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The Future of the World's Fishery. Resources: Forecasts of Demand,
-Supply and Prices to the Year 2000 with a Discussion Of Implications

for Public Policy

By

Frederick W. Bell, Darrel A. Nash, Ernest W. Carlson, Frederick V. Waugh,
Richard K. Kinoshita, and Richard F. Fullenbaum, Economists

Economic Research Laboratory, National Marine Fisheries Service'
College Park, Maryland 20740

ABSTRACT

In the past few years, the world comunity has become increasingly

aware of the sea and its resources. The increasing pressure of world

population expansion is expected to lead to more intensive .exploitation

of the fishery resources of the world's oceans. It is the purpose.of this

study to integrate all relevant biological and utilization factors into one

complete model of the world demand and supply for seafood products. Forecasts

of anticipated consumption and expected price over the ,next 30 years are

derived within the framework of the model. The species which are studied

include: (1) Tuna (?) Salmon„.(3) Groundfish ..(4) Halibut, (5) Sardines

(6) Shrimp (7) Crabs,, (8) Lobsters, (9) Oysters, (10) Clams, '(a) Scallops,

and (12) other food fj.sh. With the exception of sardines, oysters, clams,

and scallops it is estimated that all of the species will reach the point

of maximum sustainable supply in the l985.-2000 period. Policy implications

are discussed and possible program areas are outlined.



CHAPTER 1

Introduction and Summary

1.1 Introduction

In an industry based upon a relatively fixed (but renewable) resource, it

is especially urgent that we be able to predict the economic impact

Of demand pressures on that resource. Many important public policy

.questions. arise: Will there be enough of. the resource to satisfy

human needs? Will prices rise substantially? Are we about to over-

exploit our resources?

The world fishery resource is not only relatively fixed, but is com:.:icn.

property in nature.-11When no one owns .scarce fishery resources,

government regulations are often necessary to prevent wasteful

exploitation or •ov6rfishing. This is an additional reason to

project the future course of demand so that overfishing may be avoided.

Finally, demp.nd and stTp.ply projections serve as a useful input into a •

broad range of policy foundation regarding fishery resources.

i One aspect of world fishery consumption since World War IT has

been its propensity to increase at a gr.3ater rate ar.:71, for -scr:t.3

periods, at a conid,-.7;rably -.cater rate. than the in -ease in world
,pooul_a1.0.11: (FAO,. June 1969) B,:ibwr.-2n 1958-65, 'v7.1.,.1A CLE'AIL-ry's:ittscli ‘,Qr...._. . . .

utilization) increased, at an annual rate of (.0o per year. 0--,./e'r this salrm

period, the consumption of fish commodities incrcfa!,;ed. at a rate greeter thrl

any ,other basic food commodity. The rate of. increase in hilan peculation

was of the order of 20'10 per annum.

E-1,37e---./.eferrin,c, here to fishery stocks in the wild state which a
reniTwable but nevertheless fixed on a sustainable yie.11a tasi for
a given level .of fishing effort_

2
•
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• The world is presently consuming approximately 62% . of

maximum sustainable yield for finfish (Chapter 3). Shellfish are

consumed - at 23% of their potential yield. However, there are

wide variations as to the extent of utilization of the stock within.

these categories. Many of the stocks- are fully utilized' and have

• already attracted surplus capital and labor.

The situation is likely to get worse if free access - to the

-'resource is permitted. The rising world demand will contribute

to the •problem. The principal factor influencing further expl.oi-

• tation of the fishery, resources is market demand, the main deter-

minants of which are the growth in populationand incomejaSsuming 1.asths.

and preference constant).. • This Is true,-fth -th..fish. meal a;.:id.

,- :fish used directly-as human :food, The, demancl-for fish meal is

derived indirectly Urough.cleMand for poultry products., which depends

in turn upon the Growth of population and income.

For the above reasons, we must know more about the future course

of world population, income and the available supplies of fish.

1.2 The.Nature and Pur22st of Projections

To make an economic projection of supply and demand for fish

. products we first set up an "economic model" This model is

'essentially. a. set of relationships, describing the main biological

and economic forces that determine' the maximum sustainable supply

of fish from the ocean, the amounts caught and consumed, the prices,

the costs of production, and consumer income and population. Such a

model, for example, must show how fish production and prices respond

to changes in the human population and per capita income.

3



To make a projection we. start with a commonly accepted projection

of the future trends in the human population and An the per capita

•income. We inserted these data into. our model and solved the. equations

in order to estimate future production and consumption of fish, and

future prices 'and costs of production. Thus, the projection is a•

mechanical process that can be carried out by a computer.
f

The real world is much more com.plicated than any model we set up

.Also the projections assume no change in the present prorams or •

policies. It helps us see where present programs and policies might

us in the future. The main purpose of the whole exercise is to he:p. Lis

see whether we need changes in :these prcg:rcm and policies.

These projections are not fatalistic prophecies like those of

fortune tellers and soothsayers. They point out possible future

trends. But the United States and other countries can do a great

deal to modify future trends if they under3tand the forces that --tr.e

shaping them. Economic projeetinns give advance warning of problems

that need attention.

1.3 Summary

After making the economic projections (Chapters 2,6), the following

basic conclusions were reached:

A. The World

. (1) The world demand for species fished by fishermen will,

in many cases, outstrip the maximum world supply potential befor 1985.

14



The projections indicate that, on a world basis, maximum sustainable

supplies of the species shown in Table 1.1 will be reached in the years

given in the table..

Critical problems ofresource supply are occurring or are about to

occur for grOundfih, salmon, halibut, lobsters, crabs, and fish meal

Unless proper management policies arc adopted,_overfishing for crabs,

lobsters, groundfish, and fish meal on a world basis is possible within —

the next 15 years.

(2) Aggregate fish consumption (includin fish meal) fOr the world

will expand from approximately 57.1 million metric tons in the 1965-67

base period to 83.5 million metric tons (round weight) by- the year 2000, .

an increase of 66.3%;
-;

2.77 The authors.' recognize that the term "speciesl!fis notac.cur4e in a
biological sense. .We really have broad categories ,such:ascrabs that
conthin-many:diverse species of crabs. However, these categories
represent the limit disaggregation - for..purposes_of t.his‘,report. .
We hope that. scientists will understand our use of the word.. "species
to designate- a.broad Category,



Table 1. --Year world will reach maximum susta-Inabl.e supply

SiDecies-
, - 'pj •

Ct.

Salmong -1970

Halibut
/ 

1970
4Groundfish_i A.9-0

Crabs 1980-85

Fish meal (i.e., species for reduction) 1980

Last9rs 1.985

Tuna/ 2000

Shrimp 2000

Sardines,/
•Scallops/ .P 

20001.
2000+

Clams' • f- 20001-

17 Aquacultt;re not assum.d in these projections,..

for aquaculture.

sorz.: ca-ta3A-,€-.1- 6 for

:For -halibut .and slnon, .0rojections. cannot F,o becaus:: of

existing regulations to protect the resource froicverf
ishing-. Oystrs.

were excluded from the above list because of aql_nc;..liture

natural stock supplies... See Chapter 6 for a fuller

3/ Does not include. the . possibility.of expanded supply through htr..;hry

operations and stream .imDrovc':-monts, See Chapter 6 for a relaxat.icn

of this asSumption.-

11/ Excludes' hake and hake-like • fish. See Chapter. 6.

2/ Excludes central Pacific skiT)jack.. See Chapter 6 for jlcAifation.

g•InCludes recent discovery of calico scallops.



B. The United States
•

(1) Aggregate consumption of food fish for the United StateS

will expand from approximately 2.2 billion pounds in the 1965-67 base

period to almost 2.9 billion pounds (edible weight) in the year 2000,

•an increase of 33%.

(2) Because of resource supply problems and declining •income

elasticities for fish products, per capita consumption of all food fish

. in the United States is expected' to decline: from 11.02 pounds in the

baae'pe2iod to 9.38 pounds by the year 2000, a decrease of 14,9

(3) Reaching of world potential for species fished by U.S.

fishermen will put increasing pressure on our regional stocks which,

in many cases, are almost fully utilized. Unless effective

management is instituted, U.S. regional resources may be among. the

first world resources to be seriously damaged or completely destroyed

(4) These results show that it is imperative that the United

States enter into management schemes with other nations and that we

institute our own management of domestic fishery resources. Of great

.importance is the fact that the United States will not enjoy the

'luxury of being able to import all the fishery products it desires

because of worl0., supply limitations relative to demand. In order

to augment our supply of fishery- products, •

must carefully manage our resources to achieve their maximum

:potential consistent with economic efficiency.

(5) Because of the 'limited supplies of established species,

we must make every attempt to exploit underutilized species, if econofflically

feasible.



(6) Attempts should be made to stop the detrimental effed

of pollution on the fishery reserves which will trow

valuable over time, as sustainable supplies are utilized.

ryi'r

(7) To augmont limited supplies of fishery products,  research: ,

on fish farming should be given high priority.

(8). Because of rising real costs (and prices) of: catching fish, as derqe.

expands, every attempt .should be made to increase harvesting -

'erfficiency within a proper management program.



CHAPTER 2

TRENDS IN DEMAND AND SUPPLY OF FISH PRODUCTS FOR THE WORLD AND
THE UNITED STATES, 1950-1967

••

2.1 Introduction

To formulate a set of economic .projections and to interpret

and understand the results, it is first necessary to become

familiar with the past and current status of the fisheries. We

found this a considerable learning process, particularly in

regard to the fisheries of other countries. *Surprisingly,

this knowledge provided several insights into the U.S— fisheries

as well. The purpose of this chapter is to provide the readerwith

the background of U.S. and world demand for and supply of fishery

products during the post-World War II period.

•2.2 World Supply and Demand

Depending upon the particular. need for the information, there

are several. ways of measuring the catch of fish on a world basis.

The most commonly used measure is physical weight (tonnage

probably because .of the simplicity of calculation comnared to other•

bases. However, this method is only Useful fcr certn types of

information, such as relating the catch of a species to its maximulm

sustainable yield. Using tonnage. to make inter-species  comparisons

'quite ._questionable. It is also often used as a means of computThg

total world catch by adding across species and Taking inter-2ountrv



comparisons of this total. For the latter purpose, physical

weight is of limited value, because of vast price differences

among the species of fish. Moreover, fish meal,. the biggest

volume item, is not used directly- by- humans. The best available

method for inter-species and inter-country comparisons of total
v

landings of fish therefore, is or a monetary basi. It expl'E:0,7.:,--,s
_f

the ,value plar.a on the t)rcauct accOrris to 
the 1.1.e for thi.ch tL. focalue..t

is :harvested and :purchased (hur4an nutrition, 
in connection with recreatiomll

activities, or animal production).

The more meaningful value measure ls usually avoided,

.,prObal)ly.because..it ...is.etremelydifficuTt to obtain comparable.

prices across the many countries and dozens of species. This

measure has only, recently been used for the major fishing nations.

Table 2.1 -ranks these nations by value of fish landed in 1967.

Japan, U.S.S.R., and the United States are theleading fishing

nations, Measured by yalue of landings.

Tabje '2.2 shows the value of world :landings for the 'major

fisheries. .The U.S. ex. vessel prices are raultiplied by .World cli

1/
to obtain an estimate of world value of these species,— With this

in mind, the value figures shum can be taken only as rough approx-

Himat-i.ons. to actual value6• Nevertheless, groundfish is uriquesWonably

the highest in total value of catch on a world basis. Shrir;ip is

second, being only 57A as large in value as groundfish In 1.967.

1/
The designation of which species are included in the species groups

utilized in this r4ort are found in Appendix B2.
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;
Table 2.1.--Value and volume of catch by countries landing over

$100,000,000, 1967 1/

Country

.Japan
U.S.S.R,
United States
Spain
Philippines
France
Italy
United Kingdom
Norway
Pakistan
Canada
Thailand
Peru
South Korea
Taiwan
Viet Nam (South)

Thousand Thousand
U.S. dollars metric tons .

1,952,851 7,850.4
1,037,0146 2/ 5,777.1

439,1)14 2,430.5
325,52b, 1.435.7
271,426 769.2
265,358 820.0
186,890 373.1
174,659 1,026.1
166,227 3268,7
153,473 417.0
149,460 1,302.6
146,2421 847.1
124,046 10,133,7
112,454 749.2
103,390 458.2

3/ 410.7

1/ Statistics from People's Republic of China not available.

2/ Figure is a weighted average price of all other countries in
the table multiplied by U.S.S.R. landings. This is done for
each species in the U.S.S.R. catch and summed to obtain the
total.

3/ Value figure cannot be derived.

Source: Fobd and Agricultural. Organization, United. Nations Yearbook
of  Fishery Statistics, 1967, Rome, Italy.

Derived by: Market Research and Services Division, National' Marine
Fisheries Service, NOAA, U.S. Department of Commerce

11



Tabel 2.2.-,-Va1ue of major world fishery- products of interest to the U.S., 1950, 1960, and 1967

7
(Quantities in round weight=

/
except where otherwise noted) _

 1950 
Product Mil. lbs. $/lb. hi? T M.il . lbs. hi lbs. Mil. $

......._ 2/ 2/

Groundfish 5,388.0 .070 370.2 11,089.1 .057 632.1 ,425.8 .070

3/
Shrimp:- 332.9 -430 143.1 970.0 .414 4o1.6 1,521.1 .566

1,115.0 .188 209.2 2„-m.9 .1222 289.0 2,931.6 .128
. _

Lobster 149.9 01.3 262.4 .443 116.2 308.6 .720

Salmon 580.5 .22.6 78.9 503.4 .18L 166.2 1;031.7 .150

.010 2_5.4 4,586.o .010 i._!.
,-
.,

I 0 l0,134.0 .012

23.2 -462 10.7 L8.4 .473 22.9 54.8 .471

'ICAO 1967

2/

Tuna

7ish

5/
Oyster--

.429

1,1199 . 8

860.9

3(5°4

222.2

1511.7

121.6

25.8

Equivalent to live weight
77 U.S. -x vessel price -:- Consumer Price Index (all commodities)
7/ Heads-off basis
Jv Actually no e---0H2110.p takes ace

/

at the g-,x vessel level for menhaden, the principal U.S.
This is an estimated price for comparatIve purposes.
the manhaden and herrf.nr,-, make u-o about 95%
undersized food fish and frm. DJant, offal. It is
nostmaj _ nrcducing countries,

Sources: F.i\O Yea-book of Statistics

3taten (annual ,Y)(7)

species.
Fish meal can be made from many -sou_
of production, the

likely that the 95%
remainder corn!
• -r-7 is lo

In
ng from
for

(annual editions) and Fishery Statistics of the United-



•••

After. groundfish and shrimp, value falls off considerably to tuna,

lobster, salmon and fi h nea] Oysters, the next highest value item,

are included mainly to indicate that other species are quite low in

value, compared to the top few.

Substantial changes have taken place in world fishing since the

end of World War II. The growth rate of the catch in terms of :tonnage

has Ipecn little short oP phenomenal--7.O% per year in the post-War .

period. By comparison total food output has increased about 2.8% per

year for the same period (USDA, October 1964). The motht widely noted

increase is the rapid

1955 world production

reached 10.1 billion.

increase in fish meal production '(Table 2.3). In

was 2.2 billion pounds. However, by 1967 this,:had

Peru has emerged from virtually no production

in the mid_-1950's to the unquestioned leader producing 4.0 billion

pounds in 1907.

Most important from a value standpoint are the substantial catch'

increases of high-valued species. The U.S.S.R. tripled groundfish

catch; Japan's was nearly doubled. Japan.and the U.S. made substantial

increases in tuna catch. Crab production by the U.S. increased 250%,

while Japan and the U.S: also significantly . increased the catch of

clams.
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Table 2.3.--Rank of three leading countries, by catch of specified
species, 1955 and 1967

(Round weight)

1955
fpecies Country Mil. lbs.

Groundfish U.S.S.R. 1,884.
United Kingdom 1,304

Japan 871
Total world 10,560

Tuna

Salmon

Halibut

Sardines
(canned
herring)

Shrimp

Lobsters

Crabs

Japan 7861/

United States 3551/

Peru 2141/

Total world 1,6591/

Japan 395

U.S.S.R. 393
United States 282

Total world 1,270

United States 49

Canada 34

Norway 11

Total world 112

1967
Country

United States 147

Portugal, 109

Norway 103 •

Total world 1,254

United States 244

India 235
Japan 107
Total world 1,02)4

Canada 48
South & Southwest

Africa 47
United States 32
Total world 227

Japan 152

United States 137

U.S.S.R. 83

Total world 425

•

Mil. lbs.

U.S.S.R. 5,284
Japan 3,621

United Kingdom 1,419

Total world 21,426

Japan 1,278

United States 426

Peru 109
Total )world 2,932

Japan 357
United States 217

U.S.S.R. 194

Total world 1,032

Canada 42

United States 39

U.S.S.R. 20

Total world 128

Portugal 187

Spain 96
_9/

Norway 9,D=
Total world 1,920

United States 308

India 202
Mexico 154

Total world 1,521

Chile 4/4

Canada 35
Australia 32
Total world 309

United States 326

Japan 190

U.S.S.R. 93
Total world 739



Table 2.3.--Rankof three leading countries, by catch of specified
species, 1955 and 1967 (continued)' •

1955
(Round wei2;ht)

1967
apcies  .Mil. lbs. Country Mil. lbs.•

Clams

Scallops

Oysters

3/
Fish Meal —

Japan
United States
United Kingdom

Total world

United States
Japan
Canada
Total world

United States
Japan

• Mexico
Total world

United Stats
Norway
United Kingdom
Total world

232
207
17
500

194
36
14
247

1,061
216
23

1,376

750
438
199 .

2,276

United States
Japan
Spain
Total world

United States
Canada
Australia
Total world

Uhited States
Japan
France

Total world

Peru
Norway
United States

Total world

I/ 1956
T/ 1966
-5/ Product weight

Source: FAQ FAO Yearbook of Fishery Statistics

390
384
91

1,065

111
107
30
289

903
512
153

1,828

14,0%
1,064
539

10,132

(annual editions)



France has made notable increases in oyster production principally

as the result of the application of culture techniques.

Because of our preoccupation with' import and tonnage statistics,

.the fact thatthr2-United States is an important producer of a number

of valuable fishery- products has been underemphasized. This country

ranks first inproduction of all species of shellfish except lobsters.

It is .also an important producer of tuna, salmon, and halibut, Sur-

Trisingly, the United States is not among the first three in .ground..fi

production,_ primarily because this category has such a high volume,

on a worldwide basis. In sum, out of the twelve fishery products

shown in Table 2.3 the United States ranked first in the production

of five species and second in the production of three species

the year 1967.

or

Table 2.4 shows that, relative to other countries the United

States, even in 1955, was a m,ajor world firth consumer. By 1967, it

was the leading user of 10 of the 12 categories shown on this table.

The exceptions are sardines and groundfish in which case the United

States ranks second and third, respectively, in consuption. Japan,

and the U.S are the remaining major consumers of these products .

on a world basis. Japan is an important cons=-Jr of the world's

supplies of oysters, clams, shrimp, groundfish, tuna, and salmon.•

The U.S,S.R. 'consumes significant quantities of groundfisb and,

s.almon.
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Table 2.4.--Rank of_thrte- leading countries in consumption of
selected fish products, 1955 and 1967

fRecies
1955

Country 
_

Mil. lbs.

-(Round weight)

1967
Country  Mil. lbs.

.Groundfish

Tuna

Salmon

Halibut

Sardines
(canned
herring)

Shrimp

Lobsters

Crabs

U.S.S.R.
United Kingdom
United States
Total world

United. States
Japan
Peru

Total world

U.S.S.R.
Japan
United States

Total world

United States
Norway,-.
United Kingdom
Total world

United States
Portugal
.United Kingdom

Total world

United States
India
Japan
Total world

United States
France
Canada
Total world

United States
Japan
France

Total world

1,884 -U.S.S.R.

1,304 Japan
1,124 United States

10,560 Total world

1/
58517 

United States
Japan.

/ E.E.C.
Total world

382 United States
352 Japan
308 U.S.S.R.

1,270 Total world

84 United States
10 Canada
7 Norway

112 Total world

' 123
109
62

1,254

3192/
235-
97

1,024

121
14
10
227

163
103
15
425

17

Portugal
United States
Spain
Canada
Total world

United States
Thailand
Japan

Total world

United States
United Kingdom
France -

Total world

United States

Japan
United Kingdom
Total world

5,284
3,621
1,608
21,426

944
730
367

• 2,932

276
263
185

1,032

82
7
7'

128

187
127
61
61

1,920

543
2/

134--
109

1,521

174
23
21
309

272
212
34
739



Table 2 . .Rank of three leading countries ln consumption of
selected fish products, 1955 and 1967 (continued)

(Round weight)'

195 •  1967 •
••••••••••••••••••.•••••••••••••••.•

Species Country Mil lbs. Country Mil. lbs.

Clams Japan 232
United States 207
United Kingdom 17
. Total world 500

Scallops United States 202
Japan 36
France 8

Total world 247

Oysters United States 1,070
Japan 216.k
Mexico 23

Total world 1376.

3/
Fish meal— United StateaV 957

United KingdomW 420
Federal RepulAic

of GermanyLV. 107
Total world 2,276

1/ 1956 data
No. export data available; data 'probably overstates consumption-

-. . Product weight
E./ 1958

United States
Japan
Spain
Total world

United States
Australia
Japan

. Total world

United Stats
Jap.n
France
Total world

United States
Federal Republic

of Germany 1,301
Japan- 1,079
Total world 10,132

390
345
91

1,065

231
30
15
289

1,12414
390
273

1,828

1,943

-

Source: FAO Yearbook of Fishery Statistics
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Because a high proportion of the total fish supply is consumed by .

these three countries, they will largely determine when consumption

of fishery products will reach the world's sustainable yield.

2.3 World Potential: Estimates of Maximum Sustainable Yield
• ...........•••••••••••••••••••••••••••••••••••••••••• .••••••••••••••••••••••••••••.  

.1••••••

Fish (which almo:Accipletely clpencls upon th.c iOroe of tiattne Po:r .

growth and productivity) is one of the fey remaining products of impor-

tance to man. Man's effort dictates how much is caught, but does

not greatly influence how mach is grown. 21 acultural
„

practices which are in. scattered use are exceptions.) The significance

of this fact is that there is a finite limit to the quantity of fish

available on a sustainable basis. This limit must be known in order

to estimate future production and consumption. Chapter 3 develops

these relationships more fully.

For some of our popularly consumed species, i.e., groundfish,

salmon, and halibut, the catch is now near maximum sustainable

yield (Teble• 2.5). In addition, tuna, crabs, lobsters, and shrimp

are experiencing a rapid growth in catch, thus hastening the day when

they will also be nearly fully utilized. Within these major groups,.

there are species which are being fished at or beyond MSY in certain

fishing grounds. The ratio of present landings to potential yield,

assuming a world MSY of 120 million metric tons, of all species is

14v. However, if we compute this ratio for the species of

fish and shellfish which are commonly consumed at present, the ratio

2/ ,

Man, however, can destroy the natural productivity by such acts as

overfishing and pollution

••••••••••••••••••••••••••r•
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Table 2.5.--Relation of world landings to world maximum sustainable
yield (MSY) for fishQries included in the analysis

Round weight) 

Species

Selected finfish
Groundfish
Tuna 2/
Salmon
Halibut
Sardines 3/

Total, selected finfish

Selected shellfish
Shrimp
Lobsters
Crabs •
Clams 14/
'Scallops 5/
Oysters

Total, selected shellfish

All other fish and shellfish

World Total

Landings as

l/* a, percentage
NM- Landincrs— of YSY
Thousand me-Grlc tons

9,117.1
1,770.0

56.5
39,h74.1

1,491.9
192.5
671.5

21,000.0
1,490.9

6,35)5.9

63,226.4

120,000.0

6,270.9
1,320.0
476.3
6o.8

18,466.7
-r-j6-;116

63)t.21
137.3
328.0
478.1
166.4
.777!0

Y",7TA: 6/

28,2460A6 7/

56,323.06 6/..•

—68.78
74.6

107.61
46.78

42.7
71.32
48.84
11.95
11.16

IiE

0.01

46.9

Due to lack of complete suli of rslon:,;.,1•fidirls• do not
always addup to world landings.

1965 through 196y
Does not include the potential. maximum suctinable yield of Central
Pacific skipjack estimated at 800,000 metrj tons.
Includes other herring-like species -- See Appendix B-2 for list
of species.
Assuming no aquaculture.
Includes the recently discovered calico sc.,allop resource.
1965-67 average -- excludes oyster landings in order to compute
column 3.
1965-67 average.

Source:, FAO Yearbook of Fishery Statistics (annual editions) and
John' A. Gulland, Th Fish Resources of the Ocean, FAQ
Technical Paper  No. 91, iwo.

20



rises to 61/3. Given that the growth in the demand for fish

will be concentrated primarily in these species and that the under-

* utilized species may be unacceptable in terms of relative•substitut-

ability for the more commonly consumed fish, the ratio of 615

presents a-mp.ch more realistic view of the impending resource problem.

We shall also demonstrate in Chapter 3 that there is a difference

between the world *maximum sustainable yield and the world maximum

sustainable supply. . The latter is usually a smaller quantity.

Hence, Table 2.5 represents the most optimistic total potential

from the sea.

There are wide ranging estimates of the world maximum sustainable

yield of fish and shellfish. Therefore, the use of the •control total

of 120 million metric tons was a selection bythe authors based -on.

our reading of published information on the subject. Our summary

of-,:these sources follows, together with the reasons why the particular

selection was made.

Previous estimates of world maximum sustainable yield have varied

from a low of 21.6 million metric tons- . to a high of2,000

•million metric tons (Schaefer ana.Alvon; 19t18). The terihniOus

in these estimates use either extraoclatian methods—et ca'c,chro:c ajn

stock--or a food chain approach in which ecological efficiency factors

are employed. Recent examples of the latter include the works of

21
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Rythe (1969) and Moiseev (1969), -whereas examples of the fortdr-y inc1&1-

findings of Graham and Eduards, Schaefer, Pike and Spilhaus. The

range of variabili.ty of estimates is markedly reduced when one

considers the follouing quote:

"Several of the authors have, in fact, estinatod c the
potential fisheries harvest of the system; that is, they
are estimating tota], potential harvest as at some stated
trophic level independent of physical and/or economic
capability by man to intervene..-. Itlen realistic
limitations based on technological capabilities are im-
posed, the figures are much lower... . The range of
estimates from this group--80 to 200 million metric tons
is understandable, in view of limitatons op basic/

scientific information now available u(Schaefer and

Using 200 million metric tons as a conservative upper limit

Alverson,

to the..'maXiMUm• harvest 'Tate- we may divide this ifigure''betueen -

traditional species and species not presently exploited on a

commercial scale. There is a surprising consensus of opinion

among biologists on the maximum sustainable yield of the tradi-

tional species, i.e. large pelagic fish, demersal, and medium

pelagic fish. The FAO estimates approxitely 120 million metric

tons (inclusive of .Cephalopods and Crustaceans) (FAO, June 1969) and Ryth .:e

recently gave a total of 100 million ,metric tons • (Ryther, 1969). The major
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of contention, in fact, revolves around the economic feasibility of

harvesting the species not presently exploited—Antarctic krill

lantern fish, etc. There are essentially two schools of thought

on this subject. The first taken from FAO, is very optimistic

with respect to the potential development of these species:

. .It seems probably, however, that as pressure
on the more accessible stocks grows increasing attention
will have to be paid to the •pos-dbilites of exploiting
these unconventional .species, and this will in turn bring
with the development of a teqbnology adapted to their
commercial exploitation. . .;10.0A0, June 1969)3/

On the other hand, Ryther believes that these species "are

too small and too widely dispersed in the sea to be economically

harvestable and useful to man, and that, in fact, they are a part

.of the food chains that support those larger species already

beiric; utilized.K(Ryther, 19-(0)

We have used a control total of 120 million metric tons for

world 1.1SY for tuo reasons. First, there is no reason to

'.believe that change in technology will suddenly become

available to harvest these hitherto unexploited species.

