growth rate has slowed
dewn until it equals the rate of natural mortslity (optimum size), However,
pince normmally it is impossible to determine this size éxactly for all the
individuals ef a given population, and furthermore, since it is impossible
to capture 2ll of the desired proportion of the stock at any given size,
the practical size limit must deviate considerably frem the ideal. In cases
where the fishing intensity is lew and the natural death rate high, the most
productive size limit will be considerably below the optimum size, This will
#nabls the fishery to ecatch a considerabdle proportion of the stock before it
is seriously reduced by natural death., On the other hand, if the fishing
intensity is high or the natural death rate low, the most praductive aize
limit will be but little less than the optimum size. Conditions intermediate
between those cited will require some intermediate size limit, Thus, the
position ¢f the theoretically most productive size limit will vary for
different species and even for different populations of the same specias,
depending on the interrelationship between fishing intensity, growth,
and natural death,

The effective use of size limits depsnds on a number of characteristics
of the species and of the fishing gear used, If the species is sufficiently
Tugged so that it can be caeught, sorted, and released without considerabls
losses through mortality, then a size limit ean be readily applied. Moet
of the flounders and many fresh-water fish are in this category.

For a species which carnot survive hafidling in this way, some form
of savings gear may be effective.. This gedr must allow the release of the
fish at such a time and in such a condition that most will survive, BSatis-
factory forms of savings gear have been developed for haddock, ced, flatfish,
passibly lobsters, and many other species. This method is desirable eyen



for species that can stand catching and sorting, since it reduces the hand .
labor and removes the temptation to keep the small fish, The chief dis--
advantage of such gear is that it is not precise in its cull; that is, &
gear which refains ell fish above a specified size, also will capture
considerable numbers of fish just below this size, Consequently, allowance
must be mads for this characteristic, both in the savings gear specifications
and in enforcing the minimum size limit,

Some species fall into & third category which includes those which
neither can survive catching and sorting, nor can they be culled effectively
by types of savings gear now available, This group may include the rosefish
Sebvastes marints, the mackerels, 'herrings, and others. = To use size limits
successfully for these species it will be necessary to develop other types
of savings gear, or to protect the small fish through closed seasons, closed
fishing grounds. or by the use of other measures.

For most fisheries there appears to be no sound argument, biclogical,
economic or social, against size limitation, except possibly that referring
to the hypothetical genetic effect of size selection on the size of fish ia
future generations. There also may be exceptions for econcmic reasons, sueh"
es those involved in the case of sardine herring, If practical and effective
methods of" size limitation can te devised, this should be one of the first
tools to be considered by those planning management measures,

To Obtain the Optimum Adult Stock

For the present, let us assume that before considering this question .
the administrator hds been supplied with information showing that the current
spawning stock is considerably below the ideal size, and that the reduction
was due principally to overfishing., What is the best method for obtaining
theé conditions needed to. build up and maintain the ideal stock?

“The size of the spawning stock is affected by numerous environmental ..
factors including the fishery, fish food, natural enemies, and others, but .
in a matine fishery the first-named usually is the only one that can be
altered appreciably by men, Assuming that the best practical size limit is
in use and has not provided sufficient protection to enable the spawning

FIGURE 1.--The effect of size limits on the catch and spawning stock,
using data on growth rate, natural mortality, and size at maturity, from
the haddock fishery, and assuming an addition to the stock each year of
1,000 quarter-pound fish, The upper figure shows the pounds of fish of
each size that would be taken with the various size limits in force.

In the lower figure, the area below the curves represents the number
of fish of each size left on the banks under various size limits. The
dotted curve represents the stoci wien there is no fishery. The total
shaded area represents the number of mature figh left with a four-pound
size limit in effect; the total of medium shaded and black arsa represents
the matur® stock left with a2 two-pound size limit in effect; and the
black area represents the mature stock left with a one-half-pound size limit,



EFFECT OF SIZE LIMITS
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stock to reach the optimum level, the next thing to consider is the fishing
intensity. The spawning stock is too small because too many fish are being
destroyed by catching or other operations conducted by man, Assuming the
destruction is due to fishing operations, how shall this be remedied?

A considerable variety of restrictive methods for reducing fishing
intensity .are available to the administrator. The ultimate purpose of all
is to limit the catch to the amount which will permit the maintenance of the
optimum spawning stock. Probably the most important of these methods are
the following: :

Direct Catch Limitations

Direct catch limitations might involve the establishment of annual ‘or
seasongl guotas for given areas, VWhen the quotas were filled, fishing. would
be halted. The most drastic apnlication of this method would require the.
complete stoppage of fishing (zero quota) until the stock had been restored
to the desired level, BSince the most rapid recovery of the spawning stock
usually can be 'obtained by using zero quotas, this method is used in many
cases to restore wild ponulztions depleted by sportsmen or by natural
catastrophies, In the case of cormercial snecies, hpwaver, there are numerous
economic and social reasons for avoiding such drastic action. These include
the effect on the livelihood of the fishermen and the danger of causing man-
power and equipment to change over to other fisheries or occupations. In
the latter event, inadequate fishing capzcity would be available to make use
of the increased supply of fish when fishing was resumed, Sportsmen can give
up duck shooting for several years when such hunting is closed, then return
to it in equal or greater numbers than ever when open seasons are resumed;
but a commercial fisherman must starve or turn to some other occupation if
fishing is stopped. There also are certain biological reasons which indicate
that complete cessation of fishing is not the most efficient method to build
up the adult populatlon.

Because of the un6551rab1e effects of zero quotas, which have been
referred to above, in the commercial fisheries, it is better to use reduced;
rather than zero, quotas when such limitations-are necessary. The extent
to which they should be reduced will depend on the situation; in general,
the, smaller the reduction the longer it will take to build up the stock to
the desired level. Usually it will be possible to increase the quotas
somewhat after a rather short peried, since with an increased spawnlng stock,
the recuperative powers of the population are increased. Consequently, it
may not be necessary to reduce the catch below the prerestricted level for
more than a brief period. (Figure 3, opposite p, 10)

The advantages from using tne method of direct catch limits are numerous.
It is the most direct, precise, flexible, and effective method availabdle.
When the catch is too great by any given amount, it can te reduced by that
amount, Changes can be made from year to year if they are found to be .
necessary. The experience of the International Fisheries Commission demon-
strates that enforcement is practicable,

The chief disadvantagze is that if the permissible quota is filled
before the normal fishing season is over, fishing for this species nevertheless
must cease, Men and gear then must shift to some other fisghery or occupation



FIGURE 2,--The effect of size limits on'the catch and spawning stock,
The data shown under 50 percent fishing pressure, are summaries of 'the
weights shown in Figure 1 for each size limit, Data for 20 percent and
80 percent fishing pressures were celculated in a like manner, 'Note the
considerahle effect of size limits on the catgch when the fishing pressure
is high and the tremendous effect on the spawning stock.

This is 2 simplified picture based on the assumption that the annual
production of young fish is constant (1,000 quarter-pound fish), Thus,
as shown in tiis figure, VYne increased catch with intermediate size limits
results entirely from concentrating the fishery on fish near the optimum
size., In the case of the haddock fishery at least, we know that the
production of young is closely related to the size of the adult stock.
Consequently, the increase in the spawning stock resulting from size limits
would have a much greater effect on the catch than that represented in
Figure 2, which is the result solely of concentrating the fishery on the
best sizes, At the lower levels of spawning stock magnitudes, the increased
stock resulting from higher size limits would result in a greatly increased
production of young; while at the higher levels, any increase in spawning
stock would be harmful since it would decrease the survival of young. Thus
in fisheries of medium and high intensity, the actual increases in catch
derived from intermediate size limits are much greater than are indicated
in this example,

FIGURE 3,--The effect of menagement measures on yield as illustrated
by investment and earnings. This example assumes & private business with
an original capital of $1,000 and annual earnings of 50 percent on the
investment, with the withdrawals (yield) taken out the first of each year.
Under inadequate management, when 4O percent of the capital was withdrawn
annually (years 1-7), there was a continued decline in capital and yield.
Under adequate management, which restricted yield at first to 80 percent
and ‘later to 100 percent of earnings (years 8—19). capital was rebuilt
and the increasing yield in three years (years 8-10) was equal to what the
decreasing yield would have been under inadequate management; thereafter
it was increasingly greater.

This example represents essentially what occurs in an overfished
fishery when the catch, which at first is greater than the annual increase
*in the stock, is brought into balance by properly planned management
measures., However, thes fishery problem is considerabiy more-complex than
this, due to natural mortality (death from natural causes), migrations,
variations in production of young, and other factors.
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for the balance of the year or remain idle, If the gear remains idle,

it creates technological inefficiency which is undesirable, If men

remain idle, it creates a more extended vacation, which is good or bad
depending on your point of view concerning the value of time for recreation
and mind improvement. If the combined effect is such as to hold the returns
en time and investment to levels unattractive in relation to other occupations
in that region, it will result in a gradual transfer of money end manpower

to other cccupations, until the balance is reestablished.

Other undesirable effects of the stoppage of fishing when quotas are
filled, are the loss of supplies of fresh figh to the public and a protracted
period of unemployment for the shore workers, Effects of the former are
reduced by the increased use of frozen fish and cold storage, while effects
of the latter might be reduced by staggered opening dates for different
areas, or by other arrangements,

Indirect Catch Restrictions

The purpose of nearly all other types of restrictions on fishing, if
considered from the point of view of conservation, reduces to the same
basic purpose a&s direct catch limitations, Olosed seasons, closed areas,
and restrictions on gear and number of fishermen, all are methods for
reducing the number or pounds of fish taken, Even minimum size limits can
be considered from this point of view, since the first effect from protecting
the smaller sizes is to reduce to some extent the number of fish taken.

Closed seasons.--This method has most of the disadvantages of direct
catch limitations and few of the advantages,. Probably the only argument
in its favor is that it is easy to enforce, It is not precise, since the
effectiveness of a reduction of 20 percent in the season's length, in an
effort to obtain a 20 percent reduction in the catch, would depend on the
time of the year included and might easily be rendered ineffective if the
fishermen worked a little harder during the open season. Results also
would vary if conditions were particularly favorable or unfavorable for
good fishing, or if improved fishing methods were devised. The method is
reasonably flexible, since the length of the closed period might be increased
or decreased to any extent necessary. If it were varied according to total
catch landed, then it becomes essentially a catch limitation rather than a
closed season, The effect on shore workers and consumers would be similar
to that from catch limitations,

. The chief virtue of this method is that it can be enforced with a
minimum of data., When the season ends, fishing stops regardless of the
quantity of fish caught. Thus, it would not be necessary to obtain current
records of landings, However, since reasonably current data on landings
would be needed for any adequate management program, this aaving would be
largely fictitious.

Closed seasons frequently are used to protect the fish during the
spawning season. Closure during this period is somewhat more beneficial
than closure during equivalent portions of other seasons, but the benefits
are not nearly as great as generally is believed. Capture of 1,000,000
pounds of butterfish 6 months before the spawning season kills nearly as
many eggs &8 does the capture of the same number of fish just before they
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spawn. However, thers are some advantages to protection during spawning,
Pirst of all, 1,000,000 spawning fish represent a little higher egg

potential than deo 1,000,000 fish 6 months -earlier, for the latter group

will lose some of its number through mortality. The second and probably

most lmportant argument for protection during and just follewing spawning,

is that during this period the fish are in poorest condition. Thus, if

the effect of spawning reduced the average weight of the fish by 25 percent,

a population of adult fish weighing 100,000,000 pounds before spawming

would be reduced to 75,000,000 pounds during and just following ths spawning
season., The weight of the population would then recover toward 100,000,000
pounds agein.during the following months, Consequently, the potential yield
from this population will be greater if no fishing is carried on during

this season of poor condition, for a givem number of fish will yield one-third
more pounds of fish after they have recovered their weight than they will
during this season, The amount to be gained in this way will vary for
different species, In the case of haddock it would be small, since the gain
in average welght between the spawning season and the summer is only 10 to

15 percent, In the case of mussels it would be large, for the average
weight of the meats will more than double between the summer and winter seasons.

When used for the purpose last discussed, the closed spawning season
is somewhat similar in its effect to the minimum size limit; <fish of low
individual weight are protected until they gain in weight and thus permit a
greater yield.

It appears from these data that if a closed season is to be used to
limit the catch, the best time to apply it is during and follawing the
gpawning season., Hovwever, this measure by itself usually is not effectite
in limiting the catch to any desired level, since there is & strong tendency
to compensate for the reduced fishing time by increasing the fishing intensity
during the open season. Consequently, the closed season usually should be
considered a secondary management measure to be used only in special circum-
stances or in conjunction with other measures,

Closed areas.--0losed areas usuvally are used either to protect fish
during some specific stage in their biological development or to provide
a sanctuary for the species. In the first case, the area might include
the nursery grounds where the young are concentrated, or it might cover
spawning areas, Thus, in the first example, the closed area is used as
a substitute for size limite to protect the young, and in the second, as
& substitute for a closed spawning season to protect the spawning adults.
In peither case is it as precise a measure as the one for which it substitutes,
for with marine species it usually will not be found that segregation by size
or maturity will be sufficiently clear cut to permit selection of an area
that will include only those fish which it is desired to protect. Most
anadromous fish are exceptions to this generalization, since they leave the
river before reaching their full size.

Use of closed areas as sanctuaries is based on the argument that by
providing grounds where the fish will be able to reproduce and grow without
molestation from man, they will multiply and spread out to restock the
heavily-fished areas. This method usually is inefficient, since it generally
results in the overstocking of tha sanctuary aress and:the runderstoskisg of
the ugprotected arease.. In neither ¢ase dams:this provide for tke mos¥ -
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effective use of the natural food supply.

Olcsed ereas used to protect small fish, spawning fish, or as sanctuaries
usually will not provide & precise instrument for maintaining the spawning
stock at any desired level or for providing protection for fish below a given
size, From the point of view of precision, it is one of the poorest methads
available,

Closed areas may be flexibtle in their dimensions, but the dimensions
probably would have no simple relationship to the effect on the fish
population. (onsequently. the flexibility could not be used effectively
in & menagenent program. !

Facility with which closed areas can be enforced will depend to a large
extent upon their location. In inshore areas they can be defined and observed
with some facility and enforcement would not be difficult provided sufficient
inspectors and:patrol boats were available. On the offshore banks the areas
might be defined precisely in latitude and longitude, but their boundaries
would be difficult to observe, particularly in overcast and foggy weather.

If such areas were large or numerous, enforcement would require a considerable
patrol fleet. ' .

In view of the limited advantages and numerous disadvantages of closed
areas as a method for management, it is obvious that they should be resorted
to only when more effective measures will not function or for special cases
in which some: peculiarity of the fish or fishery makes them suitable,

Restrictions on gear.--This type of restriction may take the form of a
limitation on the amount of gear that can be used by a single fisherman or
on the type of gear that can be used., Restriction of the total amount of
gear that can e used .in & fishery would amount to restrictions on the number
of fishermen if there were a limit on the proportion of the total which could
be fished by one men,

Restrictions on the amcunt of gear that can be used might consist of
limits on the number of lobster pots, length of seine, or size of otter
trawl, In general, this amounts to telling a man how hard he can work
(number of lobster pots) or how efficient equipment he can use (number of
plows a farmer can use in a gang plow, width of his hay rake, etc.), To
the extent that we believe that it is advantageous to the Btate end Nation
to have industrious citizens and to make use of efficient machinery for
production, we must agree that in general such restrictions on gear are
undesirabls,

Restrictions on the type of gear that can be used might consist of
prohibiting the use of otter trawls or certain types of otter trawls, or
barring the use of explosives, line trawlsg, etc.

. Considered from the point of view of limiting the-catch, restrictions
on gear usually are neither efficient, precise, nor flexible, and their
stausitmal ease of enforcement does not compensate for their numerous
weaknesses, However, they may be very desirable for special purposes:
for instance, gear that is unduly destructive to the fish, to fish food,
or to the fish'!s environment, is undesirable even though it may be very



efficient technically., On the other hand, it appears to be highly fallacious
to bar a type of gear because it is too efficient., An example of the first
type might be dynamite, one of the last type would be the barring of line
trawling in favor of hand lining. Otter trawls provide an intermediate
example, 4s waually used, they are destructive of small fish, but if this
effect is corrected, the ciief basic charge that can be proved against them
is that they are efficient. If the destructive characteristics cannot be
remedied, then there is a valid charge against this gear on the grounds of
conservation, but any charge based on the grounds of efficiency mist look

to debatable nocial arguments rather than to biological, In some cases,

even though a gsar is incurably cestructive, its use may be justified if

no other praciical gear is available, for if ita use were barred, the fishery
would disappear,

Begulation requiring the use of savings gear is a form of restriction
when it requires some change from the gear normally used. Since it is
used to convert a destructive type of geaer into a non-destructive type,
it is a desirable conservation measure, Used for protecting certain sizes
of fish, it may be a reasonably efficient, precise, and flexible measure
(mesh sizes, slat spacing in lobster pots), but if used for limiting the
quantity of fish taken, it possecses these characteristics to a much lowsr
degree. Usually it can be enforced with reasonable facility., In those cases
where the best savings gear available is inefficient, unprecise, and
difficult or expensive to apply, its use may be impractical ani therefore
undesirable, even though it might to some extent reduce the destructive
effect of the gear to which it was applied.

Restriction on the number of fishermen,——As generally applied, this
method requires that all fishermen be licensed and that the number of
licenses issued be limited to some pradetermined number., For conservation
purposes the number issued would be based on the results of studies showing
how large a catch should be taken from a given population of fish and the
average catch per fisherman. If the fishermen should increase their
efficiency or improve fishing methods by developing better gear or beats,
then the number of licenses would be decreased until the total catch agein
was reduced to the desired level,

In general fishermen can vary their catch over a rather wide rangs.
FYor instance, the lobster fisherman may fish any number of pots from a few
up to several hundred, and he may fish one month or twelve. Furthermore,
the number of pots that can be handled by one man will vary from place to
place, for the maximum number of pots that can be taken care of under certain
conditions will be only a fraction of what is possible under others. The
catch taken by a salmon trap will depend on the length of the leader as well
as the location of the trap, The catch of a purse seine will depend on its
gize; that of an gtter trawl upon the towing speed of the boat as well as
the size of the net., Consequently, to have any degree of preclsion in
limiting the catch, restrictions on the number of fishermen must be accompanied
by restrictions on gear. Thus, the number of lobster fishermen would be
fixed as well as the number of pots per fisherman, In the haddock fishery,
it would be necessary to specify the number of fishermen and boats, the
size, power and equipment of the toats, and the kind and size of net.

