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Explanatory Note 

The series, Special Scientific Reports, embodies 
results of investigations, llSUally of restricted sco~e, 
intended to aid or direct management or utilization 
practices and as guides for administrative or legisla
tive action. It is issued in limited quantities for the 
official use of Federal, State, or cooperating agencies 
and in processed form for economy and to avoid delay in 
publication. 

This number was prepared primarily for the use of 
the Atlantic States Marine Fisheries Corru,tission, es
tablished by an interstate compact ratified by act of 
Congress approved by the President ilay 4, 1942 {Public 
No. 539, 77th Congress), and its Advisory Committees. 
It presents in somewhat modified and extended form the 
addresses of the principal speakers in a "forum discus
sion11 of fishery management at the regular meeting of 
the Commission on December 9, 1942, at Baltimore, Md. 
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INTBODUCTION TO FORUM DISOUSSlON ON FISHERY MA.NAGEl.mNT 

By Ira N. Gabrielson 

Thie forum discussion of fishery ma.nneement is held as a result of a 
motion passed at a meeting of the Atlantic States Marine Fisheries Commission 
on September 18, 1942, in N'ew York City. According to minutes of that meeting, 
"It was agreed that the Commission recognize the seriousness of overcompetition 
in the fishing industry in normal times and that it request the Fish and 
Wildlife Service to report upon the feasibility of management plans and in 
cooperation with a special committee of the Commission to be appointed 
subsequently that it evolve an appropriate program for submission to the 
Commission." 

This motion subsequently was considered by the Executive Committee, 
meeting on the same date, and it was r..greed that in vien of the divergent 
views held by the Commission's various technicD.1 advisors and the divergei:cies 
among the States, it would not be practicable to set up a single model plan 
at this time, The Fish and Wildlife Service was therefore invited to sta€;6 
a forum or panel discussion by members of its staff in which the problems 
involved could be explored at length a.nd placed before the Commission as a 
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 Executive Committee expressed the opinion that this topic was one 
on which several years of study would have to be spent before a.Icy' 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 peace 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 stuey 
has been completed. I believe it highly importB.nt that we attempt to under
stand the fundamental principles as fully as our present knowledge permits 
and that specific provisions for fishery regulation in accordance with our 
current understanding should be adopted even during wartime and before we are 
too greatly distracted by the urgencies of post-war reconstruction and 
adjustment. The Fish and Wildlife Bervice has accepted the invitation of the 
Commission, therefore, to hold this forum discussion at the first opportunity 
since the original request was ma.de, believing that the problems are so 
urgent as to brook no further delay in seeking practical solutions. 

In my first address to this Commission, on the occasion of its organiza- . 
tional meeting in New York on June 5, 1942, I stated that the task of this 
Commission will never be finished, 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, 
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and how quickly it abandons old procedures and adopts new ones on the basis 
of experience. I pointed out that our knowledge of the fisheries is not 
adequate and the facts on which judgments must be based are so obscure and 
so diverse th~t it is easy to seG why there are differences of opinion on 
the subject of manaP,ement. I assured ~ou that I shall not attempt to impose 
my own views and prejudices upon my off icial subord~nates nor dictate 
"official pol1cyff in scie:itific matters, for to do so would tend to stifle 
progress in finding new and better solutions as additional facts are discovered 
and greater e:Aperience is gained. 

The disc~saion of the principles and practices of fishery management 
will be pres~r.ted t~is evenin& from two divergent points of view by memb~rs 
of our scientific Et.aff who have had long experience in the field of fishery 
biology and close and prac tical association with the fisheries and the 
fishermen. They have thought long and deeply on the subject of promoting the 
lr8lfare of the fiBheries. Doubtless you will note a very general agreememt 
on tthe basic facts and on the general biological principles which underlie 
any system of managament. Tbis should give you increased confidence in the 
soundness of fishery scienc: e a s a basis for guiding our practical .actions. 
l'ishery aci6nce has develo_Ped 1..oth in Europe and in J.merica for a period of 
more than 50 years and is h:i.s e cl on a great body of factual knowledge which 
has beon accumulatintg for cen t.u-ies. The integration of these facts and 
the ded.uction of the laws of nu.·1~ure that affect the fisheries bas reeul ted 
in the founding of a dist~-nct f sld of science, fishery biology. Following 
the lead of the European e~ isntt sts, .American investigators were quick to 
adopt the new techniques and concepts. In the past decade or so, they have 
forged ahead and now are r~~~Tued as world leaders in the field. We may, 
therefore, place grea t conf i dence in the scientific aspects of their work. 

In the course of these diacussions, however, you will also be aware of 
a fundamental divergence of opjnion regarding the interpretation of certain 
facts and more particularly in the purely personal or emotional responses 
toward these interpretatiollS which lead to action. These differences in 
reaction to established f acts a:e as fundamental as the differences in 
personalities between each of us~differences based on our individual bac~ 
grounds, experiences, si tua"tions, aims, and outlook. I am very hopeful~ 
however, that despite these personal reactions the spirit of compromise 1 

which is the essence of democratic 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 d.ebe. te on the merits of a 
specific proposal. 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 whioh 
either speaker has presented. Following the main presentation, ~e 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. - - - • 
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SOMlil METHODS CF FI SHERY MANAGEMENT AND THEIR USEFULNESS 

IN .A. lWTAGEMENT PROGRAM 

By Willimn C. Herringto-n!J 

For the last 75 years and more, the coastal peoples of the world have 
been concerned e.ctiveli with the problem of maintaining their supplies of 
fish· at a prod~ctive level. Despite this concern, only limited progress 
has been uade in solving the problem. Such progress has been limited partly 
by the diffi·cul ty in overcoming the long and widely-held belief that the 
resources of the s~a are inexhaustible and therefore cannot be affected by 
the activities of mrm~, and partly by the lack of knowledge and technical 
methods needed to solve the very complex problems involved. Jven now we 
are but beginning to make head~ in this field and there is as yet no 

!} See p. 69 for biographical data. 

~ At the Fourth International Fishery Congress in 1908, during the 
discussions on menhaden, Professor Goode was quoted to the effect that 
he estimated a million, million of millions of menhaden (1018) were 
killed annually by natural enemies. Goode considered this only an approximate 
estimate. W. F. Hathawayls paper, read at the same meeting, indicated that 
both Dr. Hugh M. Smith and Professor Baird approved of this general figure 
and the reasoning by which it was deduced. I have ma.de some calculations 
using Goode•s estimate. At one pound each, 1018 menhaden weighing 70 pounds 
per cubic foot, would require about 1.4 x 1016 cubic ieet cf · epao~. ~ 
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section of ocean on the continental shelf, one mile square and averagi!).g 
50 fathoms deep, would include about lolO cubic feet. Thus, if the 1018 
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. Since 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 vrould seem that Professor Goode ta 
"approximate estimate" was a litUe extravagant. 

More 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 monk:f'ish on 
Georges Bank, he calculated that with oach eating 20 haddock a ds.y, 365 days 
a year, they destroyed altogether about 73 billion haddock annually. He 
maintained that in addition, other enemies destroyed additional billions. 
Our data indicate that in the peak year the total population of market size 
haddock on this bank was only 300 - 400 million. Thus, his estSJDa.te 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 limitles• 
numbers of fish in the sea, and how these beliefs have been encouraged by 
faulty deduction based on insufficient or erroneous observations. 
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generally accepted philosophy t o guide the practical application of the 
results of technical research work, Our discussion this evening is an 
attempt to clarify further, in our own minds as well as in tho•e of others, 
some of the ideas surro\.Ulding this subject, 

I believe that most of us will agree that the ultimate aim of all our 
fishery work is to obtain the u:aximum continuous yield (optimum yield) 
from our fishery resources in the way of food, va.lue, 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 practi,cal and efficient 
management measures designed to make possible these objectives. By itself, 
this is a complex economi c 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 know or 
believed that the fishery is not yielding its maximum. Some factor or 
factors is or are limiting the yield. 

APPRAISAL OF THE l~AGEMENT PBOBLEM 

The first 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 1938? Was it due t o biological, economic or 
technological factors? The answer t o 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 great was the decline? Answer 
that fllld you have your principal overall cod production problem. The United 
States mackerel catch declined from an annual average of about lCOrOCO~OOO 
pounds from 186<>-85 to about 20 ,000, 000 pounds from 1888-1923, and about 
40,000,000 since 1925. Was this due t o changes in the fleet, in fishing 
methods, in abundance of fish, or to changes in the fish! s habits which made 
them less available t o 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 temperntures, feeding conditions, 
unfavorable ocean currents causing loss of eggs or larvae; or to the act~ 
of man in catching to o many fish, too young fish, changing the biological 
l:s.lance, or affecting the environment through use of destructive gear, dams, 
or pollutiont How does so-called "destructive" gear such as the otter trawl 
affect the fish populationsf Does it affect the bottom, spawn and larvae, 
yoUDg fish, or through efficieney of operation does it critically reduce 
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the spawning stock? 

When we have discovered what conditions are limiting the stocks of 
fish, the third step is to determine how these conditions can be altered 
in order to permit the stocks to recover to the level at which they w~ll 
provide the optimum yield. lhat are the conditions necessary to obtain 
the optimum yield? In general, the most important are an optimum adult 
stock and a fishery that takes the fish when they have reached the optimum 
~ize. {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 co~ditions of 
abundance and age composition is the answer, while in some instances the 
reduced yield may be the _be st that can be expected. . . 

Once 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 knOW'ledge of the ills to be corrected, the correct measures could 

. not be prescribed. In tbe same way a surgeon might perform a highly proficient 
t onsilectomy which was prescr.ibed to cure your rheumatism, but if the rheu
matism were caused by infected teeth, the net result on your ailment would 
be nil. This does ~ot prove that tonsilectomies are valueless; it simply 
proves the prescription was wr~ng. 

It is possible to point out man.y examples 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 :aackerel caught between 
March l 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 am had no 
measurable effect in increasing the DBckerel population, Failure simply 
meant that it was not the cure for that. particular ailment, although it 
might be for an~ther. · The history of the lobster fishery records a long 
series of pro"tective regulat.ions, despite which the population of lobsters 
continued to decline, Most of these regulations were based on limited 
.scientific 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 ' pr·event such action and regulations were relaxed 
progressively. So again, the methods were not necessarily wrong but lacking 
·a fixed ba.ckbl'ound of fact, it was not possible to devise adequate measures 
'and defend them with sufficient determination .and ~ffectiveness. This might 
compare with the case of an individual who is dying from diabetes. The 
doctor believes that ins~in wiil help, but lacking knowledge of how much 
is needed, prescribes an amoilnt 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 •as the effect of -erroneous diagnosis 
or inadequate prescription. If we had adequate factual information from 
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scientific research, showing quantitatively the conditions needed in the 
way of fish sizes, spawning stock magnitudes, or other conditions required 
for the optimum catch, it v1ould be possible to make the diagnosis 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 ma.de 
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 
wa;y and the purpose of such restrictions should be understood clearly. 

This brings us to the fourth step in developing a management prograJD, 
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? Second, what modifications, 
if 81JY, 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 taking lobsters was 3-3/4 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 T10uld be 3-1/2 inches instead of 3-3/4 
inches. This economic limit of 3-l/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 be able 
to survive. Consequently, a reconciliation of biological, economic, and 
social requirements might ~esult in a prograJD 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. · 

FOBMULATI ON OF LWiAGEMENT MEASUBES 

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 aquatic 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 spa~ning stock and from catching 
most of the fish while they are much below their optimum ~ (size at 
which natural death balances gro~th). 3. That the conditions necessary to 

'V Oarapace measure. 
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provid.e the optimum yield 11eq':lire an adult s.toek doubl., the present .level. · 
of abundance and an ayera.ge fish size of three pounds compared to the 
presoot average of ~ne to two pounds, OUr problem is to formulate meaa~es 
which will •clJ.ange the fishery in such a way ae to obtain these conditions. 
Thio is a relatively ideal ~ituation in which all .of the noeded biological 
answers are available beforer it is neces~ary to take regula.to~ aeticn. 

To Obtain the Optimum Size 

In situations where unnecessnrily sma.11 fiBh are bning taken, the use 
of minimulil si~e limits perhaps offers greater possibilities than any other 
111easure• Prr, i.ectinn in . th1 s wa.y r esulta in t~e B111all fish reaching a mc-ra 
produqtive size, thus increa sing the yield in pnunds fro~ the sam~ numbers 
of young fish. The protection of young also permits the survival to spawning 
size of increased numbers of fish, a.nd .this will help to c"rrect any cverfished 
cond.i tion t1f the spawning stock. This latter effect may be mu.oh more important 
than the . first. Even when no overfishing is toking place, protection of the 
yollllg mEey be worth r.hile in situ.a. t ions where undersized fish (those below 
the optimum siz~) are taken, since it will result in a greater abundance 
(i~pounds) and therefore in a higher yi~ld per unit of effort, However, if 
the fishing intensity is low there may be exceptions to this generalization. 
particularly in cases where an rver•bundance of adultm 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 
dt-wn until it equals ·the rate of natural mortP..lity (opt i !llwn size ). Howevor, 
sine~ normally it is impossible to determine this size exactly for all tho 
individuals ef a given population, and furthermore, since it is impossible 
to capture all of the desired proportiol'). of the stock at any given size·, 
the practical size limit must deviate considerably fr~m the ideal. In ca ... s 
where the fishing intensity is low and the natural d~ath rate high. tho most 
productive aiz9 limit will be considerably below the optimum size, This will 
&nabl~ the fishery to catch a considerable proportion of the stock before it 
ie seriously reduced by natural death. On the other hand, if the fishing 
intensity is high or the ·natural death rate lo,.,, t~e most pr!'tductive llize · 
limit will -be but little less than the optimum size. Conditions intermediate 
between those cited will require some intermediate size limit. Thus, the 
pomition ef the theoretically most productive size limit will vary for 
different species and even for different populations of the same speci~s, 
dep~nding on the interrelationship between fishing intensity·, groW'th, 
and natural death. 

The effective use of size limits depends on a number of characteristics 
o! the species and of the fishing gear used. If · the species is sufficiently 
rugged eo that it can be caught, sorted, and released without consido:abla 
loaaea throuch mortality. then a size limit can be readily applied. Most 
of the flounders ~d many fresh-water fish ·are in this category. 

l'or a species which cannot eu.rvive bakdli!lg in this way, somo form 
of aaviuga gear may. be effective,, This gear must allow the release of the 
~ish at such a time ·and i~ such a condition that tost will survivo. Satis
factory forms of se.vine;s gear have been developed for haddock, ced, flatfish, 
p~ssibly lobsters, and meny atller apecies. ~his method is desirable eyen 
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for species that can stand ca.t~hing o.nd sorting, since ~ t r!34~ces the han4 .. , 
labor and removes the temptation to keep ·the Bmall .. fi·sh. · The chief dis::- · 
advantage of such genr is thl\t ·it is not precise in its cull: that is, a 
gear whicih retain~ all fish above a specified si~e, also will capture 
considerable nUJJlbers of fish juet ' below this size. Consequently, allowance 
must be made for this characteristic, both in the .savings gear specifications 
and in enforcing the minimum size limit. 

Some species fall into a third category which includes those which 
neither can survive catchi~g and sorting, nor can they be culled effectively 
by types of sa7ings gear now available, This group may inc~ud.e the rosefish 
Seba.ates ma.ri~, the ma.ckl'lrels, ·herrings, and others • . To use size l~mits 
sue cessfully for these spsoies 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, biological, 
economic or social, against size ~imitation, except possibly that referrilJg 
to the hypothetical genetic effect of size selection on the size of fish in 
future generntions. There aloo may be exceptions for economic reasons, suah, 
as those involved in the case · of sardine herring. If practical and effective 
methods of· size limi tat1on can ·'Ce' devised, this should be one of the first 
tools to be considered by those planning mana~ement measµres. 

To Obtain the .~2.Ilum Adult Stock 

• For the present, let us assume that before considering this. question , 
the administ'rator has bae~ supplied with information showing that the current 
spawning stock is consider&bly below the ideal size, and that tl)e reduction 
was d'lie principally to overfishing. What is the best method for obtaining 
the oonditi-0ns needed t~ :build up and maint~in the ideal stock? 

"The s:Lze of the spa'l'ming stock is affected by numerous environmental , .. 
factors including the fishery, fish food, natural enemies, and others, ·but • ' 
in a Itarine ·fishery the first-named usually is the only one that can be 
altered appreciably by man. 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 ~e catch. and spawning stock. 
using data on growth rate, natural mortality, and size at maturity, from 
the haddock fishery, and assuming an ~ddition to the stock each year of 
1, 000 quarter-:Pound fish. The upp•r figure shows the pounds of fish of 
each size that would be taken with the various size limits in force. 

ln' the lower figure, the area belorr the curves represents the numb.er 
of fish of aach size left on the banks under various size limits. The 
dotted curve represents the stool:: \vllen there is no fishery. The total · 
shaded area represents the number of mature fish left with a four-pound 
size limit in effecti the total of medium shaded.and black area represents 
the mat~ stock left with a two-pound size limit in effect; and the 
black area represents the mature stock left with a one-half-pound size limit. 
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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 
des·truction is due ~o fishi~ opero.Uons, how shall this be re~edied? 

A considerable variety of .restrictive methods for reducing fishing 
intensity -are available to the administrntor. The \il,timate purpose of all 
is to limit the ca~ch to the amount which will permit the maintenance of ' the 
optimum spa~ning stoqk. Probably the most important of these methods.are 
the f o~lowing: 

Direct Catch Limitations 

Direct catch limitations might involve t~e establishment of annual ·or 
seaQonsl quotas for given 'areas. \/hen the quotas were .filled, .fishing. would 
b~ · halted. The· most drastic application of this method ~ould r~quire the . , 
complete stoppnge _of fishing (zero quota) until the stock had been restored 
to the desired · level~ Since 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 po!Jule. tions depleted by sportsmen or . by natural · 
catastrophie~. I~ the case of commercia1 species, h9w~ver, ~here are n)llllerous 
economic and social reasons for avoiding such drastic action. These include 
the effect on· the lJ velihood of the fishermen anq the danger of causing man
powe'r and ~quipment to change over to other fisheries or occupations. In 
the latter event, inadequate fishing capacity nould be avail~ble 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 .population. 