• In other words, we make the same assumptions that economists have

traditionally employed in forecasting structural changes for

national economics; namely,that if a technological advanc has •

••

V-1'or more evidene with respect to traditional species, and the pointof view expressed above, see Gulland (1970).
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not. occu:rred for the past 30 years, it will not occur in the next

20-30 years. Secondly, even if it became technically feasible to

exploit these species -- and there is no convincing evidence on this

point -- it still might not be economically feasible to undertake this

tyr, of activity. That is, there is nocompelling evidence that

consumers would be willing to pay a price sufficiently high so that

fishermen engaged in the exploitation of these marine resources

could recover at least a competitive rate of return on their* investments.

2.4 United States Demand and Supply

Aggregated statistics on the utilization of fishery product in

the United States suggest that very few changes in consumption pattern's

are taking place. Per capita consumntion remains relatively constant

while imports account for greater shares of the supply. By probing



more deeply, however; a different picture emerges. Within the

overall level of fish consumption, important changes are taking

place in the 'products entering into 'use. Also, there is a lively

market for fish meal, the Use of which is continually increasing .

as the production of broilers and other animals fed on fish meal

-increases.

The changing pattern of fish consumption can be seen in the

trends in per capita consumption over the time period considered

(Table 2.6). Compared to the overall stability of fish consumption

per capita, there are dramatic changes among species and products.

The per capita consumption of each of certain important species •

such as salmon, halibut; sardines, and oysters, all of which are

important species on the U.S. market, decreased during this time

period. Consumption of tuna, shrimp, and crabs, however, increased

by at least 3% per year. Species such as surf. clams,
*

-spinyabbsters, and Icing and dungeness crabs, which.were relatively

unimportant in 1950, had by 1967 become important fish -products

for consumption: The incJae 8Urf cla account8 for .the increase

in consumption of all clams. The same situation occurs for spiny lobsters

and king and dungeness crab. Consumption of fish meal also increased

significantly, showing; an annual increase bf3.2%.-

AB will be discussed in later chapters, the principal factors

affecting growth in demand are the continually rising income of

consumers and population increases. • Obviously there are other



Table 2.6.--U.S. per capita consumption of selected species, 1950, 1960,
and 1967, ranked by annual percentage change in consumption
during the period 1950-67

Species/product

•••••• • •••

Per cpita consumption Average annual
1950  1960 1967 growth*  
  Pounds   ---Percent----.

Crabs, total
.L/

.72 1.08 1.49 4.7

Blue
a/

2/ 13 .13 .11 1.2
King and dungenesa- .07 .11 .19 7.4

2/
Tuna-

Fish meal

Shrimp
1/

Clams, total

2/
dHar )11.d soft:-

Surf?../

2/
Lobster, total-

2
Northern'- .08 .07 .06
Spin./ .04 .09 - .19

Groundfish-

1/
Sea scallops-

2/
Halibut-

'Oysters
1/

Sardines
2/

2/
Salmon, total--

1/
6.12 6.84 8.13

.14 .20 .13.

.21 .23 .17

4.27 3.11 3.27

1.56 .48 .41

1.13 2.05 2.32

4.00 4.9 8.71 /

1.47 2.22 2.75

1.86 1.84 2.31

4.3

3.2

3.0

2.4

.23 .13 .13 -2.6

.06 .15 .23 8.9

.12 .16 .18 2.3

2.0

1.9

-0.8

-2.8

-3.3

1.55 .81 .89 . -3.5

Canned-
2/

2/ 
1.42 .72 .72 -4.1

Fresh and frozen-- .13 .09 .17 .02

2/
All other food fish- 3.8 2.6 2.0 -4.2

Comort-t:,c26. Prola: . . e. = a 4- LT.. .D..ta arc fcr 1.(:)5o to im

1/ Rotind weight
Edible weight

31 Per capita utilization, product weight
. . ••••••

26
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soCioeconomic determinants of demand, such as geographic region, and

religion however, these have little effect on growth. On the

other hand, the per capita consumption decrease can be attributed,
•

in large part, to upper limits on the biological production of

certain fish species; oysters, salmon, and halibut being particularly

• affected.

Another factor which influences fish purchases is the method

and degree of preservation. There is a definite trend toward frozen

fish andaway- from canned, cured, and smoked fish. We must hasten

to addthat canned tuna, the largest single item in U.S. fish

consumption, does not fit this picture. If canned tuna were omitted

from the data, wpuld he a sharp decline in canned fish consumption.

The volume and value of fishery products processed in the United

States, by method of preservation, for selected years, are shown in

Table 2.7. The information is a good indicator of fish consumption,

. but is not wholly complete because products imported for consumption

without being further processed are not included'. LikeWise, sthall

amounts of processed products are exported and should be deducted

- to obtain U.S. consumption.

In keeping with general food consumption trends, those fishery

products which are highly processed and leave little final preparation

to the household or institutional user have enjoyed rapid expansion,

replacing those which require considerable preparation by the final

user, (Pablo 2.8). Tuo products which have had the advantage of

these changing tastes are frozen breaded shrimp and frozen breaded
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Table 2.7.--U.S. production of fish and shellfish by method of preservation
selected years

Method of 1950 1960 -196o

preservation Mil. :lbs. Mil. Mil. lbs. Nil. $— Mil. lbs. Mil.

Canned

Cured

Fresh

Frozen

Fresh and frozen,
unspecified

1/ F.o.b. plant

Source: Fishery Statistics of the United States annual editions)

• 836 317 666 343.822

84 35 68 43 66 52

74 26 53 18 78 35

182 64 314 147 476 256

71 46 183 149 308

28
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Table 2.8.--U.S. production of fresh and frozen fish and shellfish by .method of processing, selected years

Type of I/ 1950 1960 1966apcessing— Nil. lbs. Nil. Mil. lbs. Nil. $ Mil lbs.-

Filleted fish 184 50

Shellec.1---
2/

151 92

Breaded products 7 4
Sticks and portions 0 0

'44

287

44

204

201, 105

156

422

371

115 46 235

63

347

213

91

1/ Some duplication exists between breaded and the other types of processing.
2/ Includes all types of processing of crustaceans and molluscs in which themeat is removed from the shell.

Source: Fishery.Statistics of the United States (annual editions)
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sticks and portions produced from groundfish. Again, this table,

is not an exact measure of U.S. consumption by processing form,

as imports, not further processed, and exported processed products

are not included. Both quantities, however, represent very small

portions of the figures in this table.

In the almost two decades covered by this study, the situation

in the United States has changed from one in which one-quarter of

all fish consumed was imported to one where more than two-thirds

of the supply is being provided by other countries. There is little
_ . • _f •

quetioft that iloort chFdlgtt nie the most elyriamic forces 4Lak
lq; place in

irclu try.

There have been many opinions exprcissod and studies made con-

cerning the rise of this phenomenon. On the domestic side, application

of technological improvements in fishing have lagged behind, relative

to many other fishing nations. Developments in the Unites States

are in sharp contrast to those which Occurred in other countries

after World War II, when many nations looked to the sea as a new

source of food supplies andeconomic development. .Particularly

notable is the development Of distant water fisheries in which fleets

of many countries, often with their government support, travel to the

rich fishing grounds in proximity to the United States. The north-

west Atlantic became a source of great fishing acitivity in the late

1950's and early 1960's. A major development has also taken place

in the tuna fishery in that nations sent fleets to distant fishing

grounds, rapidly increasing world production over the period. Also
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Table 2.9.--Domestic production
and 1967

Species

imports, and imports as percent of supply.,

1960

specified species, 1950, 1960,

1967

. Imports as Imports as

percent of percent of.

Production Imoo'rts s aupply  PPoauction Imports supply 'Prouction Imports

--Million pounds-- --Million pounds----Million pounds-L

Imports as
percent of
s.upply •

Groundfish 1/ 5/ 208 70 25.1 167 176 ' 51._, 146 319 68.6

Tuna 1/5/ 403 80 16.6 ' 317 357 53.0 426 • 452 51.5

Salmon 2/6/ 323 514 14.3 235 45 16.1 217 • 11 4.8

Halibut 1/5/ 39 . 17 . 30.3 ' 38 24 38.7 30 24 44.4

Sardines 1/ 318 7/ 32 7/ 9.1 1/ . /4 8/ 27 84 26.0 ..V 29 8/ 52 8/. 634 8/

w
1-, shrimp 3./ 5/ . 

114 40 .26.0 . 149 119 44.4 190 202 51.5

Lobstel-s 2/ 5 / 23 22 48.9 31 21 40.4 27 16 -. 37.2

Crabs 2/ 5/ 155 21 11.9 219 26 10.6 . 315 13 4.0

Clams:Li 5/ 41 6 12.8 50 2 3.8 71 2 2.7

Scallops 1/ 5/ 20 1 4.8 27 7 20.6 10 - 13 56.5

Oysters a / 5/ 76 0.4 0.5 60 7 10.4 60 ' 18 23.1

Fish Meal )4/ / 480 128 . 21.0 580 2614 31.3 2422 1,302 75.5



Footnotes for Table 2.9

/ Edible weight.

2/, Round weight.

:3/ Heads-off weight.

4/ Meal weight.

5/ Fell, F. W. and R. Kinoshita, "Major Economic Trends in Selected U.S. Master Plan Fisheries:
A Graphical Survey," (unptblished manuscript), Economic Research Laboratory, National Marine

Fisheries Service, U.S. Department of Commerce: 1969.

6/ "Basic Economic Indicators-Saimon," Economic Research IcIoratory.l.National Marine Fisheries

Service, U.S. Department of Commerce:. 1970.

L7../ Fisheries  of the United States 1960, U.S. Department of the Interior, April 1961.
••••••,

8/ Fisheries of the United States 1969, C.F.S. No. 5300, U.S. Department of the Interior,

March 1970.



important is the development of certain shellfish fisheries,

particularly shrimp, along the coast of several countries. These

nations have, in turn, looked to the United States as-a market for

their catch. Presently, over 70 countries export shrimp to the

United States.

Another factor in the status of fisheries is that various

states have instituted conservation law 8 which, while achieving

the objective of maintaining the resource have in effect, legislated

inefficiencies in fishing. One example is shortened seasons which

tend to commit greater capital to the fishery, each firm hoping

to get the maximum of the 'common property resource. Another ineffi-

ency is prohibiting the use of the most efficient technology.

As in consumption, there are considerable differences in the

relative importance of supplies which are domestically produced

and import, by species. From Table 2.9 it is obvious that the

four major items showing rapid consumption increases--tuna, ground-

fish, shrimp, and fish meal--are also the same products which have

,had major increases in the quantities imported. Clams and crabs

stand out as species where domestic production is increasing while

imports are decreasing.

2.5 Milted States-Potentia . Maximum Sustainable Yield in Waters

Adjacent to the U.S.

, marine areas adjacent to the United States are unmatched in

biological productivity of fish species of commercial importance.

Because of this, the United States fishing industry has concentrated on
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Table 2.10--MSY in waters adjacent to the U.S. (ocean fisheries)

ERecies/Region?-/

Groundfish

Landings Percent
ysy . estimate of MSY

Thousand metric tons

I. Northwest Atlantic 2,454.7

II. Northeast and Eastern Central 2,702.4
Pacific

Tuna

. Pacific?" 792.0

Salmon

I. Northeast Pacific

-Halibut

I. Northeast Pacific

II. Atlantic

Sardines

I. Northwest Atlantic

II. Western Central Atlantic .

III. Northeast Pacific

IV. Eastern Central Pacific

Shrjrnp

I. Northwest Atlantic

II. Western Central AtlanticV

Northeast Pacific

Lobsters

406.7

40.0

18.5

759.8

5,o38.4

944.3

3,020.0

27.0

16o.o

130.0

I. Northwest Atlantic 45.0

II. Western Central Atlantic
Spiny Lobsters 21.0

314

2,371.3 96.6

1,332.7 51.2

792.0 100.0

4o6.7

42.3

18.5

590.0

805.7

{931.4

31.7

13.3

100.0

105.8

100.0

71.6

15.8

{23.5

31.8

78.1

31.6

7o.4



Table 2.10--MSY in waters adjacent to the U.S. ocean fisheries)
(cont.

Species/Region 1/

Crabs

Landings Percent
MSY estimate of MSY

• I. Northwest Atlantic

II. Western Central Atlantic

• III. Northeast Pacific

• IV. Eastern Central Pacific

Clams

_

Thousand metric tons

4o.o 2.2 5.5

80.0 76.9 96.1

190.0 177.0 93.2

32.5 1.5 4.6

I. Northwest and Western Central 352.4 188.8 53.6
Atlantic 4/

. Northeast Pacific _I 28.6 2.8 9.8

Scallo-ep

Northwest and Western Central 146.0 146.0 100.0
Atlantic 5/

Northwest and Western Central 888.0 146.0 16.4
Atlantic 6/

1/ See Appendix E for a definition of regions.
- 2/ Includes tropical Pacific yellowfin tuna fishery
3/ Includes fisheries off the coast of Mexico and Central America

. 4/ Excludes aquaculture
.5/ Without calico scallops
6/ With calico scallops 

•

- Source': Derived frcm, John A. Gulland, The FJ.sh Rescarce.ofL.the:
Ocean, FA0,7e.chnica...1.17r No, 97 and 7.01.0 Yearbook of
Fishery Statistics, 1967.
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these grounds. The far-ranging tuna and portions of the Gulf shim

-fleets are the exception.

These very productive areas have attracted fishing effort t-

point that many of the traditionally-caught spedies are being fished

at or beyond M.SY. Much of the take is by other countries. Some 

specieswhich can support considerable catch increases on a world

basis are fished very heavily in water's near. the U.S.. coasts.

Particularly critical limits occur for crabs, tuna, salmon, halibut,

and Atlantic groundfish. Shrimp, lobster; and sardine catches are

restricted in many areas. Shellfish species whicqi yill E'UppOit

considerable catch increases are tanner crab, northern shrimp (both'

off Alaska and New England), calico scallops, offshore lobsters, and;

offshore clams. A number of finfish species such as Atlantic pollock,

Atlantic ocean perch, and Paci.fic,.groundfish could also support

higher catches. The lack of 'a developed market and sufficient consumer -

demand for these species, ho7.Jever, account for the low utiliation-

2.6 Price and Consumption Trends in the U.S. for sr'Docted
FisherLProducts

We have traced the overall development of fisheries for the

world and the United States since World War II. The folloing pages

present details of U.S. per capita consumption and prices for these.

products. Prices are divided by consumer price indeX (CPI) to

adjust for general price inflation. The major trends are noted

together with a brief statement on the causal factors which have

determined the position of each fishery through the period.
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GroundfiSh: Upward trends in consumption of groundfish have

been maintained since the end of World War' Ii, but dynamic changes

have taken place within this industry. At the beginning of the period

it was primarily a domestic fresh fish trade, while at the present it

is dominated by foreign-supplied frozen products. If the consumption

•••

of fish sticks and portions are 6xcludedj there would be a distinct

downward trend in the remaining products.
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2.11.-U.S. per capita consumption. and clar3.ated ex vessel prices

of groundfish, 1948-68

---- Per capita Ex vessel 177 Por capita Ex vossel ,!..,

Year consuption price .:. CPT Year consumption price .:- CPI

Pounds 2 Gent9 pound Pounds 2 Gc!nus uound----._:-.:....,‘....._„.._

1948 6.33 6.89
1949 6.36 6.05
1950 6.12 7.04
•1951 682 . 6.73'
1952 6.46 6,51
1953 5.87 6.14
19511 6.49 5.75
1955 6.81 5.38
1956 6.48 5.58

• 1957 7.03 5.63 -

1958 6.40
1959 7.J.3
1960 6.84
1961 7.49
1962 7.75
1963 7.72
196)4 8.011
1965 8.51
1966 8.75
1967 8.13
1968 9.50

6.36
6.26
5.66
5.52
51.-83
6.20
5.90
6.38
7.50
7.00
6.96

;Y Consumer price index (CPI) 1957-9 = 100 2/ Round vesht

38



1

THE FUTURE OF THE WORLD'S FISHERY RESOURCES: FORECASTS OF DEMAND, SUPPLY
AND PRICES TO THE YEAR 2000 WITH A DISCUSSION OF IMPLICATIONS FOR PUBLIC
POLICY

BY: Frederick W. Dell, Darrel A. Nash, Ernest W. Carlson, Frederick V. Waugh,
Richard K. Kinoshita, Richard F. Fullenbaum •

Figure 2. --Groundfish,-per capita consumption and price
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Canned tuna: Virtually all the tuna consumed in the United States

•is canned. Since World War 11, technological improvements in catching

and continually rising imports have resulted in a downward real price

trend. This, together with an adequate resource base, has resulted in

strong °rise in consumption. At present nearly one-fourth of the U.S..

consumption of fish consists of canned tuna.
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Table 2.12.--U.S. per capita consumption and deflated ex vessl prices
of tuna for canning, 1_947-67

Per capita
Year consumption price CPI Year .conSumntion.

Pounds 2/ Cents/pound Pounds 2/

Ex vessel 1/
•-•••

Per capita

1947 0.78 21.1 1958 1.77
1948 0.89 22.2 1959 1.88 .
1949 0.89 19.6 1960 2.0,5
1950 1.13 18.7 1961 2.08
1951 1.22 16.,6 1962 1.97
1952 1.27 16.5 1963 1.98
1953 1.37 16.6 1964 2.01
1954 1.37 17.6 1965 2.32
1955 1.43 15.6 1966 2.20
1956 1.57 13.9 1967 2.32

1957. _ 1::_58 1222_
1/ Consumer price index (CPI) 1957-9 = 100

Ex vessel:1/
price CPI
Cents/pound

13.5
12.8
12.0
12.4
13.8
11.8
11.8
11.8
14.7
11.0

2/ Edible weight
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Figure 2. .--Tuna, canned, per capita consualption and _rice
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Canned salmon: The greatest portion of salmon consumption is in the

canned form. A combination of changing consumer food preferences during

this period and a restriction on .supplies resulting from fewer spawning

areas has discouraged growth of canned salmon consumption. Under current

conditionr;,, :p1oduct:1,on cannot be f4gnifieantly increased.



Table 2.13. --U . S . per capita comumption and deflated winolesa-.1.e
prices of canned saJicjs1, 1948-67

Pcx capita I.-thole 1e 1/ Per. capita Mole-11e 1" ; _ .
Year consumption • price CPI Year cons-wrap-Li on price • CPI

2/ Cent sr-pound

19h8 1.63 62.1 1958 -k1 . 08 f 51.4
1949 1.60 47.0 1959 0.94 59.8
1950 1.42 63.1 1960 0.72 62.9
1951 LW_ 53.8 1961 0.79 63.3
1952 1./14 49.6 1962 0.814 ))..)c-ri r,

1953 1.31 47.0 1963 0.94 52.1
1954 1.12 49.4 196)4 0.58 _49.1
1955 1.04 55.3 1965 0.93 ' 6)4.1
1956 1.11 59.7 1966 0.79 57.1
19571.03 57.0 ..._,,1967, _ 0.72 63.3

1/ Consumer price index (CPI) 1951-9 = 100 2/ Edible. wejzht_
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Fresh and frozen salmon: A slowly increasing trend is now apparent

in the consumption of fresh and frozen salmon, following a decline in

consumption during the first half of the post-war period. Consumption

of total salmon has been dropping continuol)sly, so that fresh and frozen

consumption is taking a greater share of the total. Until very recently

• production of fresh and frozen salmon was eifined primai]y to king

salmon, but is now expanding into others including pThk, the most

important slmon



Table 2.14.--U.S. per capita consumption and deflated wholesale

prices of fresh and frozen salmon, 19/48-67

TapTiTa- -17ii-T.OfiTs:7157-e

Year consumption price CPI Year consumption price 4 CPI

Pounds 2 Gents pound ounas 2 Cents ,Dound

1948 0.16 1958 0.17 72.8

1949 0.19 1959 0.10 76.2

1950 0.13 59.8 1960 0.09 82.3

1951 0.14 58.6 1961 0.13 83.4

1952 0.22 56.1 1962 0.14 90.7

1953 0.22 53.2 1963 0.19 85.8

1954 0.18 60.3 19624 0.18 81.6

1955 0.16 60.6 1965 o.19 78.8

1956 0.16 67.1 1966 0.17 80.2

19570.13 65.5 1967 0.17 80.7
..... 1•..... ....,

2/Consumer rrice index (CPI) 1957-9 - 100 2/ Edible weIght
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Figure 2.4--Salmon, fresh and frozen', per capita consuption arid price
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Halibut: International regulation of the fishery has enabled

the comparatively low resource base to produce at about a constant

total catch (Untha States and Canada combined). It has been fished,

at or beyond MSY for most of the post-war period. Without management,

the resource would have been decimated a number of years ago.
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Table 2.15--U,S. per capita consumption and deflated 
ex ve:JL;e1 prices

of halibut, 1950-67

f__

• Per capita Ex vessel 1 Per capita.. Ex vessel 1/

Year consumption 'price CPT . Year 'consumption price GPI

Pounds 2 Centshound Pounds 2/ Cents pound

1950 0.207

1951 0.220

1952 0.199
1953 0.205

1954 0.214
1955 0.214
1956 0.197
1957 0.213

19.49 1959 0.215

15.75 1960 0.227

16.22 1961 0.216

12.94 1962 0.208

14.13 1963 0.18'2

11.32 196/4 0.202

17.25 1965 0.177

13.111 1966 0.162

14.24
11.86
15.15
20.).13
14.15
15.63
20.70
21.28

1958 0.200 16.02 1967 0.174 13.28  

1/Consumer price index (CPI) 3957-9 = 100 2/ Edible weight..•..
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. Figure 2.5--Ha ibut, per capita consumption and price
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Canned sardines: The availability of alternative fish products,

including frozen convenience products, has caused a downward shift in

consumption of canned sardines co2apared to prezorldWEu 11. -Short.

tom consumption changes are quite responsive to Trice levels in that

lower prices tend to encourage consumption. Fol'eign suppliers are

taking an increasing share of the itic market.
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Table 2.16,--U .S. per capita consumption and deflated wholcsale
,TriPPe4.,91;c4TIned- Pardirl.es 1.50-68

Per caplua NholesaiTI7-------- Per capita Wholesai777---- ,
Year  consumption price :-. Off Year consumption rice ; CPI

/falnds 2/-- -dentiad . '- Pounds 2/ CerilTs7p-so-unr-

1950
1951
1952
1953
1954
1955
1956
1957
1958

1.56
0.46
0.50
0.73
0.97
0.37
0.40
0.5a. 29.45

21.55
1959 0.40 26.68
1/ Consumer price index (CPI) 1957-9 =loo.

•

18.53 1960
23.05 1961
31.70 1962
31.83 1963
24.95 1964
23.19 1965
29.87 1966

, 1967
ly0 68,

0.48
0.57
0.48
0.47
0.46
0.41
0.116
0.41
0.243

. 1.

27;83
295?,

35.95
32.27
3.q.;01
33:16

3)1;71
401,04

Ea01e weight.*.

:::1
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Figure .6--Sardines, cannO,per capita consumption and price
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Shr_Lalil: Shrimp, a relatively important 'fishery product even in

1948, has shown a steady gain in aggregate consumlotion, so that for

several years the retail value has been the highest of all. fish products.

Some increase in domestic landings is evident; however, imports have

surpassed domestic supplies since 1960. Many of the less developed

countries now look to the United States as an outlet for their shrimp

production.
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per capiva consumption and deflated uL vessel prices

of shrimp, 190-67

Per capAta Ex vessel i Per capita Ex vessel 1

Year . consumption price CPT Year consuriToti.on

Pounds 2/ spud 3/ Pounds 2/ Cents/2pound 3/

•-

1948 1.408
1949 1.1448
1950 1.469
1951 1.714
1952 1.816
1953 1.816
1954 1.856
1955 1.938
1956 1.836

20.98
23.21
27.06
25.52
26.22
31.56
24.21
27.11
33.82

1958
1959
1960
1961
1962
1963
1964
1965
1966

1957 1.652 36,60 1967

1/ Consumer price index (CPT) 1957-9 = 100

2/. Round weight
3/ Based on heads-on wei,ght

56

1.775
2.142
2.224
2.142
2.123
2.366
2.407
2.591
2.550

rice 2. CPT

33.86
23.83
26.02
28.38

36.34
27.29
30.75
30.78
35%57
32.56
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Figure. 2.7--Shrimp, per capita consumption and price
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.f,
Lobsters: Lobster consumption is increasing rapialy. An

approximate doubling in per capita consumption has occurred since :1_91i 8 .