'
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If thie method were used as described, it would provide a reasonably
effective, precise, and flexible instrument for controlling the eatch and
1t would te relatively easy to enforce. The chief lack of efficiency
would ococur in fisheries wnere the fishermen could vary their individual
effort over a considerabl2 rangéd., ¥or insience, in the lobater fishory a
limit of 100 {raps per man might be allowed. Under some conditions a man
normal)ly might be able to handle 200 traps, so under this restrictioa he
would be forcad to work at 5C percent capacity., Furthermore, in years
when lobster prices were very low or the atiractions of other work high,
the aversgo fisherran might reduce the number of  traps he fished or months
he operated, iz 'ficiently to lower the catch 25 percent or mare bslow the
desired levui and no one zlse would be able to make up the difference. In
fact, it is rot unheard of to have certain combines reduce production in
order to increase prices, In this event, the public would be deprived ef
quantities-of foodstuffs; poasibly needy fishermen would be deprived of the
opportunity to capture a permiaaible quantity of fish; and the surplus left
on the fishing grounds might inhibit survival of young so as to reduce the
production of fish for several years thereaffer, If adjustmend were made
‘for the reduced catch during one year by issuing additional licenses
the next, and at the same time, pert-time fighermen returned to full-time
fishing, then the catch would jump far beyond the desired lotvel. 'These
variationa would take place even though both men and gear were reetricted.

Diacussion of Relative Merits of Various Methods !

. Trom the point of view of conservation, the best methods of management
are those which are most effective, precise, flexible, and enforcoadblse. On
this basis, the methods which have been discussed rate somewhat as follews;

.~ Minimum size limits, where they can be applied, have many advantages
and few disadventages, Consequently, this method rates as one of the best
at the disposal of the conservationist. This seems to be so obvious that
no further discussion is needed.

For the purpose of holding the catch at the level which will provide
for the optimum adult stock (this catch may vary somewhat from year to year).
_ & number of methods are available, Judged by the standards previously
stated, the mest satisfactory method in most cases ig the actual limit on
the catch, All other methods are indirect attempts at the same objective.
Closed areas and closed seasons are-useful for certain special situations
but provide no overall substitute for actual limitation on the catch,
Bestrictions on men end gear provide a general substitute for catoch limits,
but involve complications and inefficiencies which make them technically
less satisfactory for general use. However, they may provide the best
solution for epecial cases such as fixed trap and net fisheries, where fixed
locations can be occupied and one net can blanket another.

THE RESTRICTHD- LICELSING PLAN

= Applications to Management Program

In view of the fact that restricted licensing has Been propssed far
adoption by this Commission as a.baeia managpmend-~policy; I’ ehall. ndogimke
a8 somewhat more. detailed exposition of its application to & management
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progran by attempting to see how it would work out in a boat fishery.

Let us assume ‘that we haxe a population of Tish in which the epawning
stock hes.been reduced by overfishing or other condit1ona. until it is
not large enough t{o produce the number of young needed to utilize fully
the dvailable food and nursery grounds. Let us further assume that the
commercial fishery is taking such a large proportion of the fish that the
spawning stock is not increasing, but in fact, is decreasing’ further. It
ig: desired tc apply management measures which will build up the stock and
provide for jhe maximum continuous-yield, Restricted licensing will be -
used as the bayic management method.

It ig first decided to license all boats and fishermen. However, since
this is a boat fishery and adequate crews must be available to operata
whatever boats are permitted, it is decided to drop the licensing of fishermen
and license the boat only, This still leaves a variable fishing effort, for
the number of men on & given boat may change and this will affect the catch
to gome extent, but there appears to be no satisfactory way to stabilize
this variable, To attempt to specify the number of men per boat does not
seem to be practical, for the sizes and types of boats differ too greatly.
Furthermore, fixing the size of crew would freeze the number of men and
restrict the development of more erficient fishing methods or boat types
vhich required fewer men., The law-making authority would be telling the
captain or owner how many men he must use on every size and type of boat,

_In order to make the necessary temporary reduction in the fish 'catchy
it is decided to reduce the number of boats by 20 percent. Since most of
the boats are owned by corporatiomns, the plan of reduction by mortality of
owner or lapsing of license would not be practical, so it is decided to
draw lots totaling 8U percent of the number of boats in operation in this
fishery on some base date, Operation in the fishery would be defined as
covering all boats whose catches during the base year included 50 percent
or yore of the species to be managed. The 20 percent of the boats not
receiving licenses could shift to some other fishery, or if other fisheries
.were restricted similarly, would go out of business, The crews of the
boats also would be forced out of the fishery when the owner lost his license,
Distribution of licenses by sale to the highest bidder could be used as an
alternative method. Under this system, the value of a license to the owner
would depend on the size or type of his boat so the big boat operators or
outside investors probably would get all the licenses and the final Betwup
would be somewhat like the New York Stock Zxchange.

.. Bince the number of boats, not the size, would be limited, the owners
of emall boats immediately would undertake to obtain larger boats in order
to obtain a larger share in the reduced total catch, This trend to larger
boats would cause the catch to increase again so that there must b a further
reduc tion in the number of boats. Thus, the fishery probably would end up
with large boats only, not because the large boat yields the individual
fisherman more money or is B more efficient producing unit, but because the
gross take is greater, For instance; a $50,000 boat catching 1,000,000 pounds
of fish worth $50,000, might yield the owner 310,000 net, a returm of -20
percent on the investment; while a $250,000 boat catching 4,000,000 pounds”
wvorth $200,000, might yield $25,000 net, a return of 10 percent. Thus,
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although the smaller boat was & more efficient fishing apparatus in proportion
to ite cost, it yielded the owner $15,000 less income. If you could operate
but one boat, which one would you choose, even though you found it necessary
to find help to finance the more expensive boat?

With each increase in the size or catching capacity of the boats, a
further reduction in number would be necessary. If the reduction were by
lot, the number reduced would depend on the size of the boats the revoked
licenses covered, In any event, loss of a license would result in hardship
for the crews, who would be forced to look to some other occupation, and
to the boat owner who would find his property of little value when it could
not be used for fishing. The owner might be helped by receiving a sum from
the licensing agency to repay him for his invesfment, but how would you repay
the fishermen for loss of their trade? It seems probable that to avoid the
complications that thus would result from increases in the size and capacity
of the boats, the licensing agency would decide to license & fixed number
of woats of each type, the licenses to be promortiocnal to the number operating
on the base date., Such a system effectively would freeze fishing techniques
and prevent further improvements in gear and methods. Under such a system,
what would have been the probability of approving otter trawlers in 1905
er Vigneron Dehl gear in 19271%

After several years, if the program were successful in building up
the stock of fish, it would be necessary to license additional boats to
make use of this additional stock. How should this be dons? If hy lot,
the new licenses might go to men entirely inexperienced in fishing, while
experienced fishermen were left on the beach, If auctioned to the highest
bidder, the small boat owner would have little chance to get a license,
Furthermore, the prospective purthaser would need some assurance that he
would not soon be deprived of his license, by lot or otherwise, or he
could not afford any considerable investment in boat or gear, If the licensse
period extended for a long term of years to provide the needed investment
sacurity, this management method would lose its flexibility for holding
the figh population at the most productive level, since it would not be
possible te vary the effort from year to year to take care of changes in
the stock due to factors other than the commercial catch., This would
interfere seriously with effective management of the stock,

Controlling the catch by restricted licensing becomes complicated
further if the fish populations in different areas must be managed separately.
If the fighery in these areas were seasonal, then the boats must be licensed
to fish several areas in order to operate continuously., When such a choice
of fishing grounds is availeble, it is not probablse that the desired catch
would be taken from each area, Consequently, 2 quota system would have to
be superimposed upon the licensing system, in order to obtain effective
management,

For instance, the proper catch of a certain species might be 30,000,000
pounds from Browns Bank, 30,000,000 pounds from South Channel, and 10,000,000
pounds from Jeffries Bank, It is caluclated that it will take 35 boats to
make this catch, so this number is licensed. However, since BSouth Channel
is much closer to the home ports, the boats concentrate thers and take
50,000,000 pounds compared te 20,000,000 on Browns and 5,000,000 from
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Jeffries. Thie results in South Channel being overfished and its future
productivity reduced, while the other two tanks are underfished. To
stabilize thege variables sufficiently to vermit effective management and
maintonance of the South Cliannel fishery, area quotas would be required.

In crder to obtain an effective and practical mansgewent nrogram
using restricted licensing a5 the basic control method, it would be necessary
to add restrictions on gear, vhich would decreasa the efficiency of operation
and restrict the develcpment of more efficient fighing methods. It also
would be necessary to use & quota system for the different areas, and if
destruction of small fish were involved, to use size limits to protect the
young. Thus, to the basic method with which we started, must be added
other methods which by themselves are more effective in providing the fishing
control needed. Consequently, it seems clear ‘that-restricted licensing would
nct be needed for conservation purposes, Its use as the basic method must
be justified on arguments other than conservation.

Social and Ecopomic Considerations

It already has been shewn that when it is.necessary to control the
amount of fish taken in order to maintain the.stock at the most productive
level, direct catch limitation usually provides the iost effective, flexible,
and precise method. Therefore, to justify using for this purpose any other
method, such as restrictions on number of fishermen or boats, we must look
to special couditions or rely on social and economic arguments. One of the
principal of such argumentis for resiricted licensing is the claim that it
will increase the fisherwan's income.

In considering this, first of all it must be decided whether restricted
licensing is to be used to attempt to increase the fisherman'!s income in
rll cases where this income is below the level to which he is entitled, or
only in those cases in which research shows the need for a controlled catch
in order to maintein or increase the yleld, In eithér case, we immediately
are faced with the problem of determining the income to which a fisherman
(also the owner) is entitled. Furthermore, is it the same for all kinds
of fishing and for all parts of the country? If mot, what are the proper
differentials among various fisheries in which the men return home each
night, those which involve absences of two to four weeks, the various Alasgkan
fisheries, southern fisheries, and so on? In cases where an increase in
income is the only objective, it must also be determined how far we are
Justified in limiting yield end eaployment in order tc obtain these debatable
income levels for the licensed fishermen.

For instance, under unormal conditions the United States catch of cod
has bteen limited only by the market (prxce) Let us assume a prevailing
price of 2~1/2 cents a pourd which yielded the fishermen shares averaging
3100 a month, It is decided that this is too low, so the number of boats
fishing for cod is reduced. This reduces the catch and presumably should
result in an increased price, The higher price reduces the market and with
the lessened demand, the price again may drop toward thée original level;
then the whole cycle must be reneated, Thus, we havé reversed the usual
economic cycle tha{ serves to increase the catch, Instead of letting the
abundant supply lead to a low price which would stimulate demand and lead
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to better prices, we have increased prices which reduced the demend, and
go on, On the surface it would seem that restricted licensing generally
should not be used in cases where the only question involved is that of
ipcreased income,

We shall assume that it is intended to use restricted licensing only
in cases where management is needed to maintain the yield. What are its
advantages when used for this purpose?

First of all, the number of licemnses is reduced according to some
formula based on lottery, sale, or mortality of owmner., For the time being
wo shall pass over the technical complications involved in developing an
acceptable formula and assume that a satisfactory method for reducing
licenses ia available, The first result from applying the restrictions is
to force large numbers of men and boats out of the restricted fisheries.
These men either must seek some other occupation or enter fisheries which
are not overexploited and therefore remain open. If they are forced into
another occupation, they increase the competition for jobs in that industry,
therefore, tend to lower the income level prevailing there:; or, if the
number of jobs is limited, to obtain work they must force others out of
employmedt on reéeligf. If they enter open fisheries whero production is
limited by the market demand, they increase the yield and this decreases
prices, thus reducing the income of the fishermen previously engaged in
this fishery., Thus, the first result of restricted licensing probably
would be to reduce the income of other fishermen or workmen in order to
tTy to boost that of a special group. :

If the theory of restricted licensing works out properly, the next
result from applying this wmethod will be that in the protected fishery the
remaining fishermen!s individual catches and incomes will bde increased. If,
as is expected, this income becomes considerably greater than that for men
in unprotected fisheries, an increasing pressure will develop to extend
protection to 8ll fisheries, regardiess of their conservation requirements,
in order to reduce competition and increase individual income., If this is
done and the usual laws of economics hold, it will result in generally
reduced catchee and higher prices, thereby handicapping the further develop-
ment of the fisheries in the manner that slready has been discussed for cod.

Following the develorments we have discussed, certain further steps
are probable, - Workmen in unprotected, low-income industries, which have
been forced to take in the men squeezed out of fishing, will observe the
seeming benefits derived from restricting competition in fishing, In all
Justice, they would be entitled to the same protection and presumably would
get it eventually, The ultimate goal toward which this system leads,
therefore, is an economic world in which restricted licenaing will attempt
to reduce the number of workmen in each industry until the average or
minimum income rises to some satisfactory level, It would seem that this
must have certain sure results. First, a considerable pool of men will be
relegated to unemployment, a perpetual WPA, regardless of their desires or
skill, To support them at a decent living standard, which must be the
obligation of the economic system which has forced them into idleness, the
working members must be taxed. Furthermore, the higher prices made necessary
by the higher individual incomes (when they are obtained by virtue of reduced
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competition and yield) must increase the living costs of all workmen,

At the very least, it is debatable whether or not the higher income obtained
from the protected jobs will offset these increased living costs and taxes.
There also is the nossibility that this restrictive metuod will start an
ascending spiral of earning and living costs,

Let us pass over these tentative conclusions ccncerning long-time
developments and return to the point where the licenses in & given fishery
have been restricted. Presumably, the fisherman'!s individual share will
increase presently. Since the licensing agency has assumed the social
responsibility of deciding that the fishermanls income is too low and granted
him a Btate- or Federal-protected monopoly in order to increase it, that
egency also wust take the responsibility for preventing him from earning too
high an income in comparison with his unprotected fellow workers in other
industries. Consequently, in addition to deciding the minimum amount to
which a fisherman is entitled, the maximum amount also must be determined.

These two problems must lead to a multitude of complicatioms. If by
rule of thumb or otherwise, $5,000 is decided upon as the maximum, end the
average income rises above this level, how will it be controlledt If by
special confiscatory texation, then a fisherman would have no incentive to
continue working after his annual inceme resched the maximum level. This
would result in inefficiency of manpower and boat use, and by decreasing
his catch would throw the conservation program out of balance, If the
increased income were reduced by licensing more men or boats to share in
the catch (if this could be done in spite of the inevitable pressure groups),
the fishing inténsity would become toc great, the catch would rise beyond
the optimum level, overfishing would result, and again the management
programrwould suffer, To prevent this it would be necessary to superimpose
direct catch limitations upnn restricted licensing.

Let us take another example in which the number of licensed fishermen
has been adjusted to yield the desired income, and the fish population has
increased until it can sunnort a greater fishery, What should be done? If
more licenses were issued, the desired catch increase would be obtained
but prices would drop, thus providing the increased yield but decreasing
the average incecme, On the other hand, if no more licenses were issued,
the average income might be maintained, but the increased productivity of
the fish population could not be used.

Another development which must be considered, will result when the
price of fish changes considerably over a period of years, In this event,
should the number of licenses be varied in en etempt to maintain the fisher-
man's income?! There certainly will be pressure to do so. If the licenses
are varied for this purpose, the program then is not one which will promote
the meximum production of fish,

From these examples it seems obvious that any attempt to use the same
management measures to obtain both the optimum yield and the optimum income,
will lead to a confusion of issues-and an inefficient manzgement program.
Measures will be justified on conservation grounds when their real purpose
is to increese income. It is very probable that if the conservation issue
is not submerged totally by the income issue, the final result of this
program, which started out with restricted licensing, will require the
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addition of catch limitations, gear limitations, size limits, and othsr
measures, By that time the issue of conservation versus income may be so
confussd that each case will be determined by immediate superfiecial condi-
tions ratheor ihon by basic principles,

AN ALTERNATIVE LETHOD OF MANAGEMENT

In this diecussion I have been attempting to evaluate some of the
characteristics of various management measures in relation to the objectives
of fishery management, Such measures alsc must be considered from the point
of view of sociology and economics as well as conservation. I feel qualified
to rate them on coanservation grounds as I have, since that is my special
field, On mocial and economic grounds I am less sure, since I cannot speak
as an expert, and I can judge the social and economic effects only so far
as I can anticipate the zind of world to which they will lead. Since there
seemg to be no sure rule to guide my selection of the batter world, I have
preferred to refrain from social and economic rating of the various manage-
ment measures., I have attempted only to show, within the limits of my
ability, the way in which certain measures will work out and the conditions
to which they will lead. It is for you to decide whether such conditions are
desirable or undesirable, In miking this decision, possidly you will agree
among yourselves to the extent that you can agree that the anticipated world
I have sketched, or one of a somewhat similar kind, is a legical development
of the type of managed economy which has been proposed.

I am well aware that in the long run human values are much more important
than are the fish themselves, There is no point in preserving our fisheries
unless we also preserve our fishermen to pursue them and enjoy the return
from their efforts. Consequently, any program aimed to give the fisgherman
a fair return for his work should receive your most serious atterntion. In
considering ths merits of restricted licensing as an overall management measure,
I have no doubt whatsoever concerning the desirability of its social objective
80 long as that objective is a fair deel for the fisherman, My principal
question is whether in the long run the figherman will be better or worse
off ‘as a result of the overall use of this method, I am also concerned as
to whether use of the method would disrupt the general conservation program
to the extent that the productivity of the fisheries would be reduced
considerably.,

Oonsequently, I wish to suggest the following course of procedurs:

If thie Commission wishes to pioneer a managed sosiak-economy in the
fisheries, to attempt to insure to every man the income to which he is entitled,
and at the same time ingure the benefits of an effective conservation program,
I believe the following general apwroach will be most effective, productive,
and clear-cut: 1. For any given fishery that needed manggement, the require-
mente for the optimum catch would be met by application of size limits and
some form of catch limits. This would insure the best utilization of the
resource, 2. The requirements for minimum or average income would be met by
application of measures restricting the number of fishermen, gear, fishing
time, or other competitive unit.

By using this procedure, the administrator would make use of the most
effective measure for obtaining each objective. Confusion of issues would
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be eliminated and each program would stand or fall on its own merits. To
attempt to accomplish both objectives by the use of restricted licensing is
something like the case of a man who wished to cut a board and drive a nall,
He could use a hammer to drive the nail and to break the board, or he could
use a saw to cut the board and to drive the nail, However, he would do &
much better job by using a saw to cut the board and a hammer to drive the
nail, Wny should hs select one tool for the dual job if both tools would do
a better job and were available? It seems better where possible, to use
special tools for special jobs, catch limitations for conservation management,
and restricted licdensing for income management, if that is desired.

How this program might work out can ve illustrated by the following
example:

To prevent further decline in the Pacific halibut population and to
build up the stock in order to obtain a higher yield, direct catch quotas
were established after extended scientific study. The program was successful.
The individual fisherman's catch increased, and the total catch increased,
but this resulted in more men entering the fishery and catch quotas were
filled in & shorter time. As & consequence, an earlier closing date wvas
necessary and the r=turns per fisherman declined until they were more or less
in balance with competitive industries. Thus, the management program resulted
in a greater total catch, 1% provided more food for the nation, a livelihood
for more fishermen, and more employment for shore workers, However, in ths
long run, the average income per fisherman increased only to the extent that
more jobs and the increased yield, stimulated better employment conditions
in the region as a whole.