• > 

Because of the undesirable effects of zero quotas, which have been 
referred•to above. in the commercial fisheries, it is better to use reduced, 
raj;her than zero, quotas when such limitations -are necessary. The extent 
to Tlhi:ch they should b~ . 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. Usua.1ly it will be possible to increase the quotas 
somewhat aft~r ·a · rather short. period, since ~ith an increased spawning stock, 
the recuperative powers of. the population are increased. Consequently, it 
may not be necessary to reduce the catch below the urerestricted level for 
more than a pri~f period. (Figure 3, opposite p, lC) 

The advantages from us·ing tne method of direct catch iimi ts are numerous. 
It is the most direct, precise, flexible,. and effective method available. 
When· the catch· i.s . too ·great by any: · given amount, it can ~ reduced :'DY· that 
amoun.t-. 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 disadvan tae:e 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 othe~ fishery or occupation 



FIGURE 2.--Th~ effect of size l~m'it·s . ~n· the ~atch ' Wi<?- ~pawning · stock. 
The data shown under 50 percj:!nt fisqirig: pressure, are s\lmiila;i:ies of 'the 
weights shown in F1gure 1 for . e~~ si : e limit. ~ta for 20 percent and 
SO percent fishing pressures ·were ·calcUlated in a lilte mannerr ' Note the 
considerable effect $lf siz~ lim.its on .. t~. c~t_ph when tP,e. fishing pressure 
is high and the tremendous effect pn the spawiiing stock. 

Thi~ is a simplified pictur'e. based on the assump~io~ th.8.t tlie. annual 
production of young fish j.s · constant (1,000". quarter-po~d fish). Thus, 
as shown in tLls figure, the increased catch with intermodiate 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 i"n 
Figure 2, which is the result solely of concentrating the fishery on the 
best sizes. At the lower levels of spawning stock ma.gnftudes, 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 me4ium and high intensity, the actual increases in catch 
derived from intermediate size limits are much greater than are indicated 
in this examplei · 

FIGURE 3·.--The effect of management measures on yield as illµstrate~ 
by investment and earnings. This example assumes a private bl.sines& with 
an original capital of $1,000 and annual earnings of ·50 percent on the 
investment, with the withdrawals (yield) ta.ken out the first of each year. 
Under ina.Q.equa te ma.nagemen t, when 40 percent of the capital was wi thd'rawn 
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 ·106 percent of earnings (years s-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. · 
~h~s e~ple represents essentially what occurs in an over£ished 

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, tb~ · fish~ry problem· ia consid&rati7 · mo~·~ompl.e.x than 
this, due to natural mortality (death from natural causes), migrations, 
variations in ~roduction of youn_g, and other factors. : 

,. 
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for the balance of the year or rems.in idle. If the gear remains idle, 
it creates technologica1 inefficiency which is undesirable. If men 
remain idle, it creates a more extended vacation, which is g0od or bad 
depending on your point of view concerning the value of time for recreation 
and 'mind improvement. If the combined e~£ect is such as to hold the returns 
~n tiine and investment t o levels unattractive in relation to other occupations 
in th.at region, it will result in a gradual transf~r of money. and manpower 
~o other occupations, until tpe balance is reestablished. 

Other undesirable effects of the stoppage of .fishing when quotas are 
filled, are the loss of supplies of f~esh fish to the public and a protracted 
period of unemployme~t f or the sher~ 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 op~ning · 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 conser.vation, reduces to the same 
basic purpose as direct catch limita tions. Closed 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 BII1aller sizes is to reduce to some eY.tent 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 affect on shore workers and consumers would be similar . . . 
to that from catch limitations • 

. The chief virtue of this method is that it ca.n 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 reasona.bly current data on landings 
would be needed for any adequate management program, this saving 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. Captµre of l,qoo 1 000. 
pounds of butterfiah 6 months before the spawning season kills nearly as 
many eggs as does the capture of the same number of fish just before they 
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spawn. However, there are some advantages to p~otection during spawning. 
Firs~ of all, 1,000,000 spawning fish represent a little higher egg 
poten~ial than do· 1,000 ,000 fi_sh 6 months ·earl-ier, for tlie latter group 
will lose some of it.a number. through mortality. The second and probably 
most important argument for protection during and just following spawning, 
is that during this period the fish are in poorest· condition. ~us, 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 apa.wning 
would be reduced to 75,000,000 pounds during and just following the spawning 
season. The weight of the population would then recover toward 100, 000,000 
pounds again .during the following months. Consequently, the potential yield 
from this populatio~ will be greater i f no fishing is carried on during 
this season of poor condition, for a given 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 t his way will vary for 
different species. In the case of haddock it would be small, since the gain 
in average weight bet\1een the spawning season and the sum111er is only 10 to 
15 percent. In the case of mussels it would be large, for the average 
weig:ht·.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 i s during and follming the 
spawning season. Ho .. •ever, this measure by itself usually is not effecti'te 
in limiting the catch t o any desired level, since there is a strong tendency 
to compensate for the r educed fishing time by increasing the fishing intensity 
during the open season. Consequently, the closed season usually should be 
co~sidered a secondary management measure to be used only in special circum
stances or in conjunction with other measures. 

Closed areas.--Olosed areas usually are used either to protect fish 
during some specific stage in their biological development or to provide 
a sanctu.a.r;y 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, ~us, in the first e~ple, the closed area is used as 
a 1ubati'tute for size . limits to protect the young, and in the second, as 
a substitute for a closed spawning season to- protect the spawnillg adults. 
In neither 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 ma.tU'l"ity will be sufficiently clear cut to permit selection of an area 
that •ill include only those fish which it is d~sired to protect. Most 
a.nadromous fish are exceptions to this general.ization, since they leave the 
river before reaching their full size. 

Use of closed areas as sanctuaries i a baaed on the argument tha. t by 
providing grounds wh~re the fish will be able to reproduce and grow without 

. molestation from inap. , they will mu1 tiply and spread out to restock the 
heavily-fished areas. This method usually is inefficient, since it generally 
results in the o-veretoekiilg of tM- &~t1!8.tt .Aff$8 a.nd..- tl»J1lllc\e:rBtoaJdeg of 
the tUJpro.t.ec t.ed ar.sas . .. ln #91 ~er ~ase. dq11a :. thia ·pravid.eo ~or thft> ~O:St ;,· 
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effecti~e use of the natural food supply. 

Oloaed e:ree.s used to· protect small t:ish. spavming 'fish, or as sa.nctuaries 
usually will not provide a precis~ instrument for maintaining the spawning 
stock at any desired. level or for providing prote.ctioo for fish below a given 
size. From ·the point of view of preci'sion, it is one of the poorest metht1ds 
available. 

Closed areas may be flexi b~e in their dimensions, but the dimensions 
pro~bly would have no simple relationship to the effect on the fish 
population. ltonsequently, the flexibility could not be used effecti.vely 
in a me.na.gewent p~ogram. 

Facility with which closed areas can be enforced will depend to a lazga 
extent upon their location. In inshore areas they can -Oe defined and observed 
with some facility and enforcement woul4 not be difficult provided sufficient 
inspectors and :p&trol boats were ayailable. On the off shore 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 pf the limited advantages and numerous disadvantages of closed 
areas as a method for management, it is Qbvious that they should be resortod 
to only. when more effective measures will not function or for special cases 
in which some· peculiarity of tho 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 b~ . used by a single fisherman or • on the type of gear ~~at can be used. Restriction of the total amount of 
gear that can ~e used .in a fishery would amount to restrictions on the number 
of fi~ermen if there were a limit on the proportion of the total which could 
be fished by one man. 

~st~ictions on the amount of gear the.t can be used might consist of 
limits on the number of lobster pots, length .9f seine, or size of otter 
trawl. In general, this amounts to telling a man how hard he can work 
(numbe~ of lobster pots) or how efficient equipment he can use (number of 
plows~ farme~ can use in a gang plow. width of his hS¥ rake, etc.). To 
the extent that we . believe that it is advantageous to the State and 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 
undesirab;J.e, 

Restrictions on the type of gear tha~ can be used might consist of 
proh~biting the use of otter trawls or certain types of otter trawls, or 
barring the use of exp~osives, line trawl~ \ etc • 

. Considered from the point of view of limiting the~ catch, restrictions 
on: gear usually are neither. efficient, precise, nor flexible, an4 their 
•WA.a~ ease of enforcement does not compensate for their numerous 
weaknesses. However, they may be very desirable for special pU?"poses: 
for instance, gear that is unduly .destructive to the fish, to fish food, 
or to the fishts environment, is undesirable even though it me.y be very 
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efficient technically. On the other ba.tidt it appears to be highly fallacious 
to oar 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 b8.rring of line 
trawling in favor, of hand :lining. Otter trawls provide an intermediate 
example. As ~nually used, they are destructive of small fish, but if this 
effect is corrected, the chief basic charge that can be proved against them 
is that they a.re efficient. If the destructive characteristics cannot be 
remedied, then there is a valid charge against this gear on the groundQ of 
conservation, but any charge based on the grounds of efficiency mtist look 
to debatable nocial arguml!'ln ts rather than to biological. In some 'cases, 
even though a g·~ar is inc;Jra.bly t.est:rUctive, its· use may be justified if . 
no other prau~ical gear is available, for if its use were barred, the fishery 
would disappear. 

Regulation requiring the use of savings gear is a form of restriction 
when it requires some change from the gear normal~y used • . s~nce it ~e 
used to convert a destructive type of gear into a non-destructive type, 
it is a desirable conservation measure. Used for protectiII& 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 possesses these characteristics to a much lower 
degree. Usually it can be enforced with reasonable fac.ility. In those cases 
where the best savings gear available is inefficient, unprecise, and 
difficult or expensive to apply, its use mS(f be impractical alld 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 lid~nsed and that the number of 
licenses issued be limited to some predetermined number. For conservation 
purposes the number issued would be based on the results of studies showing 
how large a catch should be t'aken from a given population of fish and th~ 
average catch per fisherman. If the fishermen should increase their 
efficiency or improve fishing methods by developing better gear or boats, 
then the number of licenses would ~e decreased until the tot~! catch again 
was reduced to the desired level. 

In general fishermen can· vary their· ·catch over a rather wide range. 
For instan9e, the lobster fisherman ma.y fish any number of pots from a few 
up to several hundred, and he mS¥ fish one month or twelve. Furthermore, 
the number of pots that can be handled b)" one man will vary from place to 
place, for the ma:dmum number of pots that can be taken care of under ce.rtain 
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 
size; that of an otter trawl upon the towing speed of the boat as well as 
the size of the net. Consequently, to have any degree of precision 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 boa.ts, the · 
size, power and equipment of the boats, and the kind and size of net. 
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It thie method wer~ used as described, it would provido a r~aaonably 
effective, precise, and flexible instrument for controlling tha ea~ch and 
it would be relatively oas/ to enforce. The chief lack of effieieney 
would ooeur- iti fisheries 1'ilere the fishermen could vary their iudivillual 
effort over a consiierabl~ range . For ins tance, i n the lobater !~ahory a 
limit of 100 tr~ps per ~ might be . al-lawed. Under some coridi tion1 • man 
norma.J.ly might be able tO · hand.la 200 traps, so under this restrietion ha 
would be forced. to work at 50 pe~cent capac ity. iurthermore, in y~ars. 
when lobster prices wer~ very low or the. attractions of other work high, 
the ave~g~ : fi.shertr.3.ll mie;ht reduce the number of· traps he fished, or months. 
ho opera ted, L~rs."ticiently t o low<n· the cateh· 25 per cent or l!lQre ~low th•. 
desired levH}. e.nd no one al se l'tould be able to make up the difforeneo. In 
fact, it is t?o t unheard of to have cer.tain combines reduce- production in 
order to increase prices. In this event, the public would be deprivoa cf 
quantitieroi' ':roodstU:ffs; po~sibly needy fishermen uould be deprived of tho 
opportunity to capture a permissible quantity of fish: ·and t.he surplua left 
on the fishing grounds might . inhibit survival of yo~ so as to re"duee th.a 
production of fish tor several yea.rs thereafter. If adjustmen' ware made 
·for the. 'reduced catch during one year by issuing additional lieensos 
the next, 8Dd at the same time, part-time fishermen returned to full-tiln~ 
t'i~ing,. then tJl,e catch would jump fa:r beyond the desired. 10,.el. 'These· 
varia~iona wo~d take place even though both men and gear were reatricted. 

·Discussion of Relative Merits of Various Metho~s 

Jrnm the point of view of conservation, the best methods of managem~nt 
&re thosa which a~e most effective, precise, flexible, and enf-0reo&ble. · On 
th.is ba.aia, tbe me~ods whicb have been discussed rate somewhat as fbll~wai 

t '' Minimum silo limits, .where th97 can be applied, · have many advanta,;es 
and tn disad;vant98ee, Consequently, this method rates as one ot the best 
at .the ·disposal o~ the conservationist. This seems to be ao obvious that 
no further diaouasion is ~eeded. 

Fo~ the purpose of holding the catch at the level which will provido 
!or the optimum ad.ult stock (thi s catch m~ vary somewhat from 19ar to year), 

. a. number of methods are available. Judged b;r the standards previously 
stated. the JIK\st satisfactory method in most eases is· the aetual limit o~ 
the catch, All other ·methods are ~direct attempts at the. same objective. 
Clos~d · a.reaa and closed seasons are·. useful for certain. special ei tuatione 
but proviae· no overail substitute for actual limita tion on the catch. · 

.Resttietion~ on men and gear provide a general substitute for catoh limits, 
but involve complications and i nefficiencies which make them technically 
leas ·aatisfactory"'for general use. However, they may provide the best · 
1olution for special cases such as fixed trap and net fisheries, where fixed 
locations can bo occupied and: one . net can blanket another. 

AEplica.tions to ·Management Program .. 
In view of the fact tha.t restr,i ·eted lic-ensin~ has. been, propesed ff'lr 

&cloption b;y this Co111111ission as o•.;.N@i.Q:. ~e:i ..... pol.ic71 I' pbal l.: llnioo~ 
a aome~bat more ... de~led_ expa.si tion .of its applicatlon to a .management 

15. 



. ' . ' ~ . 

.. 

' •, 
• 6 \'f'I • 

program by attempting to se.e . h~w it' would work . out ~ in. ·a · bo·at lisliery. · . . . 
~ • + •• 

. Let' us assume . that we ha.ve a population of ' fish in ,which the '' 11pawning 
stocik has.been reduced .by ov~rlfshing or other conditions, 'until it rs·' 
not large 'enou~ ~o produce the number of young needed to utilize fully 
the av~ilable food and nursery groi.inds. Let us furtner ' assume that the 
commercial !1,~h~ry ts talcing . sileh a }.a.rge ,proportion of the fhh.: that the ' 
spawnicg.··~too~ is not inC1reas!ng, but i~ fact, ._.h decreasing' :further. · It 
is: desire4 to apply management measures which will build up the stock and 
provide for,. the maximum con tinuous ·yield, Restricted licensing wi+l be ·· 
Used as ' the b~ijiC ina.Jlagement method. 

~ 6 t. • 

·It i~ f~rst ~ecided to license 'all boats an4. fishermen, However, since 
this .is a boat ftshery and adequate crews must be. available to operate 
Yihatever boats are permitted, it is decided to drop the licensillg of 'fishermen 
and licenae ' the boat only, This still leaves a variable fishing effort, for 
the numbe~ of. men on a given boat may ch8Jl&e and this will affect the cateh 
to ~cme extent, but there appears to be no satisfactory way to· stabiiize · . 
thii 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 • .. 
J'urthermore, fixing the size of crew would freeze the number of men and · 
restrict the development of more efficie~t fishing methods or. boat types 
which required fewer men. The lau-making authority would be telling the 
oa.p~~n or owner how many man he must use on every size and t~ of . ~at. 

,, . .. ~ 

~ In order to make the necessary temporary reduction in the fish 1cstcli·,.' 
it is decided to reduce tl~e number of boats by 20 percent; Since most of 
the boats a:re owned by corporations, the plan of reduction by mortality of 
own~r or iapsing of license would not be practical, so it is decided to 
dra~ lots totaling Su percent of the number of boats in operation in this 
fisheey on some base date. Operation in the fishery would. be defined as 
covering all boats whose catchea during the base year included 50 percent 
or ~ore of the species to be managed. The 20 percent of the boats nQt 
regeiving licen~~s could shift to some other fishery, or if other fisheries 

.•ere reetr~cte~· similarly, would go out of business. The crews of the 
boa~s a:iao ' would be forced out of the fishery when the owner lost his lieenae. 
Dis~ribution of licenses by sale to the highest bidder could be used as an 
alie~cative method, Under this system, the value of a license · to the oyner 
would depend on the size or type of his boat so the big boat operators or 
out side investors probably would get all the licenses and the final set-up 
•ould be somewhat like the llew York Stock EJ'.:change, · 

. Since the number of boats, not the size, would be limit'ed, the ownerl 
of 'small boats immediately '170uld undertake to obtain larg·er .boats in ord:er· 
to obtain a larger ' share in the reduced total catch, This trend to larger 
boats would cause the catch ta increase agn.in so that there must be a further 
red~tion in the number ·of boats. Thus, the fishery probably would end up 
With large boa.ta only, not because th~ large boat yields the individual 
fisherman mora money or is a more efficient producing unit, but because the 
groaa take is greater, For instance1 a $50,000 boat catchiDg 1,000,000 pound.8 
ot .fish worth $50,000, · might yield the owner $10,000 net; a . return of ·20 
percent on .the investment; while 8"$250,000 boat catching 4,000,000 pound~·· 
worth $200,000, might yield $25,000 net, a return of 10 percent; Thus, · 



although the smaller boat was a more efficient fishing apparatus in proportion 
to its cost, it yielde·d the oYiner $15,JOOO less income. If you could operate 
but one boat, which one would you ch"Oose, 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 trould 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 9t~er occupation, and 
to the boat owner who wou.ld- find his property of little value when it could 
not be used f t)r fishing. The owner might be helped by receiving a sum from 
the licensing agency to repay him for his investment; but how would you repay 
tbs fishermen for loss of their trade? It see~s probable that to avoid the 
oomplications that thus would result from increases in the size and capacity 
of the boats, the licensing agency would decide to license a fixed number 
of ~oats of each type, the licenses to be pro~ortional to the number operating 
on the base date. Such a system effectively ~ould 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 
•r Vignero~ Dahl gear in 1927T 

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, Row should this be done? If ey 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 purl:lbaser 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 license 
period extended for a long term of years to provide the needed investment 
security, this management method would lose its flexibility for .holding 
the fish population at the most productive level, since it woul.d not be 
possible to 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 seri~usly with effective maxi:agement of .the st~ck. 