Rising consumer incomes bave apparently.increased deraand for this

highly regarded fishery product. Spiny lobster most of which is

imported, has increased rapidly in importance and now accounts for

over bio-third of total constcapt4on,



'1",bik; ;16 c."-Pur cap-.1.1a cons umpti ail and at:I...La-Led x Ve6oe±
prices of lobster, 1948-67

Per capita Ex vessel 1 ler capita - vest,e1 1/,Year. consumptioa_price CPI • Year consunntion yrice' CPI
Pounds 2/ Cents/pound Pounds 21 Cents/pound

1948
1949
1950
1951 -
1952
1953
1954
1955
1956
19.57

0.096
0.109
0.117
0.130
0.127
0.142
0.138
0.147
0.140
0.160

-1/.- Consumer price

49.6 1958 0.145 48.2
43.5 1959 0.150 49.0
42.9 1960 0.163 44.3
39.9 1961 0.157 49.9
45.6 1962 0.165 48.1
)0.5 1963 0.195 51.9
40.8 1964 0.194 59.3 _
41.8 1965 0.182 66.5 '
47.4 1966 0.181 66.6

32.0 1967 0.183 72.0

index Cap') 1957-9 = loo 2/ Edible weight
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Figure 2.8--Lobsters, per capita consumption' and price
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,Crabs : Crdb-\ --Oonsu-Aption,—" -6orip6E;earpr=a-rlly 0 ..1q.ng, an. . ••
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dungeness remained -stable until the mid-19501a and has increased 'rapidly
,

since then. Increases, since 1960 have been due totally to, the rapid
• •

. i ;:•. • -4.• .

development of the Alaskan king crab fishery :7 More re,cent,ly this
'

resource- has declinpd, because of ,overfishiTig' Dungeness- arid .tanne. crab

are now gaining in popularity.
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Table 2.19.--U.S. per capita consumption and aena,L.d ex vessEA

of cro.h.q, T91:8-67

Per capita

Year consuation Price 1 Off Year consumption
Per capita Jx vessel 1

Pounds 2 .CentounollT3 Pounds 2/

Ex vessel 3:7-
:price CPI
Cents/Epund 3/

1948 .0.814 .8..49.- 39,58. 0.927/
1949 .0.742_ .744: 1959. 0.986 8.35
1950 0.720 6.92. .1960: 1.076. 7,47.
1951 *0492 7..29 196-. 1.094 7.18
1952 0.729. . 7..28. I.62-- I..'oyl. 7.57.
1953. 0.806 7.59- 1963 1443 7.93
1954 z 0.765 .7-..3& .19.64:: 1.170 8-.14
1955 . G.'770.• •7.97 '1.965 14,485 8.36

1956 .0.824. 8;63 1966. 3:..a5 i9. re f t

-1957 . ..... - ....,-._ 7 29; --107.. . .. .• . _ • . . •
1/ COnsumer--price..index (anY 19517.9 7
.--7 Rotmd. weight:
-P. Based on round weight

62
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Figure 2. j-Crabs,per capita consumption and price
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-Clams: Hard; soft, :and sulT corapriou t1ic,1b. supply.

Hard clams have been' the traditionally important species, however,

in 1960 half the catch consisted of surf clams and now this species

accounts for about 65 percent of the total landings. The price per

pound for surf clams is much lower than that for, hard or soft clams.

Recently the catch of surf clams has apparently reached maximum

sustainable yield and industry is looking to other abundant species,

such as ocean quahogs, as potential replacements for surfs.
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Ti!bi(, 2 --U.S. per capita consumption and deflated ex vessel prices
of clams, 1948-67

----- Per capita E•-c vessel jr-7---7-77-Er'capiva vessel ]. • .
Year_s_mszIption price CPT Year consumotion 22:1..ce CPI

Pounds -7/ Cents&owld-7-37- Pounds

1948 1.833 5.02 1958 1.417.
.1949 1.755 4.59 1959 1.716
1950 1.859 4.80 1960 1.840
1951 - 1.911 .4.51 1261 1.859
1952 1.748 4.88 1962 1.95a
1953 1.658 5.03 1963% 2.242
1954 1.358 5.02 196/1 .2.2)42
1955 1.410 4.77 1965 2„.4181956: 1.534 4.56 1966 e2\)4.83

1.50 4.43  .1967 2.3Q8 . 3.71....s .,................,.... a......,...1........,..,..... 0....

1/ Consumer price index (CPI
V Round weight

•

, - -
. 42
3.87
3.64
,3041

3,0.23
—3.30
3.30
3.47

1957.-9= 100. / Based on. shellOilveiht
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Scallops: Per capita consumption of scallops has be
en steady

throughout the period with the exception o
f about a 25 percent higher

figure from 1960 through 1966. Unusually high prices prevailed from

1963 through 1966. Not incidentally, this. was a time of heav
y •

promotion by industry. Canadian imports .increased rapidly from 1957

to 1964 and now supply about half. of the U.S. market.
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Table 2.21.--U.S pe.1-YcapIta.cenicm e_cflatfr:d ex veF:c.101 cs
of. scallops, 19h8-67

Yeai.

1948
1949

• 1950
1951
1952

1954
1955

• 1956
1957

Per capAa Ex vessel. lir
consumption price CPI Year

Per capita
consumption

Pounds 2/ Cents/pound-37 Pounds 2

0.124
0.142
0.140
0.146
0.138
0.161
0.1151
0.148
0.140
0.3,52

6.86
5.56
6.54
5.82
7.56
5.55
5.64
6.60
6.71
5.82

1958
1959
1960
1961
1962
1963
1964
1965
1966
1967

0.153
0.266
0.200
0.207
0.190
0.182
0.184
0.173
,0.188.
0.127

1/ Consumer price index WI) 1957-9 = loo
2/ Edible weight
3/ Based on shell-On weight
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prLcc CPT__
Centsiixand 3/

5.66
5.61
3.99
)4.29
4.54
5.04
5.94
7.22
5.12
7.81
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atoms: Dwindling resource supplies caused in some oases by

pollution and in others by oyster diseases, have resulted in a sharp

downward trend in consumption, Seeding programs in the Cheapeake

:Bay area have s:arved• to stabill,ze supplies in recent years./



•

Table; 2.24:-. per capita consumption and deflat
of oysters, 1948-67

Per capita Ex vessel 1/ • Per capita - Ex vessel. 17
Year consumption price CPI 

Pounds 2/ Cents pound 3 Pounds 2 Cents/pound 3,

1948
1949
1950 -
1951
1952,
1953!
1954'
,1955
1956

ex -v.essel prices

Year .consumption price CPI

4.590
)4.463
4.267
4.038
)4.07
4.242
4.318
4.020
3.842

1957 ,... 3.630

5.13
5.4o
5.44
5.19
5.00
4.60
5.04
4.95
15.1

4.93

1958
1959
1960
1961
1962
1963
1964
1965
1966
1967

30)442 5.35
3.332 5.28
3.111 5.56
3.204 6.01
2.882 5.80
2.984 5.12
3.043 5.02
2.81/1 5.'45
2.678 5.55

 3272 . 5.4
.1/ Consumer price index COPI) 1957-9 = 100
2/ Round weight
"37,Based on shell-on weight
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Figure
2.12--Oysters, pPr capita consumption and price
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'

Other food. fish There* are ''',.oV6t, a hillid,redspc,,cies• •• •
of fish used commercially in the United States but not•Includercf:in

the preceding data. These may be classed ,within one of the following

categories (1) those for which, there is .a -low resource .base,, often
,

,

quite important in local areas, (2) those that are lowrvaaued relative
c'to harvesting cost, and (3) newly developed resources.14-hich rda.u: become

important.
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Table 2,23. . per. canita corsumnt:',:,:r and .defln- v.,0

Per pdpJta Ex veosel Per capita . Ex vessel 1/
Year consEj:)tion price Cif Year consumption_pricej: CPI.
----Founds 2/-- .t_FfEtEoUnd J77- poirm677— Cenfs/22und-3/--. 

• . . -

19510: .'3..8. .13,0 1959 . 3.3.- To.?.
1951. -3,8 ; '11.2: .1960 .2..6. -.9,-.8
1952. ..-.3.•07.. 11.0 194- • :2,6 -8...8
1953 3,8 10,4 1962 .2.6. . 9,3
1954 ,3-04 •10.3 •1963- .2.3 / 9.5
1955 3.5. •9c4 196.4. 241. 2,4-

:.1956 .: .3 -•:02'' 8J1 1965 1.9 ---9,7
1957. . 2.9 :10.5. 19,66H ..1.09'.:- : 9.6.

• .............._.....______________.. .206  . 1006:- -1967 2..0.... .11...2:__i .

• 1/ Consumer price index (CPT) 1957-9 = 100•
2/ Round weight
3/ Edible weight
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Figure

•

2.13—Other food fish, per capita consumption and price
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Fish meal: Demand for fish meal parallels the demand for

broiler chickens and other farm animals which utilize this product.

Prices in turn, are heavily influenced: by the availability of. soybean •

and other protein meal products used in livestock, rations. There is

an apparent upward shift in demand beginning about 1960 as prices

and per capita utilization have trended upward. Domestic s'upplies.

have been heavily augmented by imports principally from Peru since

the. late 1950 1 s when that country (1,..t.loped the anchoveta fishery.
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. Table 2.2:1.--U.S. per capita utilization and 
wholesale price oi

fish meal, 1950-1967

• Per capita

Year utilization Wholecale_Erice

lbs. meal . " $ per short ton

.r,

1950 4.08 124.30

1951 4.49 ' 120,30

1952 . i. 5.58 123.70'

1953 ' 4.78. i24.40

1954 5.11, 129.90

1955. 4.1. 133.50

1956 4.71 ' ..130.40

1957 4.14 - 126.40

1958_ 4.10 130.70

77 -

'Per capita -

Year utilization Wholesale_nice

lbs. meal r short ton
_7

1959 5.17
1960 4.87
1951 • 

5.91
1962 6.22

1963 6.85
1964 7.20,
-19f6 5.53
066 4.6.99
1967

117,.70
0.e0
104.30
114.770
126.80
124.60
147.,00

15.10
12.00.

1 ••••
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Figure .14--Fish iiieal, per capita -consumption and
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Chapter 3

BIOLOGICAL GROWTH, YIELD, AND SUPPLY:

,
3.1 Introduction

In this chapter, we shall discuss the basic determinants of

the sup0y of fish. This wifl.establish the theoretical founda-

tion for the supply side of one projection model which is presented

in Chapter 5. Two possible models of the yield from,a.fishery will

be considered. The models are essentially variants of the model ,

developed by Milner B. Schaefer. ( 1954). The models assume logistic growth

of the biomass of fish. One .model assumes that the yield from fishing

is linearly related to effor . We shall call this the logistic-

constant returns (LCR) model. The other assumes decreasing returns

from effort. This we call the logistic-decreasing returns (DR)

model.

3.2 The LCR Model

The LCR model indicates a linear relatiOnship between "fishing

effort" and "sustainable yield" per unit of. effort.

,•effort is an index of inputs, including .ships

thers used to catch fish.

gear

Ideally, fishing

lab'br; - time, and

In practice, we Usually must be"content

with some proxy, such as the number of ship-days spent in
.;

Corresponding to any given effort, there is a sustainable yield--that

an average yield that could be maintained indefinitely'.
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and economists.

Let. us 'consider in some detail the basis of the LCR model,

•First,  consider biological *growth. The ICE moOd...assumes the

simple logistic growth curve

rJlt=  

*: Cr

(3.1)

where m
t 
is the biomass of some species of fish at time t, N is

the stabic biomass that would be approached gradually from biologi-

calEL MO

-

causes alone (recruitment, growth, rtality), e is the •

base of natural logai'ithms•(e —2.718), and c and g are. constants.

This curve has been used by many biologists, popuiai:ion experts

Davis (1941) , Tintner (1952), and Pearl & Reed (1923) have"

discussed the properties of such curves in detail. There is one caveat of

which the reader should be aware. These writers have used the

logistic to describe the numbers in a population and not its weight.

The extension to weight may be unwarranted.

1
It should he mentioned that an alternative approach to the logistic
model (or variations on the logistic) for exploring the effect of fishing
on catch is the dynamic pool or yield per recruit model. This model
uses the .relationship among growth, natural mortality and fishing
'mortality to compute the yield in weight theoretically obtainable
.from a constant number of recruits entering the fishery. For a dis-
cussion of this approach, see R. J. H. Beverton, and S. j.
"On the Dynamics of Exploited Fish Populations," Min. Agr., Fish
and Food ,(U.K.), Fish..,_Invq.st.i.g., Ser. Ii, 19: 1-533, 1957 and E. W.
Ricker, Handbook of Computations for Biological Statistics of  Fish 
•Populations. • Bull. Fish. Res. Bd. Canada, 119: 17-300, 1958.'
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The logistic curve riseS throughout-, but •t ..rate of increase first

increases, then .de0.ines; and it approaches. the uppc!r_limit., M.

(Figure .3.1 ). The maximum size of the biomass is limited by food,

space, and other envi.ronpental,parameters.

More specifically the rate of increase found by dikfereutiating (3.1)) is

=---
dt

(3.2

Note that: (1) growth (i. .1 increment to the biomass) approaches

zero_as m
t 

approaches and (2) the greatest growth is where the

current. biomass is one-half the - maximum 'biomas:-

NOM consider the yield from fishing. •The LOR model assumes

that yield is proportional to effort:

x m 0.4 kxt .
t t

(3.3)

where yt.is the yield, k is a constant, xt 1sfishing effort and

Intl the biomass of the species we are studying (alT at time t).
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Figure 3.1--General shape of the logistic curve
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'Equations (3.2). a d (3.3) together imply .:that the- yield:is a

second-degree function of effort. Pella (1967) explained' the detailed

mathematics. Let us briefly go through the mathematics ourselves.

When the biomass is*stabilized with fishing (steady-state equi-

librium), the increase due to biological causeL, is -just matchcci -by

the yield from fishing (thus) waking the net changct

zero). Thus, from (3.2) and

solving for 
mt'

, k
nit = M(1 xt).

3.3),

=

in population

Inserting (3.5) into the last expression in (3.4), we get

Yt = 
M( 
kxt -  

k
2xt

2 )

(3.10

(3.5)

(3.6)

Equation (3.6) is a second-degree polynomial. Simplifying,

we have

2
y = ax - by
t t "t •

where a = kM and b = k
2
-N.

3.7)

To estimate the sustainable yield associated with any stated

effort, we need only to estimate the, two cOfistants,,a'aild b.

shall discuss this problem in Section 3.4.
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3.3 The LDR Model

•. Equation (3.7) depends on the two assumptions: first, that

the natural biological growth rate is a logistic curve; second, that

.(3.3) ,expresses the relation between effort and yield at time, t.

Although (3.7) has been used extentAVeJy.in the analysis of fishery,

behavior by fishery biologists, we have some doubts about the assumptior:

expressed by equation (3.3). We doubt if doubling the effort would

double tht, yield. The first unit of effort takes somer proportion of

• the biomass, say prat, laving (1 -p)mt. We shal3 now assume wit.hBevertou

and 11°10957)2 that a second unit of. effort would take p(1-0mt, leaving

(1

z tm (where z.= - p)). And the yield would be
t'

1,7-nxt units

Yt rat

of effort would .leave (1 - or say

(3.8)

where y
t 
is yjeid, x is effort, and where 0.(z <1 is the propor-

tion of the bi.omass that would be left aft6r one unit Of effort.

Following same procedure as before, if (3.8) holds, at

equilibrium •

gmt (1 - nt
1\1

The rationale for this procedure is explained in Beverton
and Holt (1957). However, because they could assume that
p was small they replaced (1-p) with e-a. (Continued)

(3.9)



n.•

•

(Continued)
Richard Hennemuth, NMFS, Woods Hole, Massachusetts, and Jerome
Pella, NMFS, Auhe Bay,,.4as,ka, and others have expressed doubts,
as to whether h1s roceatire was a proper interpretation of
Beverton and bit's work. Pella suggested that a better rationale
for this equation could .be Other "that tbe fraction of the population
removed by a unit of economic eft:on decreases wipth
economic effort even with the-fish population biomaE:c fixed," or
.it could be based,on fishing gear .interference 'combined J74.,th a,
reduction in concentration with increasing economic effort."

Hennemuth questioned the LDR model as an approximation of the
response of Flupply to :increase in consumer demand beyond NS' ,(i:e.,
what the right side of the yield function looks like.). They
indicated quite correctly that. neither the LCR,:or. LDR modes, have
been validated so that we can solve the question of the "other side
of the yield,function.",_It,probably varies by species,— We agreed '
and pointed out that both projections under the LCR and LDR models
were included in the manuscript and that we were only interested
in shooing a ch:L.Line in production after fishing .effort expanded
beyond EmAx. They agreed that this was —a desira616 f6a'tue,
although the exact path and rate of decline in produeUon.wqs
Aebatable.

•

•

, • . •••••!
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S

from which we find that

m = M (3.10)

and inserting .10) into the right-hand side of 3.9),

.Z, ) -) 

I

' f---....---- -- •.

.g

'Since -0(7,0_, equation (3.11) shows that the annual yield

would approach vi( 1/g) if fishing effort were increased indef-

•initel,y. It also indicates that with no effort ther6 would be
• ;

no yield. As effort increased yield would increase until

reached a maximwn and then depending upon the value of g it might fall.

3.4 Statistical Estima Lion of Yield Functions
•

If there were series of obourvations on effort and corresponding

yields in a number of periods of time, we could .estimate the

parameters in.(3.7).and (3.11) by the classical method of least

squares or by other techniques (Fox 1970) for fisheries on a world bas.is.

We made .pstimates of the yield curves on a regional basis by utiUzing

the information we had at hand. The derivation of our. Ti,eld function

utilizes (3.7) and (3.11) together with landings and price in a base'

period, and biologists estimates of MSY
3
. We ••••,•

3
Biologists have devised a number of ways to. c:stimate MBY, someipy

intuitive. judgment alone,.. We have merely taken their 
estimates •

as an input to our study and selected two theor
etical yield7curvs

which will 'have a maximum coinciding with the 
empirical c, -;.timates.

of MSY.. 86
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used (3.7) or (3.11) to estimate the relative yield y /y associ-

ated with the relative effort xt/xl. (Here yl and xl are yield

• and .-effort in some base period, such .as the,past5..Y.Prs,.) ,The

effort-yield function will then tell what proportional increase:in

yield would result from any stated proportional •increase in effort.

The base-period yields (catches), for each principal

species are readily available. Severalfbio3o0sts.have .estimpt

the maximum sustainable yield, y, for various, species in parte-

ular regions, using a variety of technical methods together with

individual .judgTent, Gulland (1970) surveyecLthese estimates and

published a detailed summary.

More specifically, we employed the following procedure in

estimating the catch-yield relation for any stock of fish. Our

4
second-degree parabola can be written

,
Ythri = ax/x1 

b(xt/x1)2
(3.12

Where yl and x1 are yield and effort in some base period,

such as the past 5 years and y and xt are projected yield and

,effort.

Our problem is to compute the constants a and b, so that the

curve goes through the points (0,0) and (1,1); and is tangent to

Y4E• Differentiating (3.12), we have

d(Ythri)

"17
- 2bxt/xl.

4

(3.13)

rhe constants (a and b) in 3.12 differ from those in 3.7, since the

y is and x's in 3.12 are normalized.

••,
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When yield is a maximum y* and when x* is the corresponding

effort,

x*/x
1 
= a/2b.

InserLilig (3.: ) .;)Cuo (3.12),

a2/2b a2/4h

In the basu period, yt/yi =

(3.12),

1 = a - b; b = a - 1.

. and x

Equations (3.15) and (3.16) together indicate that

that is;

2
ygy a /04 - it);

)iayx/y. ity* = O.
1

Solving .i() for a

a = 2y*/y1 . (1 + /".1 yi/y*D.

If we know y* and yl, we can computea
If 
from (3.18). Then from

(3.16), b =a - 1. So we have an estimate of both constants in

(3.12). Of course, (3.18) gives us two values of a and two

corresponding values of b. We will use the larger of

from

3.15)

.16)

(3.17)
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the two values of a when there is current overfishing but_otherwise

we use the smaller valp.Q._

We derive the LDR yield fuhction in the following way. If

we have given only the. yield (i.e., catch) in the base

• • period) y1, aid and the maximum sustainable yiej.d., y-`• ,E11.16 11

assume some value of gin (3.1) we .can estimate the relative

yields, yt/y1, that would correspond to various degrees of

relative effolA - xtix
1

Thus if we assume that thE-..- yield would

approach zero if effort becameverT large, we are ässumirg that

g = 1. In this study, we assuilled .that g= 1. 'In that case, equation

(3.11) can be written

Y /Y =Mz
t 3

'Equation (3.19)

).

s maximized when z

maximum 'ratio yly
1 
is reached when

•

Thus (3.19) is equivalent to

Y

89
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Since yl; x1 and y* are known and since in the base period,

3_

we can . comply • Z

A Numerical  Example of the Two Catch-Effort Functions

The following Worksheet 3.1 shows how we computed yield

(3.21)

functions for groundfish Atlantic_ northeast. In. this case, there appea,-.,.:;

to have been. ovcrfishing in the base year (1965), so effort-yield cl;-v:

was downward sloping. Figure 3.2 shows the results graphically.

The two curves are somewhat, similar until approaching the base

period; when xt/xl, = 1 and ytiyi = 1. The striking di,fference

between the two curves can be seen when they are extrapolated to

estimate the yields that would result from substantial increases

in effort. The LCR curve drops sharply, and reaches zero with an

increase of about one-quarter in effort. The LDR cu'rve drops

much less rapidly, and would never quite reach zero, even if

effort were increased without limit.

Which of the two curves is better for purposes of projection;

'where we must extrapolate far beyond the range observed in the

past? This is a matter. of judgment. We are inclined to favor the

LDR function; based upon (3.20).
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A.

Worksheet 3.1

Computation of world supply functions for groundfisS in
the Atlantic northeast

•

Landings (1965) Gulland

METY" Gulland

Schaefer Yield Functiop

0.67121

a = 2;X/y. 
1 -

2,658 thousand metric tons

3,960.tholmanei

= 2.97968 (1

2.97968 (1.57340) = 4.68822

ytiyi = 4.68822 xt/xl - 3.68822 (x/x1

B. 7.1-21, Yi,ld FLliction

z = 1 -I- 1lyliy*

2 x /x,

Yt /Y = ItYVY1 Z t

1)48984

+ 0,32E3793

0.32b79 = 0.42660 ,= 0.21330
2
xt/x,
z -L)

2
x /x

= 5-95936 z t
x /x

- z t 1)

LCR
Yield ratio

Ythi 0.21330

LDR Yield
xt/x, x x Ratio
z (1-z ) Y /Y

t 1

1/4 . 1/16 0.94154
1/2 1/4 1.42206
1 1 1.00000
3/2 9/4 -0.12662
2 4 • • • •
3 9 '
4 16 • . • •

* • •

0.67959
0.46184
0.21330
0.09850
0.04550
0.00971
0.00207

0.21775
0.24854
0.16780
0.08880
0.04343
0.00962 ,
0.00207

1.29765
0.48114
1.00000
0.52919
0.25882
0.05733
0.01234
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Figure 3.2-.-Grow- fish, Atlantic northeast, response of yield to effort

e

.$3 1 2

• EFFORT, xtixi

•
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if effort increases by x9o, total cost

Then 3.12) can be written

t/Y1 = a /, c b

Solving (3.23) for ct/ci,

Total cost: c
t
/c = a 4-

:-••••

a -4bytiy,

3.6 Industry Cost Functions-.,

To derive. cost curves,,we.assume_Olat total cost of harvesting,

ct, varies with.effort, (Gordon 1954) so that the relative

cost in. any region is proportional to relative effort. (that

goes up by x%);-

t

'(3'.22)

(3.23)

(3.24)
2b

Where from (3.16), 1 = a-b and a is given in (3.18),

Equation(3 2) indicates the change in total cost required to.4 

attain any giVen increase in yield: Thus, to increase yield, 50%
,

(so that y/y1 -; 1.5) 'the total costwould be a :Lila 6b

times the cost in the base 'Period.
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Dividing 3.24) by y/yi,

Average cost: c /c1 =t 

, 
a + a - libyt

• Yt 1

and diff(Drentiating (3.2')

Marginal cost: •d(c/c1)

d(Y/Y17

1

4bythi

(3.25)

(3.26)

Equations (3.23) through (3.26) a.,ce based upon the logistic-

constant returns model (LOR), as indicated by (3.12). The logistic-

decreasing returns model (LDR), indicated by equation (3..19) can

be rewritten

Yt /Y = M

2xt /x x /x 1 y
or z t +

Th-gs

X /X
t 1

t/xl

x ix
t o 4Y/Y M

2

Again assuming that c

c
t 1
'

= 0

(3.27•)

3.28)

/x1, we can solve 3.28) for

log z

l'Yt M

(3.29)

where Z is given in (3.21).

Equation (3.29)gives total cost. Average cost is as before,

That is

9)4



C,/Cl

Ythri
Lo

2

' log z • ythl

. •

Equations. (3.25) and 3.30)indjcatc- G1ia:VC6 avel.,L,!

as a function of landings, as shown in the diagram below. Both
. -'curves rise at an increasing rate 'as yie:ld increasesYfrom- ei'o to -

; then as yield is pushed beyond.the maximum sustainable yield,

average costs continue to rise as yield drops on account of over

fishing. In general, the LDR.curve lies above the LCR curve except

for yields below those in the base period. (See Figu-e 3.3)
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Figure -3.3--Averaoe cost for LDR and LCR functions given the same basic data

aver vc;u cost

LDR,

Y-
I /

ield

equation (3.24))

equation (3.29))



•3.7 Industry Supply Functions for a Region
..•, •

Under condltions. of perfect competition, increasing costs,

) _ _

and free access to the resource. production is incresed up to

5/
the point where price, pt, equals average cost. --

should apply, at least approximately, to fd.shcr.J....

we will assume,

PI/ = Ct/C.

This condition

JLt

For example if average costs should rise 5024, we would,

expect production to be adjusted so that the price of fish w uld

rj se 50

-Thus-, for the ,LCR model, we can substitute

2by /yi

,31)

••1

into 3.-?5

(3.32)

.AS it stands, (3.32) indicates price as the depend,ent,:variabTe;..

yield as indr-pre.ndent. ;But. we ..shal.:4 consider, the ..curve to. be

reversible estimate, the landings

the yield) that would result from any given price. In other .,;ord.!

W.- shall use (3.32)

we s4a14 1,1e (3.32) as the supply curve for the LCR model

5/ „, . • , -•
If each oioeratot.' 'Could ignbrd'the - aCtiOns of has • Corlititbi:
he - would increase production only to the point Where ,price• • •, ..„,. • _.•••. .. ,,•, ....• •• •.• • .. ..• •
7as eq.b.al. to MarAinal- cObt.' • This -WOuld provide rie-Vpi-ofits .
to the operatqrs, . But,. since there is free _access to the, - .• • - ....- ,•r...,:. ,.. • •, _ . , .• • .:: . . • , .,• • • • • .•.
cpran i-eollY*66; .A7.1-1.e6. pinbfits-Wthird- '6.-Ltiradt. 'additional' operators
So the position • where price equals marginal cost would be... .••.:•.. •_
unatable. The industry would e:kpand'until price equaled '
average cost. This position would be stable; there would be
no incentive for further expansion.

.
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4

Similarly the supply curve for the LDR model is

Pt/P1 log -2- (—
[1

- b
t

ry /y M)

Yt/Y1 Y /Yt 1
log

So far, we have discussed the supply cuvvt,! in nny

(3.33)

:that is, the amount that the region could be expect:A to supply

at various assumed. prices. Next wc need to combine these regional.

supply functions into a world supply function.

3.8 Supply Function  for tie World: An Aggregation of Regional

Supply Functions

To mcis.cf projections of future supplies and prices, we need

to equate world supply with world demand (assuming certain levels

_of world population and income).

World sustainable 5upply at any specified price is the total

amount that would he supplied by all regions at that price.

Figure 3.4 illustrates the procedure for the case of three regions.