Now, if it ie decided that the fisherman is entitled to an income greater
than this, the Btate or Federal Government could license the fishermen and
experiment with reducing their number until the approved income were obtained;
or the:fighermen's organization could establish a closed shop and reduce
membership until the individual earnings reached & satisfactory level. During
years of low prices, the regulatory authority or the fishermen's union could
decide whether it would be better for all fishermen to share the reduced
income or to decrease the number of fishermen until those remaining enjoyed
a satisfactory return, while thoee excluded could seek employment elséwhere
or gc on relief.

Under this plan, the optimum catch would be obtained by effective con-
servetion measures and the pros end cons involved in developing a satisfac—
tory program for income management would not jeopardize realization of a
sound conservation program., Furthermore, the issues would not be confused
and nuither the fishermen nor the public would be in as much danger of being
sold a conservation-management program or an income-management program on
miglsading grounds,

Most of you know of the efforts of the Food and Drug Administration
to prevent the sals of fish and other foods under misleading names. Everyocne
agrees that in the long run this is to the best interest of the fishing
industry., I think that this Commission, to the same extent, will find it
advantageous to market its wares under an unambiguous label,
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BIOIOGICAL AND ECONOMIG: PROBLEMS OF FISHERY MANAGEMBNT

By Robert A. Nesbitl/

Ths abundance of fishes and the productivity of the fisheries are
affected by many natural influences over which we have no control. We
cannot prevent or diminish natural mortality, nor can we influence migrations
or rates of zrowth., But abundance and productivity are also profoundly
affected by the fishery, and the fishery, unlike the natural influences, is
susceptible of intelligent scientific contreol. It is, then, the primary
business of this Commission to foster and develop-a sound and permanent
program of fishery management,

As we discuss and develop such a program, we must never forget that
when we talk about managing a fishery, we are talking about managing fisher-
men. All of the schemes for managing fishermen ever proposed or adopted
fall into one or the other of two classifications; (1) Those designed to
control fishing intensity, i.e., to stabilize the percentage of the stock
taken each year; and (2) those designed to promote selective fishing, i.e.,
to protect certain size or age groups in the stock. In the first group
are such measures as closed seasons, prohibition of the use of efficient
gear, limitation of the numbers of licenses, etc. The second group consists
of minimum and maximum size limits together with measitres to meke them
effective. Among the latter are closing of nursery areas to fishing,
specification of minimum mesh sizes, etc.

"THE BIBLOGICAL THEORY 2F FISHERY MANAGEMENT

The Balance Between Natural Mortality and Growth

Let us see how these two kinds of mensgement measures work out, singly
and in combination., In order to do so it will be necessary to review
briefly the theory of population growth and maintenance. First, let us
see what happens in a fish population which is not being fished, Every
new trood of fish starts with millions of newly hatched larvae. They are
very srull, so small that many millions weigh only a few peunds. They grow
very rapidly, doubling their weight every few days at first--later they
grow mcre ©lowly. In the meantime many are dying, but the total, i.e., the
agsragase, weight of the survivors continues to increase, It will continue
to iucrease as long as the rate of growth is greater than the natural
mor tulity rate. Eventually, however, mortality losses exceed the gains
from gcrowth, i.e., the weight of the fish which die is greater than the
weight gained by the survivors. Consequently, the aggregate weight of ths
brocd declines and since, to paraphrase Swinburne, no fish lives forever,
finally becomes zeroc.

E/ S8ee p.69 for biographical data.
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¥We can readily see how this worke out by noting the changes in the
aggregate weight of three species of fish with different rates of growth.
As examples I have chosen the Pacific halibut, the whitefish of Lake
Champlain, and the striped bass, because there are good accounts of the
growth rates of all three species in the literature.é/

Buppese that we start with 1,000 five-year—old halibut. According
to Thompson and Bell (1934) the average weight of fish of this age is 5.1
pounds, so that the aggregate weight would be 5,100 pounds. Now if the
natural mortality rate is 10 percent per annum, 900 fish would live to
become six~year-old figh., But each would weigh 6.2 pounds so that the
aggregate weight of the 900 VI~group fish would be 5,580 pounds. If the
natural mortality rate were 15 percent 6nly 850 fish weighing 5,270~pounds.
would survive and if it were 20 percent only 800 fish weighing fl.960 pounds
would survive, (See tables cnd figures following p, 42.)

Methods of Approaching the Optimum Yield

From the point of view of fishery management, this phenomenon is of
great importance, We want to get the maximum yield out of each brood of
fish, Assuming a 15 percent natural mortality rate, if we were to catch
every halibut as soon as it beceme B years old the total catch would be
only 5,100 pounds, But if we waited until 2ll of the fish were 10 years
old the total catch would be 6,083 pounds. If we waited until 21l of the
fish were 25 years old the catch would fall to 4,446 pounds. BSo we can see
that the best yields could be secured by waiting until the full benefits
of growth have been reaslized and then catching the fish befdre natural
mortality has begun to reduce the total weight of the brood. (Table I and
figure I illustrate how the aggregate weight of 1,000 fish of the 3 species
would change at different natural mortality rates.)

In practice we cannot wait until each brood is just the right age and
then catch all of the fish in the brood. e must be content with an approxi-
mation, No method of fishing is so selective as to sort out particular age
groups for capture, But if we can establish a2 minimum size limit and devise
practical means for sorting out most of the younger fish it is obvious that
substantial benefits will result. It follows then, that we should always

E/ For accounts of these species see the following;

Thompson, William F.,and F. Heward Bell. Biological statistics of the
Pacific Ba.&ibut Fishery, Report of the International Fisheries Commission,
No. 8, 1934,

Van Qosten, John,and Hilary J. Deason. The age, growth, and feeding
habits of the whitefish, Coregonus clupeaformis (Mitchill), of Lake Champlain,
Transactions of the American Fisheries Society, 1938.

Bcofield, Xugene C. The striped bass of Cglifornia (Roccus lineatus).
California Division Fish and Game, Fish Bulletin No., 29, 1931.

(The data for whitefish and striped bass were smoothed and the growth
curves of all three species were extrapolated to provide estimates of the
weight of very old fish, such as would be present in the population at low
mortality rates.)
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seek to establish 2. minimum size limit whenever i} is practicable to do so.
In actusl practice however, the costs of selectiye fishing are of ten sd0
great as to nullify much of the bemefit. For example, it is necessary for
practical reasons to use a rather small mesh in pound nets, small enough

to retain practically all individuals of all species, Sometimes it is
possible to sort out small fish of certain species by "sifters," but when
the catch includes many species, as it usually does, hand sorting is the
only means available., This is not only costly, tut delicate species, such
as tatterfish and weakfish, do not survive the handling. In such instances
little or nothing would be gained from the trouble and expense of sorting.

Fortura:ely, however, as Thompson and Bell have demonstrated, the
essential beuefite of minimum size limits can often be realized simply by
reducing the rate of fishing and without fishing selectively at all., A
simplified example will illustrate the principle which can then be developed
in greater detail., Suppose that we have a very intensive fishery, one that
removes 80 percent of each brood in a ysar, Disregarding natural mortality,
out of 1,000 fish just entering the fishery 80 percent of the youngest age
group would be caught, leaving only 200 fish for the next year. If the
fishing rate were lowered to 20 percent 600 figh of this youngest group would
be protected just as surely m=s if they had been caught by a highly intensive
fishery and then thrown back into the water. Most of them would be caught
eventually, but only after they had benefited by the same chance to grow
that a size limit would have given them, lote that simply fishing at a
lower rate is nearly as effective in protecting the youngest age group as
is a perfectly efficient sorting method.

The effects of both conservation methods are similar in another respesct—
they increase the average size and age of the fish caught. The large fish
of most species are considered more desirable and ars worth more per pound.
And, of course, both methods meaintain larger stocks of better quality fish
in the water, a consideration of primary importance to the large and growing
group of salt-water anglers,

Mathematical Methods for Bstimating the Bffects of Fishing

In the foregoing example natural mortality was disregarded in the
interest of simplicity. Actually, changes in the fishing rate do not lead
to exactly proportional changes in the numbers caught and the numbers
surviving. Before working out further examples in detail 1t is necessary
to see how natural mortality rates and fishing rates are combined to give
total mortality rates. We are indebted to Thompson and Bell for the methods
used in this discussion, '

The effect of the fishery is to increase the mortality rate, hence

to hasten the day when a brood disappears from the ocean, The new mortality
rate is not the simple sum of the natural mortality rate and the fishing
rate but always something less. For example, suppose that a million shad
run into a river in which there is no fighery and that the natural mortality
rate is 20 percent per annum, A year later 800,000 survivors will return;
two years later 640,000; three years later 512,000 and so on. Now let us.
suppose that a very intensive fishery is established, one which takes g0
percent of each year's run. The first year 800,000 fish will be caught and
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200,000 will escape. Of these 20 percent will die so that 160,000 will
return, Of these returning fish 80 percent or 128,000 will be caught and
32,000 will escape., 'Twenty percent of these will die so that only 25,600
will return the neéxt year., Note that 160,0Q0 is 16 percent of 1,000,000
and that 25,600 ig 16 percent of 160,000, This 16 percent is the survival
rate, so that the total mortality rate is not 86 percent plus 20 perceat,
but is 100 percent minue 16 percent or Bl percent. e

The shad is a speciel case of the general theory established by
Thompson anc. Bzll., It ie special in that the fishery tekes its toll in a
very short tiae while natural mortality continues over the whole year, Most
figsheries ars conducted on a year-round basis so that both fishing mortality
and natural mortality go on simultaneously. That means that some fish are
caught which otherwise would die naturally before the end of tho year and
that some fish die naturally which would have been caught had the fishery
been concentrated at the beginning of the year. Thompson and Bell show
tha t the total mortality is the same as if the two rates were applied
instanteneously and successively and that the distribdtion of the total
mortality between fishing mortality snd natural mortality is proportional
to the two rates. Applying this to the examples just given, if shad fisghing
were spread out over 2 year, a combination of an 80 percent fishing rate and
& 20 percent natural mortality rate would cause a total mortality of gY4 :
percont just as in the examples given, but of the 840,000 fish removed from
the stock, only 672,000 would be caught instead of 800,000 as in the examples
given, That is, if the fishery takes its toll first, 80 percent of 1,000,000
fish would be caught, but if it is spread evenly over the year, only 80
percent of 840,000 fish would be caught,

This more general treatment has been applied to the growth data of
the three species used as examples above, (We do not kmow the natural °
mortality rates for any of these species, so it is necessary tp compare the
effects of various fishing rates and size limits for each of several possible
natural mortality rates.) The results are set forth in tables II, III, &hd
IV, and are illustrated in figures II, III, IV. These tables and figures
indicate what would happen to 1,000 fish of each species under various con-
ditions of fishery management.

Illustrative Examples

Let us choose a few illustrativerexamples, Striped bass begin to appear
in the nets when they are about one and one-half years old, i.e., in the
autumn of their second year of life, They are designated in the talile as
age group I, and on the average they weigh about one~half pound. If the
natural mortality rate is 20 percent and the fishing rate is 80 percent,

672 would be caught as in the example given above. These would weigh 672 x .5
pounds or 336 pounds; 168 would die and 160 would survive for the next year's
fighery. The survivors would now weigh 1.2 pounds each. Of the 160
survivors, 108 would be caught and would weigh 108 x l.2 or 130 pounds. The
next year only 17 fish would be caught. These fish would weigh 17 x 2.4
pounds or 41 pounds, If this be continued until all of the fish have been
caught or have died, the sum of the weights of all of the fish caught will
give the total yield from each 1,000 fish of the brood. In this instanca

it is 521 pounds (Table IIc (1) ). This is very little more than would
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have been taken if the whole brood had been caught as scon as the fish
were blg enough to catch. A similar compuiation and summation shows
that if the fishing intensity were reduced to 20 percent the yield would
be 1,524 pounds-~nearly three times as much.

‘These tables are intended to show what happens to each brood over a
period ‘'of several years, but the totals are also indices of the average
ennual ¢ateh, Ify instead of the 1,000 fish which we have used in the
tables; exactly a million half-pound fish are provided by reproduction
each year, the total catch each year would e 521,000 pounds at an 80
percent fishing rate and 1,524,000 pounds at a 20 percent fishing rate.

But at the £U percent rate the average level of abundance would be only
624,000 pounds and of these only 4,000 pounds would be large enough to spawn,
4t the 20 percent-rate there would always be 5,919,000 pounds of fish in’
the water and of these 3,956,000 pounds would be big enough to spawn.

Now these computations have been based on the assumption that reproduc—
tion would take care of itself, that is, that even the 4,000 pounds of
spawning fish which would be in the water at an 80 percent fishing rate would
be enough to maintain an average annual increment of 1,000,000 half-pound
fish. " That may be true for striped bass, which is notoriously subject to
great variation in success of reproduction and which sometimes produces very
large broods when spawners are scarce, But for many species it is not safe
to depend on very small reserves of spawners as our sad experience with shad
and haddock proves. However, even if an 80 percent fishing rate has no
adverse ‘effect on reproduction, a lower rate will produce more pounds of
fish from the same reproductive increment. Moreover, the cost of maintaining
a lower rate of fishing is much less, It follows that the profits, the real
income, the money which fishermen can spend, would be much greater. Three °
times as much fish, (table II-c (1) ) produced at one fourth the expense for
gear and operation, would increase the real income from the fishery twelvefold.

Let us now consider the effect of a minimum size limit which would
protect two age groups so that the average weight of the fish entering the
fishery is 2.4 pounds. The 1,000 fish with which we started would have been
subject to two years of natural mortality at 20 percent per annum, so that
640 fish weighing 6,650 pounds would be available instead of 1,000 fish = *~
weighing H00 pounds. Applying the same computations as before we find
(table II-c (3) ) that an 80 percent fishing rate would yield 1,412,000
pounds on the average from a stock receiving annual increments of 1,000,000
half-pound fish, That is not quite as much as a 20 percent fishing rate
would yield without any size limit, But if we maintain the size limit and
reduce the fishing rate to 20 percent too, the average yield will increase
to 2,030,000 pourds & year, So, if striped tass are subject to a 20 percent
natural mortality rate, either an inerease in the size limit or & reduction
in the fishing rate will increase the yield about threefold and if both
methods are usged the yield will be increased fourfold and the real income
from the fishery increased sixteenfold, -

It was on the basis of such computations based on the data of Dr.
Daniel Merriman, Dr. Vadim Vliadylkov, and Mr, Bugene Scofield, that the former
Bursau of Fisheries recommended an increase in the minimum size limit for
striped bass on the Atlantic Coast. At the time the recommendations were
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made, there appeared to be no posgihility of reducing the fighing rate,

Buch couputations are not entirely theorstical, They serve to explain
actuzl biological observations. The following are examples of observed
total mortality rates within the range included in the tablea: Thursby-
Pelhamé/ observed that as soon as plaice in the North 8ea get hig enough
to be taken by the fishery each brood is reduced in abundance &t the rate
of about 55 percent a year, Eaittl/ showed that the introduction of the
efficient V. D. gear in the North Hea haddock fishery increased the total
mortality rate from 50 percent to about 65 percent in a few years, He
estimates that the fishing rate increased 50 percent, Such tables are useful
sven if we o not yet have precise information as to fishing rates and
natural mort:lity rates. They indicate the range of possibilities and the
limitations imposed by nature on the usefulnsss of the only two methods
available for increasing the productivity of our fisheries.

For us biologists in particular, such tables are helpful in planning
and organizing our research programs. One of the reasons that we know so
little about fishing rates and mortality rates is that somc of us, including
myself, have not fully appreciated their importance, hence have not tried
very hard to measure them., G@iven necessary facilities, including good catch
records, we will be able éventually to make very close estimatea of the
constants used in the computations.

From these tables it is clear that if natural mortality rates are
very high relative to growth rates, there is nothing we can do except to
protect emough of the spawning reserve to insure regular future increments.
That is the problem with the salmons of the Pacific, in an extreme form,
Hature herself imposes a véry effective minimum size limit, But after
spawning the growth rate is zerc and the natural mortality rate is 100 percent.
8ince all Pacific salmon die after spawning, it is necessary to maintain a
high fighing rate in order to catch as many fish as can bo spared from the

spawning reserve, If the rate were set tooc low, excessive escapement would
wagte fish,

In some instances 1t might De possible to set a minimym size limit high
enough to cresate an adeguate spawning reserve among the protected age groups.
For example, "again assuming a 20 percent natural mortality rate, if the
8ize limit on striped bass were established at a length that would protect
four age groups, do that no fish should be caught until it had spawned oncs,
the yield would be about the same at all fishing rates from 20 perceant to
80 percent (table II-c (5) ). Under such circumstances, & high fishing rate
would not reduce future yields. It would, however, he less pgofitable than
a lower rate because of higher costs for gear and operation, The extra gear

used to maintain the high rates would be wasted and so would the work of the
extra fishermen,

é/ Conseil Permaneant International pour L'Exploration de la Mar;
Rapports et FProcks-Verbaux des Refinions. Vol. CX, Contributions to Special
Selentific Meetings, 1939. Copenhagen,
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As may bte seen from table II-e, (5), for species subject to high
mortality it would be possible fo set the minimum size¢ limit so high' that
only a high fishing intensity would produce maximum yields, but this would
be undesirable again because of the high. coats of high fishing rates and of
the waste of manpower and equipment. .

The Importance of the Fishingrﬁate

The foregoing indicates the great importance of the fishing rate in
fishery menagement, In swumary it msy be said: (1) In the many instances
in which minimum size limits are impracticable, control of fishing intensity
is the only conservation method available, (2) Even when it is feasible
to establigh minimum size limits, it is still necessary to stabilize fishing
rates a2t low or moderate levels, because reduced fishing rates not only
increase the effectiveness of the size limits, but reduce the cost of fishing
ag well,

In view of these facts, it is obvious that the success or failure of
this Commission depends on whether it is able to bring about control of
fishing rates, For some species, such as striped bass, lobsters, and haddock,
a partial job can be done through size limits alone, but the full usefulness
of even these resources cannot be realized unless the fighing rates and
fishing costs are also reduced to and held at the minimum necessary to produce
full yields. I can think of no more important subject for the consideration

- of the Commission than ways and means for controlling fishing rates, or as
1 prefer to think of it, ways and means for enabling fishermen to control
the rate of fishing, Let us then proceed to a study of how fishing rates
can be controlled.