Controlling the catch by restricted licensing becomes complicated 
further if the fish populations in different areas must be manage~ separately. 
If the fishery 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 available, it is not probable that the desired catch 
would be taken from each area. Consequently, a quo~ 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 th.is catch, so this number is licensed. However, since South Channel 
is much c,loser to the home ports, the boats concentrate ~ere and take 
50,000,000 pounds compared to 20,000 1 000 on ~rowns and 5,000,000 from 
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Jeffries. Tl:.is results in South Ohannel being overfished and its future 
productivity reduced, while the other two ranks are underf'ished. To 
stabili~e these variables sufficient17 to permit· effecti~e management and 
ma.intcJlB.llce of the South ClJ.B.nnsl fishery, area quota.s would be required. 

In crder to obtain an effective and practical .. raa112ge:Jent 9r o.gram 
usin& restricted licensing as the basic control method, -it would be necessary 
to add restrictions on gear, ~hich ~ould decrease the efficiency of operation 
and restrict the development of more efficient fishing me thods. It also 
would be necesEary to use a quota system for the different areas, and i! 
des true tion of small ·fish \:ere involved, to use size limi'ts to protect the 
young. Thus 1 to the basic method with which lie started, must be added 
other methods which by themselves are more effective in providing·the fishi?l€ 
control needed. Consequently, it see~s cl~e.r·tha.t·restricted licensing would 
not be needed for conservation purposes.. I t.s use as the 'basic method must 
be justified on arguments other ,than conservation. . . -

• I .. . 
Social and Eco,:i.omic C_onsid~!'?-ti~ 

_, 

It alre~dy has been shown that when i~ is, necessar y to ~ontrol the 
amo'Ullt of fish taken in or der to ~intain the . stock at· ths most productive, 
level, direct catch limitation usua;Lly provide·s ,the inost effective, flexib:ke. 
and precise method. Therefore, to justify usiifg £.or ' this purpose any other 
method, such as restricti ons on number of fishermen or boa.ts, vre must l ook 
to special amditions or rely on social and economic arguments. One of the 
principal of such argwnent'R for rest·ricted licensing is the claim that it 
will increase the fisherr,1a.."! 1s income.' 

. 
In considering this, first of all "\t. must be decided whether restricted 

licensing is to be used to a t tempt to increase the fishermanls income in 
all cases where this i ncome i s below the level t o which he is entitled, or 
only in those cases in Tth·ich research ~hows t~e need"f or a controlled catch 
in order to maintain qr increase the y.i.eld, . In ei t her case, we immediately 
are faced with the problem of deterr.iining the income to which a fisherman 
(also the owner) is entitled. Furthermor-e. is it· the same for all kinds 
of fishing and for all parts' of the' c ountry? If ·not, what are the proper 
differentials among various. fisheries in which t he men· retur~ home each 
night, those llhich iIJ.vo4ve absences of two to f our .vreeks, the yarious Alaskan 
fisheries, southern fisheri es,. 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 Plld e:u1Jloyment in order t o obtain these debatable 
income levels for the. licensed fishermen. 

For instance, under aormal conditions the Uni te'd States catch of cod 
has be en l imi tad only by the· market (price): Let us assume a prevailing 
price of 2-1/2 cgnts a pound 'which yielded the fi shermen shP..res averaging 
$100 a month. It is decided t hat this is t.oo -l ow, 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 ~educes the market and with 
the lessened demand, the price again may drop to~ard the original level; 
then the whole cycle must be · re;ieated, Thus. ,.,e have reversed the usual 
economic cycle that serves t o increase the catch. Instead of letting the 
abundant supply lead to a lot'/ price ':'thich would stimulate demand and lead 
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to better priQ'ee, we hav~ increased prices which reduced the dema.nd, and 
'\O on. On the surface it would seem that restric·ted licensing 'generaily 
should not be used in cases where the only question involved is that of 
increased income. · 

'e aba.11 assume that it is intended to use r~stricted licensing only 
in cases °"here ma.na.gement is needed to maintain the yiel~. What are rts 
advantages when used fo~ this purpose? 

First of all, the nu;noer of licenses is reduced according to some 
f ormula based on lottery, sale, or mortality of owner. For the time being 
we shall pa.s r. over the technical complications involved in developing an 
acceptable f ormula and assume that a. satisfactory me'thod for reducing 
licenses is available. The first result from applying the restrictions is 
t o force large numbers of men and boats out of the restricted fisheries. 
!l!hese men .either must seek some other occupation or enter fisherie~ which 
are not overexploited and therefore remain open. If they are forced into 
another occupation, they increase the competition for jobs in tlE.t industry, 
therefore, tend to lower the income level prevailing there; or • . if the 
number 9f Jobs is limited, to obtain work they must force others out of 
employment on relief. If t~ey enter open fisheries whero produstion is 
limited by the narket' 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 fisheruen or workmen in order to 
try to boost that of a special group. 

If the theory of restricted licensing works out properly, the next 
result from applying this method will be that in the protected 'fishery the 
remaining fishermen's individual catches and incomes will be increased.. If, 
as is expected, this income beco~es considerably greater than that for men 
in unprotected fisheries, an increasing pressure will develop to extend 
protection to al..l fisheries, regardless of their conservation requirements, 
in order to reduce competition and incr~ase individual income. If this is 
done and the usual laws of economics. hold, it will result in generally 
reduced catches and higher prices, thereby handicapping the ·fur~ber develop
ment of the fisheries in the manner that already has been discussed for cod. 

Following the develo;pments we have discussed, certain fur~her. steps 
are probab~e. · ~~rkmen in unprotected, lo~-income industries, which have 
been forced to take in· the men .squeezed out of fishing, will observe the 
seeming benefits qerived 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 to~ard which this system leads, 
therefore, is an economic world in which restricted licensing will attempt 
to reduce the number of workmen in each industry until the average or 
minimum income rises t o 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 WP.A., regardless of their desires o.r 
akill. To support them at a decent ·living standard, which must pe tlie 
obligation of the economic system which bas forced tliem into idleness, the 
working members must be truced. Furthermore, the highe~ prices ma.de necessary 
by the h~her individual incomes (when they are obtained by virtue of reduced 
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competition and yield) must increase the living ~osts of all wo~lanen. 
At the very least, it is debatable whether or not the higher i.nqome obtained 
from the protected jobs will offset these increased living costs and taxes. 
There also is the !iossibility that this restrictive method will ~tart an 
ascending spiral of earning and living costs. 

Let us pass over these tentative conclusions concerning long-time -· 
developments and return to the point whe~e the licenses in a given fishery 
have been restricted, Presumably, the fishermanfa individual share will 
increase presently. Since the licensing agency has assimed the social . 
responsibili ty of deciding that the fishermanls income is . too low and granted 
him a State·- or Federal-protected .monopoly in ord.er to increase it, that 
agency also ~ust ta.lee 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 pro~lems mµst lead to a multitude of complications. If by 
rule of thumb or otherwise, $5,000 is decided Upon as the maximum, and the 
average income rises above this level, ho~ will it be controlled? If by 
special confiscatory taxation, then a fisherman would have no incentive to 
continue working after his annual income reached the maximum level. This 
would result in inefficiency of :na.npower and boat use, and by decreasing 
his catch would throw the conservation program out of balance. lf the 
increased income were reduced by licensing more men or boats to share in 
the catch (if this could be done in spit.e of the inevitable pressure groups), 
the fishing intensity ·would become too great, the catch .would rise beyond 
the optimum level, overfishing would result, and again the .management 
programr"would suffer. To pre·.,ent this it would be necessary to superimpose 
direct catch limitations upon restrtcted licens.ing. 

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 u.~til it can su~~ort a greater fishery. Wha.t 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 income. On the other band, if no more licenses were issued, 
the a\'erage income might . be maintained, but the increased productivity of 
the fish population could not be used • 

.Another development '7hich must be considered, will result when tbe 
price of fish changes considerably over a period of years, In this event, 
should the number of licenses be varied in an a.tempt to maintain the fisher
ma.nls incomeT T}iere certainly will be pressure to do so. If the licenses 
are varied for this purpose, the p~ocraz~ then is not one which will promote 
the maximum production of fi~h. 

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 management program. 
Measures will be justified on conservation grounds when their real purpose 
is to increase income. It is ve~ probable that if the conservation issue 
is not submerged totally b:>' 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 other 
m~asuros. By that time the issue of conservation versus income may be so 
confuaad that each case will be determined by immediate superficial condi
tions r~t~~~ i.h~~ by basic principles. 

Ali ALTERNATIVE METHOD OF MAlU.GEMENT 

In' this discussion I have been attempting to evaluate some of the 
characteristi~ a of various management measures in relation to the objectives 
of fishery ma.1:1agement. Such meas·.ires also must be considered from the point 
of view of so~iology and economics as well as conservation. I feel qualified 
to rate them on eonoervation grounds as I have, since that is my special 
field. On social and economic groundc I am less sure, since I ca.rµiot speak 
as an expert, and I can .judge the social and economic effects only so far 
as I can anticipate the 1dnd of world to which they will lead. Since there 
seems to be no sure rule to guide my se~ection of the better world, I have 
pref erred 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 l'1hether such conditions are 
desirable or undesirable. In making this decision, possibly you will agree 
am9ng yourselves to the e:r.tent that you can agree that the anticipated world 
I haye sketched, or one of a somewhat similar kind, is a logical development 
of the type of managed economy which has been proposed. 

I em 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 puruue them and enjoy the return 
from their efforts. Consequently, any program aimed to give the fisherman 
a fair return for his work should receive your most serious attention. In 
considering the merits of restricted licensing as an overall management measure, 
I have no doubt whatsoever concerning the desirability of its social objective 
so long as that objective is a fair deal for the fisherman. My principal 
question is whether in the long run the fisherman · 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 
consi dera.bly. 

Oonsequently, I wish to suggest the £allowing course of procedure: 
If this Commission lfisheii t~ pioneer a, managed soeial: .. eeonomy· lll--the 

fisheries, to attempt to insure to every man the income to which he is entitled, 
and at the same time insure the benefits of an effecifve conservation program, 
I believe the folloning general ap"'lroach will be most effective. productive, 
and clear-cut, l. For BllY given fishery that needed management, the require
ments for the optimum catch would be met by application of size limits and 
some fo.rm of catch limits. This would insure the beet utilization of the 
resource. 2. The requirements for minimum or a~erage income 'ftOu.ld be met by 
application of measures restricting the number of fishermen, gear. fishing 
time, or o·ther competitive unit. 

:By using this procedure, the administrator "1"1ould make use of the most 
effective measure for obtaining each objective. Confusion of issues would 
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be eliminated and each pro~am would stand or fall on its o'lfll 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 nail. 
He could use a hammer to drive the nail and to break the board, or he could 
use a sar. to cu t the bonrd and to drive the nail. However, he would do a 
much better j •>b by using a s&\'T to cut the board and a hammer to drive the 
nail. Why sr~ould he select one tool for the dual job if both tools would do 
a bett er j ob and were available? It seems better where possible, to use 
special t ools for special jobs, catch limitations for conservation management., 
and .restrictei licensing for income management, if that is desired. 

How thiR program might work out can be 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 a shorter time. As a consequence, an earlier closing date was 
necessary and the r eturns per fisherman declined until they were more or less 
in balance with competitive industries. Thus, the management program resulted 
in a greater total catch, it provided more food for the nation, a livelihood 
for more fishermen, and more employment for shore workers. However, in thl9 
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 is decided that the fisherman is entitled to an income greater 
than this, the State or Federal Government could license the fishermen and 
experiment with reducing their number until the approved income were obtained; 
or the•fishermen•s organization could establish a closed shop and reduce 
membership until the individual earnings reached a 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 
inco~e or to decrease the number of fishermen until those remaining enjoyed 
a satisfactory -return., while those exclu.d.ed could seek employment elsewbe~ 
or gc on relief. 

Under this plan, the optimum catch would be obtained by effective con
servation measures and the pros and cons involved i n 'developing a satisfao
t ory ~rogram for income management would not jeopardize realization oi a 
sound. conservation program. Furthermore, the issues would not be confused 
and n~ither the fishermen nor the public would be in as much danger of being 
sol d a conservation-management program or an income-management program on 
misleading grounds. 

Most of you knor. of the efforts of the Food and Drug Administration 
to prevent the sale of fish and other foods under misleading DB.mes. Everyone 
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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:BIOillGICAL AND ECONOMIC: PB.O:SLEMS OF FISHERY MANA.GEMEHT 

:By Robert Ao" Nesbit!/ 

The abundance of fishes and the productivity of the fisheries are 
affected by ma.ny natural influences over which we have no control. We 
cannot prevent or dimin-ish naturaI mortality, nor can we influence migrations 
or rates · of 1Srowth. But abundance and productivity are also profoundly 
affected by the fishery, .and the fishery, unlike the natural influences, is 
susceptible of intelligent scientific control. It is, then, the primary 
business of thls Commiss i on to foster and develop·a sound and permanent 
program of fi sllery ·management • 

• A.a we discuss and develop such a program, \"le must never forget that 
when we talk about managing a fishery, we are talking about managing fisher
men. All of the schemes f or 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 ea.ch year; end (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 consi&ts 
of minimum and maximum size limits together with measures to make them 
effective. Among the latter are closing of nursery.areas to fishing, 
specification of minimum mesh sizes, etc. 

THE BI0LOG-ICAL THEORY 2F FISHERY MANAGEMENT 

The Ba.lance l3etv1een Natural Morta.li t y and Growth 

Let us see how these t~o kinds of management measures work out, singl1 
and in combination. In order to do so it will be necessary to review 
brief ly the theory of population growth and maintenance. First, let us 
see l\ha.t happens in a fish population which is not being fished. Every 
new "b~.·o od of fish starts with millions of newly hatched larvae. They are 
very sn:.1;1.ll , so small that· many millions weigh only a few pcunds. They· grow 
very rd?i~ly, doubling their weight every few days at first--later ~hey 
gron m~ ~e ~lowly. In the meantime many are dying, but the total, i.e., the 
aggr~c~~e, weight of the survivors continues to increase. It will continue 
to hicrea.se as long as the rate of groilth is greater than the natural 

·mortality rate. Eventually, however, mortality losses exceed the gains 
fnm g ... ~owth, i.e. , the \'1eight of the fish which die is greater than the 
weig!:'.t gained by the survivors, Consequently, the aggregate weight of the 
brood declines and since, to paraphrase Swinburne, no fish lives forever, 
finally becomes zero. 

:J See p.69 for biographical data. 



We can readily see how this works out by noting the changes in the 
aggregate weight of three species of fish with different rates of growth. 
J.s 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.~ 

Su.PJ><'se that we start with 1, 000 five-year-old ha.li but. According 
to !l!hompaon 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 wo'1ld live t o 
become six-year-old fish. :But each would weigh 6. 2 pounds so that the 
aggregato weight of the 900 VI-group fish would be 5,580 pounds. If the 
natural mortality rate were 15 percent t>nly g50 fish",.weighing ·5;,210?ou.nds . 
would survive and if it were 20 percent only 800 fish weighing 4,960 pounds 
would survive. (See tables E·.nd figures follortin{; p. 42.) 

Methods of Approaching the Optimum Yield 

From the point of view of fishery mana~ement, this phenomenon is of 
great importance. ~e want t o get the maximum yield out of each brood of 
fi•h. Assuming a 15 percent natural mortality rate , if we were to catch 
every halibut as soon as it became 'years old the total catch would be 
only 5,100 pounds. :But if we waited until all of the fish were 10 years 
old the total catch would be 6,083 pounds. If we waited until all of the 
fish were 25 years old the catch would fall to 4, 446 pounds. So we can see 
that the best yields could be secured by waiting until the full benefits 
of growth have been realized and then catching the fish before natural 
mortality ha.a begun to reduce the total weight of the brood.. (Table I and 
figure l 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. ':i 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 a minimum size limit and devise 
practical means for sorting out most of the younger fish it is obvious that 
subs tan ti~ benefits will result. It follows then, that we should always 

~ For accounts of these species see the following& 
Thompson, William F.,and F. Heward Bell. ]iological ltatistics of the 

Pacific Halibut Fishery, Report of the International Fisheries Commission, 
No. 8, 1934. . 

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

Scofield, :mtlgene C. nie striped l:ass of California (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 ~ere 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 establ_ish a . .JDinimum size limit whenever· ~f is practicable to do .so. 
In actual practice however, th~. costs of selectiye fishing are often so 
great a~ · to nullify much of the benefit • • For e~ample, 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 
poesi ble to sort out small fish of certain species by "sifters, 11 but wh~n 
the catch includes many species, as it usually does, hand sorting is the 
only means available. This is not only costly, but delicate species, such 
as butterfish and weakfish, do not survive the handli~g • . In such instances 
lit t le or not hing would be gained from the trouble and expense of sorting. 

Fortur.n:~ ely, however, as Thompso·n and :Bell have demonstrated, the 
essential beuefits of minimum size ~imits 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 tti.at 
removes ~O percent of each brood in a year, Disregarding natura;l. 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 fish of this youngest groUp would 
be protected just as surely as if they had been caught by a ~iglµy intensive 
fishery and then thrown. back into the water. Most of them would be caU&ht 
eventually, but only after they had benefited by tbs same chance to grow 
that a size limit would. have given them, ~rote that simply fishing at a 
l ower 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 respe9t-
they increase the average size and age of the fish caught.' The large fish 
of most species are co~sidered more desirable and are worth more .per pound. 
And, of course, both methods maintain larger stocks of Detter quality fish 
in the water, a consideration of primary importance to the large and growing 
group of sal t•water a?lglers. · 

Mathematical Methods for Estimating the Effects 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. ]efore ~or~ing out further examples in detail it is necessary 
to see how natur~ mortality rates and fishing rates are combined to give 
total mortality rates. We are indebted to Thompson and ~ell for the methods 
used in this di~cussion. · 

The effect of the fishery is to increase the mortality rate, hence 
to hasten the day when a brood disanpears 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 fi~hery and that the natural mortality 
rate is 20 percent per annum, A year lat~~ 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 80 
percent of each y~arts run. The first year 800,000 fish ~ill be caught and 
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200,000 will escape. Of these 20 pe~cen:t · w:iill .die so . that ~166,o60 wi~l 
return. or these returning fis~ .SO p~r~ce~t or 128,.000 will be caught e.nd 
32,000 will escape. ~ Twenty percent O.f tl).,S:e .will die .so tha~ only 25,.600 
will • return the next year. lfote that .160,oqo is 16 percent .Qf 1,000,000 
and that 25,600 is 16 percent of 160,000. This .16 percent ie tho survival 
rate, · so that the -total mortal.i ty rate is not 89 percent. plus 20 percent, 
but is 100 percent minus 16 percent or 84 percent. · ' ' 

The shad is a speciel case of the general theory established by 
Thompson ant'. :dell. It i o special in that the fishery tE'.kes its toll in a 
very· short ·t l.ae while na. tural morte.li ty continues over .the whole year.. Most 
fisheries arc' 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 whicp would have been .caU&}lt .had the 'fishery 
been concentrated at the ·'beginning of the rear. Thompson and Bell shoW' 
tba.t the total mortality is the same as if the two rates were applied 
instantaneously and successively and that the dist:ribtltion of .the total . 
mortality between fishing mortality snd natural mortality is proportional . 
t o the two rates. Applying thi~ to the examples just given, if shad fishing 
were spread out over a year, a combination of an 80 percent fishing . rate" and 
a 20 percent natural mortality rate would ca.use a total mortality of 84 · 
percont just as in the examples given, but of the 640,000 fi;h removed from 
the stock, only 672, ooo· would be caught instead of 800,000 as in the e~les 
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 ye~, only 80 
percent o!, 840, 000 fish ~ould be caught. 