• We first estimate each of the three regional supply curves

(the heavy lines in the diagram). In the case illustrated, 're'gion

I may be a region near the big market center, where fish may be .

caught at little expense, but where the stock is soon reduced

overfishing. Regions 2 and 3 are further removed from m,Drket;

the potential supplies from these regions are large, but can be

obtained only at greater expense. We shall assume that all three

'regions sell at the "world price" minus transportation; thus,

supplies in all three regions respond to the same world price.

98.
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e curve of world sustainable supply

the regional supplies at any given price. For example, the diagram:i

illustrates the case where the world price is p. (The price.,
•k

each region is assumed to be some known percentage of the world

price.) When -the world price is p, the regional amountf, supplied

are q1, q2, q3 Their sum, ( = q
1 

cirq ) is the world supply2 n
3

at price p. Similarly, the world sustainable supply at any other

• price can be found by adding the curves horizontally.

=We note that the world maximum sustainable yield (MY) is

the sum of .the Ma's for the individual regions. It is indicated

- .by the vertical. lino tn the right of Figure 3.4. Brt this maximum

sustainable yield would not be attainable without maintaining each

region at MSY. It is biologically possible, but economically

unfeasible, undcr competitive conditions. For example, as the

world price would rise it would be necessary to, prel.Tent over-

fishing in region 1 (and perhaps in region 2) if the potential

world MSY were to b attained.

The heavy curve indicates the response of world supply to

changes in world price. It assumes no controls-pnly the norma,1

competitive responses of the fishing industry to pric6s.and costs.

That is what we have assumed.in most of the projections reported

here.

Whenever the regional supply functions are markedly different.

from one another, we found it necessary to estimate them separately,
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and to derive the world supply function as indicated previously. But

in some cases we found it adequate to compute a world supply

curve directly from world landings and world prices.

Therefore, we have two important concepts:

1) World maximum oustainable yield (MSY)

MSY
j-

Wbrld maximum sustainable supply (MSS)

max E

1=1

Only in the cas(: where each region

two concepts be equivalent.

RegionnJ. and Wbrld

is controlled at lviSY will the

upply Functions: A- Mathemati_cal Analysis

Regional variations in the degree of exploitation may have

profound effects in terms ofthe a regate world supply curve.

It us revert to the LCR model, and equation (3.23)

Yt/ acic, -
l.= t (3.34)

If we replace the expression c(c1 by pty./p_y , and rearrange
t

terms we may solve -for y in terms of p alone

Yt
apiyi

bpt

101
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where pa., yl, are base period price and landings, respectively.

Differentiating (3.35) with 'respect to price, and setting the

resultant expression equal to zero we may obtain the price, p*,

at which maximum sustainable yield is attained:

p* = 2pi/a (3.36)

Since prices are assumed to be the same for all regions,

• the price at which MSY is reached in any given region is dependent

upon the parameter !Tr" of the yield function, and this pamoeter

is determined solely by the ratio y*/yi. Substituting (3.36) into

..(3.35) we Fe

rX = a

41) Y1
l3.37)

Let us now assume, that there are n.regions. The sum of the regional

maximum yields is then given by:

1=1
1=1

(
a .2
a._

4b. Y1'D. 1

(3.38)

where yl , a, and b. are, respectively, the yield function param-
i 

.L 1

eters and the base period level of landings in the ith region. Equation

(3.38) represents a global upper bound, "maximum maximorum."

On the other hand, let us define the world supply function as the

sum of the regional supply schedules,
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ap y
1 1.

bpt2
,)3.39,

• Differentiating (3.39) with respect to price and then setting it

equal to zero, we. can solve for, the. price . t h the world .

supply function reaches a maximum,.

*

Yli

2P —
--4 bI-1 i

• -------
b

1=1

When (3.1c1 . '.3ubL;tituted into (J,39T, the maximum -puint of the

world supply function can be found,

In generr:J: C3.41)., will be less

2

(3.41)

6/
than (3.38),— but will

approach (3.:38). as differences in regional yield coefficients

become smaller. When the regional coefficients are the same, the

following holds:

1

•••••••

(3.42)

./.• A general statement about the relationship between (3:40) and

C3..36) cannot be made'. In other woras,-. we cannot say a priori•
vhether the price at which•MSY:is reached will be higher or
lower than the price consistent with the maximum of the world
supply function. 103.



However it is also true that

a2 ,
7 4 -1.

1

4b -- Y1
i iJ i=1

(3.4

Thus, world maximum sustainclble yield can ti -tiled in the -

market only df the regional yield parameters are the same.

Similar conclusions can be drawn from the LDR model. Given

•the relativ yicad equation from the decreasing returns model;

x Xt/X1

,e ' 
/v 1mz t 1/ z

J 
(3.44)

we may price at which maximum sustainable 1,7.711

be forthcoming by first differentiating with respect to x /xt

setting it equal to zero, and sastituting the expression ptriPiY1

for '-t /-"

p* = log (

log z 
(y
1/

(3.45)

Since z depends upon the ratio y*/y1 (as does /4 in equation:

C3;44))-, it follows that here too all region's must have the sam.c.,

degree of exploitation in order to harvest world maximum yield.

Thus, In summary, any one of three conditions would Ie.:.

sufficient to permit the maximum resource potential from the

world's oceans to be harvested: first, if world yield and world

landings are equally distributed between regions; secondly, if the-..

ratio of landings to maximum sustainable yield is the same in all

104
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regions
7 
7— and.; finally,. if each re.gion is harvest rate

"frozen"--via regulations maintaining the level of the permissible

harvest rate--at regionalMSY. The ultimate effect_of -thse

regional variations is".bas'ically an empirical que'stion. HOwevei,

it is possible that for some species the impact Clic.' Li,

diniebsion could be significant, . a considerable difference

could arise' between "MSY and maximum. sup-ply. '

It should be pointed out that given the specification in (1.311-)

that the slope of the absolute supply curve • .3r-t3
" does depend upon the absolute level oE base period landing

however, the elasticity of supply- does not. Thus,, the

attainment of .MSY merely depends -upon the assuyg ion that all

regional supply curves have the same elasticity. .The formula

for the price elasticity of supply for the LCR model is given

by:

ciPt

and thus is independent of base period landings.

The limit of Es as p—> p* = 0, i.e. when

the elasticity of .supply is equal to zero.



CHAPTER 4

THE DETERMINANTS OF DEidLAND FOR FISHERY PRODUCTS AND Er.LPIT.ICAL
ESTIMATES OF THESE RELATIONSHIPS

4.1 Introduction

In Chapter 3 we showed how the supply of fishery- products is

'derived. In this chapter shall dAss the batAc

of the demand for .fishery products. In addition, we shall quantify

.these.relationships through the estimates of demand functions and

present the functions to be used to make the projections.

4.2 Theory of Demand

First, let m. sPt oui the theoretical basis for 6emand estimation

Let ...101 be the per capita' consumption of a good, (N Symbol, :dng thc;

sirAe of the population): P
0- 
/CPI be the deflated price of that good,

-

P1. /CPI- Pri/Ull the deflated prices of other good Y/N be thA

deflat med per capita income of consumers,are non-and Z.  

economic fo.i.:;es affecting fish purchases. This implies the followinL,

general demand

Q/F..-f. o'J
-dicf

"P
I

• • • • • P
n

CPI

, Y, ZI, • • • • , zi .1)

Hence per capita consumption of a given fishery product is determined

by the price of t'ne product, the prices of other products, the income

of consumers, and other variables such •as habit, product form, adver-,

tising, etc. The theory of demand used in this chapter is the most

simplified with which one can work. The Economic .Research Labora-

tory is presently working with more complicated dynamic

demand functions which may reveal the influence
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of habit formation as well as income

and price on per capita consumption of ..a commodity. See .

• Houthakker and ,.Taylor (1970). In practice. :this complete

functionl relationship is rarely used bimates

and this study Lt., no exception. One reason is that it is difficult

to .deteridne, which taria.bles should be included in the set P through

P and Z through Z
n 
for any given produtt.. Almost as common is the

difficulty Of obtaining data over a historical period especially for

many non-econoirdc variables.

Initial effort: 1?0,-- made to determine the .effectL; of. other.

prices on tile.consumption of the fish products : There: was little

statistical support for including, these variables„, as explained

more fully in Chapter 5. We recognize that prices of other products

may become important outside the range of the data, such as projec-

tions which aro groator than current consumption. HoweveJ. since

no estimates are available these could not be taken into account.

This mode] h beun criticiud for not taking into ac,ount the

possible simultaneous determination of supply and demand functions..

This occurs when there are a .number of jointly- de-torsi:dried variable

in a system. The most commonly investigated case occurs 'when price

affects quantity, quantity affects, prices and both areaffebted-by-

outside forces (exogenous variables). This creates the socalied
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identification problem and necessitates a simultaneous estimation

of demand and supply functions. Failure to consider this "identifi—

catioh problem" when it eists resillts .in meaningless

parameter estimates.

Year to year variations in fish- catch are almost certain:1.y

high-1y dependent .on natural ph(!n.c.M.eha, • ieavj.n, CCOLIOTO

principally price, as a minor determinant. One study. finds fish

catch as a r,E3.nclo:in in such .cases :Hthe

identification problem is not sPri.ous. The study

•••-•

by Doll, in which two-stage .and, three-stage least

squares were used,:-shOWs- that - price and income

elasticities were quite close to similar elasticities 'obtained from

classical least squares. (See Section ).3 of this chapter.)

•._For these -reasor v have used the following versio!i of the

demand function in order to obtain empirical estimates to be used

in projecl'iioh

VII-f(P0

' CPT. Ni.

Next, we chose the form of this -function. Equation ,6 were run both

in linear and logarithmic form. In the majority of cases the 1 CT

equations were superior from a statistical standpoint. Therefore,

this form was used throughout in order to simplify summation across

countries. The form shown in (L4.3) was used except as noted later.

Q/N--.A.(Po/cr-±-) cy-A\Ofl (-3)
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In logarithms, (4.3) can be written

log ,(QAT)-log A + a log Po/CPI ± log Y/N (4.4)

a is the elasticity of consumption with respect to price (sometimes

called "price elasticity"). is the elasticity of consumption with

respect to income (sometimes called "Engells elastv!. :f.•

of Ernst igel (1895) ). The theory also _specifies the sign of a and

The pl'ice elasticitr. for normal goods is negative; that is, price

increases, consumption is discouraged, with the opposite effect if

price _goes down. In the case of an income inc:rease there tends to

be an increase in consumption; while a decrease in income discourages

• It should be recognized that ,this modified equation is likely

to resultin certain biases of the elasticity es:bimates. Omitting

other prices 131ply to affect both a and (3. .Also the income

coefficient is likely to be affected by other upward trends in the

economy such as :Improved products which would b, expected to bias

.the coefficient upward. We felt it was better to include these

additional trend -c-,:ifects rather than use a "true" income elasticity

and assume_ all trends will cease in the future.

During the past SO years, economists and _statisticians have

developed practical methods of estimating the _constants in. (4.3)

(4.4). An enormous quantity of literature is available in .this
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area. Among-the pathbreaking studies, we mention Moore

(1917), Working (1922), Ezekiel (1930), Schultz (1938),

Stone (1954), and Wold and Jureen (1953).

In recent years, a number of economists have studied

the demand for fish (Waugh and Norton, 1969; Lampe and .

Farrell 1965; Bel], 1968;• Gillespie ct: aa., 19L

SulAor'arid Aryan-Nejad, 1969; Doll, 1973; Purcell, 1968;

Nash, 1967; and Cleary, 1969). These studies served as

a basis for driving the fishery demand equations used in

the present study. To give a basis for worldwide pro-

jections, we found it necessary to make our own estimates

of demand, elasticities.

Fish meal presents a unique case among the products

because It is an intermediate product-not used"directly

by humans, but used as a feed ingredient for poultry

and meat animals. Thus, the demand for meal is termed

a derived demz:Inu, In addition, the level of usc of fish

meal is lvjghly sensitive to its price relative to that

of other feed. ingredients. These facts require a

different specification of the demand function for fish meal.

The broiler chicken industry is by far the largest user of

fish meal. • Soybean meal is the closest substitute

meal in rations fed to the chickens.

for fithh

Therefore, the demand equation for fish meql in the United

States was specified as follows:

P
Q1 = a + -1)1 P + b2 ( f- + 1)3-6-1,Y ZEPI.
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where Q and P are as above, and

C = the consumption of chickens in the United States,

= the price of soybean meal.

Since it is difficult to reflect the numerous factors affectirc,

fish meal use in other countries, a generalized equation was specificc

to reflect the various factors:

Q2 a -:. bi _1)_. 1- bil. T

.P.
s

(Rest of l'orld) (4.6)

where T or time one year) represents all other secular factors in

other countries. World consumption, Q is then obtained by adding

Q and
1 •

4.3 1Lej.rica1  Estimation of Demand Parameters for Selected Fishery
Projects, by Country

The primary interest in this study is to project fish consumption

and prices by species for the United States. In order to accomplish

this, however, we must take. the rest of the world into ac(!ount.

:Therefore, estimates of the demand relationship for each species by

.country were derived. Demand projections for each country were

made based on these equations. We are quite confident, that the

U.S. demanci projections are reliable for decision-making purposes.

However, • due to the possibility of inaccuracies in the

projections for some countries, the projections for countries. other than

the United States are combined. However, each country' demand was

first projected individually. While some individual foreign country

estimates are questionable, we feel the total non-U.S. projections

are reasonable.
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The fishery products which are of major importance

the United States were selected for intensive analysis. They

are discussed in: chapter 2, but for reference are: (1) groundfish,

(2) canned tuna, (3) canned salmon, (4) fresh and frozen salmon, .

(5) halibut, (6) canned sardines, (7) shrimp (8) :lobster, (9) crabs,

(10) clams, (11) scallops, (12) oyston:. (13) other food f5.;•, and

(14) fish meal.

. Countries recording significant consumption were

inbludcd in the demand analysis. Thus forkthose. products

such as halibut, where consumption s concentrated

in a few countries, the coverage of the total project consumed is

quite high (93 %) On the other hand,. groundfisi is consumed

by many countries of the world, most of 'which are individually

unimportant. In this. case, the analysis covers only 57 %

the total world consumption. Extrapolation to total world-d6mand

was done by assumin the same relationship holds for ,the excluded

countries ab 1,7E)11 as for those in the analysis. (See Chapter .5.)

• .There are •various techniques available to derive the coefficients

to used for -projections. The general practice is to Use an objeC

tive estimating procedure and accept the results of this without •

further consideration. .The , values of aj 0, etc., are extremely

critical in making the projections, particularly- for those several,

years hence. Therefore,. we felt ,it was desirable to interject_

:judgment. into selecting the elasticities to be used for making
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.projections. For several' reasons, outlined below, it was necessary

to change: some of -the cOef*ficients when they were at variance with

a priori. theory.

Annual time': series 'observations were Vd as data to obtain

the objective estimates, Statistics on 'landings, Consumntion,

prices, and reiatud int.ormation were obtainel mainly V frord .6;f:

••

and .Agricultural Organization : (FAO, -Annual 'editions).- Where. possible,

Canada. .and theU.S.)'data -were obtainetl directly VVVVV

from the nations' statistical reports. •Population

consumer lncomeV data were taken' from sources'dn'the

Department of Agriculture (1968). We found many problems.

.with - the - data;J_or:exampic, the definitions ior"ttinal.,"

"groundfish," and "flatfish," etc., were, hot uniforM

by. country. Also; FAQ must use* considerable judgemen-L

inlcorribining.individual.country reports VWhichVVVVVcOthe to them.

in diverse forms and with different 
V 
bases for reporting

weight. -- More work is needed to improve these basic data:,

but for •now, it is the.oniy .source available 'for. many.

countries.. The study would not have been poSsible *without

FAO data. Any improved .data series will be used in

these equations as soon :as they are obtainable.

We used ordinary least squares procedures to estimate

the demand function (4.3) for each country. While the

results are far from perfect, they do provide useful

approximations to the elasticities and for the species

in question in each country. These results are shown

in Tables 4.1 through 4.14.
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After completing the objective (statistical) analysis,the

demand equations were analyzed to determine: if they were accept—

able for projection purposes. The two most. common reasons for. .

changing them were. (1) the elasticities had the "w-rong" sign from

a theoretical standpcAnt, and .(2) thc.: elastic-1'0.es.

.incorrect in terms of mTA.gnitud., General solutions were to u the

elasticity of a similar fishery products, or to use the elasticity

of the sameyproduct, from a country with similar consuming habits,

The changes made from the st,atistically-derived demand fynctioic

and the explanation for these change -s appear in Tables 4.15 through

426.

• Statistical estimation of economic relationships, particularly

with data which are nothighly accurate, is „subject to several pitfalls.

It is often the •car;. that the analyst accepts less than highly reliable

.results. Nevertheless, there are meansof measuring the reliability -

of the.- rt:Su16s, Thu are both economic and statistical t(!sts. The

economic tests are those theoretical- underpinnings describJd

Three ,statistil tests of reliability are used in .ju(Iging- our

results. The t-value, which appears in 'the parentheses in Tables

4.1 to 404, :bests whether the elasticity (the figure directly;

above the t-value) can be regarded as being different from zero.
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(That is it tests whether a variable has any effect on the results.)

For the number of observations used here, a t-value of about 2.2 (in

absolute terms) is needed to conclude the significance of the elasticity

coefficient at the commonly accepted 95%_ confidence level. We

compromied sometimes and accepted elasticities with lower t-valrr

if the coefficient was acceptable from a theoretical point of view.

A second test is R
2 

which shows what percent of the variation in

- consumption is explained.by price and income. -Both mathematically

and logically this figure must be between 0 and 10; therefore, the

closer it is to 1.0, the more reliable is the consumption estimate.

The Durbin-Watson statistic (D-W) is a test of the reliability of

the t-values and of the proper specification of the equation. Two

common types of specification errors are: including the wrong set Of

variables and usir an unacceptable form of the equation (for

example, logarithmic versus linear). This is a fairly common

problem when using time series data because many factors, .Thich have

no causal relationship to the one being estimated, change over time.

For our sample size, D-W values between about 1.4 and 2.6 denote

acceptable specification of the equations.

The equation used for making the demand projections are shown in

Tables 4.15 to 4.26. Because some of the demand estimates

were statistically weak or were not supported by economic logic, the

authors changed certain parameter estimates designated by footnotes.

Given the critical use of the parameters, we felt this was

justified.. We did not want to be confined to mechanically

accepting the statistical results.
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The projections in Chapter 6 are sufficiently plausible t o justify

the demand relationships presented in these tables.
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Table 4.1.--Regression results of groundfish 'demand equations by selected countries

•••••:.••

(In logarithms

Country Constant
Price
elasticity

Income
elasticity D-W Per' c.)

U.S.A.

Japan

Canada

1Korea _

Denmark 2/

-2.0145 0.1014
-6.7514) (0.7541)

-1.6923 0.2767

-3.4357) (0.7008)

6.6006 -3.6297
(0.4757) (-0.7904)

2.2774 0.7873
(1.68)5) (0.8)+76)

-3.9025 -0.3016
(-4.1255) (-0.4763)

0.8518
(s.1877)

.7.0467
(6.506o)

-1.2045
(-0.2)81)

-1.0595
(-1.6)33)

1.9469
(5.8995)

France -10.3194 --7.1220 6.5998

(-1.5965) (-1.8019) (2.7293)

Netherlands

United Kingdom

-6.9719 -0.0783

(-4.8273) (-0.2316)

-4.1534 -1.3952

(-2.1125) . (71.6296)

2.6716
(4.6651)

2.1924
(2.5550)

0.84 2.23 , 1948-68

0.83 1.05 - 1956767

2.37

0.26 1.33

0.82 0.93 ,

0.46 2.76

0.88 1.86 1956-67

0 c:;

'5,.„

1953-66

1956-67

1956-67

1956-67

2.06 1955-66

3,4 jApiinef;e. pric6 dftd. were used-in:the-equation
-27 U. S. price data were used in the equation
.J..pndent variable is per capita consumption of groundfish in round weight.

Prices are -ex V&Ssei'deflated by th individual country T.s'CPIY:ahdconVerted. into U.S. cents per pound by

'the exchange rates.

Income is ,deflated by the individual country's GPI and conve7ted into U.S. dol1a
r7, capita b40/. the

(:-:.change rotes.
T vi ues in pErenther3es.
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Table 4.2--Regression results of tuna demand equations by selected countries

(In logarf.t7ams)

Product
Country form

U.S.A. can

Canada can

United can
Kingdom

EEC can

Spain raw

can

Turkey raw

Japan raw

can

Constant
Price Income

2 ,
elasticity elasticity 

,2
 Period

-2.6099 -0.8632 1.1675 0.34

(-2.3862) (-4.9220) (4.1626;

0.3115 -0.1353 -0.0868 0.04

(0.1151) (-0.6090) 0-0.1068)

3.0045 0.8675 -1.4787 0.45

(0.9403) (2.0944) (-1.4950)

-1.9451 -0.3524 0.8313 0.32

(-1.1439) (-0.9966) (1.6023)

-2.2564 -0.4058 1/0425 0.29

(-1.0961) (-0.5344) (1.6359)

-0.3610 0.5865 . -1.3867 0.2"

(-0:3273) (1.4416) (-0.0406)

13.8698 -0.2453 -5.7316 0.22

(1.4047) (-0.1720) (-1.4893)
,-,

-0.4085 -0.5095 0.3434 0.15

Y3.4439) (-0.6674) (1.2366)

2.4965 0.9953 -1.3954 0.70

(2.4297) (1.1675) (-4.5004)

1.44

1.77

1,92

1.14

2,33

1.85

2.06

1.59

1.65

1947-57

1956-7

1956-67

1956-67

1956-67

1956-67

1956-67

1956-67

1956-A7
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Table 4.2—Regression results of tuna demand equatL*.onsby selected countries (continued)

(In logarithms

Country
Product
form Constant

Price
elasticity

Income 2
D-W Period

Taiwan raw -0.2467 -0.2190 0.4926 0.23 2.89 1956-57

(-0.2561) (-0.9106) (1.2008)

can -10.5766 -0.0583 5.5071 0.78 1.87 1956-67

(-5.2343) (-0.1155) (4.7395)

2/Peru raw 0.1854 0.1392 0.2715. 0.002 1.29 1956-67

(0.0274) (0.0485) (0.1299 )
co

1/ U.S. price data were used in the equation.

Dependent variable is per capita consumption of tuna in round weight: except for the U.S. which is in edible

weight. .
Prices are ex vessel deflated by the individual country's CPI and converted into U.S. -ents per pound by

the exchange. rate's.
Income is deflated by the individual country's CPI and converted into U.S. dollars 7e: capita by the

exchange rates.
T values in parentheses.

••••••••••••• 1••••••••
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q'wole 4. --Regression result of salmon demand equations by selected countries
(In logarithms)

Country Constant

U.S.A. 4.3032
(4.8916)

Canada 2.9662
(0.9647)

Denmark

U.S.S.R.

Japan

-31.1268

(-4.95$5)

6.9748
(2.769q

0.9930
(L2899)

Price
elasticity

Income
D-W Period

-0.7066
(-2.1229)

-0.9312
(1.5707)

3.9913
(2.6827)

0.3080
(0.5266)

0.0266
(0.0430)

-0.9743
(-2.9165

-0.3584
(-0.3421)

7.6541
(5.52)41)

-2.5719
(-2.3031)

-0.2235
(-0.4)403)

0.73

0.23

0.67

0.75

0.06

1.62

0

1.72

2.20

2.7k

1950-67

1950-68

1948-67

1955-67

1955-67

1/Japan's price data used in the equation.

Dependent variable is per capita consumption of salmon in round weight.

Prices are. ex vessel deflated. by. the individual country's CPI, converte ,into U. :ents

pound by the exchange rates. •

T values in parentheses.
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Table 4. -Regression results of laalibut demand ecu'ations by s lected countries

(In logarithms)

Country

U.S.A.

Canada

Constant
Price ncome
elasticity .Lasticity

1/
West Germany -

1.1649
(2.9158)

-11.6941
(-2.1387)

3.1432
(2.3293)

-0.1571
(-2.0486

0'.1474
(0.1934)

-1.0387
(-1.9436)

EJ
NJ 

A 1E, Tcel anu 
/ -2.66 09 -0.7300

(-0.8071) (-0.9012)

Norway 4.0482 -0.8355
(7.7186) (-2.1017)

United Kingdom.-: 7.8900 -1.8467
(5.9746) (-2.8282)

D-W Period

-0.5112
-4.0781)

0,63 1..66 1950-67

3.3220 0.23 1.71 1951-67
'.1.8229)

-0.9960 0.53 1.00 1958-67
(-2.2109)

1.5474 0.14 0.66 1954-67
(1.2883)

-0.7894. 0.73 1.40 1948-67'
(-4.0483)

-1.8823 0.78 0.6 1948-67
(-7.5762)

I/ U.S. price data were used in the - equation.

Dependent variable is per capita consumption of halibut in round weight, except for t-::a U.S. which is in

edible weight. .
Prices are ex vessel deflated by the indilridual country CPI and converted into U.S cents per pound by

the exchange rates.
Income is deflated by the individual country's CPI and conVerted into U.S. dollars capita by the

.ex(±ange rates.

T values in parentheses.



Table 4.5 .--Regression results of sardine demand equationsby selected countries

(Tn logarithms)
Price Income

Country Constant elasticity elasticity R
2 D.W. Period

U.S.A.

Canada

United Kingdom .1./

Portugal .1/

Norway

Spain

2.1501 -0.9837 -0.2984 0.38 2.24 1950-e.

(0.8860) (-1.7955) (-0.3295)

1.8602 0.0947 -0.7578 0.04 2.47 1950-68
(1.0848) (0.1881) -0.407)

-3.0007 -0.9947 1.4843 0.21 2.08 1950-68
(-1.4326) (-1.8096) '1.8039)

-1.0345 -0.6970 1.3641 0.71 2.01 .1950-62
(-2.4028) (-2.1418) 5.6397)

'4.8934 -0.5126 -1.1061 0.09 1.74 1950-62
(0.4998) (-0.1734) (-0.6227)

-4.p031 -1.0694 2.2947 0.71 1.32 1950-68
(-5.5411) (-1.7391) (5.1536)

U.S. price data were used in the eqtation.
thf

Dependent variable is per canita . conumption of sardine in round weight, except for' e U.S.which isin

edible weight.
Prices are ex -vessel deflated by the individual country's CPI, conver-zed into U.S. c7:rts per Pound by the

exchange rates.
Income is deflated by the individual country's CPI and converted into U.S. dolle.r.=4, -9. capita by the exchange

rates..
•T values in parentheses.



Table 4.6--Regression results of shrimp demand equationsby selected countries

(In logarithms)

Country

U.S.A.