CONTROL OF FISHING RATES

Two Ways to Exercise Control

The magnitude of the fighing rate is a function of the number of operating
units and of the efficiency with which they are operated. Each operating ;
unit is capable of taking a definite percentags of the population when
operated normally and on a full-time hasis. If the rate be excessive, it
can be reduced only by eliminating some of the units or by requiring eﬁch
unit to operate at less than capacity, i.e., to operate inefficiently.?/

Ef The term "operating unit" is used here instead of M"unit of gear"
in order to avoid confusion with the technical use of the latter term in
connection with such indices of abundance as the catch per unit of gear.
These indices also measure one aspect of efficiency. For example, abundance
of scup- or weakfish might be expressed in terms of the catch per pound a®t
rer season, and fishing would be a more efficient operation at the higher
levels of abundance. But pound nets are not operated singly. BHach operator
sets from 2 to 5 nets which are serviced by 2 single pound boat and crew,
and this group of nets and its accessory equipment constitutes an operating
unit in the economic sense, In this economic sense, efficiency is an
attribute of the whole operating unit and not of its parts. If an attempt
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The biological effects of both methods for reducing the fishing rate
are the same. But the social and economic consequences are vastly different.
It is desirable to indicate the principles in a diagrammatic manner, using
a simple hypothetical case, Illustrations from actusl experience can then
be used to show how these principles work out in practices

A Hypothetical Illustration

liet us assume that we are dealing with a lake in which 80 gill-net
fishermen operate 12 months of the year. ZEach fisherman catches 20,000
pounds of fish a year, which he sells for 10 cents a pound, so that his
gross income is $2,000, His expenses are as follows; Fixed annual expenses
for depreciation and meintenance of boat and nets, $500; operating expenses
such as gas and oil, which vary directly according to the number of days
that he actually fishes, $500., His net income therefore is $1,000 per year.
Each fisherman takes 1 percent of the fish in the lake so that the annual
fishing rate is 80 percent and the total catch is 1,600,000 pounds a year,

Now let us assume that this rate is excessive and that a 20 percent
fishing rate would yield three times as much, (cf table II-c, (1) ). There
are two ways, and only two, to reduce the fishing rate: (1) to reduce the
number of fishermen and (2) to reduce the amount of fishing that each one
does, If the second way wers chosen it could be accomplished in several -ways,
for example by requiring each fisherman to yse only one-fourth as much
netting, or by permitting fishing for only 3 months in the year, or by
permitting each fisherman to fish for only one week in each month or only
one day in each four, For the first year the catch of each fisherman would
be reduced to 5,000 pounds and his gross income would shrink to $500, just
enough to pay his fixed expenses with nothing left to pay for gasoline, or
for his living expenses, But let us supnose that the banks advanced credit
to all of the fishermen until the benefits of reduced fishing intensity
were realized. Abundance and yield would be greatly increased and each
fisherman could catch more fish in three months than he could in & year
before the closed season was imposed. Then each fisherman would have a gross
income of $6,000 while his expenses would be reduced to $625 (fixed expense
of $500 plus $125 for veriable expenses). His net income would be $5,385
and he would be a gentleman of leisure as well. Each fisherman would receive
more than five times ap much money for one-fourth as much work,

That would be & rather attractive prospectus to present to such a
group of fishermen when seeking their support for legislation imposing the
closed seasons, But there is a catch in it. At the stnrt there were just
80 fishermen, not 60 and not 100, That was because the prospect of $1,000
a year would attract and hold just 80 fishermen, But if the income is

be made to reduce the amount of gear by requiring that each operator use
less than the normal or customary number of nets, the proposal falls in the
second class above, i1.e., it is not a preoposal to reduce the number of
operating units but a proposal to diminish the efficiency of each unit,
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increased to more than $5,000 a year and the hours of labor are reduced
new fishermen will rush id until competition reduces the average annual
income to 31,000 again, Depending on the kind of regulations adopted,
there are two ways in which the decrease in annual income might be brought
about., Under the regulations eech fisherman would contribute one-fourth
of 1 percent to the total fishing rate of 20 percent, Each new figherman
would add another one-fourth of 1 percent so that the fishing rate would
. increase again, That would again redute the yield and with it, the gross
income of each fisherman,

Buppose, for example, that 80 more fishermen took out licenses, increa-
-ing the fishing rate to U0 percent. The yield would fall to 3,200,000 pounds
and the gross income of each fisherman would fall to $2,000. After deducting
expenses the net income would fall to $1,385. Thet would still atiract a
few more fishermen and in the end the fishery would become stable again
with a yield of about 3,000,000 pounds a year and with about 175 fishermen,
each employed on a demoralizing part~time basis, with an income of $1,000.
The decrease in income might be brought about in another way, The closed
season might be changed from year to year in accordance with the numbers
of fishermen licensed. Then the fishery would come to stability with 100
fishermen fishing one day a week and earning a gross income of $1,600 and
a net income of about $1,030,

Now let us see how it would work out if the fishing rate were reduced
by eliminating fishermen. Twenty fishermen would be able to do the Job:ﬁ/
working full time. This yield would increase from 1,600,000 pounds a year
to 4,800,000 pounds and remain there without further changes in law or
regulation. (Unless, of course, some one were to invent a better gill net).
The total value of the catch would be $480,000 and the gross income of each
fisherman would be $12,000, After deducting $1,000 expenses he would have
$11,000 a year net income, Each fisherman could then well afford to pay
a very substantial license or franchise fee, sufficient at the very least
to defray administrative and research costs.

Illustrations from Experience

As far as I know, no actual fishery has ever run through the whole
series of changes outlined in this hypothetical example, but there are a
number of examples from zctual experience of the workings of the ecomomic
and biological laws involved. The Commissioners from New York and New
Jersey will recall that the license rolls more than trebled as soon as word
got arocund that the shad were back in the Hudson., A similar "gold rush'
occurred in Maryland when the 1934 brood of striped bass appeared in the
fishery in 1936, As one fisherman put it, (I quote from memory) "When
rock were scarce, we regular fishermen could run all day without seeing
ano ther boat and we didn't make any money. But when the rock came back,
every storekeeper in town put out a line of credit to fellows who never
had fished before. 01d netting that hadn't been wet for 10 years came out

24 g 3 - LB s . i ‘i h} '

2/ This is an over-simplification., Actually there is competition between
gear, so that less than 20 fishermen would be needed. Thompson and Bell give

a logarithmic formula for computing the amount of gear to be added or dropped
in order to increase or decrease the fishing rate.
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of attics and barn lofts and it got so that & regular fisherman had to run
for two hours to find a place to set his net. There were so many fishermen
that nobody made any monsy."

The biological and economic history of the Pacific halibut fishery is
the most nearly complete and the best documented illustration of the effects
of reducing the fishing rate by imposing inefficisency on the fishermen.

The following is intended as a critical account of the results of & particular
policy, and is definitely not intended as a criticism of the International
Halibut Commission,or of its technical staff, On the contrary, I have chosen
the halibut program as an example because the Commission and the technical
staff have carried cut their responsibilities so wells By the terms of the
treaty creating the Commission it has no option as to the methods employed

to reduce the fighing rate. The Commission has exercissd its discretionary
powers with conspicuously good judgment, and the scientific work which
preceded and accompanied the program is one of the classic achievements of
modern fishery biology. I am, however, frankly critical of the policy, which,
ag I shall endeavor to show, greatly limite the usefulness of a brilliantly
executed program.

Bince 1932 the fishery has bsen subject to regulation by the Commission,
Four areas were established and for the two main areas the Commission
egtablished annual limits for the total catch, When the limit from each
area is reached, the area is closed to fishing for the year. Since for any
level of abundance the amount caught is a definite percentage of the stock,
the effect of the regulations is to close the season as soon as the desired
fishing rate has been attained. The initial quotas were set low enough to
correspond to a reduction in the fishing rate, so that abundance increased.
As it increased the fixed quotas became smaller and smaller percentages of
the s tock, so that in effect the Commission has gradually reduced the
fishing rates, From time to time increases in the quotas have been authorized.
It may be noted that the fixed-quotas device automatically compensates for
increases in the numbers of fishermen. When additional vessels are attracted
by increased abundance the season is automatically shortened and the low
fishing rate is autometically maintained. And, just as in the hypothetical
axample, the gross income of each fisherman is automatically reduced, because
each must share the total income with more fishermen than before.

In an article in the 1942 Year Book Number of the PACIFIC FISHERMAN,
He A, Dunlop and F. Heward Bell summarize the accomplishments of the
Commission as follows; ¢

M"Results of Limitation. The object of the Commission has
been to stop the decline of the fishery in both areas and to
build up and maintain the stocks of fish at a high level of
productiveness, The first object has been achieved and much
has been done toward the attainment of the second.

"Under regulation, the condition of the mtock in Area 3
has shown a marked improvement, The catch per skate has
risen from 64 pounds in 1930 to 122 pounds in 1941, an increase
of 91 percent. The average size of the fish is larger, indi-
cating the presence of a greater supply of fish of spawning
size, The stock is in good condition, though the rate of impresve-
ment, at first rapid, has slackened during the last few years.
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IThe condition of the Area 2 stock is also greatly
improved. The catch per skate has risen from 35 pounds in
1930 tec 62 pounds in 1941, a 77 percent increase,

"Many other changes which cannot be dealt with here have
occurred in the fishery. Noteworthy among them are a
shortening of the fishing season, the addition of many new =
vessels, particularly in the spring and early summer, and
changes in the distribution of the catch among the different
classos of boats, These developments have had an economic
tasis, in part, though the improved condition of the stocks
themselves has 2lsc been responsible.

Y0ontrol Improves Pacific Halibut Fishery - The Pacifie
halibut fishery is both biologically and economically fer
improved over what it was prior to regulation and over what
it would now hzve been had it been allowed to run its
uncontrolled course. Without control the amount of fishing
would have been determined solely by ‘the balance existing
between the cost of fishing and the price paid for the product.
It is conservatively estimated that under such conditions
the catch would not now exceed 40,000,000 pounds annually.

In contrast, under rational contrel the catch in 19h1 was
53,000,000 pounds, 10,000,000 over what it was in 1931 immedi-
ately prior to regulation or 13,000,000 greater than it might
have been today without control. At present prices this gain
in cateh is worth more than $1,000 000 annually to the
fishermen,

"Due to the increased size of the stocks of halibut, far
less fishing effprt is now required to secure greater catches
than formerly.. Thus in 1941, 23 percent more fish was taken
with 22 percent less fishing effort than in 1931,

"The increased catch of halibut and the saving in man
end fishing power required to secure it, which have resulted
from the Commissions regulation of the fishery, should be of
significaent value to the people of the United States and
Canada in the present emergency, ! 5

To this may ba added the following quotation from an anonymous article
in the same journal : :

"Beattle HalihutAFleet Adds New Bozts -

"At the very start of the season it was apparent that
the size of the active halibut fleet had ihcreaged, . There were
& number of new vessels, new congtruction having inereased the
feattle fleet by e1ght, which was only typical of the other |
ports. Furthermore, the prospect of good prices, amply borne
out by the early auctions, served to attract to the fishery sub—
stantial numbers of boats from other branches of the business.!
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The following editorial from the COMMERUIAL FISHERMAN'S WHEEKLY (No. 33.
March 15, 1940, p, 7) alse is pertinent;

1A Just Price for Halibut

#¥ith the opening of the halibut season but fourteen days
of f~~that is if the International Commission annocunces April 1
as the opening date which nobody seems quite certzin it will—-
there is some speculation.as to what prices will be pald this
year,

hef course, halibut are sold on the open market to the
highes’ bidder and it is agsumed that prices will be regulated
by the market demand.

"But conditions are abnormal this year and though
prospects are favorable--Canada bas 700,000 pounds of halibut
and the United States 2,000,000 pounds less in cold storage
than a year ago; 3Biitain is said to be hungry for halibut;
Americans cen buy our halitut at 11 percent discount--it is
doubted whether the price paid the fisherman-producer will
cover the substantiel increase in his opesrating expenses,

"The halibut fishery is no longer considered to .be
particularly profiteble, The large influx of boats, the
government-controlled production limit, and the strict regu-
lations imposed by the fishing fleet itself have brought the
individual's earnings close to a2 minimum. This year, it costs
more to live; prices have risen for equipment, for hooks and
lines, twine and pa*nt A fair estimate puts the increased
operating expenses ‘his year at 20 percent,

"The question ls whether this increase will be covered
by the price paid tne fisherman. A Fisheries Advisory Boeard
was ot up some time ago to advise the minister of fisheries
as to the "orderly supplying" of fresh and frozen fish to
British markets, It would have been a desirable thing to
bave fishermen reprzsented on.this Board because orderly
supplying begins with the producer and no one could as him
advance the imitial problems (sic), including the matter of
& suitable recompense for his laber and expenses.”

Bo we see that the halibut program is working out very much in the
manner outlined in our hypothetical example, Abundance, yield and gross
income have increasad but so have the numbers of fishermen, so that the
individual can make no more in a year than formerly.

4n interesting sids light is -provided by the unofficial regulations
adopted and enforced by the fisherman's union. Naturally, as abundance
increased, fish were easier to catch and sach vessel could catch more fish
per month, There were more vessels too., The open season became shorter
and shorter, ss that the halibut wers being dumped in the market faster
than they could be soléd without prize declinses, The fishermen adopted
rules to spread the fishing over a. 1onger pericds The following are
excerpts from the 1941 regulations: -
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Trip Limits

L. The following, limits on

area 3 - 3,500 1bs. per man

trips shall be observed:

per trip by both American

and Canadisn vescsel: at all poris.

Lrea 2 - 2,700 1bs. per man

when landed at Seattle.

2,800 1bs.per man when landed in British Columbia or
Alaske by both American and Canadian vessels. :

In addition to these limits, all vessels will be permitted
to weinh out and retain without penalty a leeway of 100 1lbs.

per man per trip.

5.

No vessel shall be permitted & limit for a greater

number of men than vessels of the same class carried in 1936,
No vessel snall be permitted 2 limit for more than 11 men

regardless of size.

Layups

Te

All vessels shall lay up 15 days at end of first and

second trips and 10 days at end of third and all remaining ™
trips except the last full nalibut trip, for which no layup

will be required,
shall observe the same layups as
commencing on tiine,

Vessels commwencing halibut fishing late

those taken by vessels

11. No vessel shall fish sable or mixed cod during the
regular layup following a halibut trip.

At first thought it might appear
only increased production but t.at it
fleet as well. The catch per unit of
go that a vessel can now catch a good
time than formerly. But more careful
gain in efficiency from abundance has
efficiency from enforced idle time in
difference between time wasted on the
and time wasted in port in compliance

that the hzlibut program has not
has increased the efficiency of the
fishinz effort has nearly doubled
fare of fish in a much shorter
consiceration will show that the
been exactly matched by a loss in
port. Economically therd is no
banks waiting for halidbut to bite
with layun regulations. Economically

the normal unit of fishing effort is the number of skates of gear which

a vessel can set in a year.

Biologically the catch per skate of gear is

a useful index of abundance but economically the index of efficiency is

the catch per vessel psr year.

The only valid criterion of efficliency is

the ratio of what a vessel actually catches to what it is capable of
catching in a year under optimum conditions of abundance maintained by

scientific management.
efficiency is to be found in the fact

Proof ‘that the halibut fishery has not gained in

that the increases in abundance -

and yield have not beern followed by increased profits per vessel, Originally

profits were limited by inefficiency caused by depletion.

Now they are

limited by legally imposed inefficiency.

It is difficult to escape the conclusion that perhaps half of the
vessels and half of the men in the halibut fleet perform no useful service
for society and through no fault of their own are prevented from receiving
the income and enjoying the staudard of living which full application of
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their 2bility would make possible.

_ & General Principle and Its Implications

How this is an illustration of a perfectly general principle: vwhenever
and wherever we seck to eliminate 'inefficiency: caused by scarcity by
imposing an ertificial inefficiency, the two inefficiencies will auto-
matically ialance, and the averaze income of individual fishermen will
remain the same. The total yield will increase and so will the aggregate
profit but individual profit will not chanze, Unless the numbers of
fighermen & re gtabilized, no improvement in abundance will benefit any
individual iisherman,

This Commission cannot honestly tell a lobsterman that an increase
in size limits will increase his income unless the increase is assoclated
with effective measures to prevent increases in the numbers of lobstermen.
It cannot tell & shad fisherman that a weekly closed period will increase
his income unless new fishermen are vrevented from sharing the benefits.
The Commission cannot fairly expect cooperation and support from the
industry if it refuses to face the indisputable fact that any conservation
measgure which does not include stabilization or reduction of competition
can do nothing more than increase total yield and spread the work on a
lov—efficiency and low-income basis, To be sure, from the point of view
of the general public, even that is better than continued depletion, but
we can scarcely expect fishermen to share our enthusiasm for the public
interest unless we can promise them some improvement in their present
unenviable position. In the past we conservationists have had a ready
answer to the guestlon; +Vhat will this proposal do for the fish? But we
have never been able to give a satisfactory answer to the fisherman's
natural question: What will it do for me?

Review of Control Methods

The foregoing will serve to indicate the main features of a rather
complex set of dynamic interrslations, some of them biological and some
economic, These can be restated briefly as follows: Every fishery is
capable of producing an optimum sustained yield. This yield can be realized
only by maintaining a constant relationship between abundance, the spawning
reserve, the best practicable minimum size limit, and the fishing rate, If
either of the latter two be altered the whole structure becomes functionally
unbalanced and the annuzl yield falls, In the zreat majority of ceses,
the dynamlc btalance requires that a high level of abundance be maintained,
This creates an economic incentive for a fishing rate inconsistent with
maintenance of tue optimum level of abundance. That is why management is
necessary. Another way of stating this is to say that the fishing rate
is extremely responsive to economic influences. In order to hold it con~
stantly near the optimum, it is necessary either to fix it arbitrarily by
limi ting the numbers of units engaged in the fishery, or to eliminate the
economic incentive to increase the fishing rate. Ho one has yet found any
wey to eliminate this economic incentive except to impose a compensating
inefficiency. If we abandon 2ll attempts to control the fishing rate it
will increase until the inefficiency caused by scarcity eliminates the
incentive for expansion.
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NE\ POLICIES OREATE NEW PROBLELS

The Nee& for Decision

This Commission faces the necessity for a clear-cut deglsion as to
policy, Even if ve make the fullest possible use of minimum size limits
the main preblem will remain unsolved until effective control of fishing
rates is esrablished. The Commission must make a choice among three
possible ccwrses: 1. Doing nothing, i.e., condoning the present inefficiency
caused by rverfishing, 2. Fighting inefficiency with an exactly balanced
inefficiency. 3. Tliminating inefficiency by adguating the numbers of
worlmen to the job to be dome. For each of these thres p0551ble policies,
there are appropriate programs of action, If the Commission considers
the problems to be insoluble or thinks that either solution is worse than
the problems themselves, we may as well go home and forget the whole :
business, If the Commission determines that, everything considered, it is
mare important to spread employment than it is to secure the benefits of
more efficient and profitable use of manpower and equipment, then 'the
Commission should support such measures as closed seasons and restriction
or prohibition of the use of the more efficient methods of fishing, such
as otter trawls and pound nets. But if the Commission decides that the
economic evils of over-competition outweigh its economic and ethical
adventages, then the Commission should adopt 2 program of gradual elimina-
tion .of operating units in excess of those necessary for orderly and
efficient harvesting of maximum annual crops.