This more general treatment has been applied to the growth data. of 
the three species used as examples above. (We do not know the natural · 
mortality rates for any of these species, so it is necessary tp: compare the 
effects of various fishing rates and size limit~ for each of several ' possible 
:oa.tural mortality rates.) The results a.re set forth in tables II, III, ahd 
IV, and are illustrated in figures II, -III, IV~ Tliese tables and figures 
indicate what would happen to 1,000 fish .of each species under various con
dltions of fishery management. 

Illustrative Examples 

Let us choose a few . illustrative~examples. Str~ped 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. 'l.hey are designated in the table as 
age group I, and on the average they weigh about one:...half po~d. If the 
natural mortality .rate is 20 percent and the fishing rate is SO percent, 
672 would be caught as in the example gi van above. These would weigh 672 x • 5 
pounds or 336 pounds; 168 would die and 160 would survive for the next yea.r's 
fishery. The survivors would now r1eigh 1.2· pounds each. Of the 160 
survivors, 108 would be caught and would weigh 108 x 1.2 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 be'en 
caught or have died, the sum of the weights of all of the fish caught will 
give the total yield from each · l,000 fish of the brood. In this instance 
it is 52i pounds (Tablo IIc (1) ). ' This is very little more than would 
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have been ta.ken. if the whole brood had been caught as soon as the fish 
were big enough to catch. A similar computation And summation shows 
that if the fishing intensity were reduced to 20 percent the yield would 
be l,524 pounds~-nearly three times as much. 

·These t ables are intended to ~how what happens ' to each brood over a 
perioa ·of several years, but the totals are also indices of the ·average 
annual catch. lf.1; 1nstead of the 1,000 fish which we have us'ed in the 
tables , exactly a ~illion half-pound fish are provided by reproda~tion 
each year, . t he total catch eaeh year l"lould 1:e 521,000 pound's at an 80 
percent fis :1'•L'.g rate and 1,524, 000 pounds at a 20 percent fi~hing .. rate. 
l3ut at the SU percent rate the average level of abundance would be only 
6241 000 poun~ls and of these only 4, 000 pounds would be large enough to spawn. 
A.t the 20 percent ·rate there would always be 5,919 , 000 pounds of fish iri . 
the water and of these 3,956,000 pounds would ~ big enough to spawn._ 

. Now these computations have been b~sed on the assumption that ·reproduc
tion would take care of itself, that is, that even the 4, 000 pounds o! 
spawning fish which would be i n the water at an SO percent fishing rate would 
be enough to maintain ·an average annual increment of 1,000,000 half-pound 
fish. ' That may be true for st1·iped: bass, which i s 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 no~ safe 
to depend on ·very small reserves of apawners as our sad experience with shad 
and haddock proves. Ho'7ever, even if ari SO percent fishing rate has no 
adverse "'eff.ect «m teproduction, a lawer rate will produce more po~ds of 
fish_.from the emne reproductive increment. Moreover, the cost of maintaining 
a lower rate of fishi ng is much less. It follows that the profits, the real 
income I 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 azid: operation, would increase the real income from the f~ shery twelvefold. . . , 

Let us now consider the effect of a minimum size limit which would· 
protect t•o age groups BO that the average weight of the fish entering the 
fishery is 2.4 J>ounds. The 1,000 fish with which we start'eci would ha.ve been 
subject to two years of natural mortality at 20 percent per annum, so that 
.64o fish weighing 6,650 pounds would be ' available ·instead of 1 1 000 fish · ·· 
weighing 500 poundu. Applying the same computations as before we find 
(table 11-c (3)) that an so percent fishing rate would. yield 1,412,000 • 
pounds on the average from a stock receiving annub.l increments of l,000,000 
half~pound fish. That is not ~uite as much as a 20 percent fishing rate 
would yield without any size .limit. :But if we maintain the size l~it and 
reduce the fishing· rate to 20 percent too, the average yield will increase 
to 2,030,000 pounds a year. So, !!:_ striped 00.ss are subject to a. 20 percent 
natural mortality rate, either a.n increase in the size limit or a reduction. 
in the fishing rate will i~crease the yield about threefold and if both 
methods are used the yield will be increased fourfold and the real income 
from the fisher~ increased. sixteenfold. . .' , 

.• 

It was on the basis of such ' computa.tions ' based on the data of Dr. 
Daniel Merriman, Dr. Vadim ·Vl.adykov, and· 1.ir. Eugene Scofield, that tho former 
Bureau of Fisheries recommended an increase in the ·minimum size limit for 
striped bass on the Atlantic Coast. At the time the recommendations were 

27 



.,., 

. . ~ 

made, there app~ared to be no poss.ibi+fty, .of 'reducing the f.iahillg ra.te •. 

Such comp~tations are not e~tire+y theore~ic~l. Th~y serve to explain 
actual biological observations. nie follo.wing are examples of observed 
total mortality rates within the range included in the table1: Thursby
Pel.'J:Js.m2J observed that as soon as ~laice in the North Sea g~t big enough 
to be taken by the fishery each brood is reduced in abunda~ca at the rate 
of about 55 percent a year. Ea.i tt"J/ showed that the .introduction of the 
efficient V, D, gear in the North Sea. 'h.a.ddock flsher~ increased the total 
mortality rat\5 from 50 pe:-cent to about· 65 percent in a few years, He 

. estimates t iut the fishing· rate increas~d: 50· percent, Such tables are use~ul 
even if we l~ not yet have precise information as to fisping rates and · 
uatural mort~lity rates. Th'ey indicate the range of possibilities and the 
limitations imposed by nature on the usefulness of the only .two ,me.thoc}.s 
available for increasiDt; the productivity of our fisheries. 

For us biologists in particular, such tables are helpful in planning 
and organizing our research programs. On~ of the reason~ that we know so 
little about fishing rates and mortality rates is that some of us. includiDg 
myself, have not fully appreciated their importance, hence have not tried 
very hard to measure them. Give~ necessary facilities, including good catch 
records, we will be able eventually to make ·very close estimates of the 
constants used in the computa'tions. 

From these tables it is clear·tliat if natural mortality r.ates are 
very high relative to growth rates, there is nothing ~~ ca.n do except to 
protect eno1lgh of the spawning reserve to insure regu],ar future increments. 
That is the problem with the salmons of the Pacific, in an extreme form. 
Nature herself imposes a very effective minimum size limit. l3ut after 
spawning the growth rate is zero and the natural mortality rate is 100 percent. 
Since a11 Pacific salmon die after spawning, it is necessary to maintain a 
high fishing rate · in order t o catch as many· fish as can bo spared from the 
spawning reserve. If the r ate were set too low, excessive escapement ·would 
waste fish. 

In some instances it might be possible t o set a minim'IJlll 1ize limit high 
enough to .create an adequate· epawn~ng reserve among the protected age groups. 
For example, ··again assuming a 20 percent natura1 mortality rate, if the 
size limit on striped bass were established at a l'engt,h .that would protect 
four age group~. so that no fish should be caught until it had spawned once, 
the yield would be about the same .at all ·fishing rates from 20 percent to 
SO percent (table II-c (5 ) ). Under such circumstances, a high fishing rate 
would not reduce future yields. It would, however, qe less vgofitable than 
a. lower rate because of higher costs for gear and operation. The extra gear 
used to maintain the high rates would be T1asted and so would the work of the 
extra fishermen. 

2/ Oonseil Permanent Internat·i onal pour L 'Exploration do la Mar: 
Rapports et ~roc\s-Verbaux des Re{inions. Vol. OX, Contributions to Special 
Scientific Meetings, 1939. Copenhagen. 
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As '1IJB:f be seen from table. II-e, (5), for species subj~ct_ to h~gh 
mortality it would be possi 1>le :to set t}le ,JDinimum siz~ li'mi t so hig1l' that 
only a ·high :fishing intensity would produce maximum yields, but thi~ would 
be undesirable again because of the high. coat~ of high fishing rates and of 
the waste of manpower aild equipment. . . . 

· !!'he' Importance · of the Fishing Rate 

!!'he foregoing indicates the great importance of the fishing rate in 
fishery mP.Ilagement. In summa.l"J it. may be said: (1) In the many instances 
in which minimum size limits are impracticable, control of fishing intensity 
is the only conservation method avai-la.ble. (2) Even when it is fea.siple 
to establish minimum size limits, it is still necessary to stabilize fishing 
rates at low or-moderate levels, .because reduced fishing rates not only 
increase the effectiveness of the size. limits, but reduce the cost of fishing 
as 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 i-esourc_es cannot be req.lized unless the fishing rates and 
fishing costs are also reduced to and held at the minimum necessary to, produce 
full yields. I can think :rl' no more important subject for the consideration 

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

CONTBOL OF FISHING RATES 

Two 'f!Q"S to Exercise Control 

The 'zre.gnitude of the fishing rate is a function of the number of operating 
uni ts and of the efficiency with which tl;ley are operated. Each operating 
unit is capable of taking a definite percentage of the population wh~n 
operated normally and on a full-time basis. If the rate be excessive, it 
can be reduced only by eliminating some of the units or 'lSy requir~ng e~ch 
unit to operate at less than capacity t i.e., to operate inefficfently.~ 

1±J The term "operating unit" is used here instead of "unit· of gear" 
in order to avoid confusion with the technical use of the latter term in 
eonnec tion wi tn such indices of abundance as the catch per · 'un1 t of gear. 
!rhese indices also measure one aspect of efficiency. For example. abundance 
of scup· or weakfish might be expressed in terms of the catch per pound n~t 
per season, and fishing would be a more efficient operation at the higher 
levels of abundance. But pound nets are not operated singly. Jach operator 
sets from 2 to 5 nets which are serviced by a single pound boat and crew, . . 
and this group of nets and its accessory equipment cons-titutes· an operating 
unit in the economic sense. In this economic sense, efficiency is an 
attribut·e of the whole opera.ting unit and not of its parta. I! an attempt 



The biological. effects of 'b.otQ methods for reducing the fishing ra.te 
are the same. But the social and economic consequences are vastly .~ifferent. 
It is desirable to illdicate the principles in a diagrammatic manner, usi~ 
a simple hypothetical case, Illustr~tions from actual experience can then 
be used to show how these principles ' work out in practice. 

A Hypothetical Illustration 

Let us assume that we are dealing with a lake in Y1hich go gill-net 
fishermen operate· 12 months of the year. Each fisherman catches 20,000 
pounds o~ fish a year, which he sells for 10 cents a pound, so that his 

. 
' 

. gross inco111e is $2,000. His expenses are as follows: Fixed annual expenses 
for depreciation and maintenance pf 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 go percent and the tot~ catch is 1,600,000 pounds a year. 

Now let us assume that this rate is exce~sive and that a 20 percent 
fishing rate would yield three times· as much. (cf table II-c, (1) ). There 
are two ways, and only tno, 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 were chosen it could be accomplished in several -ways, 
for example by requiring each fisherman to ~se onlY, one-fo~th 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 dq 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 p~ for gasoline, or 
for his living expenses. But let us su~~ose that the banks advanced credit 
to all of the fishermen until the benefits of reducsd 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 a ;rear 
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 v~iable 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 a~ much money for one-fourth as much work. . . 

That would be a rather attractive prospectus to present to such a 
group of fishermen when seeking their support for legislation imposing the 
closed seasons. :aut · 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.· go fishermen. :But if the income is 

be JIB.de 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, i.e., it is not a proposal to reduce the number of 
operating units but a proposal to diminish the efficiency of each unit. 
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increased to more the.n $5,000 a year and the hours of labor are reduced 
new fishermen will rush iri until competition reduces the average annual ~ 
income to ~l,000 again. Depending on the kind of regulations adopted, 
there are two w~s in ·which t.he decrease in annual income might be brought 
about. Under ~he regulations each fisherman would contribute one-fourth 
of 1 percent to the total fishing rate of 20 percent. Each new fisherman 
would add another one-fourth of l percent so that the fishing rate would 

. increase again. That ~ould again reduce the yield and with it, the gross 
income of each fisherman. 

Suppose, for example, that 80 more fishermen took out licenses, increa-
· ing the fishing rate to 40 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. The t would still attract a 
few more fishermen and in the end the fishery would become stable again 
with a. yield of about 3,000,000 pounds a yea:r 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 >1ould work out if the fishing rate were reduced 
by eliminating fishermen. Twenty fishermen would be able to do the J•b~rpj 
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, 0oO 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 a·ctual fishery has ever run t·hrough the whole 
series of changes outlined in this hypothetical example, but there are a 
number of examples from actual e:xPerience of the workings of the ecomomic 
and biological laws involved. The Commissioners from New York and New 
J ersey will recall that the license r olls more than trebled as soon as word 
got around that the shad were 'ta.ck in the Hudson. J. similar "gold rush" 
occurred in Maryland when the 1934 br ood of striped bass appeared in the 
fishery in 1936. As one fisherman put it, (I quote from memory) "When 
r ock 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 t own put out a line of credit to fellows who never 
had fished before. Old netting that hadn't been wet for 10 years cam~ out 

2/ This is an over-si mplification. Actually there is competition between 
tear, .so that less t.hlµi 20 fishermen would be needed. Thompson and llell giVe 
a logarithmic formula for computing the amount of gear to be add~d or dropped 
in order to increase or decrease t,he fishing rate. 
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rif attics and burn lofts and it got so that a regular fisherman bad to run 
for two hours to find a place to set his net. There were so many fishermen 
that nobody made any money.ff 

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 inefficiency on the fishermen. 
The following is intended as a critical account of the results •f a particular 
policy, and is definitely not intended as a criticism of the International· 
lia.libut Oommission,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 out their responsibil-i ties so well. :By the terms of the 
treaty creating the Commission it bas no option as to the methods employed 
to reduce the fishing rate. The Commission has exercised 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, 
as I shall endeavor to show, greatly limits the usefulness of a brilliantly 
executed program. 

Since 1932 the fishery has be en subject to regulation by the Commission. 
Four areas were established and for the two main areas the Commission 
e~tablished 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 percent~e 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 tlBt abundance increased. 
As it increased the fixed quotas became smaller and smaller percenta&es of 
the stock, so that in effect the Commission has gradually reduced the 
fishing rates. From time to time increases in the quotas have been authorized. 
It m~ be noted that the fixed-quotas device automatically compensates for 
increases in the numbers of fishermen. mien additional vessels are attracted 
by increased abundance the season is automatically shortened and the low 
fishing rate is automatically maintained, .And, just as in the hypothetical 
example, 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, 
H. A. Dunlop and F. Heward Bell summarize the accomplishments of the 
Commission as foll9ws; ~ 

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

"Under regulation, the condition of the &tock in .lrea 3 
bas shown a marked improvement. The catch per skate ha.a 
risen from 64 pou.~ds 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 impr•ve
ment , at first rapid, ha.s slackened during the last few years. 
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"The condition of the AreA. 2 stock i~ also greatly 
improved. The catch per skate 4as .risen from 35 pound3 in 
1930 to 62 pounds in 1941, a 77 percent increase • .. . •. . 

11 Ma.ny other changes which cannot be dealt with here have 
occurred in. the fishery. Notewo~thy among them are a 
shortening of the fishing sea.son, ·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 
basis, in part, though the improved condition of the stocks 
themselves has ·al: so b.een responsible. 

• .. • ! ~ ' . 

"Oontrol Improves Facific Halibut Fishery - The Facific 
halibut fi.s~ery is both biologically and economi,cally f~ 
improved over what. it was pri'or ·to regulation and over ·what 
it would now have Jleen bad it been :allowed to run its 
uncontrolled course. Without control the amount of fishing 
would hB.v.e been datermined solely by ·the balance existing. 
between ~he co~t pf fishing and the price pa.id for the· product. 
It is conservatively estimated that under s~h 9onditions 
the catch would .not now e'xceed 40, 00.0, op,o pounds annually. 
In contrast, under rational control the catch· in 1941 was 
53,000,000 pounds, 10,000,000 ove~ ~hat it '. was in 1931 immedi
ately prior to regulation o~ 13 1 000,000 greater than it might · 
have been today vii thout control·• .A.t .Present prices this gain 
in catch is worth more than $lt000, 000 annually to the 
fishermen. · ~ 

"Due to the increased ~ize of the stocks of halibut, · far 
less fishing -effort is now required t~ secu;c-.e greater · catches 
than formerly • . Thus. in 1941, 23 percent -more fish was taken 
with 22 percent les:s fishing effqrt than in 1931. 

· nThe increased catch of halibut an~ the ~aving in man 
and fishing pov1er requ-i;red to secure· it, which, have resulted 
from the Commissions regulation of the fisheryt should be of 
significant value to the people of the United States and 
Canada i.~ thf;l present e~ergency. ll. '· 

• ~ . ... • • I • I 

To this may ba added the follo.'1ing quotation· from an.- anonymous article 
in the same journals , ., . . 

naeattle Halibut. F!eet Adds New Boats 

• • . . . . .'• 
11At.· the very start of ~-the season it· was · apparent that 

the size of the active haiibu~ fleet had increased, . T}l~r~ wase 
a number of new ve~sel

0

S1 new. construction having increased the 
Seattle flee~ · by eight; which .was only tYPic~ o~ the other 1 

ports. Furthermore,· the prospect o! good prices, amply borne .. · 
out by the early auctions, served to ·attract to the fishery $Ub

stantial ~umbers of boats from other branches ·of the business.n 

33 



The followirtg ~dit"orial from the CO™ROIAL FISHEID6AN·1S 'IOilEXLY (No. 33, 
March 15, 1940, p. 7) also is pertinent: · 

11 .A. Just PI'ice for Halibut 
- .. . 