Lirice Income 2
Constant elasticity elasticity R D-W-, Period 

,

-4.8075 -0.3099 1.6999 0.fl 0.80
(-12.0400) (-2.7001) (1 1.5553)

Mexico -11.5352 -1.6584
(-5.2599) (-3.1705)

India-' -1.0936 0.4761.
(-0.7041) (1.7194;

1--,
NJ
CO Japan -0.0306 -0.1492

(-0.0589) (-0.4616)

1/Pakistan

Thailand - 1./

-4.5177
(-5.2110).

-8.8344
(-14.4455)

0.1692
(0.5791)

0.6047
(2.3746)

5.2396
'5.856,1)

-0.0133
(-0.0157)

0.1350
(1.1603)

2.0226
(4.5649)

3.9753
(14.4492)

0.31

2.15

1.72

0.11 0.62

C.55 1.61

0.97 1.50

U.S. price data were used in the equation.
•

Dependent variable is per capita consumption of shrimp in round weight.

1948-67

1958-67

1958-67

1953-67

1953-67

1958-67

Prices are ex vessel deflated by the individual country's CPT and co-nverted into U.S. cents per pound by

.the exchange rates.
Tncolne is deflated by the individual
exchange rates.

T values. in. parpjath,eses.

country' CPI and converted into U.S. ollars per capita oy the



Table 4.7-Regression results of obster demand equations by selected countries.

(In logarithms) 
Price Income

Country Constant elasticity C.asticity R
2

D-W Period

U.S.A. -6.5746 -0.5995
(-14.3989) (-4.4089

Canada • 4.6584. 0.2598
(1.0098) (0.2493)

1/France - -3.5692 -0.8607
(-11.6583) (-4.4823)

E, United Kingdom -13.9233 -0.2824
ND
4.1 (-7.4579) (-1.4479)

I/Australia- -4.8080
(-2.2517)

-1.7219
(-3.0896)

2.0688 0.91
("0.7665)

-1.6457 0.13
-0.8848)

1.5187 0.87
9.7867)

4.3569 0.94
(8.3917)

2.5499 0.43
(2.6944)

1.16

1.74

1.83

0.62

1.35

1949-67

1949-67

1948-67

1.948-67

1952.-67

1/ U.S. p"ice data were used in theequation.

Dependent variable is per capita consumption of lobster in round weight, except for t- .1 U.S. which is in

edible weight.
Prices are ex vessel deflated by the individual country's CPI and converted into U.S. :ents per pound by

the exchange rates.
Income is deflated by the individual country's CPI and converted into U.S. dollars • capita by the

excaange rates.

T values in parenthese-s.



Table 4.8--Regression results of crab demand equations by selected countries

Country -! Constant

(In  logarithms)
Price Trcome
elasticity -'psticity

U.S. A.

Canada

U.S.S.R:

1/
EJ Japan.
NJ
Un

• .6.2101
(-10.8588)

-3.3492
(-1.9950)

-1.4653
(-2.7352)

-3.0586
(-2.6417)

0.0661
(0.1948)

-0.6313
(-1.1843)

0.5674
(f.0842)

0.7755
(0.6023)

. 1.8789
1.2304)

.0154

.8161)

0.1956
. 1.7555)

0.9467
(6.1192)

R
2
 D-W* Perioa

0.17

0.28

0.70

1.09

1.31

1.45

0.50

1948-67

1948-67

1953-67

1948-67

1/ U.S. price data were used in the equation.'

Dependent variable is per capita consumption of crab in round weight.

Prices are en vessel deflated by the individual ccuntry's CPT and converted into U.S. cents per pound by

the exchange rates.

. Income is deflated by the individual country's CPI and converted into U.S. dollars per capita bST the

exchange rates.

T values in parentheses.
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Table 4.9 --Regression results of clam demand equationtby selected countries..

(In logarithms) 
Price :ncome

Country Constant elasticity '. as ticity

U.S.A.

Spai 1/

1/
United Kingdom -

I/
Japan -

Korea -

-0.2051
(-0.1460)

-1.3340
(-0.5341)

-3.4578
(-1.1303)

0.3275
(0.2563)

-10.1612
(-2.6641)

-0.6047
(-2.1199)

-1.576

(-1 .59710

0.5353
(0.8751)

-0.2391
(-0.4617)

-1.9574
(-1.9766)

•

,2
D-W Period

0.2564 0.53
(0.6641)

1.3854 0.71 .
2.5951)

0.7105 0.05
0.9713)

0.2171 0.46

<0.9757)

6.2974 0.91
!4.8140)

0.50

1.66

0.96

1.16

1.97

1948-67

1948-67

1948-67

1955-66

1953-67

11 U.S.. price data were used in the equation.

Dependent variable is per capita consumption of clam in round weight.

Prices are ex vessel deflated by the individual country's CPT and converted into U.S. 'cents per pound by the

exchange rates. \-)
Income is deflated. by .the individual Country's CPI and converted into U.S. dollars - capita by the

exchange rates..

T values In parentheses.



Table 4.10-Regression results of scallop demand equations by selected countries

(In logarithms)
Price income

Country Constant elasticity elasticity R D-W' Period

U.S.A. -1.1225 -0/6337 0.4285 0.80 1.31

(-2.2794) (-7.1560:' (2.9321)

Canada -6.5116 -1.8038 2.5309 0.54 1.90

(-1.3957) (-3.1131) (1.9211)

1/
France - -5.5043 -0.2300 1.7366 0.75 2.47

(-5.2420) (-0.9502) 6.3162)

H. Ja.pan- 2.8155 -0.5765 -0.4194 0.75 0.79
N3
-.1 (3.9621) (-1.8047) (-6.0979)

Australia -25.6322 0.1106 8.0216 0.76 0.77

(-6.2612) (0.1557) (6.3720) 

1950-67

1949-67

1950-67

1955-66

.1952-67 .

U.S.• price data were used in the equation.

Dependent variable is per capita consumption of scallop in rcund weight, excent for the U.S. which is in

edible weight.
Prices ,are ex vessel deflated by the individual country's CP: and converted into U.S. cents . p r pound by

the exchange rates.
Income is deflated by the individual country's CPI and converted into U.S. dollars per capita by the

exchange rates.

T values in parenthes6s.
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Table 4.11--Regression results of oysters demand equations by selected countries

(In logarithms)
ice -f.-come

Country Constant elasticity c.asticity

U.S.A.

Can6rla

mexico -
1/

1/
France -

N).
co

1/
Japan -

1/
,orea

Taiwan

4.6330
(10.2186).

-4.2628
(-1.6879)

-6.3484

(-6.4935)

-19.2491
(-3.8699)

1.2535
.(0.6641)

-26.0971
(-8.8361)

-2.9142
(-3.4078)

-0.6729
(2 .2513'- 

-0.7692
(-5.5048';

0.7795
(1.4943)

5.6396
(1.6700)

-2.6102
(-2.1351)

5.0759
(2.6912)

0.4263
(2.3435)

,‘2 ......
D
.
-
.. .
w

71.1002 0.33 1.14 1948-67

(-7.4115)

1.3493 0.85 2.23 1949-66

1..6694)

1.9792 0.84 1.79 1955-67
ro..0096)

3.2901 0.62 1.90 1954-67

(2.5000)

1.3794 0.84 0.64 1948-67
(9.3016)

8.7790 0.92 1.86 1954-67
(8.8742)

1.4209 . 0.55 1.63 .1953-67
(3.5638)

I/
 U.S. price data were used in the equatio

n.

Dependent variable is per capita consumption of oysters in round weight.

Prices are ex vessel deflated by the individual country's CPI and converted into U.S. -ants per pound by the

exchange rates.
Income is deflated by the individual country's ,CPI and converted into U.S.' dollars pa:- capita by the

.exchange. rates.

T values in parentheses.



Table 4.12—Regression results of all other food fish demand equations

by U.S.- and rest of world.

 (In  logarithms)
Price . Income

Country Constant  elasticity Plasticity

U.S.A. 6.9033
(9.1192)

(.0555)

Rest of -1.2320 -.1528
World 1/(3.500.0) (-1.2204)

-4'1.9735
(10.0528)

.9560
(9.5158)

D.W. Period 

0.89 2.55 19*(-

0.89 1,21 1950-67

1/ U.S. price data. werO usdd in the equation.
DIDenden-c, variable is per capita consumption of all food. fish and

shellfish not included in the•individual specieb anlaybis, in ediblc'

weight. World in round weight.

Price is ex vessel deflated by CPT.

Income is deflated by CPI.
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Table 4.13.--Regression results of fish meal demand equatins by U.S. . are rest of w)rldl

Country

(Linear eTiat.:_ons) 

Soybean Chicken

Price price consumption T4me

Constant coefficient coefficient coefficient coefficient R D-W Period

U.S.A.

Rest of Worlds

-46o.68
(1.32)

1,553.37
(1.50

10.09 .22

(3.62) (8.8)4)
0.88 1.73 1950-67

433.36 0.9)4 .73 1950-67
(15.99)

1/ These results were also used in making demand projections.

2/ U.S. price data was used in the equation.

3/ Price of fl5ri meal price of soybean meal.

Dependant variable is fish meal in million pounds.

Price is price per short ton. .

Soybean price is price per short ton.

Chicken consumption is million pounds reafly-to-cook weight.



Table 4.14.--Groundfish equations used for making projections

Country Constant
Price Income
elasticity elasticity

United State;,

Canada

Denmark

• France

• Netherlands

- United Kingdom

Japc

Korea

-1.0919

-2.7681 27

-2.3922 1/

Ji.I52

-3.9(36 1/

-4-.1534

,

-1.1102 -?-/

 logarithms

f)/ni

4/-1•

-1.3952 -Y

-1.3952 g

-1.3952 §-7

-1.3952

-1.0

-1.0

2.1924

6/
2.19211 —

2.1924

1.o467

7/
1.0467 —

footnotes . following Table 4.. 2
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Table • 4.1 .--Tuna equations used for making projections

Country Constant 

U.S.- canned

Canada-canned

U.K. -canned

EEC7canned

Spain-not canned

Spain-canned

Turkey-not canned

Japan-not canned

Japan-canner-1

Taiwan-not canned

Taiwan-canncd

l'eru-not canned

-2.3164 1/

-3.1757 2/

-3./1410 V

-2.3904 1/

-2.2564

1.4874

0.3720 1/

0.11085

0.8389 2/E/

-0.2467

-3.4832 2/

-1.2773 2/

See footnotes following Table 4.25.
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Price
elasticity

 logarithw;

-0.8632

-0.8632 Y

-0.8632

-0.8632 2/

-0.4058

-1.0000

-0.2453

-0.5095

-1.0000 
2/

-0.2190

-1.0000 PI

-0.4058 14/

Income
.e1asticity



Table 14.16.--Salmon equations used for making projections

:•-•
:;•

Country Constant

Canada

benmark

• U.S.S-.1;c

' JarLip

1.8370 Y.
- ,

-10.86o6

1.2955 1/

1.87142 V

Price
 elasticity
logarithms_

Income
elasticity

0. 321

Sep footnotes following Table 4.2.
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Table 4.17.--Halibut equations used for making projections

Country Constant

• United States

• Can ads

West .German*

Norway

United Kj ngdr,

-1-9600

-1.8336 1/

-5.1620 2/

-2.660

-1.2406 2/

-o.8386 
21*

Price Incorp

  elasticity elasticity' 

-1.0

-1.0387

-0.7300

-0.8395

-1.8470

.8518 V

.8518

1.5474 -V

1.5474

5/
.8518--

.8518 5/

See footnoten following Table 4.25.
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Table 418: --Canned sardinesequations used for making projections

ountry Constant

United States

Canada

United Kingdom

Portuga3 .

Norway

Spain

1.39 V

1.86o

-3.0001

-1.0345

1.281/

-0.85 1/

Trice
elasticity

 logarithms

-Ingpme
.e111:9-bicity

-0.9837

-0.9837 9/

-0.9947

-0.6970

-0.5326

-1.0694

See footnotes following Table 4. 2
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Table 4.1 .--Shrimp equations used for making projections

Country Constant 

• United States -4.8075

Mexico -8.2105 1/

• India -3.0222 1/

Japan -0.0306

Pakistan, -2.8301 1/

Thailand -2.3305 1/

See footnotes following Table 11.25.
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Price Income
elasticity elasticity
logarithms  

-0.309q

-1.658/4

-1 2/

-0.1492

-1 2/

-1 2/

1:6999

4 13/

2.0226 16/

0.135

2.0226

2.0226 17/



•

" Table

Country'

---LobAer equatiohs used fdr making projectJonF,

Constant

United Stat;.;

Canada

- France

United Kingdola

Australia

-5.95(4

-6.221

-3.592210/

-6.1873 2/ 10/

-4.6618 10/

Price Income
elasticity elasticity 

 logarithm 

-0.5995

-0.5995 9/

-0.8607

-.0.5995 8/

-1.7219

2.068,8

2.0688 9/

1.5187

2.0688

2.5499

See footnotes following Table 4.25 .

137

- • s ee.



•

Table 4.21.--Crab equations *used for making projutions

Country .Constant

United States -5.9941 1/10/

Canada -3.3619 lo/

.u.s.S.P. -0 (° V19/

Japan -2.1003

Price
elasticity
logarithms

---Income.
.elasticity

-0.1481

-0.6313

-0.6313 19/

-o.4 18/

1.8789

1.015)i

0.1956

0.9467

'See footnotes folic.- ing Table 4-.25.

••
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•

Table 4.22.--Clam equations used for making projections_

•••••••••••••••••••••...

Country Constant

•.••• .• • •

United States

ain,

_United Kingdom

Japan

Korea

-0.1530 2/

-2.5300

-1.946o 1/

0.0632 1/

-7.4255 2/

See footnotes following Table 4 . 25.

•

Price Income'
elasticity elasticity

 logarithms 

.(312564-

.j,.5768 1.3854'

...1.1761, 18/ - 0.7105-

-0.2391, 0.2171*.

. -1.9574- '• 13/
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Table .23.--S:!allop: equutions used for making projections

Country Constant

United States

Canada

France

Japan

Australia

-0.7736 10/

-7.2177 10/

-5.7759 29/

-1.9617

-6.7802 2P/

Price
elasticity

logarithms -

-0.6337

-1.8038

-0.5765

-1.8038 V

. See footnotes following Table 14 . 25

1140
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Table 4.24.--Oyster equations used for making projections

Country Constant

United States

Canada

Mexico

France

Japan ,

Korea

Taiwan •

0.9639 10/

-4%2628

-4.7072 21

-3.1815 1/

1,2535

-1.5272 1/

-3.4116

Price
elasticity 
logarithms 

-0.672§

-0.7692

-1.0522 18/

-0.7692 18/

-2.6102

-2.6102 I/

-2.6102

Income
elastici y

1.3493

,1.9792,..

1.3493' 18/

1.3794

1.3794 I/

1.4209

See footnotes following Table 4. 25.
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Table 4.25.--A11 other food fish equations used for making projections

Country Constan
Price Income
elasticity elasticity

United States

Rest of
World

1.8155 —

-.5187 
I

logarithms

-1
2/

.9560

11/

Constant changes so that equation goes through the 1965-.67

value of each variable after the elasticity coefficients are

changed and where original equations did not approximate

1965-67 base.

Y Price elasticity has "wrong" sign, assumed to be -1.

Low relative to other countries. U.S.. was unrealisticalll losing

share of world consumption.

Elasticity "too high," and low t value assumed to be -1.

5/ Income elasticity taken from U.S. groundfish.

Magnitude of elasticities unacce-ptable; those for United Kingdom

used (culturally similar country).

.Elasticities has "wrong" signs and low t values; those for

Japan used (culturally similar country).

Elasticity 'too low;" and had low t value; U.S. coefficient used.

Elasticity has ."wrong" sign; U.S. coefficient used.

.1 Constant term changed to put equation jn round. weight.

Income elasticity has "wrong" sign., assumed to be zero.

2 Price elasticity "too low," and had low t value; assumed to be -

13/ Income elasticity too large, felt to result partially from

other time-related changes.

Elasticity has "wrong" sign and low t value; Spain coefficient

used (culturally similar country).

Elasticity "too low" and low t- value; Spain coefficient used

(culturally similar country).

.1.42



16/

17/-
- Data unreliable; elasticity of Pakistan used

(culturally similar country).

Elasticity. had "wrong" sign.and. low t value;
elasticity of Pakistan used (culturally similar

country). - „.

18/ Elasticity had "wrong" sign and low t value;
• taken from alternative form of the equation -

which was run.

19/

• t •

Price elasticity -had "wrong" sign and low t value,
that of Canada used instead.

,

"" •
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Table 4.26.--Fish meal equations usd for making projections

Price • Soybean price Chicken consumption Time

Country  .Constant coefficient coefficient.....___   coefficient
United States -1888.08 -17.2653 54.0072 0.9827Rest of
World 7621.38 -5660.08

Price is price per short ton.Soybean price is price per short ton.Chicken consumption is million pounds ready-to-cook weight.
Time; 1950=1. 

-k

•..

0.4



• Chapter 5

THE MECHANICS OF PROJECTION

5.1 Introduction

Usifig the theoretical and empirical rlationships deYeiPPPd

in Chapters 3 and 4; 'it is now possjble.to ,combine-these,-001-

into one overall model:-ofthe long-run :economic development, of

fishery. The final model will yield .an economic;structure 7,7hich.

is capable of projecting future trends in fish supplies, consumption

and prices.

5.2 The General Procedure for Food Fish

The following procedures were employed in making economic

projections of the demand and supply for each fishery product

considered:

1145
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relative price level,

For the ith species, the demand functions (Chapter 
I for_c 2

. k countries were employed to project the level of
 per capita

( 

Q 1
inconsumption If

increases  in per capita(• 
.'Y -1. )

N
-- income (or product) at a given

(1)

each of the countries based upon projected

CPI
(sword() indicates projected figure).

Projected per capita income for 1. I• < countries obteind

1

.:Hfr614.-the U.S, DepartMent.of Atricultue .(1968) (Appona.ix I))

Pat mathematically, We have,

.Assumptions behind these projections are discussed in the Appendix..

The same applies to population projections.
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are projected independently



• Of course, the price and income• parameters may be fixed or variable

over time. Later in this chapter, we shall argue that there are

• cogent reasonE'; to believe that income elasticities _f r food items

such as fish decliiie with rising. per—capita i1!come. In this case,

the incone elasticities, 0 is, will decline with increases in pa

capita income over time.

(2) Frojectcd per capita. consumption (demand) for the ith'.

spades in the 1 k countries was then- multiplied by projected.

population, 1f t, to obtain projected aggregate consumption at

given level of rolativ.:,: pries. Projected population was ebtain-o.di

from the U.S. Dzypartiocnt
, .7.-1-11cuatui-e (1938) (Ainand-ix 0). These.1 -

projected consumption figures wc.:re then summed across countries•

•

•-•



nD
where %

concept of net demand

(Nt (5.

is the net demand for the world as a whole. The

used since we -did not estimate the demand

.2.
for all countries but selectedleading consuming countries (Chapter

4), In most cases; these leading countries consumed- Over.. thi'ee- -

quarters. of the world consumption. Gross demand was estimated by..
tnD

multi 
() 

.plying lik 'by: Qw. , . Ilk" is the ratio of net to gross

World deniand.'whicli: was aSsunied r to be.; constant for the projeCtl,biL-
. •.y

period.

k nD
w gD

(5.3)

(3) The weighted world price (P1) was obtained by weighting

the real price (absolute) existing in each country by its%consurap-.--
- •

tion in the base period -(1965-1961). T'nis was done since pric.es.

are held constant for the initial projections

where (p

nD\

= base Period price for ith county:- ase period

k was obtained by dividing total consumption in the countries
studied .by total world production in the 1965-1967 base period.
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world supply, yw,

price

consumption for ith country;

the base period.

nD
= net world consumption in

(4) The regional supply functions for the ill species

(Chapter 3). were then summed across j regions to obtain a world

supply function. As discussed in Chapter 3 two supply functions

• Y
were formulated.

(y- )
1-1 1 I

LDR

{.
(Po)w ]

l'w

Since (P ) = (P ) in the base period, (5.5) and (5.6) merely
.0w 1w

yield world landings (i.e. supply) for 1965-1967.. yw = world

supply while y = supply in each region, while z is defined in

Chapter 3.

Dt
(5) The projected world demand (Q

cr, 
 ) was then compared to

at the given weighted world price (base period

3/
Equations (5.5) and (5.6) are merely ecpations (3.12) and (3.20)
solved for world landings as a function .of world pr:tce. Time

subscripts have been eliminated to simplify the above expressions.
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(Q gD)t

Since

Yw ( .7 )

( gD) 
> y , prices were automatically increased in

each of the 1 . . . k countries by an arbitrary percent. A new

weighted world price (P ) was obtained after the first iteration.0 17

Then a new supply response was obtained. This iterative procedure

was carried out until projected demand and supply (y t ) were equal

Nt
at a projected equilibrium world price,

0 1,7

D y

Through the use of these mechanics, the following projections can

be obtained:

1) Projected World Damand,

2) Projected World Supply, yw

3) Projected Equilibrium World Weighted -)rice, (Po) t

Finally, step (5) assures us that eaCh country's consumption

of the ith species will also be projected since total world con-

sumption must be exhausted by the consuming countries. 'Hence, the

additional output of the above Procedure is the following:

20 Projected Consumption of Countries 1 k at equilibrium

world values.

Figure 5.1 shows the above • model in graphical form.

5.3 Specific  Procedures and Assuiaptions

.The general procedure outlined in 5.2 may be used with fixed

or varying parameters. Also, the form of the supply function may
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THE FUTURE OF THE WORLD'S FISHERY RESOURCES: FORECASTS OF DEMAND, SUPPLY
AND PRICES TO THE YEAR 2000 WITH A DISCUSSION OF IMPLICATIONS FOR PUBLIC
POLICY

BY: Frederick W. Bell, Darrel A. Nash, Ernest W. Carlson, Frederick V. Waugh,
Richard K. Kinoshita, Richard F. Fullenbaum

Figure 5.1—Equilibrium of world supply and demand for a fishery product
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be changed. Two supply classifications will be used with demand

variations coming under each class:

1. LCR Supply Function
•••

1.1 Constant Income Elasticities (LCR-CIE)

l:2, .Declining Income Elasticities (LCR-DIE)

1.3 Zero Income Elasticities (LCR,-ZIE)

2. LDR Supply Function

2.1 Constant Income Elasticities LDR-CIE)

2.2 Declining Income Elasticities (LDR-DU)

2.3 Zero Income Elasticities (LDR-ZIE)

It is possible to make six sets of projections (Appendix For

purposes of this report we have decided to discuss the declining

income elasticities (Chapter 6) since this set of projections

represents a middle ground between•constant and zero income•

elasticities. We believe it is plausible on theoretical grounds

that income elasticities decline with increasing per capita income.

The decline in the base period:income elasticity (estimated in

Chapter 4) was accomplished through the following formula:

1st Period; t

where a
i,1 

and a and -is - the value-of a
i,1 ,1

variab1,2 in the i th country during the first period, and t =
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. 2nd Period; =

( N 7,71 )log 
(1+ )

5 years)

log - 
(

log iYi. )
4-

for ..,n.

The expi.ession above indicates an income elasticity that

decreases over time, according to a "decay function." Eventually,

it would approach zero as a limit. The elasticity, i3 is the one

'found in the base period. We have observed a tendency for income

:elasticities for fish to decline with rising incomes; and such a

decline, seems theoretically appropriate. The decay rate ofl/l.

each 5-year interval is a rough estimate based upon studies of tuna

and other species:- We believe that the most likely projections

are those based upon the assumption of declining income elastici
ties

and upon the LDR supply function.

4/

(5.10) .

This is Probably one, of the most serious criticisms of our study.

In defense of this criticism we must make two very ielevant...points.

First, most 'economists would agree that the 'assumption of constant.

income. elasticity over the liext 30 years is completely unrealistic.

Consumers cannot continue to increase their per eapita consumption of

many species indefinitely. -Therefore,..it•was. necessary to build some

'dampening effect into the projections. Second, limited work on the

decay in the income elasticity for tuna and groundfi.sh7-two, principa3.

fish species---indicated. that the elasticity fell at the rate of

13.A1 + .4)t °n the average. •Therefore, we built this decline into

the -demand. functions for all species in order to obtain a more "con-

servative" estiinate of the expansion in demand-. Analysis of nation-

'wide .cross-sectional 'fish. consumption data indicates a lower income

elasticity for high income groups than at lower levels. The actual

projections agree pretty much with expectations • under. these *assumptions.

Th,e ..projectionsmay easily be modified by the reader if he feels he

has better information on the decay in the income elasticity. over' time.

We are convinced that the "decay" assumption is valid. The rate is.

admittedly a debatable point. .We did the hest we could based on the

information at hand. Projections using, constant and zero income

elasticities are given -in Appendix A as alternates..
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The projection model is based upon various assumptions in

addition to - hose specified above. These assumptions are expiicitly

5
listed below.

1. No change in the existing clgree of fishery management.

indicated in Chapter l, one of the prime purposes of making an eco-

nomic projection is to ascertain just where we will be without. taking

certain actions.' Therefore, the projections Can serve as a guide to

policy forLulat5on. This is discussed in Chapter 7.

No cl,rnIrr2 in tbe rate Of tochnologjcal-adVance re -v-e to

other sectors in the economy. One assuMPtion behind the supply pro-_

jections is that the rate of technological. change is the same :as in

.Other sectors of the economy. This is perhaps 'a- fairly restrictive

assumption; however, it is much morerealistic than the alternative

of assuming a constant level of technology (i.e., zero technolbgical

change).

•.3. Input prices to the fishing industry increase at the same

rate as input prices in other sectors  of the economy. This proposition

reduces to the assumption that the relative cost of labor, capital, and

.raw material .input s raMain constant

5
Another assumption which is implicit in the projection model is the

use of point estimates. That is, because forecasts of income and

population may be Presented for "ranges"' or "intervals", it follow's'

that our projectipns might likewise be mas as interval .estimates.

However, because this 'amounts to .an unusually cumbersome framework,

and because it tends't6 - dbscre Qualitative trends, we have decided

that point estimats'in this context will serve as useful indicators

6s to direction of change,



4. No change in the level of pollution. This is an extremely

•critical assumption. Since pollution is probably related to an

expansion in population and income, this assumption is clearly

untenable unless steps are taken. Our projections assume no rise

in the general pollution index. This will be discussed in Chapter 7.

5. No major disruptions in international trade or production,

through insurrection, war or other abnormalities.

67 No significantly high cross7elasticities•.between fish=.

product_frou-ns selected for projeCtion In Chapter 4, we specified

a simple demand function of each fishery product which did not explic-

itly include strong- cross-elasticity effects between products. That is,

an increase in the price_ of the fishery product has ceteria

resulted in a-substitution of all .other goods for fishery products.

Some of the studies we conducted tend to confirm - the hypothesis that

strong cross-elasticities are not prevalent for the fishery product

groups selecteJ for projection (Cleary, 1969; flell, 1969; Waugh ..and

• 6
•Norton, 1969). To the extent that strong Croos effects exist at

higher prices, the projections wa-.1 he biaF;ed.