For the Middle Atlantic region, I earnestly recommend that the Commis-
sion adopt a policy and program which will protect the fishermen as well
as the fish, In one important respect, such a program will be easier to
develop than a conventional program based on a policy of imposed inefficiency.
The Commission can count on the political support of fishermen. Experience
in Maryland shows that fishermen will support--even demand--& program of
license limitation and Commissioner Tucker has made it abundently clear
how fishermen whom he represents feel about over-competition.

;,Some New Problems

As old problems disappear new ones rise to take their places. I have
no desire to minimize the practical and ethical difficulties which will
beset the Commission in its efforts to develop such a program. Experience
, @8 an advisor to the group which developed the Maryland plan has made me
acutely aware of such difficulties.&nd I can foresee additional difficulties
when the Commission seeks to develup a program for a.whole region instead -
of for a single State.

Foremost among the new problems are those concerned with (1) methods
of eliminating surplus fishermen and (2) the methods of determining which
.fishermen shall be eliminated and which shall remain, Our fisheries should
“be developed, not only by the right. numbers of fishermen but by the most
capable fishermen. Under present competitive conditions only the best
can survive. We must find an effective and equitable substitute for this
very useful function of free compefition, In Maryland, retirement and
death of operaters is expected to bring about some reduction, but no very
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great reduction can be expected from thié methodi Fof as sooh as enough
operators have retired or died to bring about an improvement in income,
retirements will cease and licenses of dead operators will be transferred
by the executors of their estates. Even if the law were amended to
eliminate transferability of licenses, license holders would lncorporate.
Corporations do not die, so that reduction will be halted before the
biological end ‘economic objectives of the program can be fully attained.

Buggestlons for Solution

We are indebted to Mr. Nepd Scheefer, & member of the advisory committee
to the New Jarsey delegation, for a suggestion as to how these problems
might be solred effectively and equitably. It is based on his experience
with the New York Stock Exchange, a limited membership organization. With
the bursting of the speculative bubble in 1929, the turnover in securities
fell below the minimum necessary to sunport all of the members ‘in the style
to which they were accustomed, or indeed, to maintain the full membership
on a solvent basis., . The market price of exchange seats dropped sharply.
Naturally the weaker members sold their seats,.but since the total number
of competing members remained constant, there was no relief from over-
competition. It was proposed that each member be assessed to create a fund
for purchase and retirement of seats offered. for sale. Hxcept in instances
of death, it would be the. least capable brokers who would offer their seats
for sale, so that in the long run, the program would reduce excessive
competition,.leaving the. best brokers to perform the necessary functions
of the exchange.

A similar method mizht be applied to the fisheries by levying an
assessment on each licensee, From time to time, as the fund accumulated,
the commissioners of each State could invite tenders of licenses and
purchase for retirement those licenses offered at the lowest prices, 1In
the event that biological studies indicate the need for additional operating
units, new licenses could be assigned by competitive bidding.

This method would not only solve the problem of bringing about the
necessary reduction in operating units in an equitable manner, but it would
also set up the machinery for solving ancther problem which will arise in
the future. Undoubtedly some fisheries will become extremely profitable,
The benefits of comservation will increase the gross income from the
fisheries as a whole and the costs of operation will be reduced by elimi-
nating unnecessary gear, The net profit from the fishery as a whole will
be greatly increased and will be divided among & smaller number of operators.
It will be necessary to recapture for the public the excess profit above
normel returns on investment and normal wages of management. Some of this
will be needed to pay the costs of research and adminigtration, which at
present are met by direct appropriation,

The revolving fund will serve to keep a brake on excessive profit
during the transition period, when operators are being gradually eliminated.
To put it another way, the costs of purchasing equities will be met out of
the surplus profits resulting from better conservation, and not from the
public treasury. As soon as the number of operators is adjusted to the
capacity of the fisheries the annual assessments which are no longer needed
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to purchase equities will serve as excess profit taxres.

Accounting experience gained in the course of developing the program
of gradual reduction will be available to insure a sound basis for deter-
mining the amounts to be assessed on each operator, This point is
important., I have emphasized the desirability of protecting the fishermen
as well as the figsh, DBut it is just as essential to protect the Iinterests
of the public. The fishermen must pay a price for protection of their
efficiency and profit. That price is detailed accounting, not only with
respect to catches and to fishing effort tut in financial matters as well,
48 long as fishing is conducted as a private business, on a dog-eat-dog
competitive basis, fisinermen have the same rights as other business men
to keep their private affairs private, But, if fishermen are protected
against overcompetition then profits and losses are no longer private
affairg, and they must be prepared to account to the oublic for the special
benefits conferred upon them,

This suggestion may be fairly criticized on the ground that the cash
value of licenses or franchises will increase so that men who have acquired
them at nomineal costs will be able to sell them at a2 premium later. The
increment is unearned but it would be very difficult to devise equitable
means of recpaturing it for the nublic., This is, of course, exactly the
same ethical problem whica arises in connection with all property rights.
No satisfactory solution has ever been found. (Disciples of Henry George
would say that one has been proposed.) Most privately owned land which
is now valuable was originally acquired at very low prices, indeed much of
it was granted outright, without cost. If I am correctly informed the
title to the oyster beds in Great South Bay goes back to pre-revoluntionary
grants.

On the other hand, the zreat ethical advantage of lir, Schaefer's
suggestion lies in the fact that while reducing the numbers of opportunities
to engaze in fishing, it preserves equality of opportunity to do so. Any
citizen of each State will have fully as much freedom to become e fisherman
as to become a farmer, In either case he will have to meet two require-
ments: (1) raise enough capital to acquire tools of production, or (2)
purchase or lease a property right or its functional equivalent, one of a
limited number of licenses. In both instances the purchase should be in
free competition with othor aspirants, The farmer must have farm machinery
and live stock; the fisherman must buy & boat and gear. The farmer must
buy or lease an area of land; the fisherman must buy or lease a franchise,
on & freely competitive basis.

For occupations directly concerned with natural resources this is
all there is to freedom of cholce of occupation, and to equality of
opportunity, When we speak of these principles we do not meen that everybody
can tecome & farmer, a lumberman, a mine operator or a fisherman. We
merely mean that everyvody is equally free to compete for the limited numbers
of opportunities in each of these occupations, so that only those who have
the most of what it takes--capital and ability--can get in.

The limitations on total opportunity are set by the magnitude of the
resources themselves, Only so much useful work can be done, If more
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be epplied, excass is wasted at best, and in the instance of the fisheries
it is worse than wasted, it is destructive, The critical social problems
are those concerned with how the total opportunity shall be divided and
allocateds For fixed natural resources such as agricultural land and
mineral deposits, the problem was easy, Opportunity was originally acquired
by pre-emption and defined by a surveyor. Currently it is transferred by
competitive bidding and it is protected by property rights. We ars so used
to thinking of propsrty rights as an insgtitution and their protection as

a principle that we seldom think of their important economic function in
the management of natural resources, For example, property rights protect
the farmer in his need and his desire to work effectively, If I teke up
farming I do not cause my neighbors' land to yield fewer bushele per acre,.
But if I take up fishing, I reduce the catches of my fellow fishermen.

The farmer owns an exclusive right to exploitation of a definite part of
the total agricultural resources of the country. We propose to make it
possible for a fisherman to acquire & similar right to exploitation, not

of a definite part but of a definite proportion, of a fishery resource.

In most instances we cannot define his proportion with surveying instruments,
but by setting limits to the numbers of licenses granted, we can protect
hig right to an undiminished orportunity to serve himself and serve society
to the full extent of his abilities,

It would be possible, of course, to preserve equality of opportunity
by egranting licenses by competitive bidding on an annual or other fixed-
term basis, But that suggestion fails to take into account that fishing
i8 not merely a business--it is also a way of life, When a man becomes
a fisherman he chooses a life work. Part of his life savings are tied
up in equipment, so that if he is outbid at the end of one year or even
& five- or ten-year period, loss of his license would destroy the use-
fulness to him of his accumulated capital. But quite aside from his money
interest in his license, he has also a morally valid equity in his occupa-
tion, He hag invested more than money, he has invested himself. He has
a valid right to continue his life work as long as he desires and as long
as he is able to do so. This equity, this right, transcends considerations
of the diminished efficiency of aging men., We should by all means put the
opportunity to engage in fishing on a competitive basis, but it is by no
means necessary or desirable to reguire a man to compete all his life,
failing in the struggle perhaps when he gets too old to make enough from
a gill-net license to compete in the bidding with younger men, Nor is it
necessary or desirable that fishermen be required to give up all of the
inecreased profits from better conservation in the form of competitively
determined license fees,

Elsewhere in this report I have put a great deal of stress on efficiency,
g0 much indeed as to justify the suspicion that I make it a fetish. 3But
I hasten to disavow any intention to set up efficiency as the sole criterion
of the social value of any policy. Efficiency is desirable, not for its
own sake, but because it is capable of promoting human welfars, and only
to the extent that it actually does so. In & purely economic sense,
efficiency can be measured as we measured it above in terms of what an
operating unit produces in a year compared with its productive capacity.
But back of the operating units there are fishermen, and the efficiency of
men as producers and consumérs must be measured in terms of how they serve
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and are served by the economic order, ina lifetime.,

There are a number of other problems. Bome are apparent now and
others will arise to vex us when legislative proposals are drafted. But
once the major outlines of policy are determined, these problems can, 1
believe, be worked out by discussion and negotiation,

It 1s nqt my intention to offer model legislation, or to present
detailed blueprints for development of a program of license-quota restric-
tion. Whether the Commission adopts this policy or its alternative, it is
the responcibility of the Commission to work out the program.

I have only one generel suggestion to of fer--whatever you do, work
out your proposals with the fishermen before drafting legislation, In
States where. there are active organizations of fishermen, make use of them
es advisors and pglitical propagandists. Where no such organization exists,
create them as.was done in Maryland. If you fail to do so, if legislative
proposals are drafted wholly by officialdom, they will be defective because
officials do not have access to many of the pertinent economic facts known
only to fishermen, Moreover, in most State legislatures a bill known to
be & fishermanl!s bill has a batter chance for enactment than an admini-
stration bill,

BULDARY AND CONCLUSIONS

Beveral years ago, when this nolicy of conservation by license
control was still in the rough idea stage, your Secretary, Mr., Wayne
Heydecksr, suggested three criteris by which its merits should be judged,
These are: Is the proposal biologically sound? Is it economically sound?
Is it administratively sound? This report may be summarized by noting how
our proposals measure up to these standards.

It is not necessary to dwell on the first point. The biological
effects of reduced fishing rates are the same regardless nf the method
chosen to reduce them.

We have shown in some detail how elimination of waste of manpower
and equipment will confer economic Yenefits on the public and on the
fishermen. The whole saving will be a net social gain, to be distributed
under the administration of the Commissien betwsen the fishermen and their
employees on the one hand and the public on the other, Fishermen will be
more efficient producers and better customers for other productive units
in the national economy. And at the very least, recovery of potential
income now wasted by competitive multiplication of costs will relieve the
public of its present burden of costs of administration and research.

This is no small consideration., The Atlantic Coast States and the Federal
Government are now spending from general taxation about $500,000 annually
on fishery research and administration.

As Mr, Heydecker uses the expression, "administratively sound," it
covers several considerations. It includes such questions as: Is it
politically feasible? i.e., can legislative sanction be secured? Is it
enforceable? Is it equitable, and is it in accordance with democratic
principles?
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With respect to political feasibility it is sufficient to point
out that recent experience in Maryland proves that it is prssible for a
group of fishermon, legislators, conservation officials and bioclogists to
work togother with mutual confidence and respect for the formulation and
adoption of a comprehensive state-wide conservation measure based on the
new policy. Only experience can tell us whether measures based on this
policy can be enforced., I have endeavored to show that this policy can
and should be made consistent with one of the major principles nf
democracy, Ireedom of choice of occupation, subject only to competition
with others with similar aspirations.

As for conclusions, the Commissioners must draw their own. The
biclogist and economist can omly point out the probable consequences
of contrasting policies. In this instance I have tried to show that an
overmanned fishery and an efficient and nrofitable fishery are contradic-
tions in terms., In drawing their conclusions, the Commissioners must
face the fact that they cannot spread employment and preserve economy,
efficiency, and high standards of living, too.
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TABLE Ia.- Striped Bass

The Effect of Various Natural Mortality Rates on the Total YWeight
of an Unfished Population Consisting Initially of
1000 Fish of Age-group™I

"' Average !
Item ! weight ! Natural mortality rates (Percent)
“tper fish i 10 15 20 30 L0 50
1 i
' Pounds ' Pounds Pounds ©Pounds Pounds Pounds Pounds
1 !

Age-group 1! .5 ' 500 500 500 500 500 500
Do. 21 1,240 1080 1020 960 8lLio 720 600
Do. 3t 2.4 v 19kl 1734 1536 1176 86L 600
Do. I 4.2 t 3062 2579 2150 141 907 525
Do. 5t 6.L v 4198 3341 262l 1536 832 1,00
Do. 61 Q.00 T 5310 3996 2952 1512 702 279
Do. 7! 11,8 6266 Lhh9 3092 1392 555 .-189
Do. 8! 1Lh.6 * 6979 L672 3066 1197 409 117
Do. 9! 173400 739 1706 2906 1003 29l 69
Do. 10! 1978 762, L1551 26,0 788 197 39
Do. 11 22,0 ' 7656 1,312 2354 616 132 g 90
Do. 12! 2h, 1! 7543 11025 2073 .  LB2 72
Do. 13! 25.9¢" 730l 3678 1761 363
Do. 1! 27.7 ' 7036 3352 1496 277
Do. 15’ 29.3 ' 6680 3018 1289 205
Do. 16! }?30.9 ' 4338 2688 1082 155
Do, 1g° 1/32.h ' 599) 2398 907 96
Do. 18 1/33.9 ' 5627 2136 U6
Do, 19' T/su.é ' 5190 1834 623
Do. 20 2/36.0 ' 14860 1620 50)

Do. 21' }ﬂ?&' L5Llh 1421 L11
Do. B! 1/38.7 " L4218 1277 3L8
Do. 23' 1 /uo.o ' 3920 1120 280
Do. 2y’ 1/h1.0 ' 3608 9L3
Do. 25' I/)2.0 ' 3360

1

}/Extrapolated values

L3



TABLE Ib.- Pacific Halibut

The Effect of Various Natural lortality Rates on the Total Weight
of an Unfished Population Consisting Initially of
1000 Fish of Age-group V

! Average !
Ttem t weight ! Natural mortality rates (Percent)
tper fish ' 10 15 =20 30 Lo 50
! L]
t Pounds ! Pounds Pounds Pounds Pounds Pounds Pounds
] 1
Age-group 5! 5.1 ' 5100 5100 5100 5100 5100 5100
Do. 61 6.2 ' 5580 5270 L1960 L3l0. 3720 3100
Do. 7 7.6 + 6156 5491 L86L 372l 2736 1900
Do. 8t 9.4 ¢ 6853 5772 4813 322, 2030 1175
Do, gr: J11k3 1 W7h13 5899 4633 2712 1L69 706
DocWs 10! ST  BI80E3 6083 LLoh 2302 1069 125
Do 13! 15,9 1 S6ll3 599 1166 1876 747 25)
Dottt 12 41719 ' SMBECS 5728 3759 1468 501 143
Doy 13! 21l ' =X9202 5821 3595 1241 364 86
Dot 1! 26,2 ' 10139 6052 3511 1048 262 52
Doww 15! /30.7 ' 1068L 6017 3285 860 184 31
Do, 16' }/36.1 111299 6029 3105 722 108
Do. 17! i/uz.s ' 11985 6035 2890 595
Do. 18' l/5o,0 ' 12700 6050 2700 500
Do. 19' /5.8 ' 13Lo07 6056 21,55 112
Do. 20" L/g7.4 ' 13617 586, 2359 337
Do. 21' 1/76.0 ' 14060 5621, 2128
Do. 22' 1/85,0 t 11195 5355 1870
Do. 23'_1/sl.0 ' 14100 1982 1692
Do, 241 /106.0 t 14310 4770 1484
Do. 25'1/117.0 to14216 LLL6 1287
Do 26'% 30.0 ' 1170 11290 1170
Do. 27t_/1h5.o ' 14210 4060 1015
Do. 28'1/160.0 ' 14080 3680
Do. 29'1/178.0 ' 14240
1 1
1 1
1/

~' Extrapolated values



The Effect of Various Natural Mortality Rates on the Total weight

TABLE Tc.- Lake Champlain Whitefish

of an Unfished Populaticn Censisting Initially of

1000 Fish of Age-group III

271
1

£ .E.{-';.'."age
Item ' woight ! Natural mortality rates (Percent)
:per fish : 10 15 20 30 0 50
! Pounds ' Pounds Pounds Pounds Pounds - Pounds Pounds
] i
Age~group 3! N e 700 700 700 700 700
Do. P Ji2o 8 i §3080 1020 960 - 8L0 720 600
Do. i % AR o S{L58 1301 1152 882 648 450
Do. G120l 81750 1L7hL 1229 823 518 300
Do, TN 2 RFNIE T s 1462 1148 672 36l 175
Do, gt ¥ 3as 1 Efog 1376 1017 521 2142 96
Do. LSRR By 1320 917 113 165 56
Do. 100 3,8 ' 186 1216 798 312 106 30
Do. 130 S Le2 1806 1142 706 2L 71 17
Do, g Mol v @arho 1040 603 180 L5 9
Do. 231 o8 o« 1705 975 52l 137 29 5
Do. Pl Bl L ET628 868 L7 10l 16
Do. TSUREIS of 1557 781 37k 77
Do. 161" ScigE  « 8173 702 313 58
Do. 17! /6.1 t 1391 628 268 L3
Do. 18! l/b.u 11312 557 22), 32
Do. 19 %/6.8 ' 1258 503 190
Do, 201817 MR U 05 L7 156
Do. 21t /7.5 ¢+ 1123 398 135
Do. 22! 1/7.9 1 1067 356 a1
Do Moanl/akd 1 83508 315 91
Do. o4t 1/8.8 ' 959 290 79
Bor, . | soileat s | o1y 260 65
Dot. BA261 L oEar it wetbo 225
Tod Yo.3 1+ 82
t
1

E/fxtrapolated values



TARLS II.— Catch, Abundance an¢ Spavmin: Reserve in Pounds
ner 1000 Fish Available to the Fishery