·nlith th~· opening of the halibut seaso.n but fourteen days 
off-that is if the Internati.onal Co~ission announces April l 
as the opening date which nobodi see~s quite certain. it will-
there is some speClU,ation .as to what prices will be paid · this 
year. 

tir::f course, hf.1.li but are sold on the open market to tha 
higheo'li bidder and it is as~\lµled that pri.ces will be regula.tl!d 
by the market demand. 

"But conditions a.re abnormal this year and though 
prospects are favorable--Cana~ has -700,000 pounds of halibut 
and the United States 2,000,000 pounds less in cold storage 
than a year ago; Bl·i ta.in i3 said_ to be hungry for .halibut; 
.Americans can buy our halibut at 11 percent discount--it is 
doubted whether the price paid the f isherma.n~producer will 
cover the substantie.l increase in ·~is operating expenses. 

11 The halibut f~ shery is no- longer considered to -·be 
particularly profi tt.ble. ~e large .influx of boats, t.he 
government-controllt,,d product~on limit, and the st.~iqt regu
lations impos~d by the fishing fleet itsel~ ha~o · brought the 
individual's earninrs close to a. _mini:num. This year, it costs 
more- to live; price!l have risen for equipm~nt, for hooks and 
lines, twine and pa~.nt'. A fai_r e~timate puts the increased 
operating expense.a ~his year at 20 percent. 

- "The question ls whether this i"ncreai:ie will be covered 
by the price paid . the fisherman._ A Fisheries Advisory B1>ard 
was set up some time ago to advise the minister of fisheries 
a.a to the "orderly supplying" of fresh and frozen fish to 
British markets. It would have ~een - a desirable thing to 
have fishermen repr,3sented ·on . this Board because orderly 
supplying begins with the pJ"oduc.er and no one could as him 
advance the ia.1 tial pro bl ems ( si_c) ,. including th_e matter of 
a suitable recompense for his la~or and expenses." 

So we see that the halibut program is war.king out very much in the 
manner outlined in olir hypothetical- example, Abundance, yield and gross 
income have increased bi1t so have the numbers of fishermen, so that the 
individual .can make no "'lore .. in a yea.r than .:formerly • 

.ln interesting s~de light is ·p?'()vided by the unofficial regulations 
adopted and enforced by the .fisherman' a union. Naturally, as ·a.bunda.nce 
increased, fish were eas~er to ~tch and each vessel could catch -more fish 
per month. There were more vessels too. The open season became shorter 
and shorter, so that the halibut we!"e being dumped in the· market faster 
than they could be sole. without prfoe declines. T'ne fishermen adopted 
rules to spread the fishing over a -longer period• The 'following are 
excerpts from the 1941 regulations: 
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Trip Limits 

4. The follord.ng , limits on trips shall be observed: 

J..rea 3 - 3,500 lbs. per man per trip, by both American 
and Canadian veszelt at all ports. 

J..rea 2 - 2,700 lbs. per man when landed at Seattle. 
21800 lbs.per man when landed in ~ritish Columbia or 

ilas)ce. by both .American and Canadian vessels. 
la addit,ion to these limits, all vessels will be permitted 

to weiGh out nnd retain without penalty a· leew~y of 100 lbs. 
per mhn per trip. 

5. No ve.ssel shall be pel'Illi tted a limit for a greater 
number of men than vessels of the same class carried in 1936. 
No vessel sha~l be permitted a limit for more than 11 men 
·regard.lea~ of size. 

La.yups 

7. A.11 vessels shall lay up 15 days at end of first and 
second trips and 10 days at end of third and all rema·ining ~ 
trips except the ln.st ful :t halibut trip, for which no 'layup 
will be required. Vess-els coniulencing halibut fishing late 
shall observe the same layups as those ta.ken by vessels 
commencin~ on tiille. 

11. lfo vessel shall fish sable or 'mixed cod during the 
regular layu::? followi:ig a. halibut trip. 

At first thought it :night appear th:..t the halibut 'program has .not 
only increased production but t i.at it has increa s ed the efficiency of the 
fleet as well. The catch per unit of fish.in::; effort has nearly doubled 
so that a. vessel can no\'1 catch a good far e of fist. in a much shorter 
time than formerly. But more careful consi ~eration will show that the 
gain in efficiency from abundance has been exactly matched by a loss i~ 
efficiency f.rom enforced id.le time in port. Economically therl:I is no . 
difference between time ~asted on the banks waiting for halibut to bite 
and time wasted in port in comp~iance with layup regulations. Economically 
the normal unit of fishing effoi•t is the number of skates of gear which 
a vessel can set in a year. Biologically tlie catch per skate of gear is 
a useful index of a~dance but economically the index of efficiency is 
th~ catch per vessel per year. "The only valid criterion of efficiency is 
the ratio of what a ves&el actually catches to wlat it is capable of 
catching in a year unier optimum conditions of abundance maint~ined by 
scientific management. 'Proof ·that the halibut fishery has not gained in 
efficiency is to be found in the fact that the inc·reases in abundance ~ 

and yield have not beeri 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 socie.t:r and through no fault of their ovm are prevented from receiving 
the income and enjoying the sta_1da.rd of living '11hich full application of 
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their ability would make possible. 

: A Ge~al Principle and Its Implications 

lfoTt thi s is an illustration of a perfectly general principle: whenever 
and wherevo~ we seek t~ eliminate ·inefficiency· caused by scarcity by 
imposing an tLrtificial jnefficiency, the two inefficienc~ee will auto
matically ~:ilance 1 and the average income _of individual fishermen will 
rema.i:i the same. The total ~rield mll increase a.nd so will the aggregate 
pr ofit but ~vidual profit will not change. Unless the numbers of 
fishermen a .re stabilized, no improvement in abunclance will benefit any 
individua.J 1isherma.n. ' 

This Commission cannot honestly tell a lobsterma.n that an increase 
in size limits will increase his i ncome unless the increase is associated 
with effective measures to prevent increases in the numbers of lobstermen. 
It cannot tell a shad fisherman that a ~eekly closed period will increase 
his' income unless ne\7 fishermen are ' ' revented from sharing the benefits. 
The Commission cannot fairly expect cooperation and support from the 
industry if i t refuses to face the i ndisputable fact that any conservation 
measure which does not include stabilization or reduction of competition 
can do nothing more than increase total yield and spread the work on a 
lorr-efficiency and low-income basis. To be sure, from the po int 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 queGtion: \fnat will this proposal do for the fishT But we 
ha.ve never been able to give a satisfactory answer to the fisherman's 
llB.tural question: tthat vrill it do for me? 

Revi ew of Control Methods 

The foregoing will serve to indi cate the ma.i n features of a rather 
complex set of dynamic interrelations, some of them bi ological 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 annual ·yield falls. In the great majority of cases, 
the dynamic balance requires that a high level of abundance be maintai ned. 
This creates an economic incentive for a fishing r a te inconsistent with 
maintenance of t iie optimum level of abundance. That is why management is 
necessary. Another way of st~ting this is to say tha t the fiShing rate 
ie extremely responsive t o economi c influences. In or der to hold it con
stantly near. the optimum, it is necessary either t o fix it arbitrarily by 
limiting the numbers of units engaged in the fishery, or to eliminate the 
economic incentive to increase the fishing rate. ~o one has ye t found any 
We;/ to eliminate this economic incentive except to impose a compensating 
inefficiency. If we abandon all at t empts to control the fishing rate it 
will increase until the inefficiency caused by scarcity eliminates the 
incentive for expansion. 



-----~ 

The Need for Decision 

This C·Jr:u:iis sion. faces the necessity for a clear-cut d.e~tsion. as to 
policy, Ev~n if ~e make t he fullest possible use of minimum size limits 
the main prr:blem will I>emain uns olved until effective control of fishing 
rates is es Tablished. The Commission must make a choice among three 
possible CL~rses: l. Doing nothing, i.e., condoning the present inefficiency 
caused by •·"'.·erfishing. 2. Fighting inefficieincy with an exactly balanced 
inefficiencJ-·. 3. :lll:imina ting inefficiency by adj°ustin~ the numbera of . r 
workmP.n to t he job to be done. For each of these thr~e . poss1ble policies, 
there are a~propriate pro grams of 'action~ If - the .Co~issio~ · considers 
the problems ~ be insoluble or thinks t!ia.t ei.thel" solution i"s worse than 
the problems themselves, we may as well ·ga home anQ, forget . the whol.e . 
business .•. lf the Commission determines that, everything considered, .it is 
mare important to spread employment than it is to secure the benefits 'of. 
more efficient a~d profitable use of manpower and equipment, then "the 
Commi~sion should support such measures as closed seasons and restriction: 
or prohibition of the . ~se of the more efficient methods of fishing, such 
as ' otter tr~~ls and pound n~ts. But if the Commission decides that the 
economic evi~s of ?V-er-co1,1peti tio'.!l outY1eigh . its economic and ethical 
advantages, then th~ Commfssion should adopt a program of gradual elimina
tion .of .o.perating units . in exc~ss of _those necessary for orderly and 
efficient harvesting of maximum annual crops. 

For the Middle A~lantic 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 bn a policy of imposed inefficiency. 
The- Commission can count on the political support of. fishermen. Experience 
in Maryland sho~s that fishermen will support--even de~and--a program -of 
license limitation and Commissioner Tucker has made it abundantly clear 
how fishermen whom h~ ~pr-ese~ts feel about ov~r-competition. . . . . 

. Some Neiv l?roblems 

As old problems ~isappea.r new ones rise to take their places. I have 
no desire to minimize the practic~ and ethical difficulties which will 
beset the Commission in its efforts to develop such a program. Experience 
as an advisor to th~ . g~oup v1hich developed the Maryiand plan has made me 
a.cutely aware of such difficulties .. tmq I c.an foref;lee ad~ tional difficulties 
when the Co~is~ion seeks to develop . a program for ~, whole region instead · 
of for a single State • . 

' 
Foremost among the new problems .are those concerned with (l) methods 

of eliminating surplus fishermen and (2.) the methods of determining which 
fishermen shall be eliminated and which shall . remain. Our fis.heries should 

.be developed, not only by the right. numbers of' fishermen but by the most 
capable fishermen. · Under present compe titive conditions only the best 
can survive. We- must find an effective and equitable substitute for this 
very useful function of free compe~ition. · In Maryland, retirement and 
death of operators is expected to-bring about some reduction. but no very 
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great reduction can be expected from thia methodi Fo~ 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 la• were amended to 
eliminate trar1sferability of licenses, license holders would incorporate. 
Corporations do not die, so that reduction will be halted before tlie 
biological and ·acono~ic objectives of the program can be fully attained. 

Sugg.est ions for Solution 

1e are indebted to Mr. N~d . Scha~fer, a. membe.r of. the advisory committee 
to the N~w J)rsey delegation, for a suggestion as to how these problems 
might be· solred effectively and equitably. lt !s based on his experience 
with the Ne11 York Stock Exchange, !ii- limited membership organization. With 
the bursting of the speculative .bu?-ble in 1929, the turnover in securities 
fell below the minimum- ~ecessary to support all of the members ·in the style 
to which they wer~ accustomed, pr· indeed, to maintain the full membership 
on a s.olvept basis • . The market price of exchallge seats dropped· sharply. 
Naturally the weaker members sold t~eir seats, ·bU.t since the total number 
of competing members remained constant, . there was no relief from over
competition. · It was proposed that each member oe assessed to create a fund 
for purchase and retirement of seats· offered. for sale. Except in instances 
of death, it would be ~he. 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 micht be applied to the fisheries by levying an 
assessment on each licensee. From time t o time, as the fund accumulated, 
the commissioners of each State coul4 invite tenders .of licenses and 
purchase for retirement those licenses offered at ·the lowest prices. In 
the event that biological studies indicate the need for additional operating 
units, ~ew licenses could be assigned by competitive bidding. 

This method would not only s9lve 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 another problem which will arise in 
tha future. Undoubtedly some fisheries will become extremely profitable. 
The benefits of conse:i:vation will increase the gross income from the 
fisheries as ·a whole and the costs of operation .will be reduced by elimi
nating unn~ceasaey gear. The net pr-ofi t from the fishery as a whole will 
be' greatly ino·reased and will be divided among a smaller number of operators. 
It will be necessary to recapture for the public the excess profit above 
normal returns on investment and normal wages of management! Some of this 
will be needed to p~ the costs of research and admini~tration, which at 
present are me·t 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 c osts 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 adj~sted to the 
capacity of the fisheries the annual assessments which are no longer needed . -



to purchase equities will serve as excess profit ta±es. 

ACcountinb e:x;perience gained in the course of developing the program 
of gradual reduction \7ill be a.va.ilable to insµre a sound basis for deter
mi~ing the amounts tQ be assessed on each operator. This point is 
important, I have emphasized the desirability of protecting the fishermen 
as well as the fish, But it is just as essential to protect the interests 
of the public. The fishermen mu.st 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 rut in financial matters a.a well. 
As long as fishing is conducted as a private business, on a do~eat-dog 
competitive basis, fisi1ermen 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 
affairs, and they must be prepared to account to the ~ublic for the special 
benefits conferred upon them, 

This suggestion ma~· be fairly criticized on the ground that the cash 
value of licenses or !ranchises will increase so that men who have acquired 
them at nominal costs will be able to sell them at a premium later. The 
increment is unearned but it would be very difficult to devise equitable 
means of recpa turing it f or the 9ublic. Th~s is, of course, exactly the 
same ethical problem whicn arises in connection with all property rights. 
No satisfactory solution hns ever been found. (Disciples of Henry George 
would say that one has been p roposed.) Most privately owned land which 
is now valuable was originally acquired at very low prices, indeed much of 
it wa.a gran t ed outright, TTithout cost. If ram correctly informed the 

.title to the oyster beds in Great South Bay goes back to pre-revoluntiona.ry 
grants. 

On the other hand, the g reat e thical advantage of ?lr. Schaefer's 
suggestion lies in the fac t that wh ile reducing the numbers of opportunities 
to engage in fishing, it preserves equality of opportunity to do so. Any 
citizen of each Stat e uill have fully as much freedom to become a fisherman 
as to become a farmer. In either case he nill have to meet two require
ments: (1) raise enough capital to acquire tools of p roduction, or (2) 
.Purchase or lease a property right or its functional equivalent, one of a 
limited.number of lic~nses. In both instances the purchase should be in 
free competition with other aspirants. The farmer must have farm machinery 
and live stock; the fisherman must buy a boat and gear, The farmer must 
b~ or lease an area of land; the fisherman must buy or lease a franchise, 
on a freely competitive basis. 

For occupations directly concerned with natural resources this is 
all there is to freedom of choice of occupation, and to equality of 
opportunity. \'/hen ~1e speak of these principles '79 do not mean that everyboey 
can 'tscome a farmer, a lumberman, a mine operator or a fisherman. We 
merely mean that everyuody is e~ually 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--capita.~ and ability--can get in. 

The limitations on total opportunity are set by the magnitude of the 
resources themselves. Only eo much useful v1ork can be done. If more 
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be applied, excass is wasted at best, an~ in the instance of the fisheries 
· it is worse than wasted, it is destru,ctive·. The critical social problems 
are those concerned with how the total opportunity shall be divided and 
allocated. For fixed natural resources such as agricultural land and 
mineral deposi te, the problem was ea.sy. Opp.ortuni ty was originall;y acquired 
by pre-emption and defined by a surveyor. Currently it ~s transferred by 
competitive bidding and it is protected by property rights. We are so used 
to thinking of property rights as an institution and their protection as 
a principle that we seldom think of their important economic function in 
theme:nagBJll'81It of natural resources. For example, property rights protect . 
the farmer in his need and his desire to work effectively. If I take up 
farming I do not cause my neighbors• land to yield fewer bushels 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 coi.intry. We propose to make it 
possible for a fisherman to acquire a 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 survaying instruments, 
but by settin& limits to the numbers of licenses granted, 11e can protect 
his right to an undiminished o~portunity 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 granting licenses by competitive bidding on an annual or other fixed
term basis. But that suggestion fails to take into account that fishing 
is not merely a business--it is also a wa:y of life. \\'hen 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 
a 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 hie license, he has also a morally valid equity in his occupa
tion, He has 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 eonsiderations 
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 require 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 
increased 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, 
so much indeed as to justify the suspicion that I make it a fetish. But 
I hasten to disavow any intention to set up efficiency as the sole criterion 
of the ~ocial value of any policy. Efficiency is desirable, not for its 
own sake, but because it is capable of promoting human welfare, and only 
to the extent that it actually does so. In a 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 it~ productive capacity. 
But back of ' the operating units there are fishermen, and the efficiency of 
men as producers and consumers must be measured in terms of how they serve 
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and are served by the · e~o.nomic order.' in a lifetima •. 
. . . ~ 

There are a. n'l.:lllber .of other pro.blems. Some ~r~- apPa.rent now and 
others will arise to vex Us when leg_islative proposa.li.; are drafted. :But 
once the m&jor outlines of policy are determined, these problems can, I 
believe, .be worked out by di~cussion and negotiation. - " 

It is nq.t my intention to offer model legisla.ti·on, or t'o present 
detailed bl~eprint~ for development of a program of license-quota restric
tion. \Vhet~~r the Commission adopts this policy or its alternative, it is 
the respor.r. :.bili ty of thEl Com::iission to work out the program. · 

· .. 
I have. only one general suggestio~ to offer--whatever you do, work 

out your p~opoeals with tha fishermen before drafting legislation. In 
States where ~here are active organizations of fishermen, make use of them 
as adviso·rs S.Jld p

0

Qlitical propa.gn.ndists. 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 defectiva because 
officials do not have access to many of the pertinent e~onomic facts known 
only to fishermen. Moreover, in most State legiGlatures a bill known to 
be a fisherman1s bill has a batter chance for enactment than an admini..; 
stration bill. 

6UlJMAliY .Al!D COlIDLUSIOUS 

Several years ago, T1hen this policy of conservation by license 
control was still in the rough idea stage, your Secretary, Mr. Wayne 
Beydeck.er, suggested three criteria 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 bow 
our proposals meaaure up to these standards. 

It is not necessary to d~ell on the first point. The biological 
effects of reduced fishing rates are the same regardless ~f tha method 
chosen to reduce them. 

We have shown in some detail hov1 elimination of waste o! manpower 
and equipment Wi 11 confer economic benefits on the public and on the 
fishermen. The whole saving will be a net social gain, to be distributed 
under the administration of the Commissi~n between the fishermen and their 
employees on the ono hand and the public on the other. Fishermen will be 
more efficient producers and better customers for other productive units 
in the nationa.l economy. And at the very least, recovery of potential 
income now waated by competitive multiplication of costs will relieve the 
public of its present burden of costs of adminiatration and research. 
This is no small consideration. The Atlantic Coast States and the Federal 
Government are now spending from general taxation about $500,000 annuall7 
on fishery research and administration. 