6 Cleary' 9 study shoed low cross-clasticities for shrimp and other
shellfish. Bell's study shoed no statistically significant cross
elasticity betwoen tuna and salmon.
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7. No change in price differentials between countries. The

observed price dif-4?erential between countries was thought to reflect, f

differences in transportation cost, given the extensive international•

trade .in fishery products. To the degree that trade patterns change

over the projection period, this relative configuration will change.

No correction was. made in the relative configuration in the base

period .since (1) trade patterns were not projected and (2) the trend

.in transppration cost was not available.

8. No chanc-e in share of fish consumpt'Lon of residual countries.

To simplify matters, we assumed that the residual countries—the countries

not included in the 'demand analysis—would consume the same shave of

projected fish consumption as they-did in the base period. Because of

the uncertainity of the increase in consumption among the underdeveloped

areas and the question of which countries will be included in the future,

we did not try to speculate on the possible changes in this-share.

5.4 The General Procedure for Fish Meal

Modifications were made in the procedures for projecting fish

meal use. These changes. are: the entry of soybean meal prices as a

determinant; substituting chicken (i.e., broilers). consumption and

time as variables In place of consumer income; and directly estimating

a single function for all foreign countries (rather than ,estimating one,

• equation for each major consuming country).
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The projectiohs of chicken consumption
 and soybean meal prices

were obtained from discussions with the Divisio
n of Economic and

Statistical Analysis and the Economic Research 
Service U.S.

Department of Agriculture, which is currently 
engaged in work in

7/
these areas,- A critical assumption is that the price of 

soybean

meal will remain constant throughout the proje
ction period. • The

officials in the above-mentioned agericies foresee 
only slight,

if any, price rises—princl-pally because production can ;be gre
atly

expanded with presently- available resources.

Given this assumption the 17,S equation

Q = A +
1

+ C + X P

=B+ aP +

where B=A+ XP.

The rest-of-world ecrulation is:

Q2 = A
-I-- cc

•P T

P + T

where Q = U.S. utilization of fish meal, million :Pounds
1

P = U.S. price of fish meal, dollars per short ton

LI
Responsibility for the conclusions derived by using these

8/ 
projections rests with the authors.

The variabls,usd in the fish meal racd_AVL are de-rind in

Chapter 4.
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= U.S. consumption of chicken, retail weight million

pounds

= U.S. price of soybean mea dollars per short ton

. utilization of fish meal all other countries, million
*2 pounds

= time, 1950 .

Total world demand is then Q Q Q, derived by projected
1 w 

dncreases. in C and Tat a given price level of P. Projections of the

.eqpilibrium price and output for fish meal are the same as

• 921
for: the food fish with onechange in the supply function - Fish

*1116.al is. produced almost totally from herring-like fish. These

fish are also used for human consumption in making canned sardines,

.pickled herring, and ,a wide variety of other canne(1, cured, and

smoked products.. .The fish used for human consumption command a

higher price than products destined for fish meal. • Therefore;

'the projected use of herring-like fish for human use is subtracted

•from the maximum sustainable supply. The remaining production is

available for manufacturing fish meal. Therefore as demand for

.herring. for .human use expands, the amount which is available for

use fish meal declines. The major pressure on the resou±ce comes

from utilization as fish meal, because consumption as human food

is projected to require a very small proportion of the total resource

supply.

9/ Although the money price of fish meal was used .in analysls,
_ _

all projected —money prices were deflated to put the in real terms

and on a comparable basis with food fish pr'ojections.
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CRITTER 6

ECOKOYLIC PROJECTIONS OF DLTIAND, sua
 AND PRICES

FOR SELECTED FISH-Ziff PRODUCTS TO THE 'LEO, 2000

6.1 Introduction
r•••••• .

Economic projections of world supply, de
mand and

price for selected fish products were ma
de using the model

outlined in chapter 5. For each of the two yield functions

LCR, LDR ) we have three levels of. demand

projections.' A constant positive income elasticity
 will

yield large demand increases over the 
projection period

). A declining positive income elastici
ty, (i.e..

C CIE

declining, but asymptotic to zero) will 
yield smaller

increases in demand (.D1E ). Finally, a zero income

elasticity represents no income effe
ct--just. - pOpuration7H'

'and is the most conservative est
imate of likely increases.

in demand ( ZIE ). Each set of assumptions giveF;

different projection for world demand,
 supply and .price.

this chapter we have decided to present th
e-decni

income elasticity demand model ( DIE )
 and the LDR

supply model which we believe represe
nt the most

reasonable assumptions regarding s
upply and demand' These

pojections represent our hest judg
ment as to the future -

1 LOP. - - Logistic Constant Returns Yield Function

LIR = Logistic Decreasing Returns Yield Function,

See Chapter . D.- for a more •compTete description of these'

.yield functions.

21n some cases, we made other assumptions regard
ing'supply

for particular species. For example, it was assumed ..

for oysters and sardines, that
 supply vas infinitely elastic

within the relevant range. See the discussion below for

further elaboration.
160
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.cour'se.ofevents. The other sets of-projections may be

found dn'Appehdix A. .We shall discuss the projections

for eachsPecies individually.3

It must bp pointed rout that the projections presented in the

chapter are not mathematical: certainties, but .our best judgment

as to the most probable outcome with current information. • The,

reader.should be aware of this qualification.

3'Unfortunately, these projections do not include,
Mainland China.' It is a leading producer and con-
sumer of fishery products, however, no data have
been supplied publicly since 1960. Even in prior
years only aggregated data are available. In the

'mid-1950's approximately one-third of the then ::2.
to 3 million metric tons annual catch was fresh-
water fish', thus not competing for the marine.
resource. To the extent that China competes for
the marine resources, both in landings and consump-
tion, the current projections should be modified.
:(See- FAO.' Yearbook of Fishery Statist.ics through
1960 for Mailaand-China_nsfiery statistics.)- The
probable impact- of including ComMunist China, if
data were available, would be to slightly modify

the other 'food fish catdgory. A discussion of the principle. poirnts -
concerning the projections is given, together with (1) a table showing
world and United States projections of quantity, price and .related
factors, (2). a chart showing world consumption both past and projected,

(3) a -similar chart for the U.S. and (4) a chart showing world supply,
demand projections, price and NaL To keep the chapter within a
reasonable size, only the.highlights of each species group are given.
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6.2 Groundfish

World production of groundfish has increased steadily

since the late 1940's. In the 1965-67 base period the

world utilized 70% of the maximum sustainable yicld

(MSY). However, the groundfish located in the northeast

Atlantic .are greatly overexploited where decreases in

effort would materially raise physical production (i.e.,

'rate of exploitation is well beyond that level of effo
rt

;
needed to .harvest MSY for that region). Both the Gulf

of. Alaska and the northwest Atlantic are fully exploit
ed

at maximum sustainable yield. In 'contrast to salmon and

halibut which are regulated at MSY (See Sections 6.311d- 6.4), we

ITILI.st include the possibility of overfishing the resource

-since widespread management regimes have - not been instituted.

- Because of the acute Ove'rfishing in the northeast

Atlantic and resource restrictions in other areas, we 
pro-

ject that world maximum sustainable .supply (MSS). for -

• groundfish will be reached in 19/0 or15,400 million *
pounds

in contrasi. to MSY of 20,100 million pounds .(see- Chapter 3

for a more precise definition of MSS. and MSY). If demand

_pressures persist, dwindling physical production of grou
nd-

_ fish is projected for the 1970-2000 period: ,Real prices

Will more than quadruple from 6.2 cents a. pound in the 1965-67

4
...)Dase period to 28.3 cents a pound j.n the year 2000.

'The reader should observe that our projections
,
 often show

.some difference in real- price between the world .and

This is due to ._species mix problems, temporary dis-

•equilibrium, local demand, and data problems as . well as

transportation costs.- See Section. 8.7 for a discussion of

some of these problems. 162



Without management, the world outlook- for igroundfish is

extremely bleak. . Table • 6.1 indicates- these trends..

The repercussions of the world resource problem will

be • felt in U. S . consumption of groundfish. U.S. aggregate

and per capita consumption of groundfish is projected to

drop over the 1965-67 - '2000 . period.. The U.S. share of

world consumption • is expected to decline from 11.8%

an :the .1965-67 '-base period_ to 7.9 % in the yeai-

Thi's is in line • with the historical period which saw the

decline in 'U.S. share of. .groundfish from 19 % in

1951 to 11.8 % in the 1965-67 base _period.- Ground-

fish supplies could be augumented through the Use of tlie

hake resource. However we specifically assilmecl that much

of the hake resource is not substitutable- for the

more established groundfish on the • demand side. We have_

treated hake in the demand and supply categories of "all other fish."

Thus, any increased demand pressure for that species will not affect

the supply-demand situation for groundfish and, conversely, an inqrease.

in the .demand'for.,groundfish is assumed•to be indep-endent of the

demand for hake.
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Table 6.1--Groundfish projections* (LDR - DIE assumptions)

Year

1965-671-

1970

1975

1(:)80

1985

1990

2000

World

Quantity
million
pounds

14;040 -
15,400

15,300

14,900

12,700

11,600

10,500

Real 070

price of
Q/lb MSY

6.2 70

8.9 77

11.3 76

14.6 74

18.3 63

22.5 58

28.3 52

(Round weight - U.S. dollars)

of
MSS

91

100

99

97

82

75

68

••••••••••

United States
•••••••••••.........

Quantity Per capita Real

million consumption price

pounds in lbs.  /11.D._ _

1,658 8.45 7.0

1,370 6.65 1,0.0

1,250 5.69 12.7

1,115 4.74 16.4

,-,
995 3.93 20.5

890 3.28 25.2

830 2.69 31.8

U.S.
consumption
as percent
of world

11.8

8.9

8.2

7.5

7.8

7.7

7.9

••••••

World maximum sustainable yield (MSY) - .20,100 million pounds

World maximum sustainable supply (MSS) - 15,400 million pounds

* Species included in Groundfish: FAO data include Atlantic cod, haddock, pollock, Pacific cod,

poutassou, redfish, bastard halibut, brill, dab, uopean. flounder, lemon sole,'megrin, European

plaice, common sole, and pleuronectiforNs; and Canadian data include cod; haddock; redfis11; flounde,-

and soles.

•tAverage of actual data



THE FUTURE - OF, THE WORLD'S FISHERY RESOURCES: FORECASTS OF DEMAND, SUPPLY
AND PRICES TO THE YEAR 2000 WITH A DISCUSSION OF .IMPLICATIONS FOR PUBLIC
POLICY

BY: Frederick U. Boll, Dan ci A. Nash, Ernest W. arlson, Frederick V. Waugh,
Richard K. Kinoshita, Richard F. Fullenbaum

Figure 6. tsorTcal and projected world Consumption of groundfish
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THE FUTURE OF THE WORLD'S FISHERY RESOURCES: FORECASTS OF DEMAND, SUPPLY
AND PRICES TO THE YEAR 2000 WITH A DISCUSSION OF IMPLICATIONS FOR PUBLIC
POLICY

BY: Frederick W. Dell, Darrel A. Nash, Ernest W. Car son, Frederick V. Waugh,
Richard K. Kinoshita, Richard F. Fullenbaum

Figure 6.2—Historical and projected U.S. consumption of groundfish*
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- Figure 6.3--World demand and supply functions -for groundfish, 1970-2000*
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6.3 Tuna

. Tuna production has increased considerably over the

last 15 years. However, the future production

potential of tuna is uncertain. The uncertainty stems

from the fact that the potential of the c-n-Eral Pacific

skipjack is relatively unknown. For tuna, we formulated

a discontinuous supply. function based upon the consider-

ably lower catch rates envisioned in the central Pacific

under known technology. For purposes of analysis we

assumed that catch rates in the central Pacific for skip-

jack arc probably not more than one-tenth of catch rates

for exploited stocks. Therefore, unless real prices

were to rise by 1000%, it would not be economical

to attempt to harvest central Pacific skipjack. This is

the reason for the discontinuous supply curve. In Figure

6.4 SS shows the world supply response without while SS'

shows the supply response with the central Pacific resource.

The critical factor is the increase in price produced by

expansion in demand. Excluding the central Pacific resource,

the' maximum'sustainable yield for tuna is 3,903 million .

pounds. According to our projections, the world maximum

sustain'able supply (excluding skipjack) will be reached

around • the year 2000. Real pr5ces will almost double, but

this probably will not be sufficient to bring into production

the .central. Pacific resource Under existing technology.
5

Government programs are presently under' way to discover a
new technology for harvesting central Pacific skipjack.

If successful, these ,programs win help 'moderate projected
real price -increases. 63
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Figure 6.4—Supply fundtionsfor tuna
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The U.S. is expected to increase its consumption

of tuna from 898 million pounds in the. 196567 base

period to 1,395 million pounds by the year 2000, with

a rise in the share of the world market.
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Table 6.2--Tuna projections (LDR - DIE assumptions)*

(Round weight - U. • dollars)

World United States

Year

1965.-671'.

1970

1975

1 980

1935

1990

2000

Quantity
million
pounds 

2,845

2,900.

• 3,210

3,430

3,560

3,630

3,650

Real
price

16
16

18

20

23

25

30

of
MSY

73

74

82

88

91

93

914

of
MSS

78

79

88

914

97

99

1.00

Quantity
million
pounds 

898

1,105

1,215

1,285

1,320

1,370

1,395

Per capita
consumption
in lbs.

4.56

5.36

5.54

5.46

5.22

5.06

4.53

Real
price

12
13

14

16

18

19

- 23

U.S. con-
sumption as
percent of
the world

32 .
38

.38

37•

37

38

38

World Maximum sustainable yield (MSY) = 3,903 million pounds
World 'maximum sustainable supply (MSS) = 3,659 million pounds

tA\;erage of actual data

* See footnote 4 of Chapter 6 for a discussion of differences in real price between the U.S. ,and the world.
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Figure 6.5—Historical and projected world consumption of tuna*
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THE FUTURE OF THE WORLD'S FISHERY RESOURCES: FORECASTS OF DEMAND, SUPPLY
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Figure 6.6--J.S. consumption of tuna 1947-1966 and projected to year 2000*
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THE FUTURE OF THE WORLD'S FISHERY RESOURCES: FORECASTS OF DEMAND, SUPPLY
AND PRICES TO THE YEAR 2000 WITH A DISCUSSION OF IMPLICATIONS FOR PUBLIC
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Figure 6.7—World demand and suDol v fun.ction3 for tuna, 1970-2000*
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6.4 Salmon

Salmon is a highly valued species of fish which

enjoys a rapidly rising demand throughout the world.

Since 1955, there has been no appreciable increase in

the production of salmon on a world basis. According

to our best estimates, we are presently taking the

maximum sustainable salmon potential from the seas. To

eliminate the possibility of destruction of the salmon

resource, most of the major salmon streams are presently

regulated. This regulation takes the form of limiting

the number of hours that fishermen can fish and gear they

can use in order to assure that adequate spawners reach

the upper limits of the streams. Because of the existing

management policy to protect the resource, we projected

aggregate consumption at maximum sustainable yield. In

constructing the world supply curve, we did not build it

up from regional supply functions (see Chapter 3) because

of the heavy concentration of the resource in the northwest

Pacific region. It was also nbt necessary since each

region is controlled through management at MSY.

The analysis revealed that the demand (income and

population effects) throughout the world will increase,

which will put added pressure on the fixed resource base.

The consequences will be rapidly rising prices and falling

per capita consumption to the year 2000. In fact, real
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prices for the world are expected to increase from 211

cents in the 1965-67 base period to 38 cents per pound

by the year 2000. These price projections do not include

normal increases in inflation. The U.S. is expected to

maintain its share of aggregate world salmon consumption,

and experience a continuation of the historical fall in

per capita consumption.

Many have argued that the salmon supply potential can b
f

/ increased through hatchery operations and stream im
provement. In

this case, the iiiaximiu sustainable yield for salmon 
my be

appreciably increased. • This is shown in Table 6:-4 where an infinitely

elastic supply is assured.
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Table 6.3—Salmon projectionsl (LDR - DIE assumptions)

(Round weight - U.S. dollars)

World United States

Quantity • Real e/0
million price of

Year • Pounds 0/1b. MSY
..........,,•,..

196567t . 1050 24.2 98
1970 1051. 24.2 98
1975 1069. 25.5 100
1980 1069: 27.6 100
1985 1069. 29.9 100
1990 1069 32.5 . 100

HI2000 1069-, --17.7 loo
-Q =/o1.3d maximum sustainable : ydeld

Pro:Jections are. ,identical to
held at MSv. -Fishery management

of actual data

(MST)
those

is in force (see text for

/0
of
MSS 
98
98
100
100
100
100 I
100

Quantity
million
pounds

01

311
325
330
335
338
3116

Per capita
consumPtion
in lbs.

Real
price
(q1b.
16.0
18.0
19.0
20.6
22.3
2/1.2
28.1

U.S. con-
sumption as
percent of
the world

po n

30:2
20.4
30.9
31-3
--)13-.
.32.4

- 1,069 million
obtained under

pounds
LCR-DIE assumptions because projections are

discussion).



Table 6.4--Salmon projections (IES - DIE assumptions)

(Round weight - U.S. dollars)

World StatesUnited

Quantity Real
million price

Year pounds . /lb.
---.---r
1965-67t 1050 24.2
1970 1051 24.2
1975 1126 24.2
1980 1211 24.2
1935 1302 24.2
1990 1396 24.2
2000 1590 24.2

U.S. con-
Quantity Per capita Real sumption,as
million consumption • ar4 cr) percent of
o p unds. in lbs. (-"I'/ ._.0. ,the world,  
• 301 -! _,.c-;., .li 16.0 29.0
317 1.54 18.0 30.2

338 1 •.-7i--.. )1- 18.0 30.0
-362 1.54 18.0 29.9
389 1.54 18.0 29.9
417 1.54 18.0 29.9
474 . 1.54 18.0 29.8

1-AveraP:e of actual 6.2,ta

CO
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•

Figure 6.8—Historical 'and projected world consumption of salmon*
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THE FUTURE OF THE WORLD'S FISHERY RESOURCES: FORECASTS OF DEMAND, SUPPLY
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Figure 6.9--U.S. consumption of salmon 1948-1967 and projected to year 200C?
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Figure 6.10—World demand and supply functions for salmon, 1970-2000*
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6.5 Halibut

Since 1933, the catch of most of the world's halibut has been

regulated under a treaty between the United States .and Canada. The

International Pacific Halibut Commission has been the principal

investigatory agency under the treaty.. It has been the duty of the

Commission to preserve the halibut resource. World halibut landings

have not .increased since 1955 since the resource is fished at maximum

sustainable yield.

As in the case of salmon, halibut is expected to experience no

increase in production with rapidly rising prices and falling per

capita consumption. Real prices are expected to increase by over 100%

by the year 2000 from 25 cents per pound in the 1965-67 base

period to 52 cents a•pound by the year 2000. The U.S. share increases

gradually over the projection period.

•
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Table 6.5--Halibut projections .. (LDR - DIE assumptions)

(Round weight - U.S. dollars)

World United States

Quantity Real *
million price of of

Year EpundsW• MSY MSAD. 

1965-67t 128 .25 99 99

1970 129n 28 100 100

1975 129 32 100 100

1980 129 36 100 100

1985 129 40 100 100

1990 129 45 100 100

2000 129 52 100 100

U.S. con-;.
Quantity Per capita Real sumption as
million - consumption price percent of
pounds  in lbs.  /11D. the world 

80 .40 18 62

87 .42 20 68

88 .40 ' 23 68

88 .37 26 68

88 .35 30 68

88 .32 33 68

89 .29 38 69

-TAAK,cliage or acGual data.
*For an explanation of differences in real price between the U.S. and the world see footnote L. of Chapter 6.
* World maximum sustainable yield (MSY) = 129 million pounds
1. Projections are identical to those obtained under assumptions because

projections are held at Fishery management is in force(see text for discussion).
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Figure 6. 1—Historical and projected world consumption of halibut*
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Figure 6.12--U.S. consumption of halibut 1950-1967 and projected to year 2000*
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Figure
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6.13—World demand and supply functions for halibut, 1970-2000
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6.6 Sardines

Presently, the world has an ample supply of sardines

and herring-like fish for food consumption.6 Best

available estimates indicate that the world utilizes about

3% of available supplies.. Therefore, we decided

to assume an infinitely elastic supply of sardines within

the range of our projections. • The world is expected to

more than double its consumption of sardines by the year

2000. The U.S. per capita consumption is not predicted

to change since our estimated income elasticity is zero;

therefore, the U.S. share of world consumption is pro-

jected- to decline from 7.0% in the 1.965-67 base

period to 4.0 % in 2000.

6See Section 6.22 for a discussion of the use of the
supply potential for herring-like fish.
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Table 6.6—Sardine projections (IES - DIE assumptions)

(Round weight - U.S. dollars

World* United States

U.S.

Quantity Real Quantity Per capita Real consumption

million I'Dr:.._ce million consumption

Year pounds 1b. pounds in lbs.  
price as percent

of world 

1965-67t 1,920 31 1 34 .68 

Wi.b.

36. 7.0

1970 2,570 3 _i_
n i 139 .67 . 36 5.4

1975 3,228 31 148 .67 36 4.6

1980 3,652 31 -159 .68 36 4.4

1,985 4,074 31 171 .68 . 36 4.2

.1990 . 4,438 31 183 - .88 36 4.1

,-,
. 2000 .5,225 31 . 2.08 .68 36 4.0

*Assumes constant price within projection range

*Average of actual data
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THE FUTURE OF THE WORLD'S FISHERY RESOURCES: FORECASTS OF DEMAND, SUPPLY
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BY: Frederick W. Dell, Darrel A. Nash, Ernest W. Carlson, Frederick V. Waugh,
Richard K. Kinoshita, Richard F. Fullenbaum

Figure 6.l4. -Historical and projected world consumption of sardines *
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Figure 6.15-4.S. consumption of sardines 1950-1967 and projected to year 2000*
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Figure 6.16—Wor1d demand and supply functions for sardines, 1970-2000*
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6.7 Shrimp

World production of shrimp has increased steadily

over the last 20 years. In the 1965-67 base period,

we utilized about 43% of the world shrimp potential

(MSY). The life cycle of most shrimp virtually precludes

overfishing. This is because the majority of shrimp have

a short life cycle. Therefore, increases in demand will

probably not reduce physical production. Because of this

fact, shrimp production and consumption can only increase

or remain constant at the maximum potential in the face

of rising demand. However, there are some species of

shrimp that have longer life cycles, therefore, backward

bending supply curves were taken into consideration for

these species in making the projections. The reader is

referred to Appendix B for a division of shrimp based

upon life cycle..

As we can see., world demand will not increase to

utilize the full potential (MSS) for shrimp until about

the year 2000. However, real prices will increase by

over • 1611% from the 1965-67 base period .to the

year, 2000 because of the increasing difficulty of har-

vesting additional shriMp (i.e., declining yields). The

United States is expected to increase its share of world

consumption of shrimp because of its high income elasticity.

U.S. per capita consumption of shrimp is expected to

increase steadily over the 1970,2000 period.
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Table 6.7--Shrimp projections (LDR - DIE assumptions)

(Round weight - U.S. dollars)

World United States

Quantity Real % %
million price of of

Year pounds /1b. "MSY MSS

1965-67t 1,399 37 43 43

1970 1,970 42 60 60

...,

.0 1975 2,350 46 72 72
w

1980 .2,740 52 84 84

1985 2,970 58 . 91 91

1990 3,170 67 97 97

2000 3,260 94 99 99

U.S.
Quantity Per capita P.,, e4.1 consumption
million consumption price as percent
pounds in lbs. 4:/lb. of world 

518 2.63 33 37

690 3.35 37 35

840 3.83 41 36

990 4.21 46 36

1,120 4.29 52 38

1,210 4.47 60 38

l320 • 4.29 84 40

World maximum sustainable yield = 3,278 million pounds
World maximum sustainable supply = 3,278 million pounds

tAverage of actual data
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Figure 6.17—Historical and projected vorld consumption of shrimp*
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Figure
6.18--U.S. consumption of shrimp 1947-1967 and projected to year 2000*

Page 195

1 'IS A





k.o

1,00 r

1200

0
L. 900

Q
U
A
N
T
I
T
Y
,
 M
I
L
L
I
O
N
 

600 —

• I

ZOO

0  
1 CY,7

— Actual i

--- projected Cl.b2)

1955 1960 1965 1970 1900 197,0 2000

*'Assumption: LDR-DIE.
7.•



THE FUTURE OF THE WORLD'S FISHERY RESOURCES: FORECASTS OF DEMAND, SUPPLY
AND PRICES TO THE YEAR. 2000 WITH A DISCUSSION OF IMPLICATIONS FOR PUBLIC
POLICY

BY: Frederick W. Bell, Darrel A. Nash, Ernest U. Carlson, Frederick V. Waugh,
Richard K. Kinoshita, Richard F. Fullenbaum

Figure 6.
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9—World demand and supply functions for shr-imp, 1970-2000*
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6.8 Lobsters

Lobster production experienced rapid growth throughout

the last 20 years.

imately 72 %

Presently, we are utilizing approx-

of the world's maximum sustainable yield.

As indicated by our projections, the world Is expected

to utilize maximum sustainable yield .by 1985. .Of course,

demand for this product will continue and thereby put

tremendous pressure on the fixed resource and price. Unless

fishery management is instituted, there may be an actual

reduction in physical output (i.e. overfishin.O. This

indicated by a drop in world production to 411 million

pounds in 1990 and to 320, million pounds in the year 2000.

As a consequence of the expansion in demand

after 1985, it is expected that real prices

from 63 cents per pound in the 1965-67 base

and overfishing

will increase

period to 311

cents per pound by the year 2000. The future demand
•

needs relative to supply prospects for lobsters are hardly

encouraging.

U.S. aggregate consumption of lobsters ls expected

to peak in 1985, the same year that world MSS is reached.

Because of its higher income elasticity, the MS. is'

expected to progressively increase Its share .of world

consumption over the 1970-2000 projection period.
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Table 6.8—Lobster projections (LDR - DIE assumptions)

(Round weight - U.S. dollars)

World United States

Quantity Real
million price

Year pounds 1b.

1965-67t

1970

1975

. 1980

1985

1990

2000

303

•330

383

412

424*

411

320

of of
MSY MSS

Quantity
million
pounds 

63 71.5 71.5 1 160

67 77..8 77.8 217

81 90.3 90.3 258

97 97.2 97.2 287

123 100.9 100.0 303

147 96.9 96.9 299

75.5 75.5 242311

Per capita
consumption
in lbs.