STRIZED BASS

(2)-Ten Percent Matural lortality

1

Ttenm ! Fishingz rate (Percent)
! 20RO SR 2.0 ! 60 ! £0
(1) ¥o size limit ! ! ! ' i :
Catch t 3070 vV 2178 ' 1560 ! 900 ! 601
Abundance V12344 Y 5446 Y 2790 ' 1090 ! 642
Spawning reserve 1 9940 ' 3561 ' ogy ! 142 ! 6
(2) One aze groun nrotected ' ! 1 ! '
Catch ' 3722 ' 2916 ' 2301 ' 1569 ' 1179
Ahundsnce 1015235 WG ON & ViZsh 1 2300 ' 1374
Snzywninz reserve 112459 ¢ 5007 ' 2361 ' 36] ! 29
(3) Two ace grouns protected ! ! [ 1 !
Catch U413 Y 3697 ' 3174 ' 2447 ' 2023
Ahuncance 17367 ! 10336 ' 6601 ' 3550 ' 2444
Spazmin;. reserve 1 15661 ¢ 133 ' 3586 ' g£ag 1t 150
(4) Three aze prouns nrotected ! [ ! ! '
Catch I 5069 U 54582 ' SAA14 Y 3454 1 13043
Abundance 122614 ' 13464 ' 9093 ' 5329t 3743 .
Spawning reserve 1 10552 ' 10402 + 6036 ' 2267 ' 751
(5) Four 2ge croups vrotected ! ! ! ! !
Catch, 15628 8 5334 M 085 Y 444D 1 PA060
Arundance 1 25905 ¢ 16307 ' 11512 ' 7112 ' 5202
Spsiming reserve ! 25005 ' 16307 ' 11612 ' 7112 ' 5202
(b)=Tifteen Percent Natural ortality
(1) No size limit ! 1 f ] 1
Catch 12120 1 1644 ' 1269 ' L ' 559
Abundence I 412880220 v 5231601 101G (B636
Sparming reserve ' 6250 ' 2391 ' o926 ' 107! 4
(2) Tne ace groun -rotected . ! ! ! !
Catch 1 2548 0150 V81819 M IS5 RINE] 05T
Lbundance ' 10495 ' 5780 ' 3624 ' 1875 ' 1276
Spayvming reserve LS80 W A2 AT562 2702 23
(3) Two are erouns protected ! ! ' ! '
Catch 1 2954 1 2699 1 2425 U 1977 R0/
Ahundance 112721 ¢ 7682 ' 5205 ' 3008 ' 2147
Spaming reserve 'ogg ' 4936 ' 2602 ' 697 ' 115
(4) Three aze zrouns nrotected ! ! ! 1 1 "
Catch FHENZ20281 S3TO1 S SO T PR IH o0 MUge 527 3
Ibhundance PAARSY 9615 Y 6002 ' 4205 1 3170
Spavining reserve L1226 Y 032 ¥ 300 Vet adt, sy
(5) Four ape rrouns protected ! ' | ' !
Catch ' 3536 ' 3567 ' 3484 ' 3243 ' 3050
Abundance P 16497 ' 11208 ' £333 ' 5435 ' 4089
Spavning reserve ' 16497 ' 11202 ' 2333 ' 5235 t 4039

46



TABLE II (Cont'd.).- Catch, Abundance and Spawning keserve in Pounds

per 1000 Fish Available to the Fishery

STRIPED BASS

(¢c)=Twenty Percent Natural Mortality
1

Item ! Fishing rate (Percent)
NN 2O e O i L O i e OO0 I e 00
(L) No size limit ] 1 ! ' '
Catch 1 102L e 1272 90 10320 v 702 S B E T
Abundance 1 5919 + 3199 + 1929 ' ShLO ' 62l
Spawning reserve Lo sERa @ il B Gl 0 9E) 0 i
(2) One age group protected ! 1 ! ! !
Catch * 179L t 1633 *+ 1431 ' 112h ' 927
Abundance '7337 ¢ bh23 v 2941 v 1665 ' 1181
Spawning reserve ' L97h * 2320 ' 1070 * 204 ' 18
(3) Two age groups protected ! ! ! ! J
Catch 18203081 197301 M ghse vt 15938 )12
Abundance v 8753 * 5720 ' LOBO ' 2536 ' 1872
Spawning reserve V6207013305041 806851 0L 911
hree ame groups protected ! 1 ! ! !
Catch v 2193+ 2245 ' 2192 ' 2032 ' 1897
Abundance ' 996 + 6911 ' 5184 ' 3425 ' 2602
Spawning reserve 7T o6 ] 761303 1 27 S A R 52
(5) Four age groups protected ! ! ! g !
Catch 1 2258 + 2398 + 2415 * 23L6 ' 2262
Abundance ' 10653 t 7710 ' 5967 ' L096 ' 3163
Spawning reserve ' 10653 t 7710 ' 5967 t LO96 ' 3163
(d)-Thirty Percent Natural lortality
(1) No size limit ! 1 ! ' t
Catch t B4+ Bos ' 717 + 56L ' L56
Abundance v 3199 + 2047 * 1LO3 * 829 t+ 602
Spavming reserve t 1619 ! 727+ 309 t L3 2
(2) One are group protected ! ! ! [ !
Catch 1t 952 t 970+ 925 + g8i4 + 1718
Abundance (L 3B71% 270L0 0 120120 v 13158 MEI00)
Spawning reserve 203 1R 10l 5 5 2. TAN ] 09 S L0
(3) Two age groups protected ' ' t ] t
Catch t 1007 ¢ 1082 + 1083 ' 1030 r 963
Abundance v 4380 v 3256+ 25L8 v 1777 ' 1392
Spavming reserve 231 |9 B R UNEN 878 RIS 270 NS 2
(L) Three age groups protected ! 1 ! ! !
Catch ' 1003 * 1119 ' 1159 * 1166 ' 1139
Abundance v 631 ' 3591 ¢t 2910 ' 2121 ' 1696
Spawning reserve ' 3190 2150 ' 1469 ' 680 *+ 255
(5) Four age groups protected ! ! ' ! ¢
Catch ! 937 ' 1075 * 1139 ' 1188 * 1192
Abundance v L4518+ 3601 ' 2980 * 2229 + 1803
Spavning reserve r 4518 + 3601 '+ 2980 ' 2229 * 1803
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TABLE II (Cont'd,).- Catch, Atundance and Spawning Reserve in Pounds
per 1000 Fish Available to the Fishery

STRIPED BASS

(e)-Forty Percent Matural HMortality

1

Item t Fishing rate (Percent)
VR 2 O S O ! Lo ! SOER"EIO0]
(1) No size limit ' ' ! ! !
“Catch t 516+ 537 ¢ 525 v B2 1 02
Abundance ' 1929 ' 1408 ' 1090 ' 7L4L3 ' 582
Spawning reserve v 643 309+ 12 D2t 1
(2) One age group protected i 1 1 1 !
Catch t 539+ s5Soht A10' 588t 548
Abundance 1 2212 v 172L + 1Lo6 + 1029 ! 832
Spawning reserve S 0ot 152 R 20N 53 L
(3) Two age groups protected 1 ] 1 ] [
“Catch~ RS 1 ORI GO 78 S 63 SIS C ) DR 36
Abundance 1 2301 * 1872 + 1570+ 1206 ! 99,
Spawning reserve * 1020 ' 645+ LOO ' 133 ! 26
(L) Three age groups protected ! ' 1 1 '
Catchen 1 h62+ Shy v 5970 639t 6L8
Abundance 1 2187 + 1832 ' 1579 + 1243 + 1040
Spawning reserve 112808 192500 16720 3368133
{5) Four age groups protected ! ! : ! !
Catch v 382 461+ 512+ 563 ' 583
Abundance BT BOORIAST 611 51 8] 08 F 112 G 5 951
Spawning reserve ' 1890 ¢+ 1611 *+ 1408 *+ 1128 * 951
(f)- Fifty Percent Natural llortality
(L) No size limit ! ! ! ! !
“Catch b sRLGW Ske 0 R @ Shin O ERE
Abundance 1 1200 ' 1048 881 676 1 565
Spawning reserve Y 2Ll U 21 57 1 9t .65
(2) One age group protected ' ' ! ! !
Catch 1T 373 S U 02 RUSE | 17 VR 10
Abundance t 1339 ' 1135 987 791 ¢ 674
Spawning reserve ! 310! LT TE 101 ¢ 23 1 2
(3) Two age groups protected T [ 0 T (
Catch 0 RGBSR S EpL O
Abundance ' 1225 ' 1067t 947 ' 779 ' 672
Spawning reserve o 7R 25 7 R 674! 59 ! 12
(I;) Three age groups protected | T T i [
Catch ! 207 ! 256 ! 289 1! 325 ! 342
Abundance t 1007 ' 893+ B03 ' 774 ' 587
Spawning reserve to B2 v 368+ 278 149 62
(5) Four age groups protected t ! ! ! !
Catch L6 ] B3 AR OO0 RS2 ) O N 25 71
Abundance v 743t 666+ 605 ' 513 ' L9
Spawning reserve t 743 v 666 ' 605 ' 513t L4h9

Lg



TABLE IIT.- Catch, Abundance and Spawnlng Reserve in Péunds
per 1000 Fish Available to the Fishery".

PACIFIC HALIBUT

(a)- Ten Percent Natural Mb*tallt} 5

Item ' Fishing rate (Percent)

T o PR T ST o TSI ¢

(1) No gize limit ] 1 i ! 1
“Oabch=s 1 6701 + 5879 + 5Le8 v L9B2 v+ L757
Abundance v 30946 + 18LL7 ' 13065 + 8370 ' 6275
Spawning reserve 1 16025 + 5606 t+ 2230+ 262 t 12

(2) One age g: lnp protected 1 t ! ' 1
“Catch 1 7206 ' 6389 v 5930 + SLh6s r 5216
Abundance 1 33375 1+ 20084 v 14281 + 9167 ' 6868
Spawning reserve 1 20290 + B267 + 3654 v 789 ¢ 6l

(3) Two age groups protected ! ! ! ! :
Catch ol 7727 veyRT - BLT3 ¢ 6015 v . 5757
Abundance 1 33960 ' 21881 * 15655 ' 10104 ' 7578
Spawning reserve 25333 A 79h 3 S0l Tha JTTITRLE R327,

(b)- Fifteen Percent Natural Mortality

{I) o size Limit . 1 ' = ,
Catch t 5050 + L893 + L778 + L4597 v LL9L
Abundance v 23881 + 1588l + 11939 + 8060 * 6193
Spawniing reserve e e PR s 0 o G 7 1 T LA oy 10

(¢) One age group protected ! ! ! i !
Catch ' 5159 ¢+ 5036 ' L4937 ' L757 ' L65L
Abundance t 2515) ' 16368 ! 12335 t 8333 ' 6202
_Spawning reserve t 13123 ' 5660 ' 2685 ' 521 ! 50

(3) Two age groups protected T 1 i ! !
Catch v 5256 1 5172 + 5098 * L4953 + L8552
Abundance 1 25041 ' 16893 + 12791 + B68BL 6675
Spawvning reserve 1 15832 + 8093 ' L52L t 1307 * 248

{c)- Twenty Percent Natural Mortality

(1) No size limit ' [ ! ! !
“Cateh ~ v Loos t+ L179 * L237 ' L4256 + L4258
Abundance 1 19340 ' 13965 ' 10967 ' 7770 ' 611k
Spawning reserve 1 6408 + 2748 + 1173 ' 160 ! 7

(¢) One age group protected ! ! [ ! L
Catch t 3865 + LOS7 + 2Lk + 152 + LiL8
Abundance 1 18703 ' 13566 ' 10670 ' 7565 ' 5949
Spawning reserve e 8108.2 3873 0 188L .t __F391L! 39

(3) T™wo age groups protected 1 ' f ! !
“Catch t 3721t 3932 * L016 ' LO66 ' LOTO
Abundance 't 18094 ' 13204 ' 1o0L2L ' 7M15 ' 5833
Spavming reserve ' 1003 ' 45588 ' 3225 . 995 ' 19l




TABLE III fountid.)- Catch, Abundance and Spawning Rséefvé in Pounds

per 1000 Fish Available to the Fishery

PACIFIC HALIBUT

(d)=- Thirty Percent Natural Mortality
5 1

Ttem ' Fishing rate (Percent)
0P im0 =) = hOo s 1 B0 )

(1) Wo slze limit « , 1 ' KT
“Catch v 2786 ' 3212 + 3Lh9 + 3713t 38L5
Abundance t 13965 ' 11272 t+ 9471 ' 7266 ' 5961
Spawning reserve v 27,8 * 1296 1. 568 - B7 ! L

(¢) One age gitup protected [ ' ' ) J
Batoheer s &y A Yab2367 273l ¢ 2ol 3]6R% = 3078
Abundance 1 11870 ' 9594 ' B068 r 61B8 t* 507L
_Spawning reserve t 3389 * 1839 ' 969+ 222t 5]

{(3) Two age grouns protected [ ! ! ! !

Catch 1, 2007 v =2328 ¢+ 2513 v 2717281k

Abundance 1 10109 ¢ 8198 ' 6909 ' 5309 ' L4354

Spawning reserve e li278 Lap26L0 € X62L; 7 4539, 107
(e)- Forty Percent Natural Lortality

(l) Ne size limit [ ! ! ! !
“Catch ' 2118 + 2587 v 2906 ' 3287 ' 3500
Abundance 1 10967 * 9471+ 8370 + 6830 ' 5816
Spawning reserve 173 668 262 1 35 ¢ 2
One ape group protected ! ! ! ! v
Catch t 1546 ' 1889 ' 2125 ' 24LoL + 2557
Abundance t 8002 ' 6915 * 6111 ' 4985 ' L2L3
Spawning reserve v 1413 831+ 526.r 114 11

{3) Two age Groups protected ] T 7 1 T
Catch t 1129 v+ 1385 + 1560 * 1768 + 1882
Abundance v+ SBEL + 5076+ Lh91l + 3666 + 3121
Spawning reserve Y/ thediod o STF2 1 07008 58

(£)- Fifty Percent Natural Mortality

(1) No size 1limit : 1 t ! t 1
“Catehn o+ vt 1703 ¢ 2165 ' 2499+ 2940 ' 3215
Abundance ' 906l t 8209 ' 7510 ' 6Lh7 v 5680
Spawning reserve Yaenli37 e s238.Y 0 31211 19 1 i 4

(2) One age group protected t ' ' : /

Catch ' 1038 ' 1320 v 1523 v 1791 ' 1957
Abundance v 6221t 5695 ' 5269t LA21 + 1153
Spawning reserve 1o BB 1.3k 7 1g;m L9 ¢ :5

(3) Two age groups protected 1 i i T ey
Catch ' 634 807 933 + 1098 ' 1200
Abundance ' 3378 * 3059 ' 2799 + 2403 t+ 2117
Spavning reserve okyel UenshBB 0 333 0 1064 26




TA3LE IV.- Catch, Abundance and Spayming Reserve in Pounds
per 1000 Fish Available to the Fishery

LAKZ CHAIPLATI WI'ITIFISH

(a)- Ten Percent Matural flortality
1

Item ' Fishinr rate (Percent)

1 201 1 30 Lo ot 60 ! a0

(L) Ho size limit t ! ! ! :
“Catch t 1286+ 1166 + 1042 * B85L + 722
Abundance 1 5659 + 3347 + 2229 ' 1260 ' 878
Spavning reserve UL 3B18 ¢ 172l 1 79540 w160 1L

(2) One age group protected 1 ! t ' '
Catch v 1lhhhy ¢+ 1389 ¢+ 1312 ' 117L v 1063
Abundance t 6648 + L4232 ¢+ 3005 * 1850 * 1343
Spavning reserve v+ ;788 + 2h59 + 1348 + 385 ¢ 68

{3) Two age groups protected 1 I 1 ! t
“Catch v 1556 *+ 1557 *+ 1525 t+ 1453 + 138L
Abundance v 761 v h992 + 3695 + 2411 + 1800
Spavning reserve v 6003 ' 3534 v 2237 ¢+ 953 + 32

(L) Three age groups protected ! t 1 ' i
Catch vt 1607 ' 1647 t 1647 ' 1631 ' 1609
Abundance v 7948 + 54BB ' NL6ET ' 2820 ' 2147
Spawning reserve v+ 7948 » 5438 ¢ L167 + 2820 * 2147

(5) Four age groups protected ' i 1 1 t
Catch 11602 v 1659 + 1674+ 1678 t+ 1672
Abundance 1 8017 ' 5603 + L29h t 2938 '+ 2250
Spawning reserve 1 9066 ' 6752 + 5343 ' 3987 ' 3299

(b)- Fifteen Percent Natural liortality

(1) lio size limit ! ! ! ! 1
“Catch to996 1 963+ 903 ' 776 ' 678
Abundance I hho3 v 2923 + 1993 ' 1200 ! 865
Spawning reserve 122666 qI7h 4 o621 01 y1o5Rm 1%

(2) One age group protected ' ! ! 1 !
“Catch t 108L * 1107 * 1090 ' 1017 '  9k6
Abundance ' 5053+ 33460+ 2579 ' 1675 ' 1250
Spavming reserve t 3347 * 1830+ 1029 * 308 ! 58

(3) Two age proups protected ] t f i i
Catch 11123 ' 1190 ' 1210 ' 1196 ' 1166
Abundance ' Sh78 + 3922 + 3031+ 2071 ¢ 1584
Spawning reserve ¥ O LWTTIT Y BGRI v 73T R TIONNE 23

(L) Three age groups protected ! [ [ 1 0
Catch t 1107 ' 1199 ' 1243 ' 1275 ' 1282
Abundance ' 559 ' L117 + 3255 + 2297 ' 1788
Spawning reserve v G5oglh v L4117t 3255 ¢+ 2297 + 1788

(5) Four age groups protected ' ' J ; !
Catch to1oh8 v 11LS v 1196 ' 1239+ 1259
Abundance ' 5361 ' 3988 ' 3165t 2262 ' 1770
Spavning reserve v 6256 ' L8B3 v LO70 ' 3157 ' 2665




TABLE IV (Cont'd.).- Catch, Abundance and Spawning Reserve in Pounds
per 1000 Fish Available to the Fishery

LAKE CHAMPLAIN WHITEFISH

(c)- Twenty Percent Natural ilortality
J

Item ! Fishin? rate (percent)
S P o1 b

(1) No size limit 1 1 ' ! 1
SGatche nt7gs + B1z v 85T 0T ooMnA 639
Abundance ' 3525 ' 24,23 1 1788 v 1145 v+ 852
Spavning reserve t 1864 * 9uB8 r 79 ' 98 ¢! 9

(2) One age group protected 1 1 L ! !
Catch 1 836t 897 t 908 t 881 + 8LO
Abundance T 3932 ' 2862 t 2217 t 1513 t 1160
Spawning reserve N 23hBal 1369 L AT92 it 2l et Ll