As Mr. Beydecker uses the expression, "administratively sound, 11 it 
covers several considerations. It includes such questions as: Is it 
politically feasible? i.e., can legislative sanction be securedT Is it 
enf~rceable? Ia it equitable, and is it in accord.a.nee with democratic 
principlesT 
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With respect to political feasibility it is flufficia~t to point 
out that recent experience in Maryland proves that it is pnssible for· a 
group of fishermpn, legislators, conservation officials and biologist~ to 
work tagnther with mutual confidence and respect for the. formulation and 
adoption of a comprehensive state-wide conservation measure ta.sad on the 
new policy. Only experience can tell us whether measures based on this 
policy can be enforced. I have endeavored to sho~ that this policy can 
and should be made con~istent with one of the major principlos nf 
democracy, ireedom of choice of occupation, subject only .to competition 
with otlier~ with similar aspirations. 

As fo~ conclusions, the Commissioners must draw their own. The 
biologist aud· ecanomist can only point out the probable consequences 
of contrasting policies. In this instance I have tried to show that an 
ovenD1.µ1ned fishery and an efficient and profitable fishery are contradic
tions in terms. In dravting 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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TABLB Ia.- Striped Bass 

The Effect of Various Natural Mortality Rates on the Total ~eight 
of an Unfished Population Consisting Initially of 

1000 Fish of Age-group·! 

· ' Average ' 
Item ' weight ' Natural mortality rates (Percent) 

· 'per fish ' 10 15 20 30 4o so 
I 

t Pounds ' Pounds Pounds Pounds Pounds Pounds Pounds 

Age-group l' • 5 I 500 500 500 500 500 500 
Do. 2' 1.2 ' 1080 1020 960 8hO 720 600 
Do. 31 2.4 I 1944 1734 1536 1176 864 600 
Do. 41 4.2 ' 3062 2579 2150 14hl 907 525 
Do. 51 6.4 I 4198 3341 2624 1536 832 400 
Do. 6t 9.Q I 5310 3996 2952 1512 702 279 
Do. 7' 11.8 I 6266 44L9 3092 1392 555 . 189 
Do. 8' 14.6 ' 6979 4672 3066 1197 409 117 
Do. 9' 17.3 ' 7439 4706 2906 1003 294 69 
Do. 10 1 19.7 I 7624 4551 2640 788 197 39 
Do. 11' 22.0 I 7656 4312 2354 616 132 22 
Do. 121 24.1 I 7543 h025 2073 . 482 72 
Do. 13' 25.9 I 7304 3678 1761 363 
Do. 14' 27.7 I 7036 3352 1496 277 
Do. 15' 29.J I 6680 3018 1289 205 
Do. 16' ~~Q.9 I 6335 2688 1082 155 
Do. 17' 1~2.4 I 5994 2398 907 96 
Do. 18 1 I~3.9 5627 2136 746 
Do. 19' I?,4.6 I 5190 1834 623 
Do. 201 :!~6.o I 4860 1620 504 
Do. 21' ~?,1 .4 I 4544 1421 411 
Do. 22 1 l/l8. 7 ' 4218 1277 348 
Do. 23' I/to.a I 3920 1120 280 
Do. 24' I/ti.a ' 3608 943 
Do .. 25' ! 42.0 I 3360 

I 

~/Extrapolated values 

.. 



TA~LE Ib.- Pacific Halibut 

The Effect of' Various Natural !.'ortality Rates on the Total Weight 
of' an Unfished Population Consisting Initially of 

1000 Fish of Age-group V 

t Average 1 

percent) Item t weight 1 Natural mortality rates 
1per fish t 0 1 0 30 0 0 

I 

1 Pounds . I Pounds Pounds Pounds Pounds Ponnds Ponnds 

Age-group 51 5.1 I 5100 5100 5100 5100 5100 5100 
Do. 6• 6.2 I 5580 5270 4960 43hO. 3720 3100 
Do. 71 7.6 I 6156 5491 4864 3724 2736 1900 
Do. 8t 9. 4 I 6853 5772 4813 3224 2030 1175 
Do. 9t 11.3 I 7413 5899 4633 2712 1469 706 
Do. 10' 13.7 I 8083 6083 4494 2302 1069 425 
Do. 11' 15.9 I 8443 5994 4166 1876 747 254 
Do. 12 1 17.9 I 8556 5728 3759 1468 501 143 
Do. 13 1 21.4 I 9202 5821 3595 1241 364 86 
Do. 14' 26.2 I 10139 6052 3511 1048 262 52 
Do. 15' Ao.1 ' 10684 6017 3285 860 184 31 
Do. 16' !/Ti6.l I 11299 6029 3105 722 108 
Do. 17' i~2.5 I 11985 6035 2890 595· 
Do. 18' I/5o.o ' 12700 6050 2700 500 
Do. 19' !/58.8 

I 13407 6056 2455 412 
Do. 20' 67.4 I 13817 5864 2359 337 
Do. 21' '"J:/76.0 I 14060 5624 2128 
Do. 221 !185.o f 14195 5355 1870 
Do. 23' K94.o 14100 4982 1692 
Do. 241lio6.o 14310 4770 1484 
Do. 25 1I;,11.o I 14216 4446 1287 
Do. 261Ir,30.o 14170 4290 1170 
Do. 21 1±r,4s.o 14210 4060 1015 
Do. 281!;,60.0 14080 3680 
Do. 29•! 178.0 t 14240 

r 
I 

!/Extrapolated values 
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TABLE Ic.- Lake Champlain ~bitefish 

The Effect of Various Natural Mortality Ra~es on the Tbtal \rieight 
of an Unfished Population c~nsisting L~itially of 

1000 Fish of Age-group III 

' 
T"T.v~rage · 

Item I Yroi~ht r Natural mor~ality rates {Percent) 
'ps~ fish r Io 15 . 20 3!l !iO So 
1 

1 Pounds , Pounds Pounds Pounds Pounds Pounds Pound.a 

Age-group 3' ,7 700 700 700 700 700 700 
Do, 41 1.2 I 1080 1020 960 840 720 600 
Do. 5• 1.8 I 1458 1301 115'2 882 648 450 
Do. 6• 2.4 I 1750 1474 1229 823 518 300 
Do, 71 2.8 1837 1462 l.148 672 364 175 
Do. 8' 3.1 I 1829 1376 1017 521 242 96 
Do. 9' J.5 1859 1320 917 413 165 56 
Do. 101 J.8 , 1816 1216 798 312 106 30 
Do. 11' 4.2 I 1806 1142 706 244 71 17 
Do. 12 1 4.5 ' 1742 1040 603 180 45 9 
Do. 13 1 ·4.9 .t 1705 975 524 137 29 5 
Do. 14 1 5.2 I 1628 868 447 104 16 
Do. 151 5.5 ' 1551 781 374 77 
Do. 161 5.8 ' 1473 702 313 58 
Do. 17' t,·1 

_, 1391 628 268 43 
Do. 18 1 3:~.4 ' 1312 557 224 32 
Do. 19' 1~.8 I 1258 503 190 
Do. 20' ~ 7.1 1 1186 447 156 
Do. 21' l/7 .5 t 1125 398 135 
Do. 221 i~7.9 ' 1067 356 111 
Do. 23' I/8.3 I 1008 315 91 
Do. 241 _ 18.8 959 290 79 
Do. 25 1 3:/9.3 9ll 260 65 
Do. 26' M.9.8 862 225 
Do. 27 1 0.3 824 

.!/Extrapolated values 



TA.BIZ II.- Catch, Abtllld<:>nce anc SpaYmi~:, Reserve in Pounds 
~r 1000 Fisr Available to t he Fishery 

STRI.?E!l 3.4.SS 

(a)-Ten Percent ~~aturci.l :~ortality 
I 

Item Fishing rate (Percent ) 
20 30 40 60 ' 80 

(1) No size l imit 
Catch 3070 I 1560 ' 900 60J. 
Abundance 123411- ' 2790 ' 1090 64.'3 
Snalminr:- r eserve O'J 1 6 

2 One age group Drotected. 
Catch 2916 I 2301 ' 1569 11;:9 
A1Jund2nce 710() ' 4456 I 2110 I 1374 
S'l'Ja,min ;:: r.esenre 007 ' 2161 ' 61 I 20 

3) I!!.g fil:Q f,TOUDS pr otected 
Ca.tell '11"13 I 3697 I 3174 2447 ' 2023 
A'.Jund..c~nce I 1"967 I 10336 I 6601 ' 3550 I 2444 
s· ~min'· reserve I 1 661 I 33 I 3586 I r99 ' 150 

4) Three a~e grouJ)S >Jrotected I 

Catch 5069 I 4114 I 3454 3043 
Abundance 22614 <JOSS I 5329 3?13 
s wnin" reserve 19 ·2 60 6 I 2267 7 1 

5 Four a~e o;rou~s urotected 
Catch . 562 ,.. 53311- ' 49'35 ' 444·1 I 406G 
A"i:iundance I 25905 1 1630'T 1 11512 I 7112 I 5202 
SDB~ming reserve I 25905 I 1630" I 11512 I 7112 ' 5202 

(b )-Fifteen Percent .Natural :~ortali ty 
(1) No size limit ' ' ' ' Catch 212r 1644 I 1269 I 'nl+ I 559 

Abunc~e.nce 0412 4122 I 2316 I 1011 I 636 
Snax.ning reserve 6250 I 2391 I q26 I 107 I 4 

(2) One a;e fu,TOU"') ~-=rotected 
Catch 2548 I 2160 ' 1819 . I 1326 I 1051 
Abundance I 10495 I 5780 I J624 I 1875 I 1276 
Cnarrrd.i1,; reserve 7864 I 3427 I 1562 I 274 I 23 

( 3) Tt10 age grouos protected 
Catch 2699 I 2425 I 1977 1694 
Ahuno.a.nce 7682 I 5205 3oon 2147 
Soa., 11iniz reserve 6 2602 697 I 11 

4 Tr.rec a ; e r.;ron"'is nrotected 
Catch 329" I 3191 I 3011 265~ I 2412 
f..hune<>.nce I 14:151 I 9615 I 6092 I 4295 1 3170 
Si;:e.1ming reserve I 1226r' ' 7032 1 4309 1712 I 5~7 

(5) Four age grou~s Drotected 
Catch 3536 3567 I 34e4 I 32L"3 3050 
Abundance ' 10497 11208 I C333 5435 408') 
Soarming reserve I 169r_9'1 ' 1120G I 8J22 5435 I 4089 
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TABLE-·II '{ConttCi. ).- Catch, Abundance and Spanning Reserve in Pounds 
per 1000 Fish Available t9 the Fishery · 

.. • 
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TABLE III.- Catch, Aqundance <µld Spawning Reserve in P6\inds 
per lO(io · .Fish Availabte to the Fishery.<'••.' · ~ 

s - ~ ' ! ' 

PACIFIC HkLIBUT 
.. 

(a)- Ten Percent Natura,l Mortality , ,, i' 
I . 

Item 
26 

Fishing rate (Per~ent) 
80 

(I) No size limit 
-Caten'" 6701 I 5879 I 5428 1 4982 I 4757 
Abund~nce ' 30946 1 18447 1 13065 ' 8370 1 6275 
Spawning reserve 1 16025 1 5606 ' 2230 • 262 1 12 

(2) One age g~~u _p_p_r_o..,..te_c_,t,_..P._,d-----~-..:;._.---------------
Catch - --- 7206 , 6389 • 5930 1 546'5 ' 5216 
Abundance 1 33375 1 20084 ' 14281 ' 9167 1 6868 
Spawning reserve ' 20290 • 8267 1 3654 1 789 ' 64 

(j) Two age groups protected 
Catch 7727 1 6927 1 6473 1 6015 1 5757 
Abundance 1 33960 1 21881 ' 15655 ' 10104 ' 7578' 
Spawning reserve 1 25333 ' ll794 1 6174 1 1737 ' 327 

~~------~---__.;... _____ __ 
b - Fifteen Percent Natural .Mortality 

o size im 
Catch 

Abundance 
Spawning reserve 

(2) One age group protected 
-catch 

AblUldance 
Spawning reserve 

(j) Two age groups protecte3' 
"Catch 

Abundance 
Spawning reserve 

I . 

5050 I h893 I 4778 I 

I 23881 1 15884 I 11939 I 

1 10142 I 3990 I 1641 I 

5159 I 5036 I 4937 I 

I 25154 I 16368 I 12335 I 

I 13123 I 5660 1 2685 I 

5256 I 5172 I 5098 I 

I 25041 I 16893 I 12791 I 

I 15832 I 8093 I 4524 I 

c)- Twenty Percent Natural Mortality 
No size imit 
Catch 4005 I 4179 1 4237 I 

4597 I 

8060 I 

207 I 

4757 I 

8333 1 

521 I 

4953 I 

8684 I 

1307 I 

4256 I 

Abundance I 19340 I 13965 I 10967 I . 7770 I 

Spawning reserve 
(2) One age group protected 

6408 I 2748 I 1173 ' 160 I 

Catch 3865 1 4057 I 4124 I 4152 I 

Abundance I 18703 I 13566 I 10670 I 7565 I 

Spawning reserve 8108 I 3873 I 1884 I 391 1 

(3) Two age groups protected 
Catch 3721 ' 3932 ' 4016 ' 4o66 I 

Abundance I 18094 I 13204 I 10424 I 7415 I 

Spawning reserve 1 10034 I t5588 I 322.5 ' 995 I 

4494 
6193 

10 

4654 
6202 

50 

4852 
6675 

248 

4258 
6ll4 

7 

4148 
5949 

39 

4070 
5833 
194 



-
TABLE III -(.0•.ntid. )- ca~ch, Abundan::e and Spawning R~serve i h Pounds 

per 1000 Fish Available to the Fishery 

PACIFIC HALIBUT 

(d)- Thirty Percent Natural Uortalit y 

Item 
20 JO " I 40 I. . 60 I 80 

,. ,. (1) No size limit 
""Cate'fl 2786 I 3212 I 3449 I 3713 I 3845. 

Abundance ' 13965 ' 11272 1 9471 ' 1266 ' 5961 
Spawning reserve 2748 1 1296 ' 568 "'" 87 ' 4 (2) One age g;.~,un prot,,_e_c_t_e....,d----_:_.:.---;....,_-_;;__ ___ ...;...._.,....... ___ _ 

-catch ~-~ 2367 I 2734 I 2941 I 3168 I 3278 
Abundance • 11870 ' 9594 1 8068 1 6188 ' 5074 
Spawning res erve 

(3) Two age groups protect ed 
Catch 
Abundance 
Spawning reserve 

3389 I 1839 I 969 I 222 I 21 

2007 I 

I 10109 I 

4278 I 

2328 t 2513 I 

8198 I 6909 1 

2640 I 1624 I 

2717 I 

5309 I 

539 I 

2814 
4354 
107 

e)- Forty Percent Natural Mor tality 
Nr s ze imi 
Catch -

Abundance 
Spawning reserve 

(2) One age group protected 
CatCh' 

Abundance 
S awning reserve 

3 ~ age Groups protect ed 
Catch 
Abundance 
Spawning reser,ve 

2118 I 

I 10967 I 

1173 I 

I 1546 I 

8002 ' 
I 1413 I 

2587 ' 
9471 I 

568 ' 

1889 I 

6915 I 

831 I 

1129 I 1385 I 

5864 I 5076 I 

1814 1 1193 1 

2906 1 

8370 ' 
2·62 I 

2125 I 

6111 1 

526 ·' 

156o I 

4491 I 

772 I 

3287 ' 3500 
68}0 I 5816 

35 I 2 

2404 1 2557 
4985 I .4243 
114 I ll 

1768 I 1882 
3666 I 3121 

270 I 58 

f - Fifty Percent Natural Mortalit·~ 
q s ze imit 

ca'teh 
Abundance 
Spawning reserve 

{2) One age group protected 
Catch 
Abundance 
Spawning reserve 

(3) 'IWo age groups protected 
cat'Ch 
Abundance 
Spawning reserve 

1703 I 

9o64 ' 
h37 ' 

1038 I 

6221 I 

581 I 

634 
I 3378 

724 1 

50 

2165 I 

8209 I 

239 I 

2499 I 

7510 1 

121 ' 

2940 I 

6447 1 

19 I 

3215 
5680 

l 

1320 I 1523 I 1791 I 1957 
5695 I 5269 I 4621 I 4153 
341 I 191 I 49 I .5 

807 I 

3059 I 

4?8 ' 

933 I 

2799 I 

333 ' 

1098 I 

2403 ' 
126 1 

1200 
2117 

26 



TA l LE J.V .- Catch, Abundance and Spavming Reserve in Pounds 
per 1000 Fish Available to the Fishery 

LAK.d: CHJL PLATI: ,;! !ITZFI.SH 

~a)- Ten Percent Natural Hortality 
I 

Item F'ishin~ rate (Percent) 
20 30 40 60 Bo 

(I) No size limit 
cat:Ch 1286 1 U66 1 1042 1 854 I 722 

Abundance 5659 1 3347 I 2229 1 1260 I 878 
Spavming reserve 3818 I 1721 I 795 I 151 I 14 

(2) ~ age group protected 
Catch 1444 I 1389 I 1312 I ll74 I 1063 
Abundance 6648 I 4232 I 3005 I 1850 I 1343 
SpaYming reserve 4788 I 2459 1 1348 1 385 I 68 

(3) Two age groups protected 
Cat ch 1556 1 1557 1 1525 1 1453 1 1384 
Abundance 7461 1 4992 I 3695 I 2411 1 1800 
S aYming reserve 6003 I 3534 I 2237 I 953 I 342 

Three age groups protected 
Catch 1607 ' 1647 1 1647 1 1631 1 1609 
Abundance 7948 I 5488 1 hl67 1 2820 1 2147 
Spawni ng reserve 7948 1 5488 I 4167 I 2820 I 2147 

(5) Four age groups protected 
Catcb 1602 I 1659 1 1674 I 1678 1 1672 
Abundance 8017 I 5603 I 4294 I 2938 1 2250 
Spawning reserve 9o66 1 6752 1 53h3 I 3987 I 3299 

(b)- Fifteen Percent Natural Eortality 
(1) Ho size limit 1 1 1 

Catch 996 I 963 1 903 I 776 I 678 
Abundance 4403 I 2?23 1 199) I 1200 I 865 
Spawning reserve 2666 I 1274 I 621 I 125 I 11 

(2) ~ age group protected 
Catch 1084 I 1107 1 1090 1 1017 I 946 
Abundance 5053 I 3460 1 2579 I 1675 1 1250 
Spavming reserve 3347 I 1830 1 1029 1 308 I 58 