.82

1.05

.79

Real
price

68

72

87

105

133

159

336

U.S.
consumption
as percent
of world

5.2.8

65.8

67.4

69.7

71.5 •

•72.7

75.6

*World maximum sustainable yield (MSY) = 424 million poun
ds

World .maximum sustainable supply (MSS) = 424 million pound
s

tAverage of actual data
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Figure 6.20--Historical and projected world consumption o
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Figure 6.22-4Torld demand and supply functions for lobsters, 1970-20003:-
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6..9 Crabs

The world crab situation is similar to that discussed

for lobsters. Although world crab production has increased

considerably, we are rapidly reaching the point where

potential supply will be exhausted. Presently, the world

is Oilizing 58 % of maximum sustainable yield

According to our world projections, the consumption

of crabs will increase -rapidly to 1980. As shown

6.2S, the LDR supply function bends back abruptly after

•f '

reaching maximum sustainable supply. This fact coupled

the position

a determinant intersection of supply and demand fter

The model discussed above has worked amazingly well for.

all other species, but seems to have yielded poor results

(indeterminant solutions) after 1980 for crabs. Fortunately,

the model is indeterminant in the "overfishing" region.

Theoretically, this would indicate rapid extinction of the

re§outce. However, projections are sometimes made to be modified.

-Therefore it is sufficient to say that overfishing will

occur after 1980 given the parameters and projections used

in' the model. Table 6.9 does show projections for crabs

for the' 19.85-2000 period. These projections were obtaine

by assuming intersections of demand with the backward

bending portion of the supply function.

making demand for crabs

This was done by

period. This is enough of an indication of a danger

the resource. Action should be taken (see Chapter 7)
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Table 6.9--Crab projections* (LDR DIE assumptions

(Round weight - U.S. dollars)

World United States

Year

1965-6

1970

1975

1980

1985

1990

2000

1,060

1,210

. 1,140

990

850

.....--
Quantity Real % % Quantity Per capita Real
million price of of million consumption price
pounds /1.D. MSY MSS pounds in 16s. fl.b._

732 12 58 58 302 . 1.53 7.9: 41

U.S.
.consumption
as percent
of world

870 12 69 69 J 410 1.99 7.9 47

15 84 85 520 2.37 9.8 49

21 96 97 620 2.64

58 90 91 570 2.25

80 78 79 490 . 1.81

114

. •

67 68 ,425'

13.7 51

58.0 50

80.0 50

1.38 114.0 50

World maximum sustainable yield .(MSY) = 1,262 million pounds
World maximum sustainable supply (MSS) = 1i253 million pounds

*Not projected using entire model described in Chapter 5. See Section 6.8 of this chapter for a
discussion of 'how these projections were derived.

tAverage of actual data
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Figure 2.4--U.S. consumption of crabs 1948-1967 and projected to year 2000*
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6.10 Clams 

Like scallops (Section 6.11), the present world

. consumption is considerably short of utilizing the full

potential of supply. Presently,' the world utilizes

1210 of maximum sustainable yield.

Assuming that extensive aquaculture breakthroughs

are not realized over the projection period, world demand

is expected to increase by approximately 5C%far

.clams over the 1965-67 - 2000 period. Real prices will

increase from 3.5 cents for the 1965-67 base period to

4.8•cents in the year 2000.

U.S. per capita consumption will fall off slightly

over the projection period because of its zero income

elasticity and the negative effect of higher prices

However, the aggregate U.S. market 'for clams will increase

474 million pounds to 690 million pounds over the .

965-67 2000 period.

Table 6.10 shows the world and U.S. projections

assuming the existence of aquaculture which will make the

real supply curve flat (See sardines and ,oysters). Relaxing

the assumption of no 'extensive breakthroughs in aquaculture, the

reader can readily compare the results.
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Table 6.10--Clam projections (LDR - DIE assumptions.— with6ut-acivaculture) •

(Round weight - U.S. dollars)

Worl

ma. ion
Year pounds 
TA65-67t 1,054
1970 1,060
1975 1,180
19_80 1,300
1985 1,380
1990 1,450
2000 1,530

price
1b.
3.5
3.5
3.6
3.7
3.9
4.2
4.8

of
MSY
60
60
67
74
78
82
87

96

of
MSS
60
60
67
74
78
82
87

Quantity
million
pounds
474
520.
560
600
635
655
690

United States

Per capita
consumption
in lbs. 
2.40
2.52
2.55
2.00
2.51
2.43
2.24

Real
Price

11D.
3.5
3.5
3.6
3.7
3.9
4.2
4.8

U.S.
consumption
as percent
of world

45
49
.47
46

45
45

World maximum sustainable yield = 1,762 million pounds

World maximum sustainable supply= 1,762 million pounds

-tAverage of actual data



Table 6.11--Clam projections (IES DIE assumptions -with. aquaculture)

• • , •

'(RoUridd;07eight -. U.S.'dOlra*g)

World 'United States

Year 
1965-671'
1970
1975
1980
1985
1990
2000

Quantity Real
million price
pounds 1b. 
1,054 3.5
1,060 3.5
1,210 3.5
1,360 3.5
1,520 3;5
1,675 3.5
1,970 3.5

U.S.
Quantity Per capita Real consumption
million consumption price as •percent
pounds in lbs.  1b. of world 
474 2.40 3.5 45
520 2.52 3.5 49
570 2.60 3.5 47 .
.620 2.64 3.5 46
680 2.69 3.5 45
730 2.70 3.5 '44
840 2.73 3.5 43

Average of actual data
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Figure 6.26—Historical and projected world consumption of clams*
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Figure 6.27--U.S. consumption of clams 1948-1967 and projected to year 2000k
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Figure 6.28-World demand and supply functions for clams, 1970-2000*
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.6.11 Scallops

• Because of the recent discovery of the calico resource,

the world is a considerable time away from utilizing the .

maximum sustainable scallop production. Only 11% of

maximum sustainable yield is presently consumed on 'a WOrld

• basis. Because there is some debate concerning the immed-

iate. use of the calico scallop resource because of technological

problems, we have decided to make two projections--one with

the inclusion of the calico 'scallop resource and the other

excluding this resource from consideration.

Assuming calico scallops as part of the world -poten-

tial supply, it is. projected that world scallop consumption

will nearly double by the year 2000 with no appreciable

increases in real prices. World MSY and MSS are for all

general purposes practically identical in the case of

scallops (See Chapter - 3 for a discussion of these concepts

U.S. per capita consumption is expected to increase .

from . 1,37 'Sounds-in -the-1965-67 base period 1.62 pounds in the year

2000. It is expected that the U.S. will maintain its

share of world consumption over the 1965-67 - 2000 period.

Without the inclusion, of the calico scallop resource,

consumption will increase by. approximately 78

(compared to 9310 with the calico scallop resource)

over the 1965-67 2000 period. Real prices will increase

from to 9.0 cents per pound. Little change in U.S.

per capita consumption or share of the world market is

projected under these assumptions.
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Table 6.12—Scallop projections (PR - DIE assumptionswith the calico scallop resource)

. 'Round weight - dollars)

World United States

U.S.

Quantity Real % Quantity Per capita Real
.

consumption •

million price of of million consumption price as percent

Year pounds 1b. MSY MSS pounds in lbs.  4Vlb of world 

1965-67 t 367 7.2 14 14 26.8 1.37 6.7 73

1970 460 . 7.2 18 18 3.00 1.46 6.7 55

1975 520 7.3 20 20 335 1.53 6.8 64

1930 570 7.4 22 22 370 1.57 6.8 65

--. 1985 620 7.4 24 24 405 1.60 6.9 . 65
4

1990 650 7.5 26 26 435 1.61 7.0 67

2000 710 7.6 28 28 500 1.62 7.0 70

World maximum sustainable yield = 2,548 million pounds

World maximum sustainable supply - 2,548 million pounds

i-Amerage of actual data,



ra
"gorld maximum sustainable yield = 

T912 million pounds

Wbrld maximum sustainable supply = 844 
million pounds

1- AVerage of actual data

Table 6.13--Scallop projections (I,DR -DIE assumptions without the calico scallops resource)

(Round weight *- U.S. dollars)

World I United States

. U.S.

Quantity Real %. % Quantity Per capita Real: consumption

million price of of million consumption Price as percent

Year pounds 3.1). MSY MSS pounds in lbs.  11). of world •

1965-67 t 367 7.2 40 43 268 1.37 6.7 7.3

1970, 440 7.5 48 52 295 1.43 7.0 67

1975 490 . 7.8 .54 58 320 1.46 7.3 65

1980 • 540 8.2 59 .64 345 1.47 7.6 .64

1985 570 8.4 62 68 . 370 1.46 7.8 65

1990 610 . 8.7 67 72 400 1.48 8.1 66

2000 650 -. '9.0 ' 71 77 450 • - 1.-46 • :8...3 ' 43•9

•••

•••
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Figure 6.29--Historical and projected world consumption of scallops*0.y.
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Figure 6.30--U.S. consumption of scallops 1948-1967 and projected to year 2000*

Page 217





Assumptions:-!IDR-DIE, LDR7DIE without calico



THE FUTURE OF THE WORLD'S FISHERY RESOURCES: FORECASTS OF DEMAND, SUPPLY
AND PRICES TO THE YEAR 2000 WITH A DISCUSSION OF IMPLICATIONS FOR PUBLIC
POLICY

BY: Frederick W. Dell, Darrel A. Nash, Ernest W. Carlson, Frederic: V. Waugh,
Richard k, Kinoshita, Richard F. Fullenbaum

* Figure 6.31-4Tor1d demand and supply functions or scallops, 1970-2000*
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6.12 Oysters
•

Oysters are one species which are not totally subject

,to a rising supply function. In many parts of the 'world,

oysters are produced in beds which are cultured or farmed.

.Therefore, the supply of oysters on a world basis is

assumed to be infinitely elastic (i.e., 1E3 ). This is

shown in Figure 6.34. World oyster consumption is npected

to increase from 1,713 million pounds in the 1965-67 base

period to 5,409 million pounds by the year 2000.

Because of the zero income elasticity for the

United States oyster consumption will not increase as

rapidly in this country, rising from 570 million pounds

in the 1965-67 base -period to 896 million pounds in the

year 2000. Therefore, the U.S. will have a declining

share of the world consumption of oysters, falling from

33.3 % to 16.6% over the 1965-67 - 2000 period.
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Table 6.14--Oyster projections (IES - DIE ,assumptions).:

(Round weight - U.S. dollars

World United States

• 
Quantity Real
million price

Year pounds

1965-6 t 1,713 5. 3
1970 2,127 5.3

1975 •2,6.86• 5.3

1980 3,278 5.3

1985 3,869 5.3

1990 4,443 5.3

5,409- 5.32000

tAverage of actual data

Quantity
million
pounds 

570

600

639

685

736

788

896

U.S.
Per capita Real consumption
consumption price as percent
in lbs. Q/lb. of world

2.91

2.91

5.s
5. 5

2.91 5:5

2.91

2.91

2.91

2.91

5. 5

5. 5

5.5

5.5

33.3
28-.2

23.8

20.9

19.0

17.7

• 16.6
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Figure 6.32--Historical and projected world consumption of oysters*0
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Figure 6.33--U.5. consumption of oysters 1948- 967 and projected to year
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Figure 6.34--World demand. and supply functions for oysters, 1970-2000*
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6.13 Other Food Fish

The other food fish category is extremely diverse .

and contains numerous species where supply potential is

uncertain. However, we believe we should remain consis-

tent in our procedures. As discussed in Chapter 2, the

world maximum sustainable yield for all fish is 264,600

million pounds. We subtracted from this the world.

maximum sustainable yield for all species discussed above,_

plus fish meal. This left a residual of153,8S1

pounds. This figure.was then used as the maximum sus-

tainable yield for. the other food fish category.

1965-67 base period, the world consumed • 36% ofE3Y

for the other food fish category.

Our projection's indicate that world demand for o

food fish will increase from 55,304 million pounds in the

1965-67 base period to 118,000 million pounds by the

year 2060. Because of the low utilization. of other food.

fish in the base period real prices are expected t

increase 24% by the year 2000, uhering of

world MSY will be utilized.

Although U.S. aggregate consumption of the other

fish is expected to rise from 1266 million Pounds in the

base period to 1623 million pounds in the year 7000, per

capita consumption will fall due to a zero income elas-

ticity and rising real prices; The U.S. share of the

world consumption of other food fish is expected

decline by nearly 50%.
224
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Table 6.15 --Other food fish projections (LDR -:DIE assumptions)

(Round weight - U.S. dollars)

World United States
U.S.

Quantity Real % % Quantity Per capita Real consumption_
million price of of Million consumption Price as percent

Year pounds 1b. MSY MSS pounds in lbs. ../lb. of world 

1 965-67 55,304 10.2 36 36 1266 6.43 10.2 2.3
,

1970 62,000 10.2 40 40 1321 6.41 10.2 ,2.1

1975 72,000 10.4 47 47 1380 6.29 10.4 1.9

1980 82,000 10.9 53 53 1412 - 8.00 10.9 '1.7

91,500 11.2 59 59 1477 5.84 11.2 .1.6

19.0 101,500 11.5 66 68 1540 0.69 11.5 1.5

2000 118,000 12.4 77 77 1623 5.27 1 2.4 1.4

World maximum sustainable yield - 153,881 million pounds
and - maximum sustainable supply - 153,881 million pounds
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Figure 6.35--Historical and projected U.S. consumption of other food fish*
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Figure 6.36—Historical and projected world consumption of other foOd fish*
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Figure 6.37-4!or d demand and supply functions for other, food fish 1970-2000,
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6..14.  Fish Meal 

Fish meal is the last claimant on use of fish

resources, as the product commands a lower price than

fish for human food. Fish meal can be made from a

wide variety of fish products, although on a world

basis, nearly all is manufactured from species of

herring-like fish. U.S. production is now essentially,

based on menhaden which is caught from New Jersey to North 
Carolina,

and in the Gulf of Mexico. This resource is now being

fished at or beyond maximum sustainable yield. By far

the major world supplier of fish meal is, Peru, which

catches anchoveta off its coast and ships locally

manufactured fish meal to North American and European

markets.

WOrld fish meal production .increased 6.5 times

from 1950 to 1967. This rate of - inorease cannot,continua

due to the limitation on the resource. In the l965-67_-

period , about 60% of world maximum sustainable'

yield was harvested. Therefore, catch Increases will

be considerably curtailed.

In the past, there has been a fairly static

ratio of fish meal to soybean meal prices (about 1.7:1).

Since both had a high supply elasticity, the supplies

of each could be adjusted to maintain the price ratio.
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With the approaching limitations on expansion of fish meal, this

ratio is not expected to hold. since fish meal Is becoming more expensive

relative to soybean meal.

Within the category of herting-like fish certain species are 7

used for direct human donsumptiOn while the remainder goes into

fish meal. Many species are on the borderline since their utilization
;

shifts with changes in market opportunities. In estimating supply.

available' for fish meal, we first substracted projected consumption

of canned sardines. Resources available for fish meal production

decline as sardine production increases. This occurs because fish

for human purposes 'will comMand . a higher price than fish mel thus

bidding it away from fish meal'.

In spite of the large resource base of herring-like fish

maximum sustainable supply will be reached by 1980. (See Table 6.16 1

By 1980, world equilibrium production will reach 62,500 million

pounds. This will also. be the peak consumption year for the U.S.,

reaching a total of 9,300 million pounds or 14.9% of the total

world m'arket. Drastic declines in utilization will occur between

1980 and 2000, the latter figure being nearly halved compared to

1980. Real prices are shown to increase 7.0 times between 1970 and
•

2000, rising from 1.1 cents per pound in. the base period to 7.8 cents a

pound by the year 2000. The U.S. share is projected tO remain fairly

constant over the period, ranging between 14:4 and 17.0. In sun, it

looks like the outlook for fish meal is not very optimistic.
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Table 6.16--Fish meal projections (LDR assumptions)

(Round weight - U.S. dollars)
. . _

World United States

. World
consumption

.
U.S.

Quantity Real of sardines % % Quantity Real utilization

million price millionli of 2 of 2/ million price as percent

Year pounds alb. pounds --I MSY MSS -1 pounds lb. of world

1965-67+ 451070 1.0 1,920 67 71 6,860 1.0 15.2 .

1970 50,000 1.1 . 2,570 75 79 8,100 1.1 16.2

1975 59;900 1.3 3,228 90 95 9,250 1.3 15.4

1989 62,500 2.1 3,652 94 100 9,300 2.1 14.9

1985 49,900 4.2 4,074 77 81 7,000 4.2 14.0

1990 43,000 5.7 4,438 68 71 6,200 ' 5.7 14.4

2000 . 33 (:)() 7.8 5,225 55 58 5,700 7.8 • 17.0

World maximum sustainable yield (MSY) - 70,240 million pounds

World maximum sustainable supply (MSS) - 66,400 million pounds

t Average of actual data

1/ Included here to show total utilization of the herrina.-Iike resource.P c.)T/ Including utilization . the resource for sardines.. .
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Fiaure 6.38--Historicaland projected world utilization of fish meal*
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Figure "6.39—Historical. and projected U.S. utilization of fish mea

Page 233

*

.7 33.f







THE FUTURE OF THE WORLD'S FISHERY RESOURCES: FORECASTS OF DEMAND, SUPPLY
AND PRICES TO THE YEAR 2000 WITH A DISCUSSION OF IMPLICATIONS FOR PUBLIC
POLICY

BY: Frederick W. Bell, Darrel A. Nash, Ernest W. Carlson, Frederick V. Waugh,
Richard k. Kinoshita, Richard F. Fullenbaum
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6.15.0verall U.S. Consumption of Food Fish ••

U.S. per capita consumption of all food fish has not

changed appreciably over the last 50 years, averaging

between 10 to 11 pounds. According to our projections,

overall per capita consumption of food fish will decline

from 11.02 pounds in the base period to 9.38 pounds by the

year. 2000, a decrease of 14.9%. Of all the species

considered, only shrimp and scallops are expected to

experience an increase in per capita consumption from

1965-67 2000 period. The biggest decline is expected in

groundfish. The decline in per capita consumption results

from acute supply problems and consequent increases in

real prices. For the presently utilized species, it is

fair to say that no appreciable increase in per capita

consumption is possible given the supply problems

discussed in Chapters 3 and 6.

Of course, aggregate U.S. bonsumption of food fish

will continue to increase. By the year 2000, Americans

will be consuming almost ^ 2.9 billion pounds (edible weight)

in. the 1965-67 base period, an increase of 33.2 %.

Hence there will be ample opportunity to supply an

ever increasing market for fishery products in the United

States. Except for groundfish, All species will exper-

ience an increase in sales by the year 2000, the largest

percentage increase occuring in shrimp.
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Table -17 -- U. S . per capita consumption of fishery products, actual and projected to
year 20001/

• ............ . .. • .........

1965-67
Average 1970' • • . 75 .. 1980

Changes 200
1985 1990 2000 from 1965-6

Groundfish

• Tuna

Salmon

Halibut

• Sardines

• Shrimp

N.)
• o.) Lobsters

Crabs2/

Clams/

Scallop s1'

 . - Pounds, edible weight

2.51 2.00. 1.71 1.42

2.28 2.68 2.77 2.73

.99 .99 . 95 .90

.17 .18 .17 .16

.43 .42 .42 . 43

1.29 1.64 1.88 2.06

. 18 .23 .26 .27

. 34 .44 .53 .59

Percent

1.18 .98 .81 -68.1

2.61 2.53 2.26 - .0.9

.85 .810 .72 - 27.3

.15 .13 .12 -29.4 '

.43 .43 .43 0

2.10 2.19 2.10 • 62.8

.27 .24 .1.8 0

.50 .40 .31 - 8.8

.37 .39 .39 .39 .39 .37 .34

.16 .17 .18 .18 .19 .19 .19

Oysters . 34 .34 . 34 . 34 . 34 .34 .34

Miscellaneous 1.93 1.92 1.89 •1.80 ' 1.75 .. 1.71 -1.58 -

Total '11.02 11 h0 11.149 • 1 .10.76 10.31 9.38 

1/ Under LDR-DIE assumptiOns

2/ Estimated for 1985, 1990,a

shown in Chapter 6.

3/ Projections made without additional aquaculture of clams

4/ Includes calico scallops

d 2000 based upon a more gradual decline in the resource base thar



(A)

Table 6.18 -- U.S. aggregate consumption of fishery products, projected to year 2000 1/

1965-67 Changes 2000

Average 1970 1975 1980 1985 1990 2000 from 1965-67
Million Pounds, edible weight

Groundfish 497.8 412.0 375.2 333.9 298.4 265.4

Percent

249.3 ---49.9

Tuna ' 449.1 552.0 607.7 642.1 660.1 685.1 695.6 54.9

Salmon 195.0 2103.-8 • 208.9 212.1 215.3 217.3 222.4 _4.o •

Halibut 33.5 36.6 37.0 37.0 37.0. 37.0 37.4 11.6

Sardines 84.7 86.5 92.2 101.1 108.8 116.4 132.4: 56.3

Shrimp 254.1 337.8 412.5 484.5 531.1 593.1 646.4 154.4

Lobsters . 35.5 47.4 57.0 63.5 68.3 65.0 55.4 56.0

Crabs2/ 67.0 90.6 116.3 138.8 126.5.* 108.3 95.4 42.4

C1ams3/ 72.'9 80.3 85.6 91.7 98.6 100.2 104.8 43.8

' Scallops4/ 31.5 35.1 39.5 42.3 48.1 51.5 58.5 85.7

Oysters 6 .0 - 1;70.1 74.6 80.0 86..0 92.1 104.7 56.3

Miscellaneous 380.2 396.3 414.0 423.6 443..1 462.0 486.9 28.1 

Total 2,169.3 2,348.5 2,520.5 2,650.6 2,721.3 2,793. 4 2,889.2 33.2

1/ Under LDR-DIE assumptions

2i Estimated for 1985, 1990 and 2000 based upon a more gradual decline in the resourca base

than shown in Chanter 6 .

Projections made without additional aquaculture of clams.

4/ Includes calico scallops



THE FUTURE OF THE WORLD'S FISHERY RESOURCES: FORECASTS OF DEMAND, SUPPLY
AND PRICES TO THE YEAR 2000 WITH A DISCUSSION.OF IMPLICATIONS FOR PUBLIC
POLICY

BY: Frederick W. Bell, Darrel A. Nash, Ernest W. Car son, Frederick •V. Waugh,
Richard K. Kinoshita, Richard F. Fullenbaum

Figure 6.41—Historical and projected U.S. per capita consuNption of fish
and shellfish
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Figure 6.42--Historica and projected U.S. aggregate consumption of fish
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6.16. .Overall World Consumption of Food Fish and Fish Meal 

FAO Demand and Supply Forecasts: As indicated in Chapter

the maximum potential for fish from the world's oceans is

probably no greater than 120 million metric tons (Ryther, 1969). This is

admittedly a debatable figure but is consistent with the total

world fish potential employed by FAO in their "The Prospects

for World Fishery Development in 1975 and 1985." This is shown
f

in Table 6.19. However, FAO does exclude molluscs (i.e.,

oysters, clams, scallops,•etc.) which are included in our

.estimates -although we used 120 million metric tons as a

control figure.

Assuming no rise in real prices, FAO projects a world

demand for food and fish meal of 106.5 million metric tons by

the year 1935 (i.e., this is as far as they made their projections)

The FAO projected total and per caput demand for fish (i.e.,

demand for human consumption) in 1975 and 1985 are given in Table

6.20. As stated above this demand has been forecast on the

basis of the 'assumptions of population and income increase.

An important methodological assumption underlying these projections

is that of constant prices. Although this is an unrealistic

assumption ,FAO states that it is extremely difficult to relax
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1.';'od,,t-•.1Inc3ian

rmoo.!terro.nor...n F.s.on, 35

World Total
 •• • • • • • • • • • • •

Table 6.19 --Ca
tch of marine fish crustaceans and molluscs (1965) and estimated world potential

by marine area and species 1/
• t

'CC-0 tor;

L. 1. boovm

lortheast

Wotorn Centr61
I.tori Central
South 1:estorn
South Eastern

• • • • • • • • • • • • • • • • • • • • • • • • • •

IShoalino Polngic 1 C,Jphalopodu Crut.itaceannLarC.0 rolv.e10 DowIroal

1965 .1 Potant 1965' :: .Potont 1965
• catch 1 -Jai. •-: . oatch- catch

8,)
9 1 .

-42

137 I 
23 .
43. 1

700

3,750
2,741

234
616
254
446

Atlanti6 339 I

6,900
3,o0
3,000
930

5,000
1,030

5,152
302
663
382
146

1,631

Tot%1......____ ... •

Iial 1 

,
2Q (Y )96j Potont 1965 ..1 Pot,:nt . 1965 1

catch - cat 
1

-ial c,..itch -iai :3/ 1
 ____(  • -----2-L-._ 

7,500 33
2,300 9
3,000 .
2,200 123
5,000. 2 .
7,450 4

700 8,041' 20
' 
210 8,231. 27,450 172

 1 

3,107 3,800 1,609 2,100 559 I 1,000
1,468 3,800 626. 3,000 - 1,000

4,055 11,000 1,222 5,000 46 200
91 750 120 650 9 300
65 600 15 1,200 

rt 
500

158 2,000 7,783 15,000
1 

• 

riP
P

500 I

Oc"an

rorthwect
Noxthoast
1:0:3torn Central

orn Central
Southwoot.
Southour3t

•••••••••••••,••••••••••••••• 

Total re.oific
  • • • • • • • • • • • • • • • • • • • • • •• • • • • • ;  

coom

Y.af;to:r.sn
1:octern
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in any systematic manner, since change's in the price of one

commodity will have an effect on the demand for all other commodities,

the effect being greatest _where one commodity is ea'sil s'ubstituted

for the other, The FAO, data in Table 6.202

relate to the demand for fish meal for use as animal feed

which currently accounts for one third of the total world

fish catch. Although there is a small but growing demand for

fish meal for use as supplemental feed in fish culture,-its

principal use is in the preparation of balanced feeds for pigs

and poultry, It follows, therefore,that the demand for fish meal

will be influenced, to a marked extent .,by changes in the demand for

these products. Another important factor influencing the fish

meal market is the extent to which pig and poultry producers

switch from extensive to intensive methods of farming and the

corresponding attention given to the use of balanced feeds. The

extent to which this takes place is, of course, dependent on

the spread of knowledge of animal nutrition and feeding techniques--

a factor which is of considerable relevance when considering the

developing countries. No econometric methodology for estimating -

the future demand for fish meal has yet been established,

therefore, a somewhat pragmatic approach has been adopted

in arriving at the projected demands. The main factors influencing

•
the choice of growth rates are set out below.