(3) Two age group protected ! ! 1 ! !
Catch 1" Bze v 919 v 959 t 9fzhan 9717
Abundance ' 4101 + 3101 ' 2480 + 1768 + 1385
__Spavning reserve 1 2949 t 1949 r 1328 1+ 616 ' 233

(4) Three age group protected 1 ] ! ! !
Catch v 777 v 878 + 934 1+ 988 ' 1014
Abundance 't 3993 ' 3092 t 2522 + 1849 t+ 1470
_Spawning reserve t 3993 t 3092 t 2522 1 1849 *+ 1470

(5) Four age group protected [ 1 ] 1 1
Catch 1 696+ 792 v B4 ' 906 v 937
Abundance HRRI621 1, 2B2G: 1 2301 716 A T3TL
Spawning reserve t [379 t+ 3587 t 3079 ¢t 247h v 2129

(d)-Thirty Percent Natural Mortality

1LV N6 size Iimit T T ! : !
“Catch ! BLI e 00T 15T 1V 601 570
Aburdance vt 2423 r 1853 + 1480 + 1051 v 828
Spavming reserve ot ol 1 STo 1 |973am 60 el 7

(¢) Cne age groun protected 1 1 [ ! !
Catch 15231 602 t bl v 665 1 660
Abundance 1 250h t 1998 t 1686 t 1228 ¢ 988
Spavning reserve FNII08 ¢ 7hi. 1 3LBossty 515 gt 30

(3) Two age group protected ! ! ! ! !
Catch t  L69 t 555 t 605 ' 656 ' 675
Abundance 1 237h t 1949 t 1648 v 1264 t 1033
Sparming reserve 092 1 1067\ A76hLe 3820nts, 151

Three age group protected ! t ' ! !
Catch = t 392 ¢ j72 1 522 t 5B2 t 615
Abundance t 2071 t 1730 t 1485 ' 1163 ' 961
Spawning reserve t 2071 ' 1730 ' 1485 v 1163 t+ 961

(5) Four age group protected 1 1 ! ! .
Catch t 310! 374, t+ L16 t L6B v L9B
Abundance t 1657 t 1391 t 1199 * 9L5 v 783
Spawning reserve 2178 ' 1912 ' 1720 ' 1h66 ' 1304




TADLE IV (Cont'd.).-Cateh, Abundance and Spavnin; Reserve in Pouncs
per 1000 Fish Available to the Fishery

LA“Z CUA PLATY LMITELISH

(e )-Torty Percent Natural ‘ortalitv

1
Item ! Fishing rate (percent)
P e s e s I X I A Te L E

(1) No size limit : ! ! ' !
Catch v 393 v 462 ' 98 ' 51801 512
Abundance V1789 'Y 1480 ' 1260 ' 973 ' 205
Speimin - reserve P08 2730 D 1518 9600 3

(2) One ace group protected ! ' ! [ !
Caten AR ¥ oo Do ' o tol SRR AL L QT I T
Abundance t 1663 1416 ' 1233 ' 983 ' 25
Spawming reserve 1 504 4ta30 1.C 25988 1891 wwlf

(3) Two aze croups protected ! 1 ] ' 1
Catch ¥ 270% 1333 0 " 37 0426 450
Abundance 1.1395 v 1211 1072 v 3721 940
Spawning reserve 1 747 ' 563 ' 424 ' 224 ' 02

(4) Three a_ e grouvs nrotected ! ! ! ! !
Catch P 197512 20620 aa it $359
Abundance 11063 ' 935 ' 235 ' 690 ' 590
Smeymins reserve ' 1063 * 935 ' G35 ' 6S0 ' 520

(5) Four z2ge grouns orotected ! ! ! ] '
Catch Cepl340t 168 1+ 103 UM 026 v IS s
Abundance ! 735 % BA9 ' 582 v 483 0 414
Spawning reserve ADDe T hoss 1 91gek - S0 95T

(£)-rifty Percent Natural Mortality

(1) No size limit ! ! ! ! .
Catch ¢ 0300 1 3681 410 % | 4520t 465
Abundance 1 1400 ' 1229 ' 1095 ' 907 ! ?Sé

Spayming_reserve L2310 38l Sgat 1T

(2) One aze group vrotected ! ! ! ! !
Cztch 2085 % 2a3 F 333§ 3571 5990
Arundance 11125 ' 1006 ' 910 ' 768 ' 670
Smawning reserve 1228 A 195311 300 49 ! 11

(3) Do aze rrouns protected ! ' [ ' !
Catech t 153 Y 195 1 225 ' 264 ' 297
Abundance t g ' 730" 667 ' 571 ' 502
Spavmin: reserve Lasg. 0 280 1 217 1 A0t 5]

(4) Three ape grouds orotected ! ! ' ' !
Catech ! g5t 122 ¥ 142t Q70 ]88
Abundance PSRN WARS VR ARTA Y 398 Y 133
Spawmins reserve -4 I Sy Uy R v L e B P

(5) Four age groups protected ' 1 ! ! :
ey PUsLt oY g2t gg vl09
Abundance 1 302 ' 276 ' 255 ' 221 ' 196
Spasming reserve 1542 1 516 1 405 1 40L ' 436
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COMENTS Qi }JR. NESUIT!S STAT: FNT

By william C. Herrinzton

Mr, MNeshit has made an excellent argument for fishery management and
has ar ued ably the case for reducing the number of fishermen in order to
increase efficiency of operations #nd adjust the number of workmen and gear
to the job to be done. If you will recall the main points which both he
and I have attempted to make, I believe you will find that we are in close
agreentent on most of the general issues considered. Ve azree that it is
desirahle to obtain: 1) the optimum vield from the fisleries; 2) the
optimur efficiency of mannower and gear use; and 3) the optimum incame for
the fishermen. I also thoroughly agree with !fr. Fesbit wien he states:
Wihatever you do, work out your projosals with the fishermen" (and I would
certainly add "the fishing industry") "before draiting legzislation. if
legislative proposals are drafted wholly bv officialdom they will! (I prefer
"may") "be defective because officials" (freguently) "do not have access
to many of the pertinent economic facts knovn (only) to fishermen." How-
ever, vhen we begin to consider the slace tl'e several objectives should
have in a manazement prozram and the order of importance to be granted
each, our two arguments begin to diverge.

In considering the three objectives I have referred to it seems safe
to conclude that the first is meculiar to the fisleries, although compar—
able in some respects to the objective of manacenent in agriculture. It
reoresents the basic objective of conservation as I understand it. The
second objective reasonably mi-zht be classed as the ultimate purpose of
economnics; probably it is desirable in all industries. I believe that it
provided the basic concept underlying Technocracy, that idealogy which a
few years ago enjoyed such 2 voucue, but which dropped from attention when
the public found that the goal, although beguiling, was distant, and that
no one could tell us just how it could be reached. The third objective
mizht be classed as the goal either of economics or social science, or the
corbination of the two. It is desired by practically all worimen and by
no means is confined to the fishery industry. The problem of achieving
optimum efficiency of operations and optimum income now may be enjoying a
status comparable to the problem of harnessing atomic pover. The latter
is a2 fascinating subject for studr and experimentation, and its practical
realization vould have a tremendous effect on civilization, but I have not
yet observed that industrialists have begun redesigning their paver vlants
to denend on tiiis source of energy.

In the latter part of !r. Nesbit'!s address, he flatly states that the
only alternatives facing this Commission are: 1) do nothing; 2) fi ht in-
efficiency with inefficiency; 3) eliminate inefficiency by adjustin_ the
nurbers of workmen to the job. At the best, this seems to be a ratier
perverted representation of the case, A more rational and informative
approach, it seems to me, is first to determine this Commission'!s ohjectives
in its approach to fishery nroblems. For instance, they might be those I
have already enumerated: 1) optimum yield; 2) optimum efficiency of man—
power and gear; 3) ontimum income. The next step is to decide which is the
primary and which are the secondary objectives. If you conceive your main
function to be conservation, ten the first is your primary objective, and
the others highly important, but secondary ones. If you conceive your
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primary function to “e th. solution of economic an? tecinical prcovlens,

then your wrimerv o jective nrobably will be tha second listed objective.

If your function is social, pro-ablv your srimery objectiwe would ve tie
third. I am not guites sure concernin. the usc of tle terus econoicic,
technical, and socizl, sincc tliese Tields secns somevi:at tixed wp. I am
merelr attemotin, to show that wour awxiroaci: to the various [lishery

problems will be con’itioned by rour decision as to whether your main func-
tion is to nromote the ovtimum yield, optimum efficiency, or onti~um incerne.

If vou decide to give nreference to the first objective--optimum vield,
then we aguatic biologists will be ale to »rovide you iwith definite infor-
mation concernin: the measwres needed to achieve these r=sults. The Lasic
srinciples of fisherr mana ement have been established fairly well and with
the orover bhaclground of facts. The results of specific measures annlied
to any fisherv can be Jredicted reasenaly well either quantitatively or
cualitatively. In this field ve can assist you as rescarch men have
assisted in agriculturse. In nen cases, perhaps in most, thess measures
also will increase the efficiency of gear use and will increase the income
of the fishermen. OCertainly thev will enalble more fishermen tc obtain a
livelihood, will increase the n»roduction of sea Tood and will afiord more
exrployient ashore and more ford for the nation. Put the "asic =urpose of
these measures will Le to raintain and increcse the vield from the iisheries,

If you decice to -“ive wreference to the second or third objectives,
then vie as aquatic bicle_ists can :ive wvou no delinite informetion to ruide
your cecisions. As citizens and scientists nerhaps we can advise you, »ut
if Dr. langmuir, retirin; oresident of the American Asscciction for the
Advancement of Science, is correct, and science has little amolication to
the field of economics, 1L/ then our advice as scientists will be of limited
value. If you decice to mena e the fislierw with the objective of obtaining
for the fisherman tie income to viick he is entitlad, you are entering the
whole broad field of mana_eient economy, which has occuricd the attention
of the Tecinocrats, Departuent of Agriculture planners, the silver block,
NRA, Townsend Slanners, and numerous others. None of them seem to have
solved the problem satisfactorily, but that does not mean that it cannot
be solved or that you mav not be the ones to do it.

Tn this discussion I do not wisl: to iaply that the objectives of a
manazed economy are undesirable. In fact, I belicve that most of us will
agree that efficient use of mannower and equipment ané optimum income are
highly to be desired. Howewver, do nnt let the atiractiveness of the
prosect and =lausibility of the orovosed methods blind wou to the fact
that you vould be enterinz an uncertain an¢ debateble fi-1d and that
clear-cut results probahly would be a lon. wav of/.

In contrast, vz can at present lay out 2 clear-cut conservation
prosram makin_ use of metliods which are more efiectiwve and dependahle than
those proposed for economic mana-ement. I would verv much resret seeing
a sound conservation prorram tisd to a2 sro.ram for econnmic nantzenent in
such 2 way that the two must succead or fzil toget“:er., You mev observe
tuat the Department of A riculture's prosram to increase crop and meat
vield ner acre and mcr farmer, is indesernden®t of its oro ram to man: e
production of certain croovs in order to incrscse tle foarmer's incoae., It
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is no more lozical to stete that 2 »rogram desicned to. increase the yield
of the fisheries is of no velue tc the fislerman, tle industry, and the
nation, unlesz it is tied un vith 2 orogram to 1li:it comoetition and in-
crease incore, than it is to state t'at the usz of imaroved a:ricul tural
methods vas of no value hefore the .“vent of farm inc-me man~gement. I
ha-re even heard it guesticned wihether famm income mene erent, as carried
on in many ceses {cotton, milk, etc.) in the long run is of -2lue and
whetber it is justified e:zcet 2as a tem-orarv measure to core 7Tor ertre-e
conditions of economic distrescs.

Now for a fev comuents on Mr. 1'=s™itfs swecific ar;uments:

fie has gone to consicerzble 'eteil in discussing some of the economic
complications that rzwve cdeveloped in the “acific hali“wut fisherv, as tre
result of the prolongecd lavover werind arising from the catcl: quotas im-
posec v the International Fisherizs Coitrissions. I wisl you to blar arti-
cularly in mind that this is the only case vhere fisherr m2na ecent of the
zen-orel type we acvocate has Meen dut into orsctice on an inportant marine
fisherr. BDecause it is actuwlly in wractice, we have befeore us &1l of the
verious complicaticns thet such 2 Jro-ran enteils. In stite of these coix
nlicetions, tie “ro-ram has Meen very svecessful in »reventing a further
decline in the fisherwr and the resultin, less of eqplorment to {ishermen
an¢ shore worlers, loss of "us'ness to detlars, and loss of foos te the
nation, Actually, it has inerease? the ecte’. and emploment, anc to the
extent thot the increased emislove.cnt and income heve i roved e¢nnditions
in that ares, it has incre.sed the income of incivicdual fishicrmen. fefore
mane.esent started, the hnlibut fislerien's incomes werz so low that nmanv
were turning, to other occipations. Now, income has injroved to the »oint
where new men are coming into the fishery. ‘. Nesbit orefers to deorecate
thesz ~ains hecause the fishery hzs not yielded the fisherman the income
to which he is entitled (vhatever that is) and asks you to ahandon this
method of 'wroven value, for one vilic® at best will have wncertain results.
We have no commarable case in w"ich a2 largze marine fishery is bein; manag-
ed by t-e mettol and for the nurposz oroposed by T. leshit. Conseguently,
we have no ex ihit to which we can noint to illustrate the comnlications
whict must follow from a»slication of the method. Mowever, do 2nv of vou
exoect that these comslications vill be any less involwved than those I
have suggested in my ~revious statesent? I am cenvinced that if anwthing,
they will be greater t''an now ima ined, just as the esccnomic cnimlicatinns
in the halibut fishery are greater t'~n most »eople expected. To suddort
my oninion, I must refer vou to cases in other incdustries, in +rhich some
type of maneged econony has heen tried as an emerzency measure, for
instance NRA, the Agzriculture Denertment's cotton and whert orogram, milk
prosrams in the severzl States, etc.

Another concent which has “een nresented in relation to the vproposed
method for obtzinin, maximum efiiciency of ;car and menoower, deserves
further examination. In this examination, I can demart from my role as
citizen and amateur econonist an’ return toe that of professional
biolozist. Mr. Vesbit pnints out tiat a fishery of relatively low inten-
sity will provise nearly as —reat a catch as vill a fisherv of high
intensity, and will require onlwr a iraction as much fishing gear and
mandower. This vill result fron tle fact that a much zreater stock will
accumulate when fishing intensity is low anc tie individual catches will
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be much greater. The examples I described to you earlier in figure 2
bear this out, for the maximum catch when tle fishing pressure was 80
percent annually, was only 1C percent greater than when the pressure

was 20 percent. However, you must bear in mind that this was under
static conditions with the annual production of young a fixed amount,
regardless of the size of the adult stock. We know that this assumption
does not hold except possibly in special cases. In the haddock fishery
we have definite evidence which shows that, on the average, the annual
preduction of young is much greater when the adult stock is at inter-
mediate levels than when it is very high or very low. Thus, in the
examples shovm in figure 2, the 20 percent fishing intensity would not
be sufficient to reduce the adult stock to the level where the production
of young would be at a maximum. Our best calculations at present indi-
cate that for the Georges Bank haddock stock, the greatest production
will be obtained with a vigorous fishery and a minimum size limit of
about two pounds, but we are not yet ready to state just what the fishing
intensity should bes You will grasp the logic of the argument for a
vigorous fishery which prevents any great accumulation of old fish, if
you will consider the problem of obtaining the greatest production of
beef from a piece of grazinz land. 1ould you operate with a herd of old
cattle, keeping sufficient numbers to use all the fodder available? In
this case, the total weight increase, that is, production of additional
beef, would be limited to the additional meat or fat which they could
accumulate. Or, would you sell off the full-grovn animals as rapidly as
they matured, taking care to kecn sufficient only for breeding purposes,
and thus save as much of the grass as possitle for the rapidly-growing
young stock? Our haddock work indicates that managing a stock of fish
for greatest production is something like this, althoush it differs in
some particulars and is much more complicated, The results of the work
certainly indicete that we should not go too far in advocating a general
management program which stresses low fishing rates, until the biological
relationships are known better.

There are a number of other statements in ¥r. Nesbit's report to
which one might take exception. However, it does not seem essential to
consider them item by item, for the main issue is one of basic principle
and method of attacks Nevertheless, I would like to comment on one state-
ment which Mr., MNesbit words as follows: "This Commission cannot honestly
tell a lobsterman that an increase in size limits will increase his in-
come unless the increase is associz2ted with effective measures to prevent
increases in the number of lobstermen." I believe that those of you who
are well acquainted with the lobster fishery as a whole will be impressed
by the fact that such a flat statement could not have been based on any
considerable understanding of the lobster fishery and of the conditions
which exist in the principal lobster—producing areas. The persistent
decrease in the lobster population in nractically all areas durinz the
last 25 jears, has caused a continuing reduction in the lobster fisher-
mant's income until in recent years he bas bheen worlding, in most cases,
on a vanishing or vanished orofit margin (prior to war-stimulated prices).
Yet, in a great many communities there is little else that he can do, so
he continues lobsterinz, at least part time., Prevention of further de-
cline in the lobster stock, and increasin: that stock through size limits
or other conservation measures, will enable many of these fishermen to
avoid going on relief. If we can uvrosress to the point of achieving the
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optimum catch in the ldhster iisher znc improve other Fisteries in these
areas by Droper minagement, & recl msasure of ~roswerity will be restored
to many small seacoast communities, ould the Commission prefer to tell
these opeople that the leohster fishsrs is not acdecuate to support all of
the fishermen in the mamner to which they are entitled ("accustomed" is

not the proper vord in this case), tierefore only one-lalf would be granted
licenses ancd the remainder must move elsewhere and {ind jobs, or go on
relief?

In considerin this whole protlem of increasing income by restricting
competition througb . ranting meonomolies to a limited number, I am impress-
ed by a statement recently credited in Time to General Patton of our armored
forces in Africa. In replyinz to coirents on his propensity for leading
his forces into battle by ridinz a leadingz tank, he was quoted to this
effect: "An armored force is like spaghetti, you cannot push it from behind,
you must get un front and pull it." Perhans increased income also is like
spaguettis Instead of tryinc to push income up by restricting competition,
which pushes men out of successive occuzations for the henefit of those
remainin  and eventually leads to an increasinz pocl of unemploved, it might
be better to apuly our efforts to increasing employment, which will provide
more Jjobs and increase comdetition for aveileble labor, znd thus pull men
out of the poorer pavin: occuxrtions end oull income to hither levels. The
idea seems worth considering e

As my final statement, I wish: to leave you with this recomsendation:
By 2ll means, approve anc undertake a orogram for conservation management,
with achievement o:x the optimum catch: as the primary objective, If you
also decide to underteke experiments in managed economy, with optimum
efficiency and optimum income as the orimary objectives, T urge you to
set tliem up s a semarate program wihich will not jeopardize realization
of the first. In view of present progress in the field of aquatic biology,
I am hopeful that we si2ll be well on our way towards realization of the
optimum catch within our lifetime. .Men I 1lrok upon the present world
and its economic stru gles, T am equally hopeful but less sanguine in re-
spect to realization of optimum efiiciency and opntimum income within the
same span of years. Shall we refuse the first unless we cén have all?
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COITNTS OF LR, HIRRINGTON'S STATE!MIT

By Robert A. Nesbit

Mr. Herrington and I agree fully with respect te the importance of
establishing minimum size limits wherever it is practicable to do so. We
also agree as to the necessity for stabilizing fishing intensity to main-
tain an optimum fishing rate. But we do not agree as to the methods which
should be used to stabilize fishing intensity.