(3) Two age groups nrotected -- . Catch 1123 1 1190 I 1210 I 1196 I 1166 
Abundance 5478 I 3922 I 3031 I 2071 1 1584 
Spawning reserve 4177 I 2621 I 1731 I 770 I 283 

(4) ~ age groups protected 
Catch 1107 I li99 I 124) I 1275 I 1282 
Abundance 5594 I 4ll7 1 3255 I 2297 1 1788 
Spawning reserve 5594 I 4117 I 3255 I 2297 I 1788 

(5) Four age groups protected 
catch 10h8 I 1145 I 1196 I 1239 1 1259 
Abundance 5361 I 3988 1 )165 I 2262 I 1770 
Spawning reserve 6256 I 4883 I 4070 I 3157 I 2665 



TABLE "N (Cont rd.).- Catch, Abundance and Spawning Reserve in Pounds 
per 1000 Fish Available to the Fishery 

LAKE CHAMPLAIN •ffiIT~~FISH 

__________ (,_c..:.)_-_Tw_e_n_t:;....y_P_e_r_cen t Natural ilfortali ty 
I 

Item Fishin~ rate (percent) 
2o JO 40 t 60 r 

(1) No size limit 
Catch 

Abundance 
Spav:ning reserve 

(2) One age group prot ected 
Cat'Ch 
Abundance 
Spawning reserve 

(3) Trfo age group prot ect ed 
Catch 
Abundance 
S av.11in reserve 

Three age group protecte 
Catch-
Abundance 
Spawning reserve 

(5) Four age group prot ected 
catcn
Abundance 
Spavming reserve 

795 ' 812 
3525 f 2423 
1864 ' 948 

836 897 
3932 ' 2862 
2348 I 1369 

829 I 919 
4101 I 3101 
2949 I 191'9 

777 ' 878 
3993 f 3092 
.3993 ' 3092 

696 1 792 
3621 1 2829 
4379 I J587 

786 
I 1788 

479 

908 
t 2217 

792 

959 
' 2480 
I 1328 

934 
I 2522 
I 2522 

847 
I 2321 
I 3079 

d)-Thi rty Percent Natural Mortality 

Abundance 
Spavming reserve 

(2) One age ~i·oup protected 
Catch 
Abundance 
Spavming reserve 

(j) Two age group protected 
Catch 
Abundance 
S awning reserve 

Three age group protecte 
Catch 
Abundance 
Spawning reserve 

(5) Four age group protected 
Catch-
Abundance 
Spa~11ing reserve 

541 I 600 
2423 ' 1853 

9h8 I .519 

.523 I 602 
2501~ 1 1998 
1198 I 741 

469 I 555 
2374 I 1949 
1492 1 1067 

392 472 
2071 1730 
2on 1730 

310 I 374 
1657 I 1391 
2176 I 1912 

52 

615' 
' 14130 

273 

641 
I 1686 

480 

605 
1648 

766 

522 
I 1485 
I 1485 

416 
I 1199 
I 1720 

709 
I 1145 

98 

881 
I 1513 

243 

982 
' 1768 

616 

988 
, 1849 
1 1849 

906 
I 1716 
I 21.!74 

601 
I 1051 

60 

665 
I 1228 

1.51 

656 
I 1264 

382 

582 
I 1163 
I 116) 

468 
945 

I 1466 

Bo 

639 
852 

9 

840 
1160 

44 

977 
1385 

233 

1014 
1470 
1470 

937 
1371 
2129 

570 
828 

7 

660 
988 
JO 

675 
1033 
151 

615 
961 
961 

498 
783 

1304 



TA?.LE IV (Cont'd.).-cat ch , Abundance and Spa.wnin..; Reserve i n Pouncs 
per 1000 Fish Avai l al:-le to the Fishery 

(e )-Forty Percent Natural :'ortali tv 

Item Fishing rate (percent) 
20 30 I 40 I 60 30 

(1) No size limit 
Catch 

(2) 

Abunr.ance 
Si::ia;min "': reserve 

nne age ~70•1p protected 
Catci1 
Abun6ance 
Sna:rmin P." reserve 

3) Trio ~ >.roups protected 
catch 
Abundance 
S Yminr1 reserve 

393 1 462 1 49$ 1 

I 1789 I 14SO I 1260 I 

479 I 273 151 I 

I 340 I 

I 1663 

377 I 

I 1072 I 

4 Three a 1 e grouus ~rotected 1 

Catch 197 I 

I 1063 I 

I 106 

282 
Ai:mndance 
S::e;1-min - reserve 

5 Four age grouns .:>rotectcd 
Catch 
Abundance 
Spa.;ming reserve 

1)4 I 

735 I 

I 10']2 I 

168 I 

649 ' 
986 I 

r,35 I 

193 I 

5fl2 I 

919 ' 

519 I 

973 I 

35 I 

327 
690 I 

690 I 

226 ' 
403 1 

820 I 

(f )-I'ifty Percent Natural Mortality 
(l) No size limit 

Catch 300 I 360 I 410 I 

Abundance 
Spavminr.'. reser\·e 

I 1400 I J229 I 1095 I 

(2) ~ a:;e grouo or0tected 
Ca.tch 

231 ' 

225 I 

138 I 

2/'13 I 

Abundance ' 1125 I 1006 I 

Sre.Ymi n'£ reserve 
3') ~ a ._.:e t~ronns orotected 

Catch 
AbW1dance 
Spavmi n:: reserve 

(4) Three ar;e r,rou·,Js 'Jrotected ' 
Catch 
Abundance 
S wnin '? reserve 

5 Four afe grouns protected 
Catch 
Abundance 
Spa•ming reserve 

28 l 

153 I 195 I 

81 6 I 730 I 

356 I 2CO I 

54 I 70 I 

302 I 276 ' 
542 I 516 I 

53 

79 I 

322 I 

910 I 

1 0 I 

225 I 

667 I 

217 I 

142 I 

437 
7 

F'.2 ' 
255 I 

495 I 

/~52 I 

907 I 

17 ' 

367 
768 ' 

.... ' 
264 
571 
121 ' 

170 ' 
378 I 

378 I 

9!3 ' 
221 ' 
461 ' 

512 
'-'05 

3 

450 
740 
92 

353 
590 
90 

245 
414 
751 

465 
7S~ 

3~0 
670 
11 

2~7 
502 
5:? 

103 
334 

109 
196 
436 



cm'l.fZNTS on ~'.R. iES:.>IT rs STAT;~_ @T 

By i·:illiam C. Herrin~ ton 

Mr. ?Tesl~i t has made an excellent are,ument for fishery management and 
has art,ued ably the case for reducing the number of fishermen in order to 
increase efficiency of operations end adjust the number of workmen and gear 
to the job to he done. If you vrill recall the ma.in points which both he 
and I have attempted to make, I believe you >rill find that we are in close 
agreeuent. on most of the general issues considered. ?Te a3ree t :mt it is 
desirable to obtain: 1) the optimum yield from the fisl 'eries; 2) the 
optimun efficiency of manpov;er and gear use; and 3) t he optimum incane for 
the fishermen. I also thoroughly a~ree •nth !{r. Pesbit when he states: 
11-;1'hatever you do, Y/ork out your pro) osals •ri th the fishermen" (and I would 
certainl~,r add "the fishin& industry") "before draftine; legislation.-if 
legisla. ti Ye proposals are drr.fted wholly by officialdom they will" (I prefer 
11may11 ) 11be defective because officialsn (frequently ) "d.o not have access 
to many of the pertinent econ01:rl.c facts knovm (onJy) to fisharmen, 11 How
ever, when ;.re begin to consider the )lace tl e sewral objectives shl')uld 
have in a ra.ana~ement pro;sTaJl\ and the order of importance to be granted 
each, our ti;o arElll!lents begin to diverge. 

In considerinc the three objectives I have referreti to it see~s safe 
to conclude that the first is '?SCuliar to the fisheries, although conpar
able in some respects to the objective of mana3e::ient in agriculture. It 
re,!Jresents the basic objective of co~servation as I understand i t . The 
second ~Jjective reasonably mi~ht be classed as the ultimate purpose of 
econonics; probably it is desirable in all industries. I believe that it 
provided the basic concept underlying Technocracy, that idea.logy v1hich a 
fevr years ago enjoyed such a vougue, but which dropped from attention when 
the public found that the goal, although beguilinc, was distant, and that 
no one could tell us just how it could be reached. The third objective 
might be classed as the goal either of economics or social science, or the 
combination of the tr.10. It is desired by practically all workmen and by 
no means is confined to the fishery industry, The problem of acM.eving 
optimum efficiency of operations and optimum income novr may be enjoying a 
status comparable to the problem of harnessin~ atomic pe1iver. The latter 
is a fascinatinz, subject for study and experi.tnentation, and its practical 
realization vrould have a tremendous effect on civilization, but I ha"'..re not 
yet observed that industrialists have begun redesiGning their pouer plants 
to de?end on t!1is source of energy. 

In the latter part of ~.rr. Nesbit's address, he flatly states that the 
only al terna. tives facing this Collli-:rl.Ssion are: 1) do notlling; 2) fi.)1t in
efficiency with inefficiency; 3) el:i.mina te inefficiency by adjustin.,, the 
numbers of •rnrkmen to the job. At the best, this seems to be a rat:1er 
perverted representa·l;ion of the case, A more rational and informative 
approach, it seems to me, is first to determine this Commission's O~)jectives 
in its approach to fishery problems. For instance, they mitllt be those I 
have already enumeratedz 1) optimum yield; 2) optimum efficiency of II!2.n
power and gear; 3) o:;.>timum income. The next step is to decide which is the 
primary and which are ~'1.e secondary objecti ,,-es. If you conceive your main 
function to be conservation, t'•en the first is your primary objective, and 
the others highly important, but secondary ones. If you conceive your 
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primary fW1ction to ~-·e tL. solution of econo~1ic ani:1 tec~··nical problems, 
tl:en your i)rirr..:-.rv o·~ jecti;;c ~Jrobabl-,r wi.U 'be th-3 seccnd listed objectiv-e. 
If your function is social, nrci~c'l°'l~r your ::riin.:lry o!Jjecti ~re ;10uld lie t!.e 
t!1irr. I am not. ~i.~i t:= ~ure concernin:. t he uso of tl 'e ter1.1s econar.ic, 
tec:1nical, and soci<?.l, since: t :;ese fielc.i.s se~ns sooie;·:l·at :·.tixerl u .c-1. I am 
merely a. ttei'lptin_, to s·10-{: that ~rour a~nroach ·to the various fishery . 
proble~r.s will be con·'itione.c by ~~our decision as to wllet.~:.er your main func
tion is to pror.~ote the o'Otimum yielc.1 , o-;>timur:1 efficiency, or o'1t i_ .,um inc"ne. 

If you decide to give ~reference to tre first objective--~ptimum yield, 
t::en ~·;e ac:iUP. tic bioloGis ts will be a ,~le to ":Jrovirle you 1·;;l. th definite inf or
ma tion concernin_~ the meastu·es needec1 to ac~ieve these r 0 sults. T:1e :.iasic 
'1rjnciples of fis~er~r w.ana ,ement have been esta1)lisl!ed fairly well. an::l witl: 
t..~e ':)r09i3r bac!-:Ground of fr..cts. The results of speci fic measures ap')liec1 
to any fishery can lJe _)redictec1 re::as<"m.1.'-,l>r ·i;rell either quantitati-;:ely or 
qualitatively. In tltis field Vie can assist you e.s res8arch llen haire 
assisted in agriculture. In r"JZ.nir cases, jJertia~s in most, these measures 
also will increase the eff;_ciency of gear use anrJ ~·fill increase t l".e income 
of t'1e fisher1!ten. Certainly tbe' r will enable more .f' isl~ er nen to 0~1tain a 
livelihood, will increase t hG TJroduction of sea T'ocx:l and will aff ore! more 
e:r.ploy·nent astiore anC:: more foc-d for the nation. Put the '1asic '")ur:x>se of 
t.l-i.ese measures will be t o ·;aintain and i.ncrer.se the vielc1 fron the :i. isheries. 

If you deciGe to _h'e :1refe!'€nce to tte f:eC·"lnd or t t i rc nbjecti ves, 
then we a::; aquatic b iolc_ i sts can ~iYe irou no de:.2inite in:Lnr mc tion to r;uiC.e 
your cecisions. As citizens and scientists '?erhaps we can a (:.vise ycu, (Jut 
ii' Dr. lanbIJl.uir, retirin~ 1r esicJent of the A:nerican As i:: r ci.:.tion for t he 
Ad:;ancement of Science, is correct, and science ~s littl·~ a'>>lica tion to 
the .field of econonics, 1/ then our ac'vice as scie:ntists ~ rill be of lir'd. ted 
value . If you deciC.e to rnana ~e the iisher~r uith the o'ujective of obtaininb 
for t he fisherman t~1e income to wi icl: hG is enti tlec.1, you are entering the 
whole b road field of ma.na,;e1 :ent economy, iThicl-:. he?.s occu!'.'it..d the attention 
of t !1e Tec:~nocrats, Depart1ent of Abriculture planners, the sili.rer block, 
NRA, Tow·nsend .. :>lanners , and numerous others. None of them seem to have 
soJ.veci the j)ro~lem satisf actorily, but that does not 111oc>.n that it cannot 
be solved or that you ma~r not be the ones to do it. 

Tn this discussion I do not Tiisl: to i.1ply that the objectives of a 
managed eccnO!'l,v are undesirable. In f act, I believe tl~a t most of us vrill 
a BI'ee thc.t efficient use of rnanDov-rer an(l equipment and nntimwn income e.re 
hi 15hl~r to be desired . }kn1ei.re1~, do nl")t let tl' e attro.cthenes-; of t '1e 
pros•)ect and. "1lausibility of t~~e ')roµosed r.i.etho~s blinc..! '.~ou to the f act 
t ha t you r:ould be enterin5 an uncertain and debatable l'i J.ri .:i.n:i t h.a t 
clear-cut result s probahly would be a lon; wav off . 

In contrast, v·~ can at ~:resent la.~r out a clear-cut conserVP.tion 
pro_~ra:n ma!dn_ use of met.boes w~ich are more ef ecti Ye anri dependal)le than 
t !1ose proposed for econor'lic mana·~€·'1ent. I wouli:1 verir muc~i re[ ret seein& 
a sound conservation pro~ram t if'!d to a )ro .~r.'.l.-i f or econn"1ic 'Sl1''-i3enent in 
suc!i e r.--av t\at the t wo must succeed or fc:.il toget"! er. "(ou may observe 
ti:iat the Dapartr.ient of A~ riculture•s pro: rar:! to increase crop ~nc. meat 
yielc.1. per acre anc:1 -rx:r farmer, is ince lEJr,0emt. of its :)rO ra11 to ma~. :,e 
production of certain cr ops in orcer t c. in(.r er..se t~ e f ci rmer ' f.: in co le. It 



is no more 101,ical to stete the.t e. Jrogram c.1esie;ned to. increase the yield 
of the fisheries is of no value tc the iislierman, tl~e industIJr, and the 
nation, unlee~ it is tieC. u~J ~Ii t'1 a _, irogrci.m to li::it COI'1Jetition and in
crease inco!"le, t :1ci.n it is to state t' •"'t t!·•e use of im_-'.lrm.red ci.:..ricultural 
met1! oc'ls , ·as of no Y~lue he~ore the • ~Ycnt of fam inc -:"me 1'12.n'·ge..,1ent. I 
!Ja-.1'\:? e~n hearc.1 it q_uestinned w~;,et1 1er farm income r:1.:i.ne. ...,e :- ent, as car!'iec. 
on in r,:any cc:.ses (cotton, milk, etc.) in t~1e long run is of -ialue am·1 
wi·et11er it is ju.:;tifiecl e ~ce·)t as a te·· :iorarir measure to cri.re for e:·tre-:e 
condi t i ons of economic distrer.e. 

}~e has gone to consir'.er2.ble ·~t..cil :i.n discussin:; some o.:: tl~ economic 
COiilplicRtiC'nS that f.'<: •re cevelopct~ in the )acific hali''Ut fisher;,~, as tre 
result of the ~rolonr;ec la;rcrver ··1r--rj_ncJ arj.sin~. from the catc~i quotas i::i
poser~ 11:r t'1e Internat.ion~l Fisheri~s Coiit•issi..on. I wisl· you to 1'.ar ::e.rti
cul~rly in rninc1 tr.at this is the onJ.y case ,::1.ere fish;r-r ir.?.:1a _.ei~ent of the 
~n"N'.l t~r,.-,e W(. acyoc~te has '-.eiJn ·:mt into ')ractice on an iti.portant Illc.,_rine 
fis:1ery. rJeCUUS6 it is actuall;,• in ·1ractice, we !:U~le before US <::l:. of tl1e 
v<>.rious co::i.1jlicatirn::; t!!l'.t such a ·-,r0.:,rc.·n entcD.s. In s · ~ite of these co;.1-
p'.!.ice.tions, t: .e :-·rC".:..ra::i h:is '1een V-Jr'J succes::ful in ~)rEventin:;; a furt!1er 
decline in the. .fi sh~r,, e.nc~ t!1e- resul tin~ less of e·ii;_)lo:,r-;mnt to :.:ishermen 
anc1 s'~ ore YTOrl :er5, loss Of !· us'n<."S ;": to Cet.lers, and loss Of foC".-~. to the 
nation. Actua.117 , it h~s incre.:.:::e·:'. t :-ie c.:tc·. and e:-!1.:._llo·'illent, r.nc' to the 
extent th~t t he increasec! el':' )lo,r .. ,_,:jnt and income h.?.·,re :µ-· roved c0nditions 
in that aree., it h<:'.s incre .. se<~ tl1 e income of inc".:Lvit'.ual f i shcir !iien. Defore 
man~. :..,e .'l<?nt s't<1rtecl, t he }~ li":.ut fishenium 1 s incom~s ··rere so lmr tbnt .namr 
Tlere turnin'_, to other occ·.i~".la tions. Nmi, inc• 1me has irt~JrO"li-ed to ~1e :;oint 
where ne-:-." ren are coming into t:1e :"ishery. '?~. Nesbit prefers to de::>recate 
thes::i -:, a.ins ~ecci.use the fisher~r ho:.s not yielrled the fisherman the income 
to '\'ihich he is entitled (uhatever t!1cit is) anc1. as!rn you to abanrton this 
met•-: od of ·1ro•1en ya.lue, for one l <Ii:i.c· at best '\rill !1 a ve uncertain results. 
'\1e have no coni!JCl.rable case in li:ich a large marine fisher;r is bein .. manai,;
ed by t!--e metl:orl am! fCJr the !Jurpos~ ·.)roposed by ~'r. lJes')it. Consequently, 
we ha-..·e no ex' i'!)it to -r;liich we cen '10int to illustrate the co~1Jlications 
...... hicr'. must f0l lrn: from a "l 1licati0n of the met!"!oc. ?011ever, do ?.ny of you 
ex:_:>Gct thnt these coil" ilications 1.iJ.l ~::>e any l ess invoh-ec:~ t]1an t!10se I 
have su.:_:gcstad in my 0revions st..ate .. 1ent '? I am ccnvinced tl1E.t if an;rthin..,, 
t hey will be greater t 1·c-.n n011 ima5nn<l, just as t.11e sccnomi.c cn:~ulic~tinns 
in the halibut fisherv are greater t' :.:n most :Jeople expected. To su·).;,Jort 
m~r O'l)inion, I must refer you to cases in ot!ier incustries, in 'Tl:ich sane 
type of mane !5ed econo·"ly has been triec1 as a.n emer~enc:r me:.i.sure, for 
instance NRA, the A3I'iculture DeD<.,rtment•s cotton and ;·rhert program, milk 
pro:,rams in the se\"erc:.l States, etc. 

Another conceQt ~·1hic~ has 1'.'een ryresented in relati.on to the pro?osed 
method for obtzinin~ maximum eff iciency of ~.:'ar and mc>.n-Jovrer, deserves 
further eJCa.-nina. tion. In this sxc>.!!rl.ne.tion, I can de~rt from my role as 
citizen and arna teur econonist an( return to that of T)rofessional 
biolo3ist, !'r. !Jeshi t pnints out t ?itt a fishertj of relatively low inten
sit~r will provir1.e nearly as :;reat Cl catch as riill a fisher~r of high 
intensity, and '\Til!. require onl ~r a ! r~.ct:i.on as :mch J'ishin3 gear and 
ruan;"lower. This >!ill result fro,'\ tl ie fact t!1~.t a muc11 :;reater stock ''li.11 
accumulate w'1en fishinz intensity is low anf t;1e indivi~ual 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 '1hen tl~ e fishing pressure was BO 
percent annually, was only lC 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 
production of young is much greater when the adult stock is at inter
mediate levels than when it is very high or very lO'H. Thus, in the 
examples shovm in figure 2 1 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 tvro pounds, but we are not yet ready to state just what the fishing 
intensity should be. You will grasp the logic of t he argument for a 
vigorous fishery which prevents any great accumulation of old fish, if 
you will consider the problem of obtaining the gr~atest production of 
beef from a piece of grazin3 land. Uould 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-grmm ani.iials as rapidly as 
they matured, taking care to kec~ sufficient only for breeding purposes, 
and thus save as much of t~e grass as possihle for the rapidly-grmri.ng 
young stock? Our haddock i7ork indicates that rr:.anagin:; a stock of fish 
for greatest production is something like this, althou~h it differs in 
some particulars and is much more complicated. The results of the "Y·iOrk 
certainly indicc;ite that we should not go too far in advocating a general 
management program which stresses lm·r fishing rates, until the biological 
relationships are kn~1n better. 

There are a number of other statements in V:r. Nesbit 1s report to 
which one might take exception. However, it does not seem essential to 
consider them item by item, for tl1e main issue is one of basic principle 
and method of attack. Nevertheless, I would like to comment on one state
ment which Mr. Nesbit vtords as follows: "This Commission cannot honestly 
tell a lobstennan that an increase in size limits will increase ~is in
come unless the increase is assoc:iated with effective measures to prevent 
increases in the number of lobstennen." I believe that those of you who 
are well acquainted ,71 th the lobster fishery as a whole vrill be impressed 
by the fact that such a flat statement could not have been based on any 
considerable understanding of the lobster f i shery and of the conditions 
which exist in the principal lobster-producing areas. The :i::ersiste!'lt 
decrease in the lobster population in ~ractically all areas durinJ the 
last 25 years, has caused a continuin~ reduction in the lobster fisher
man's income until in recent years he pas been worl:ing, in most cases, 
on a vanishing or vanished i;)rofit mar{;;in (prior to war-stimulated :prices). 
Yet, in a great many cam~unities there is little else that he can do, so 
he continues lobsterin~ , at le~st part time. Prevention of further de
cline in the lobster stock, and incr~asinc tha t stock through size limits 
or other conservation measures, will enable many of these fishermen to 
avoid going, on relief. If >Te can yro;ress to the point of achievinc::, the 



optimu.lll. catch in tl1e lt ~Jster i is'rnr· ,. ~'.nc impro"lre othe r f isheries in t hese 
areas hy ?roper m~na;ement, a ree.l m~asure of .Jrosnerity -;·;ill be restored 
to r.lany small seacoast com:.mnities . 1.ould the Con1"1"ission i)refer to tell 
these "Oeople t~1at the lo~~ster fis hi;r,~ is not aC:!equ;.-1.te to SU1>)ort all of 
the fisher:~en in tJ~ e r.anner to .::1j.ch t..,ey are entitled (11~.ccustomed11 is 
not t he proi;er r.ord in this case), t~1eref ore only one-!ialf ·.1ould be t,Tanted 
licenses and the r £ .1ainC.er muat mo..,-e elsewl·.ere and find jobs, or go on 
relief? 

In considerin ., this whole problem of increasinb income by restricting 
coi.--.petition throut;h 6 ra.ntin::; mono-:-olies to a linited nwnber,, I am impress-
ed by a state"lent recently credited in Time to General Patton of our armored 
forces in Africa. In re pl yin:~ t o co;n:·e:nts on his propensity for leading 
his forces into battle by riding a leadin~ tank, he was quoted to this 
effect: 11An armored force is li!~e spaghetti, you cannot µush it from ~ehind, 
you rnuat ~et U1) front and pul:' .. i t . 11 Perhaps increased income also is like 
epa.E!1etti. Insteac1 of tryinr; to puah inco!ile up b:•t restrictint: cor:Jetition, 
v;hich rushes men out of successive occu .ati ons for t he henefit of those 
reli1B.inin . and eventually leads to an increesin;: po0l of unem?loved, it might 
be better to ap·ily our eff orts t o increasing employment, v1hic1' will provide 
more jobs and increase co:n-,etition for c-.vaileble labor, ~nd thus wll men 
out of the poorer pa.·rin ; occu 'l::!. tion~ <mtl ·:mll income to hijler levels. The 
idea seems i":orth considerinc . 

As my final statement, I wisl': to leave you Y<ith this recom.1endation: 
By all means, approve an~ undertake a !>rogram for conservation management, 
with achievement or the optimum catch as the nrinm.ry objective . If you 
also deci de to undertake e:.q:erirnents in manc>.;sec! economy, with optimum 
efficiency and opt imum inc o:ne as tile pr imary objectives, I urge you to 
set them up as a separate pro~ram ,,hich will not jeopardize realization 
of the first. In vievr of ~resent pro~ress in the field of aquatic biology, 
I am ho~ful the.t 11e si::ell be ;Tell on our way towards realization of t he 
optimum catch within our lifetime. -.rben I lr-ok upon the ;;>resent world 
and its economic stru::,gles, I am equally hopeful but le ss sanbuine in r e
si:ect to realization of optimum efficiency and optimum income within the 
same span of years . Shall vre refuse t he first unless we can have all? 
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COM~'EPTS ON UR. H..:RRII1GTO~I'S STAT~!!EilT 

By Robert A. Nesbit 

Mr. Herrington and I agree fully with respect to the importance of 
establishing minimwn size lir.iits wherev:er 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 vrhich 
should be used to stabilize fishing intensity. 

I advocate a new policy of gradual and experimental adjustment of the 
nwnbers 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) peIT.lit a vrell 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 doine, that is, to operate with less than 
full efficiency. Methods in accordance vri th this policy can bring about 
the same, but only t he s ame, 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 nork11 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 enou3h fishermen are permitted to encage 
in the work, it must be shared among them • 

. Mr. Herrington nas given us an excellent critical review of the 
various methods wnich have been proposed to establish ~ 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 doing so. I have 
offered only a general criticism applicable to all share-the-vrork 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 policy 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 Ttithin 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 nwnbers 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 uritil the Commission takes up the problem 
with the fishermen and works out with them a workable and equitable 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 °'j}.e procedure being carried 
out as suggested. At this stage of the discusston it is necessary to 
set up a straw man in order to knock him dovm. I shall not presume to 
set up the straw man by proposing a detailed pror.ram even for the !Jiddle 
Atlantic region, with which I am familiar, much Jess for the Nevr England 
vessel fisheries which I know very little about. When, and if, a program 
sufficiently detailed for specific criticism is presented for legislative 
consideration in the several States, it will not be my program but a fisher
man ts program. I can, as I have in this discussion, indicate general 
objectives and general biolo3ical and economic prL1ciples. But each pro
gram must be tailor-made to fit the biological and economic peculiarities 
of the fishet"J 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 vie- conservation
ists can do is to furnish technical advice in biological, economic, and 
legal matters. In the end we can learn only from ad~inistrative experience 
whether the technical difficulties are insuperable. 

Two technical criticisms require specific answers. In the first, 
Mr. Herrington points out that a system of fixed license quotas is ini'lex
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 
variations 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 -vrhich marked ye:ir-class dominance is associated 
with a ver.r brief period of availability to the fishery. Examples are the 
fisheries for the Paci fic 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 spa\m~rs from the poor year classes. Such pro
blems must be dealt with individually. 

It may be noted in passing that a fjxed catch limit would exaggerate 
this difficulty. Fixed catch limits determine the fishing rate l'lith a high 
degree of precision onl:r for species which are not subject to marked year 
class domiriance 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 wi th a brief period oj avail
ability. The haddock may prove to be such an inst ance. Herrington_!/ has 
shown that too many spa:;mers are as objectionable as too few. It may prove 
necessary to re1:10ve large year classes quickly even at the cost of poor 
utilization in order to prevent interference wit~ production of young by 
too large stocks of adults. In this particular instance it will not be 
difficult to make the necessary adjustments for Georf;eS Bank, by permitting 
a temporary divers i on of effort from more distant banks. 

In the secon::l. c1·iticism, he has pointed out that i'there several banks 
are accessible to a lar6e fishi ng fieet, l i mitation of the size of the 
fleet would not protect the nearby banks from overfishing. This is quite 
true, because the whole fleet v:ould vrork on the nearby ban.lcs 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 aweiliary 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 nwnbers authorized 
for each depending on its productive capacity. Some vessels would have 
exclusive access to the nearby banks l:here operating costs are low and 
others would be restricted to the more distant banks where operating costs 
are high. At first thou 1:;;ht 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 Mr. Herrington 15 

criticism of the pro~osed 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, lifr. Herrington fears that we Yrould necessariljr let ourselves in 
for adninistrative responsibility for matters best left to the free play 
of economic forces. If it Tiere true, as Hr. Herrington fears, that such 
a necessity is inherent in the program, it would indeed be indefensible. 

~/ Herrincton, Yira. C. A Crisis in the Haddock Fishery, U. S. 
Bureau of Fisheries, Fishery Circular No. 4, 1941. 



But in fact we are proposing only t o elir.tinate 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 resour~es. We have 
no responsibility,n~r can ~e affcrd. to assume responsibility fc~ individual 
earnings nor for .dif~erences-of"'income in different fisheries or regions. 

In order to make it clear why no S\lch 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 ~f the extractive indus
tries (i.e., those based directly on natural resources), The validity 
of the following is subject to the provislon suggested in the original 
discussion, that license~, once acquired, be transferrable, i.e., salable 
in a free market. 

From any business, there are 4 kinds of income: (1) Ua..ges 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 (int erest en the investment in man-made 
producerst goods), and (4) economic rent (interes t on the investment in 
land, mineral deposits or other natural resources). It is characteristic 
of all of the extractive indust~ies excett fishing that income from economic 
rent is a relatively high proportion of otal income. For example it has 
been estimated that five-sixths of the money invested in farms in the United 
States is capitalized econonic rent and that only one-sixth represents the 
value of buildings, stock, and f arm equipment. Mearly all of the invest
ment income from f arming is economic r ent. Again, the value of coal er 
iron deposits or of timber land, is high compared with the value of the 
mining or lumbering equipment. But economic rent scarcely exists in the 
fisheries. There are a few exceptions to this general ruie, notably where 
riparian rip,hts are recognized, where rights to particular pound-net loca
tions are recognized and ars 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 t o restore a source of real income which 
will take the form of economic rent and which will be distributed among 
fishermen as such. This is of great practical importance because it relieves 
us of the necessity for admi.qistrative concern with the distribution of 
income. We can see why it ;tlll 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 farn.s, mines and timber 
tracts continue to be operated in competition with the best far~~, mines, 
and timber holdings. We seldo,;i question the equity of t he sy:J tem whereby 
some farmers ovm good land a:-.d have large incomes, while others have poor 
land and low incomes. For a:ter all the difference in incomes is a dif
ference in investment income. Let 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 ;vould remain unchanged. He 
Would make less from farming but returns fror.i his investMent would make 
up the difference. Similarly suppose the man ovming a very poor farm 
acquired enough money to buy a better farr.i. He '\'fould 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 fWlction of economic rent is to equalize 
costs between producers with varying degrees of natural advantage, If 
the spread betvreen operating costs and market price is great, as it is 
vrith 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 s:L"Tlilar equalization of costs 
in fishing, either by da.-naging the best fishing grounds by overfishing, 
which increases cost, or by imposing arti i icial inefficiencies (conser
vation measures) on the better fishinc gr ounds, and these also increase 
costs, In either case vre have destroyed a source of real income, which 
can be restored and distributed in the form of economic rent. As Ur, 
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 pots Will be more valuable than a license to operate 100 
pots. But tho m~re valuable licenses will be more expensive, and a lob
sterman will have the same option to invest his money in a better license 
as ha.a 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, It was stated that objections to licensing groups of vessels 
for each bank are practical rather thrui ethical. \Te 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 same vessels are assigned exclusive rights to nearby banks, 
the investment charges will be much greater for such vessels than for 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 partioipat
ing in the investment, (2) put all employees on a straie;ht wage basis, (3) 
adj~t 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. 



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 averaee years, they would become an impossible burden in poor 
years, 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. Herrinetonts llalternative method". The pro
posal itself, as exemplified by a suggested application to the halibut, 
is not an alternative at all - it is a Yer.1 good illustration of the 
principles which I have been advocatin~ for more than two years. -:-ie 
have already seen that a fixed catch limit may be used either to deter
mine the length of the open season or to detemine licm many vessels are 
needed on a full-time basi s. 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 acy 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 limit in a full year. And, of course, the economic loss would also 
be intermediate, i.e., proportional to the amount of idle ti.'ne. 

But what he says about the proposal merits some comment. Just as 
I do, he makes a distinction between conservation 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 r eiterate that this method provides 
the basis for a general conservation program. Considered strictly as a 
means 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 economic 
benefits too? 

The following sentence also requires critical exanination: "If 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 

66 



insure the benefits of an effective ccnservation program, I believ~ that 
the foll~wing general appro~ch .will be most effective; productive, an4 
~lear cut.n Here again we find the same unwillingness to recognize that 
the primary objective is censervation and that the social and econqmic 
benefits, howP~er i.'Iiportant, are s·econdary and ad:fitional. We do not pro
pose a "mancg~d ecqnomyn but a managed fishery. One of the desirable 
re~ults of th.i.s particular method of management vrill be a substantial 
increase in the income of fishermen - an lncrease · caused by creation of 
a new source of income which cann~t 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 ar,ci dubious "managed economy" practices but through the opera
tion of the well proved economic principles 1¥hich 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 ~ully appreciate 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 i100,ooo,ooo. It is conservative to estimate that 
technically sound conservation practice vlill increase production and yield 
by at least 10 percent. This can be accomplished either by conventional 
methods or by methods based on lL~itation 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 t~is 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 ~100,000,000 to about ~110,000,000. But there 
will be no net gain, because increased operating costs (in the form of 
additional and socially functionless employment) \vill 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 nf 
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 $301 000,000 representing 
the difference between the increased value (~110,000,000) and the reduced 
cost, ($80,000,000). In 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 J~J0,000,000 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. 



We have seen how much vie have to gain, and we have seen that it can 
be 11ained only if we boldly adopt a new polii::y based on sound ec.onomics. 
No one can predict with ·assurance the results of <i major social experiment, 
but this much is certainr - an annual loss of at least )25,ooo,ooo a year 
will continue until we do make a successfui experiment. Every year at least 
325,ooo,ooo r .rth of man-p..,wer which might be used to forge the instruments 
~f war or to ~reate 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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In introducin~ the principal speakers of the forum discussion, the 
Chairman referred to the following biographical data: 

Born: Harvard, Illinois. 

Education: California Institute of T~chnology and Stanford University, 
A.3. 1927; graduate study, University of ~ashin~ton and Harvard 
University. 

Er.1ployment: During schoolin1: in shipyard, surveying, lumber mill, long
shorin~, fish canneries, and electrical engineerin& maintenance; 
ten~orar~ · scientific as sistant U. S. Bureau of Fisheries 1924-1927, 
tuna and clam investigaticns in California. After graduation: re
search Msista.nt International ?'isheries Com.':!ission 1927-1930; North 
Pacific hali'.iut fis hery; aquatic biologist, U. S. Jureau of Fisheries 
1930-1937, North Atlantic haddock fishery; In Charge, North Atlantic 
Fis herj Investigations, Fish and .'ilcUife Service, 1937 to date, 
directinG staff ancl engaging in investigations of haddock, mackerel, 
redfish, flounders, lobs ter, and other fisheries of Hew England shore 
and offshore areas. 

HOB:RT A. NESBIT 

Born: Tekamah, Nebr aska. 

Education: University of Nebraska, A.B. 1919; Braduate study, Univers ity 
of 1 'isconsin; Harvard University, I,i.A. 1931. 

Employment: Fores t disease control with U. S. Department of Agriculture; 
instructor in zoology, University of Wisconsin; seaman on Great Lakes; 
hiBh-school teacher, Chicago; biolo~ical supply business, Chicago; 
aquatic biologist, U. S. Sureau of Fisheries , 1926-1937, engaged in 
study of the mackerel and weakfisl1 fisheries and other shorefisheries; 
In Char~e, JJiddle atlanti c Fishery Investigations, Fish and \"Jildlife 
Service, 1937 to date, directinn; staff and engaging i n investigations 
of shad, stri ped bas s, flounder, and other s horefisheries, Long Island 
to Florida. 
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