I advocate a new policy of gradual and experimental adjustment of the
numbers of operating units to the amount of work to be done. This is pri-
marily a conservation measure. It will make it possible to attain the es-
sential conservation objectives - maintenance of optimum abundance and
yield. But in addition, it will (1) permit a close approach to fully ef-
ficient use of man power and equipment and (2) permit a well deserved im-
provement in the earnings‘and living standards of fishermen.

Mr. Herrington supports the traditional policy which requires that
each of variable and excessive numbers of fishermen be required to do less
fishing than he is capable of doing, that is, to operate with less than
full efficiency. lMethods in accordance with this policy can bring about
the same, but only the same, conservation benefits as direct limitation
of the numbers of operating units. But traditional methods cannot increase
efficiency because they consist of the imposition of inefficiency, nor
can they increase earnings, for in the long run earnings depend on effi-
ciency.

This is essentially a "share the work" policy. It is the very es-
sence of fishery conservation that there is a limited amount of work to
be done. To apply more than the optimum effort is worse than useless,
it is destructive. If more than enouzh fishermen are permitted to engage
in the work, it must be shared among them.

Mr., Herringtonr has given us an excellent critical revicw of the
various methods which have been proposed to establish a stable ceiling
on fishing effort while insuring that as far as possible opportunity
to work is shared equitably. By pointing out the technical disadvantages
of these methods, he has spared me the necessity for deing so. I have
offered only a general criticism applicable to all share-the-work methods -
without exception they impose inefficiency. For example, Mr. Herrington
rightly characterised the method of direct catch limitation as "the most
direct precise, flexible, and effective method available"., But as I in-
dicated in my original discussion, it is a share-the-work method, hence
subject to the general criticism of inefficiency. It may be pointed out
that for the few fisheries to which direct catch limitation is applicable,
the advantages of directness, precision, flexibility, and effectiveness
will be just as available under the new wolicy as under the old. As ap-
plied under the traditional policy, the catch limitation is used merely
as a means for determining the datesof annual closed seasons. It will
serve equally well for determining the numbers of operating units required.
Doubtless the International Fisheries Commission has sufficient informa-
tion to enable it to estimate within perhaps 10 percent the numbers of
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vessels necessary to take the permissible quotas of halibut within fishing
seasons of any predetermined length from 3 months to a year. It would

be more practical, of course, to approach the final limitation gradually,
by reducing the numbers of vessels until nearly a year is required to
reach the fixed catch limit.

Mr. Herrington has criticised the new policy on technical grounds
and on the basis of social and economic considerations. He has thereby
done us a service by pointing out some of the difficulties to be met and
dangers to be avoided.

Most of the technical criticisms are necessarily speculative - we
don't know in detail how the policy can best be applied to individual
fisheries, and we will not know until the Commission takes up the problem
with the fishermen and works out with them a workable and egquitable plan.
In order to offer any advance criticism at all it is necessary to postulate
some such procedure as that suggested by Mr. Herrington for bringing about
an immediate reduction of 20 percent by drawing lots. And, of course,
the validity of the criticism is contingent on “l.e procedure being carried
out as suggested. At this stage of the discussion it is necessary to
set up a straw man in order to knock him down. I shall not presume to
set up the straw man by proposing a detailed program even for the lfiddle
Atlantic region, with which I am familiar, much less for the New England
vessel fisheries which I know very little about. When, and if, a program
sufficiently detailed for specific criticism is presented for legislative
consideraticn in the several States, it will not be my program but a fisher-
man's program. I can, as I have in this discussion, indicate general
objectives and general biolorical and economic priaciples. But each pro-
gram must be tailor-made to fit the biological and economic peculiarities
of the fishery to which it applies. That is a job which can be done only
by the men who know the fishery at first hand. All that we conservation-
ists can do is to furnish technical advice in biological, economic, and
legal matters. In the end we can learn only from administrative experience
whether the technical difficulties are insuperable.

TIwo technical criticisms require specific answers. In the first,
Mr. Herrington points out that a system of fixed license quotas is inflex-
ible, That is true, but it is also true that adoption of the system will
eliminate much of the need for flexibility. It is the frequent change
in numbers of operating units which makes it necessary to change regula-
tions and laws under present policies and practices. The great technical
merit of the fixed catch limit is that it automatically adjusts the length
of the open season to compensate for changes in the numbers of vessels.
If, however, the numbers of vessels be fixed the total fishing rate will
change very little and the fishery will attain stability with very small
varjations in the length of the open season and with a steady seasonal
flow of products to the market,

Fixed license quotas will also eliminate most of the variation in
fishing intensity caused by fishermen who operate irregularly and less
industriously than they are capable of doing. When fishing becomes more
profitable, an incompetent or lazy fisherman cannot afford to retain a
license with a potentially high income value. He will sell it to an able
fisherman, Eventually the fisheries will be freed from the disturbing
influence of in-and-outers and part-time operators.
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Although for most fisheries it is stability that we seek rather than
flexibility, for some fisheries there is a special need for flexibility.
These are the fisheries in which marked year-class dominance is associated
with a very brief period of availability to the fishery. Examples are the
fisheries for the Pacific salmons, for shrimp and for blue crabs. A fixed
fishing rate under-utilizes the abundant year classes by allowing more fish,
shrimp, and crabs to spawn and die than are needed for reproduction. The
same rate may leave too few spawners from the poor year classes. Such pro-
blems must bg dealt with individually.

It may be noted in passing that a fixed catch limit would exaggerate
this difficulty. Fixed catch limits determine the fishing rate with a high
degree of precision only for species which are not subject to marked year
class dominance and which have a long life span.

It is possible that need for flexibility will arise for other species
in which year class dominance is not associated with a brief period_of avail-
ability. The haddock may prove to be such an instance. Herrington} has
shown that too many spavmers are as objecticnalle as too few. It may prove
necessary to remove large year classes quickly even at the cost of poor
utilization in order to prevent interference with production of young by
too large stocks of adults. In this particular instance it will not be
difficult to make the necessary adjustments for Georges Bank, by permitting
a temporary diversion of effort from more distant banks.

In the second criticism, he has pointed out that where several banks
are accessible to a large fishing fleet, limitation of the size of the
fleet would not protect the nearby banks from overfishing. This is quite
true, because the whole fleet would work on the nearby banks and would
not resort to more distant banks until the nearby banks were depleted.

In such instances the use of catch limits for individual banks would pro-
vide a solution. The use of such limits as an auxiliary administrative
measure would in no way invalidate the necessity for limitation of the
numbers of vessels in the general fleet. An alternative method would call
for licensing a group of vessels for each bank, the numbers authorized

for each depending on its productive capacity. Some vessels would have
exclusive access to the nearby banks ihere operating costs are low and
others would be restricted to the more distant banks where operating costs
are high., At first thoucht this would appear to be extremely inequitable
but in fact the objections are practical rather than ethical. To see why
this is true it is necessary to pass on to a discussion of kir. Herrington's
criticism of the pronosed policy on the basis of social and economic con-
siderations.

The criticisms presented under this heading are related more or less
directly to an alleged necessity for arbitrary fixing of income levels.
That is, lir. Herrington fears that we would necessarily let ourselves in
for administrative responsibility for matters best left to the free play
of economic forces. If it were true, as lir. Herrington fears, that such
a2 necessity is inherent in the program, it would indeed be indefensible.

l/ Herrington, Yim. C. A Crisis in the Haddock Fishery, U. S.
Bureau of Fisheries, Fishery Circular Ho. L, 1941,
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But in fact we are proposing only to eliminate the inefficiencies which
prevent the creation of additional income, leaving the selection of fisher-
men and the distribution of income to exactly the same economic forces
which operate in other industries based on natural resources, We have

no responsibility, nor can we afferd to assume responsibility frr individual
earnings nor for differences of income in different fisheries or regions.

In order to make it clear why no such necessity is inherent in the
policy and need not develop in the program, it is necessary to review
some of the technical features of the economics of the extractive indus-
tries (i.e., those based directly on natural resources), The validity
of the following is subject to the provision suggested in the original
discussion, that licenses, once acquired, be transferrable, i,e., salable
in a free market.

From any business, there are L kinds of income!: (1) Vages of manage-
ment (the amount which the owner could earn as an employee of some other
business), (2) profit (the reward for risk), (3) ‘nterest on the value
of the instruments of production (interest on the investment in man-made
producers! goods), and (L) economic rent (interest on the investment in
land, mineral deposits or other natural resources,. It is characteristic
of all of the extractive industries except fishing that income from economic
rent is a relatively high proportion of total income. For example it has
been estimated that five-sixths of the money invested in farms in the United
States is capitalized economic rent and that only one-sixth represents the
value of buildings, stock, and farm equipment. Nearly all of the invest-
ment income from farming is economic rent. Again, the value of coal or
iron deposits or of timber land, is high compared with the value of the
mining or lumbering equipment. But economic rent scarcelg exists in the
fisheries. There are a few exceptions to this general rule, notably where
riparian rights are recognized, where rights to particular pound-net loca-
tions are recopgnized and ar=s transferable and where oyster grounds are
privately owned. Economic rent is practically non-existent in the fish-
eries because it is destroyed by inefficiency. In an economic sense,
then, we propose to create or to restore a source of real income which
will take the form of economic rent and which will be distributed among
fishermen as guch. This is of great practical importance because it relieves
us of the necessity for administrative concern with the distribution of
income. We can see why it i?il do so by seeing how it works in other
extractive industries. As everyone knows, some farms are better than
others. All farmers, all miners, and all lumbermen get about the same
prices for their products. Yet even the marginal farms, mines and timber
tracts continue to be operated in competition with the best farms, mines,
and timber holdings. We seldoix question the equity of the system whereby
some farmers own good land and have large incomes, while others have poor
land and low incomes. For after all the difference in incomes is a dif-
ference in investment income. ILet us suppose that the farmer who owned
the best farm sold it and with part of the proceeds purchased a very poor
farm, investing the difference in a business enterprise involving about
the same risk as farming., His total income would remain unchanged. He
would make less from farming but returns from his investment would make
up the difference. Similarly suppose the man owning a very poor farm
acquired enough money to buy a better farm. He would be just as well
off if he invested his money in some other way. In other words, most
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of the difference between low income farmers and high income farmers
is a difference in ability to acquire enough money to establish an in-
vestment income,

As economists explain it, the function of economic rent is to equalize
costs between producers with varying degrees of natural advantage, If
the Bpread between operating costs and market price is great, as it is
with good land near markets, the price of the land becomes high enough
so that the increased investment cost just balances the higher operating
costs on marginal land,

In the past we have accomplished a similar equalization of cests
in fishing, either by damaging the best fishing grounds by overfishing,
which increases cost, or by imposing artiiicial inefficiencies (conser-
vation measures) on the better fishing grounds, and these also increase
costs, In either case we have destroyed a source of real income, which
can be restored and distributed in the form of economic rent. As Mr,
Herrington points out, doubtless a lobster license will be more valuable
in some counties in Maine than in other counties and in any county a license
to operate 200 pats will be more valuable than a license to operate 100
pots., But the mpre valuable licenses will be more expensive, and a lob-
sterman will have the same option to invest his money in a better license
as has a farmer to invest his money in a better farm,

In the light of the foregoing discussion let us return to a point
made above, Tt was stated that objections to licensing groups of vessels
for each bank are practical rather than ethical. Ve have seen that an
analogous situation exists in all other extractive industries, and that
the income differences between individual operators are differences in
investment income and not in earned income, It could be argued, indeed
it often is argued, that investment income, based on ownership of natural
resources and the instruments of production is not legitimate. But we
are not concerned here with socialistic reform of existing agricultural
and industrial policy., On the contrary, we are seeking to secure for the
public and for the fishermen the same economic benefits which accrue from
private ownership of land,

The practical difficulty arises from the fact that most of the vessel
fisheries are operated on a share basis, that is, the employees share the
financial risks inherent in operation without participating in the capital
investment, If seme vessels are assigned exclusive rights to nearby banks,
the investment charges will be much greater for such vessels than far those
licensed for more distant banks, This would necessitate drastic changes
in the methods of adjusting employee compensation, and would require ex-
tended and difficult labor negotiation. It would be necessary either to
(1) make vessels fully cooperative with each member of the crew participat-
ing in the investment, (2) put all employeeson a straight wage basis, (3)
adjust the percentage share so that the vessel owner is compensated for
his investment in the license as well as for investment in the vessel,

As I indicated in the original discussion, part of the economic rent
should be recovered for the public, enough at least to meet administrative
and research costs, But it will not be wise to go too far in the direction

of recapturing it for the public, For two reasons some must be left among
fishermen.
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In the first place, fishing is an unusually speculative business,
If license fees were set high enough to absorb nearly all of the economic
rent in average years, they would become an impossible burden in poor
vears, just as the high interest charges on over-capitalized economic
rent became an impossible burden on many farms during the prolonged ag-
ricultural depression following the first world war. It is probable, of
course, that some licenses will be bought with borrowed money, so that
to some extent this difficulty would arise in poor fishing years even
if license fees were kept moderate. But license rights would not, I
think, be looked on favorably as collateral by banks, and in any case,
not all fishermen would be burdened with fixed charges for debt.

In the second place, it is necessary to leave enough income from
economic rent with the fishermen to perform the essential function of
automatically equalizing costs between nearby and distant fishing grounds
and between operating units of different capacities. The more closely
we attempt to adjust such differences by fixing license rates the more
closely we approach the very real dangers of arbitrary bureaucratic ad-
ministration against which Mr. Herrington so eloquently warns us,

Now let us discuss Mr. Herrington'!s "alternative method". The pro-
posal itself, as exemplified by a suggested application to the halibut,
is not an alternative at all - it is a very pood illustration of the
principles which I have been advocatinc for more than two years. e
have already seen that a fixed catch limit may be used either to deter-
mine the length of the open season or to determine how many vessels are
needed on a full-time basis, If used for the former purpose the program
is conventional, if used for the latter purpose the program becomes an
experiment under the policy which I advocate. Obviously the experiment
could be checked and the program stabilized at any intermediate stage
between the present stage in which a large fleet is idle much of the time
and a final stage in which a small fleet would be hard pressed to catch
the 1limit in a full year. And, of course, the economic loss would also
be intermediate, i.e., proportional to the amount of idle time.

But what he says about the proposal merits some comment, Just as
I do, he makes a distinction between conscrvation objectives on the one
hand and social and economic objectives on the other. But he more than
implies that these objectives are incompatible and that we must choose
between them. For example he states: "I am also concerned as to whether
the use of this method will disrupt the general conservation program to
the extent that the productivity of the fisheries will be reduced!.

It should scarcely be necessary to reiterate that this method provides
the basis for a general conservation program. Considered strictly as a
meens for reducing fishing intensity and increasing catch and abundance,
elimination of unnecessary operating units will be Just as effective as
any other method of reducing fishing intensity. But is it not an advan-
tage of the method, that it promises to confer important social and econanic
benefits too?

The following sentence also requires critical exanination: WIf this

Commission wishes to pioneer a managed economy in the fisheries, to in-
sure every man the income to which he is entitled, and at the same time
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insure the benefits of an effective ccnservation program, I believe that
the follewing general approach will be mest effective, productive, and
clear cut." Here again we find the same unwillingness to recognize that
the primary objective is censervation and that the social and econgmic
benefits, howaver important, are secondary and additional. We do not pro-
pose a "mansp-d economy” but a managed fishery. One of the desirable
results of this particular method of management will be a substantial
Increase in the income of fishermen - an increase caused by creation of

a new source of income which cannct be created in any other way. As has
been explained above we need accept no managerial responsibility for dis-
tribution of “his new income. It will be allocated among fishermen, not
by untried and dubious "managed economy!" practices but through the opera-
tion of the well proved economic principles which control distribution

of income in other extractive industries.

Finally, let us dismiss details and technicalities and seek to re-
view the problem as a whole, and on a national scale. Only by doing so
can we hope to view it with a sound sense of proportion. Only by so doing
can we fully aporeciate its urgency.

In round figures, the fisheries of the United States and Alaska yield
between four and five billion pounds of fishery products with a value
to producers of about $100,000,000. It is conservative to estimate that
technically sound conservation practice will increase production and yield
by at least 10 percent. This can be accomplished either by conventional
methods or by methods based on limitation of gear. But at this point
similarity ceases. Under the present conditions of unlimited competition
costs tend to equal the market value. Income is limited to wages and
to a small and uncertain yield on investment in producers! goods. This
will still be true if the conservation benefits are accomplished by con-
ventional methods. In this event there will be an increase in quantity
from about 5,000,000,000 pounds to about 5,500,000,000 pounds and an in-
crease in value from about 3100,000,000 to about 7110,000,000. But there
will be no net gain, because increased operating costs (in the form of
additional and socially functionless employment) will automatically absorb
all of the increase in value.

On the other hand, if we accomplish our purpose by economically sound
methods, we will accomplish the same increase in quantity and value of
the product. But the original operating and investment costs will be re-
duced by at least 20 percent, that is, from about $100,000,000 to about
$80,000,000., There will then be a net gain of $30,000, OOO representing
the difference between the increased value (3110,000 OOO) and the reduced
cost, (%$80,000,000). 1In other words the industry is now spending $100,000,000
to catch $100,000,000 worth of fish. But by spending only $80,000,000
it could catch $110,000,000 worth. It does not matter whether we think
of it as a waste of %30,000,000 or a waste of %30,000,000 worth of man-
power -~ it is still waste.

These rough estimates of increase in catch and decrease in costs are
based on Figures II, III, and IV. It will be noted that the curves indicat-
ing catch are relatively insensitive to changes in management practice,
but that abundance, which is (or can be made to be) a measure of cost,
is very sensitive to changes in the fishing rate.
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We have seen how much we have to gain, and we have seen that it can
be gained only if we boldly adopt a new policy based on sound economics,
No gne can predict with assurance the results of a major social experiment,
but thisz much is certain: - an annual loss of at least }25,000,000 a year
will continue until we do make a successful experiment. Every year at least
$25,000,000 7rth of man-power which might be used te forge the instruments
ef war or tn create the satisfactions of peace are being wasted in sense-
less duplication of effort. Can we afford not to make the experiment? Can
we even afford to delay?
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