(a) For North America relatively low rates of increase in the
demand for fish meal have been assumed in view of the
comparatively low rate of population increase expected
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and the extremely low income elasticities prevailing .for

.pork and poultry- products. Somewhat higher ,rates of increase

were used for the European Economic Community (EEC) -countries

because of the Community's policy of .expanding pig and poultry-

productioh. Allowance was also made for the presently
lower"' degree of intensified poultry production in certain
countries of the Comunity (e.g. Italy), and the generally
higher income elasticities for pork and poultry products
than are found in North America. These same consideratithis.
apply to northwest Europe, although .the increase in .
demand assumed for this region is marginally -lower than
that for the alCe This is due to the dominant position of the

United Kingdom 'where balanced feeding is already in Widespread

use by pig and poultry farmers and; therefore, more modest

increases inhe-.damand for f,ish meal- a7c'e .7@Sua;Uz.ed

(.1) In south Europe and the - centrally planned pastern European
countries, higher growth rates- in the'.demahd for fish
meal have been assumed on the basis of fairly. high income
elasticities of demand for pork andpoultry products -
poultry me7A in many countries .having a.un1-4 elasticity.
Thosc 1-0g•OoythratesareAU,s.tjfie'd alson the basis
of the apticipted. increase in..ker -canut/GpPLahd:theahtf
cipated - improvem,ents in animal husbandry in a number of
countries where pig and poultry production is still
rather unscientific.

The most rapid growth in demand is projected for developing
countries, where the implementation of the 1UP proposals
for livestock production will not be realizdd without the
adoption of modern scientific methods of production. In many
of these countries there is not only a genel'al 'lack of •
knowledge of the value of balanced concentrate feeds, but
there is also a very high income elasticity for. pork and.
poultry products. It is also believed that only through a
rapid increase in the production of pigs and poultry .
will many of these countries be able to meet their nutri-
tional requirements by 1985.

(d) The assumed production of offal was estimated by extrapolating
the demand for frozen and canned fish and making certain* -
assumptions with regard to the offal available. ,An increasing
trend in offal availability has been assumed not only because
an increasing quantity of fish is expected to be frozen and
canned, but also because a greater amount of the offal actually
available is expected to be used.



The major unknown in these projections is the extent to whic

fish meal is likely to, bp replaced ,by other sources of protein

in animal feed. In this respect the demand for fish for meal

is subject to even greater uncertainty than the demand for food

fish. The use of fish meal . byniiIlal feed compounders is

very. closely controlled on a strict comparison of the price

of protein and amino acids derived from different sources and

most of the ingredients used in animal feeds are capable of

being synthesized or ace obtainable from altehlative•sourcpi,•such

as soybean meal Or petroleum.

.et al•, Deinand and Suo-oly- Forecacto Table 6.21:

shows our .projections to the year 2000 for food fish and fish

meal. By 1985, we project demand (in equilibrium) to increase

to approximately 78.6 million metric tons. The following is a

brief comparison of our projections and those made by FAO:

Bel] et al FAO

Food fish 56.0 69.0

Fish meal 22.6 37.5

Meal and food fish 78.6 106.5
• ,

The reasons for the different projections maybe broken down

according to the two categories:

(a) Food Fish

The difference betwn.the B,',1.1.e.t al,. -oroject:T.ons of foc.. fish
consumption for 1985 of 53 million metric 1-;ms and the significanLly
lnglcr FAO :projection of 69 million metric ton:,1 can be.acco:aDtd
by four basif,:. factors.
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(1) The Bell et al., forecasts utilize a decaying income elasticity,

while the FAO group used a constant income elasticity (= to .68).

By the year 1985, the world income elasticity (Bell, et al.,) is

decayed to .22, while the FAO world elasticity remains at .68.

(2) The second important factor is the incorporation by the

Bell group of supply constraints, which allow for a rising price

and thus a dampening in the rate of increase of consumption. The

FAO forecasts assume a perfectly .elastic supply of fish with no

upward pressure upon. prices.

(3) (4) The last two factors relate to the estimates of

annual world growth in population and per capita world income.

FAO's estimates of 2.1 % -. and 3.2 % for world population

and income respectively are higher than the Bell et al., estimates

of 1.7 % and 3.0 %.

(b) Industrial Fish

Here again, the FAO projections show a significantly higher

level of expected consumption in 1985. Bell et al., forecasts

22.6 million metric tons, whereas FAO forecasts a level of 37.5

million metric tons7-65.97 • higher. While FAO based its

projections of fishmeal upon the growth in demand for oil cake

and did not rely explicitly upon any econometric techniques for

estimating expected consumption, it is nonetheless evident that

the lack of consideration of supply constraints was a particularly

important factor in the inflated forecast given by FAO.

We project that world demand (and supply) for fish meal and

food fish will increase by 46.3 % over the 1965-67 - 2000

period. By the year 2000 the world is projected to consume

approximately 84 million metric tons of all fish (meal and food)

which is approximately three-quarters of the potential from the

world's oceans. Because of the rise in real prices, as supply

constraints become more acute, we expect demand to increase at a

slower pace after the year 2000.

Over the projection period, oysters, shrimp, and sardines

are expected to have the greatest increase in production on a world

basis. Groundfish, salmon, halibut, lobsters, crabs and fish meal

are expected to have either declines or small increases in production

over.the projection period on a world basis. The .future for the

presently highly valued species is especially bleak.
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THE FUTURE OF THE WORLD'S FISHERY RESOURCES: FORECASTS OF DEMAND, SUPPLY
AND PRICES TO THE YEAR 2000 WITH A DISCUSSION OF IMPLICATIONS FOR PUBLIC
POLICY

BY: Frederick W. Bell, Darrel A. Nash, Ernest W. Car son, Frederick V. Waugh,
Richard K. Kinoshita, Richard F. Fullenbaum

Figure 6.43—Comparison of Bell et al. and FAO world projections for
food fish

•

•

•

•

•

•

•

•

• •

•

•

•

•

•••••

••••••

r--

05

tr\

•••

247



Table 6.21 --World aggregate consumption of fishery products, projected to year 20001/

Changes'

2/ 1965-67
1965-67- 1970 1975 1980 1985 1990 2000 to 2000

• Thousand metric 'tons, round weight Percent

Food fish
Groundfish 6,368 6,935 6,940 6,759 5,761 5,262 4,763 -25.2
Tuna 1,291 1,315 1,456 1,556 1,615 1,647 1,657 28.4
Salmon 476 476 481 485 485 485 485 1.9
Halibut 58 58 58 58 58 58 58 0
Sardines 871 1,166 1,464 1,697 1,843 2,013 2,370 172.1

• Shrimp 634 894 1,065 1,243 1,347 1,438 1,479 133.3
• LobstPrs. 137 150 174 187 192 186 145 • 5.8

Crabs
-7

328 395 481 549 517 449 386 17.7
rNa C1ams4/ 478 481 535 590 626 658 694 45.2..;
oo Scallops Ji 166 209 236 259 281 295 322 94.0

Oysters 777 965 1,218 1,487 1,755 2,015 2,453 215.7
Other fish • 25,086 28,123 32,659 37,195 41,504 46,040 53,524 113.4
Total food fish 36,670 • 41,217 46,768 52,025 55,989 60,546 68,336 86.4

Fish meal 20,440 22,680 27,170 28,350 22,634 19,505 15,196 -25.7

Total (food and meal) 57,110 63,897. 73,938 80,37E5 78,623 80,051 83,532 46.3

1/ Under LDR-DIE Assumptions
7/ Average of actual
3/ Estimated for 1985, 1990 and 2000 based on a gradual decline in the
4/ Without additional aquaculture
5/ Includes calico scallops

resource base.
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THE FUTURE OF THE WORLD'S FISHERY RESOURCES: FORECASTS OF DEMAND, SUPPLY
AND PRICES TO THE YEAR 2000 WITH A DISCUSSION OF IMPLICATIONS FOR PUBLIC .
POLICY

BY: Frederick W. Bell, Darrel A. Nash, Ernest W. Carlson, Frederick V. Waugh,
Richard K. Kinoshita, Richard F. Fullenbaum

Figure 6./14—Historical and projected world aggregate consumption of
. fishery products*
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CHAPTER 7

IMPLICATIONS OF THE DEMAND AND SUPPLY

PROJECTIONS FOR PUBLIC POLICY

7.1 Introduction •

The major purpose of the preceding analysis has been to

integrate all relevant bio-technological factors into one

economic model of the world's fisheries and to derive from that

model the projected quantitative changes -tn resource u-5,ilization,

prices, and consumption to the year 2000. The major emphasis

in this chapter will be to focus attention upon areas of policy

application. Our projections have been predicated upon the

assumption that policy initiatives would not be forthcoming.

In this context then, we can discuss areas where new policies

or more extensive policy applications could be utilized. The

most fundamental conclusions that can. be drawn from the precedinsi

analyses is that without a change in present policy many of the

traditionally consumed species of fish will be utilized at or

near MSS within the not too distant future. In fact, our

projections inalcate that in the next 30 years fishing
 effort'

for many species will. increase to the point w
here vo-dd- pivsical

output, i..e.-, MSS, will be -reduced for grbundfish (1970),

crabs (1980); fishmeal (1980),, lobsters (1985) and tuna before

the year 2000.. The ranking of fisheries- on the basis of
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projected utilization is shown in Table 7.1. It is additionally

important to note that the ultimate potential of alternative

supplies of living marine resources is questionable. Ryther

has argued that, "...the open sea - 90% of the ocean

and three-fourths of the earth's surface - is essentially a

biological desert, It produces a negligible fraction of the

world's fish catch at present, and has little or no potential

for yielding more in the future. (Ryther, 1969)1/

Even graver doubts exist with respect to the possible

substitutability of species not now exploited for those

traditionally consumed, especially those consumed in the U.S.

Thus the concept of "spaceshjP. earth" would appear to b

relevant reEarding- the world's oceans.

It is not our purpose to suggest in the context of public

choice that a decision, must be made by society to preserve the

world's resources at a level consistent with MSS. There may

be other considerations for individual nations or individual

groups of nations which may preclude following a policy of

fishery management designed to limit entry. It is also not our

purpose to present relative policy evaluations or, for that
• ••, ..••••

—
1/ There is some debate about the ultimate pcential of the sea

as a source of food. For a critique of Rytherts article, see
Alverson, Longhurst, and 3ulland (19/0).
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Scallops
Clams
Sardines
Oysters
Fish meal

.•••

Table 7.1.--Ranking of fisheries on the basis of projected

utilization

Year fully
utilized

Sieat MSS  Region problems

Halibut Presently At MSY and inefficiently

utilized 1/

Salmon Presently At MSY and inefficiently

utilized 1/

Groundfish 1970 Overfishing in 'northwest, arfa Aiortheast

Atlantic

Crabs 1980 Overfishing in North Pacific;

near MSY in 'west central

1 Atlantic ,

Lobsters 1985 Nearly at_ MSY in southwest

Atlantic and "southwest Pacific

Shrimp Before 2000
Tuna Before 2000 Eastern tropical Yellowfin

nearly at MSY

At MSY in IAJortheast Atlantic2/
3/ 4/
5/
4/
1980 northwest Atlantic at MSY

1/ Gear limitations introduce technological inefficiencies. Also
salmon may only be at NSY if expanded hatchery operations and
stream improvements are ignored

2/ By 2000 only 28,',!) • of MSY is expected to be utilized

when calico scallops are included.

3/ By 2000 on1y/87io• . of MSY is expected to be utilized,

without additional aquaculture.

4/ Infinitely elastic supply, within relevant range with

additional aquaculture.

.5/ infinitely elastic supply, within relevant range as food

fish.

Source: See Chapter 6.
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matter,. to give precise policy prescriptions for particular

regional fisheries, It is our purpose, however, to present various

option8 in the event that society decides that a policy of conservation oP

living marine resources is the proper decision to be followed.

A discussion bf the major areas 'of public policy would have to

include:

1. A Fishery Management Policy

2. A Fish Farming Policy

3, .An Underutilized. Species Policy

4. A Harvesting Efficiency Policy

5. An Anti-Pollution Policy

6. A Policy to Avoid.

We do not mean to suggest that many of these policies are

not already in application. We merely intend to give a comprehensive

review of both ongoing and new policies within the context of

the projections.

7.2 A Fishery Management  Policy to Prevent Overfishing

The, free market has not operated to create the most efficient

alloCation of capital and labor in exploiting the fishery resources

•
throughout the world. As demand for the. fishery products expands,

more and more firms are attracted to harvesting the resource. How-

ever, the physical yield of a given fisheries stock like any other

factor of production is subject to diminishing .and, ultimately, to

negative returns (as shown in Chapter 3). That is as the inputs of

labor and .capital (which we will here combine under one heading as

"fishing effort") are increased each successive increment increases

.the total catch by a smaller and smaller amount, until at somelevel

the maximum annually -slistainable catch is reached. Beyond thnt



level, further increases in fishing effort will diminish the actual

catch and may dapicte or destroy the resource.

What makas the ocean fisheries differ so fundantally from most

other resource-oriented industries is that the resource stock is unappro-

priated; that is, unotmed. The fish stocks are open to exploitation

by anyone who is willing :to expend the effort to harvest the resource.

Such. a...private market mechanism coupled with a common property

resource : will eventually lead to overfish;ing, reduction1p.physici.

output, and higher prices Failures in the private market (under

the present management .schemes). emphasize the u±gency for solving.

.questi.ons relating to management jurisdiction over fisheries.

A further problem is oftenconnected .with government attempts

to conserve the common property resource itself. If the fishery in

question is completely under the jurisdiction of a single political

entity, i.e., a state, the chronic crisis of the industry and inevi-

table declining yields will produce a demand for conservation."

The usual goal pursued by regulatory agencies is a reduction of

effort to the maximum sustainable catch level". In any case, the

conservation measures usually chosen--the shortening of seasons and

restrictions on the effectiveness of gear--tend to be self,efeatJng .

from the point of view. of the welfare of the fishing industry and •

of the general public.
. .

Then the 6:inarfiics or a regulata fis i 1 t m 0221; to

be a tug-of-war between the fishc:rmen, who attemi)t to ifforove their

____Q )y the efficiency of their. gear and the .r tech-•,

• Z.. 
and the  aryl tr-.- -0- aencv whici tc ??-jes to consertheve' L ,

: • •
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resource byjeducina the efficiencv of each it of  effort.
• s •

• .0iven sufficieftt Y-Ise ift.cie.manaj the free market app'170ach readts

in too. many fishermen and too many boats when everyone fishes to

'whatever extent they wish.

Our projections indicate that the process discussed above

will continue and worsen for many species in the next 30

years. Without fishery management, fishing effort will increase

to the point where world physical output (maximum sustainable

supply) will be reduced for groundfish (1970); drabs (1980);

fishmeal (1980); lobster (1985) and tuna before the year 2000.

These species need immediate attention. Other species need

attention in some areas of the world.

Potential benefits from fisiiery management are substantial:

Generally, fishing beyond maximum sustainable yield is an economic

crime of the first magnitude..?! The extra effort beyond that

point is not only unproductive--it is counter productive. The

resources spent in this way are worse than wasted. Society could

afford to pay to keep the extra resources idle. Of course, idle

resources are not an ideal answer. Obviously, we should try to

2/ This statement should be qualified by two possibilities.
First, nations with high social discount rates (i,e., prefer
present to future consumption) may rationally overfish a resource.
Second, overfishing may be necessary to expand employment in
areas of low opportunity cost. The latter policy is dangerous
because of the possibility of total collapse of the resource
thereby rendering all fishermen unemployed.
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divert, some of these resources to other uses that are

really productive.

Fishery management will require international cooperation.

,-We already have international commissions to limit the catch of sothc-
J

yellow:al') tuna and of halibut. We will .soon need them for .other

species of fish. Setting up international commiSsions, - however,

is not enough. To be effective, cominissions must set -up that •

are Workable and that are economically ,sound, And they must police

the controls to see that they are effective.

The controls should not only prevent fishing beyond maximum

sustainable yields, they should discourage other forms of over-

capacity in fiShing. Instead of ships and crows being idle in many

cases- after the appropriate ..catch as been reached, we should

have only enough ships and crews to catch the proper amount of fish._

Hcwver,/•etirin capacity is difficult in any kind of

business. Even if a cheese plb_t or a. steel, mill is anticluated,.

inefficient, and poorly located, it may stay in business for

._•decades if the oWners can ,cover variable costs. 'Vi-shi.tt

the same predic&m.ent. Dren though the ocean is a free resource,

the fishing industry has a great deal of capital tied .up in

ships and gear. Fishermen find it difficult to shift from fishing to

other occupations. One of our most -difficult problem 6 in the.

remainder of the 20th century will be to eliminate overcapacity.

We should try to do this without impeding progress. We. will need

to build_ new. and more efficient shlp3 and equipment bO •

this tjll increase the difficulty of solving the problems of..

.retiring inefficient shi)s and equipment.

256



Another significant argument i8 that in rural areas where 
'labor

is especially. immobile, limiting entry may not be socially

desirable. The -trade-off between efficiency and Maximum

employment should be considered as part of the

policy prescriftion,

Of course, we should look after our own interests, and the

costs and benefits- should be fairly shared.. Our statesmen should

be able to work this out with statesmen of other countries and

set up additional international fisheries commissions to manage

the world's fish supplis to benefit mankind.3/ Already there

is mud-I -talk of the •establishment of country quotas. - Th.,...costt

of such commissions might be met .by the major fish-producing

nations, each bearing the costs proportionate .ta the total•

_value of the fish catch,. This would ,not be a "giveaway7.

(Thal as all nations including the United States would benefit

by getting more fish at lower. prices.

Table 7.2 Shows some Of the losses from •either improper

fishery management or open .access to the resource for selected

aJ In 1973, a Law of the Sea mE:eting will be held underth6
'sponsorship of the United Nations to work toward such
agreements. Some consider this meeting a last atempt at
"saving" the world 'S oceans from overexploitation, There -
may also be other ways of resolving the overfishing problem
by establishing 00 mile limits for coastal nations or other
devices, The implications of this -policy recOMmendation is
beyond the scope of this .report.
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Table 7.2--Estimated economic losses res.ulting from common property nature of the resource for
selected fisheries,, 1966

'Fishery

New Eng. aroundfish

Atlantic menhaden

Gulf shrimp

Pacific groundfish

Northern lobster

Chesapeake oysters

Tropical tuna

Pacific salmon'.

King crab

Halibut

• Value
vessels

Inefficiently ineffi-

No. of Excess. utilized-1/  ciently

Vessels No. of Landings Value cost Vessel & Fisher- utilized

& Boats fishermen (thou.lbs) (thou.dol.) (thou.dol.) boats men (thou.dol.)

624

65

7,739

243

7,001

6,007

154

17,076

382

3,065

1,066

13,756

873

7,974

8,997

1,720

27,814

1,065

326 1,213

480,709

515,025

179,230

119,363

29,541

21,232

235,200

387,512

159,202

40,326

40,764

7,843

82,973

7,936

22,266

14,453

49,000

73,465

15,671

9,708

12,200.?"

3,100-1/

41,500/ 3,870

_

10,100_q/ 4,205

7,400-71 23

51,40e)/ 11,953

7,8002/ 191

3,90010/ 130

187 920 1,900

26 426 1,300

38,7006,878

Oft MO

6,298

258

19,470

533

5,900

1,200

59;800

4,800

485 1,300

Total above

Total U.S.._

:39,617

82,122

67,543 2,217,340 324,079

135,636 4,365,900 472,354

137,400 20,535 35,268 114,900

325,000

1/ The miter of- inefficiently utilized vessel and fishermen was obtained by multiplying 
percentage .excess cost

(i.e., excess cost d'ivided.V.value .,.pf.catch) by existing fleet and fishermen, .,

- 2/ 30% of value ,.of cal.ch. Estimated by Working Group,..--Internationalf Commission for the Northwest

Atlantic Fisheries (1968)

,/ 40q0. • • of Value of catch
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Table 7.2--Estimated economic losses resulting from common property nature of the resource

for selected fisheries) 1966 (Continued)

4/ 50% of value of catch. Estimated by Economic Research Division. Calculated on the basis that

the net tonnage of the fleet has doubled since 1950 with little increase in output.

5/ Below MSY with respect to effort
. -67 70% of value of catch. Estimated by NMFS Oxford Laboratory

77 15% of value of catch. Calculated on basis of the number of days vessels are needlessly idle during

year
8/ 70% of value of catch. Estimated by Crutchfield and Pontecorvo

9/ 50% of value of catch. Estimated by Economic Research Division

10/ 140 of value of catch. Estimated by Crutchfield at Law of the Sea Conference (1968) 
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. U.S. fisheries in 1966. These losses will continue to grow as

our projections indicate unless proper fishery management is

instituted. (See Section 7.7 for a discussion of policies to be

avoided.)

7.3 An Anti-Pollution Policy

Our projections indicate that future world sustainable sup-

plies of fish will be utilized rapidly and that fish, prices will

rise appreciably. Some readers may think that such a gloomy out-

look is overly pessimistic, but actually the squeeze on future

• ..fish supplies-may turn out to be tighter than our projections

Our projections are based upon current estimates of the maxi--

mum sustainable yields of various Species. These maximthn,.sustain

able yields are not fixed .permanently. They change as the biological

environment (ecology) changes. Water pollution has become .a serious

problem. It has already .spoiled fishing in many of our streams,

rivers, and lakeS--and has reduced tbe yield of fish in many coastal

areas Of the world. Further uncontrolled pollution could lower

.the maxim= sustainable -yields Of some of the principal species of

commercial fish. • 7.3 indicates some recent losses due t

pollutibn. Such losses are likely to con-4nue, and even to increase,

,unless anti-pollution policies are .successful. Table T.  shows a

more detailed breakdown of shellfish areas closed by sewage pollution.
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Table. 7. --Estimated losses in revenue to fishermen due to pollution
• for selected cases and time periods.*

1. Sewage pollution of shellfish areas

Areas closed because of pollution:
1,751,800 Acres
Estimated potential loss in revenue

2. DDT pollution of mackerel
•••••••••••••••••••••••••••

Landings of mackrel curtailed
for 2 months (1969)
Estimated potential loss in revenue -

Heavy metal (mercury) pollution

(a) Closure of inland fishing areas
estimated annual loss in revenue
to fishermen

Closure of Brunswick estuary
estimated annual loss in revenue
to fishermen ,

$.2 l26 1[00 V

320 000 2/

3,200, 000

300,000

*All revenue figures are based on ex vessel prices and c:lo not
retail value which could be on the .average three times

greater.

1. Based on average yield of shellfish and the weighted average
price.

If : vessels..were tied ao in port-, they would - hay!. lost 20 .
of annual revenue.

Sou-irc'el nconomic LabCra•ury ariaOffco Of17 00.T•ce

1\11,IPS; U,S. *.ipartE,73nt of. 11ealth, :Education, 'and-W1fara, T- 'LL.

Health Service Natioilal "Register -Of Sh611hsh PrOduction

Ayea,) 1966.
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Table 7.4.--She11fish production areas closed due to pollution or toxicity, 1966

Interstate areas Intrastate areas

Region/State closed closed Total areas closed

Active Inactive Active Inactive Active Inactive • Total
Acres

Region I. Maine, New Hampshire,
Massachusetts, Rhode Island,
Connecticut 29,800 800 72,800 - 102,600 800 103,400

Region II. New York, New
Jersey, Delaware 53,600 .17,500 152,200 10,200 205,800 27,700 233,500 .

Region III. Maryland,
Virginia, North Carolina 66,500 - 112,100 - -s 178,600 _ 178,690

Region IV. South Carolina,
Georgia, Florida, Alabama,
Mississippi 367,000 15,800 712,500 140,000 1,079,500 155,800 1,235,300

Region VII. Louisiana,
. Texas 5,000 182,000 50,1260 182,000 55,100 237,100

Region IX. California,
Oregon, Washington 900 3,300 9,400 3,300 10,300 13,600

U.S. Total 516,900 40,000 1,234,900 209,700 1,751,800 249,700 2,001,500

Source: National Register of Shellfish Production Areas, U.S. Department of Health, Education,

and Welfare, Public Health Service, 1966.
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'The prophet 0-1' this dange- Vat,. Rachel Carson (1962). She pl-ese,Aed

a wealth of evidence that the uncontrolled use of "hard" insecti-

cides such as DDT, are upsetting the balance of nature, destroying

wildlife, poisoning fish, and even causing serious problems of

human health.'

For several. years, some of the practical agriculturalists

.poked fun at Miss Carson. They called- her a sentimental do-gooder

and an alarmist. They continued to promote DDT and related pesti-

• dides and herbicides. Meanwhile, many factories dumped their wastes

into streams and rivers. And for a few years, the testing of atomic

and hydrogen bombs resulted in an indiscriminate shower of strontium

90 Since World War II, the pollution of our air and water has.

increased soenormously that almost everyone is now aware of its

dangers. At long last, the political system has begun to react and

is searching for ways to stop or at least to reduce pollution..

Aside from prohibitory legislation; much could be done by. the

judicious use of economic inttentives and penalties, aimed at maki,ng

Pollution unprofitable, • This would cost a great deal .of money, but

perhaps it would be even more costly to continue to ignore pollution.

Most pollution results because under present laws it is chea-oer

to the individual firm to discharge untreated waste into the ecosystem

than to treat it before discharge: in small amounts -[-zhe ecosystem can

do.quite a commendable job cleaning itself up. Unfortunately, its

capacity, though large, is limited. As our society grew wealthier,

,it produced more waste but its attitude on waste disposal, formed in
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the years when the system was adequately regenerative, did not

•change. At the present time, society is becoming aware of the

extent of pollution, and o2 the fact that something can be done

about it through the political process. An economist ?6 view of

the pollution problem is that those who pollute and by extensj,on,.

those who ,buy products that pollute, should pay the full cost for

what they do or buy; and thiS full cost includes all the damages

:done to the public and/Or 'means to avoid this ppllut

The effect of pollution on fisheries is as varied as the

kinds of - pollution. Many shellfish areas have ben closed beCause

. - raW..se.wage has -made the fish unsafe to eat •(9.)1e7(..3). 4f;her-',

effects of pollution have been the deterioration Of the nursery

grounds of some .species such as menhaden:. The U.S. Food and Drug

Administration (FDA) has prohibited the sale of salmon from the .

Great Lakes and mackerel from the Pacific Ocean because of high

DDT concentrations found in them. Some species of birds have beeil

me stcrile by DDT. The say„e thin could hapAn to fi8h. The

adverse ffects of pollution can reCiur...e• the -effi c-! and - .actUaI

maximum sustainable yields of many species.

It is beyond the ability of the market to handle externaliiesV

such as, for example, water pollution. Water pollution has.

V By externalities we mean a situation where the action of

using couimon property resources, such as water, affects

other consumers.
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prevented millions of recreationists from utilizing rivers, lakes

and ocean fronts Commercial fishermen suffer financially

because they are prevented, from making a living in these lakes and

ocean frdnts. From the standpoint of developing bvernment programs, water

pollution is defined as the effects of any agent or combination )f.'

agents which degrade the aquatic environment to the extent that

yield of a major fishery resource is reduced or the commercial

utilization of fish or shellfish is impaired by contamination.

Pollution of aquatic environment is brought about in vari6us

ways. Some examples are: massive pollution at irregular time

intervals by accidental release of industrial chemicals during

their manufacture or transport, or during their mining as raw

materials (as in the Santa Barbara oil seepage or the most recent

one in the Gulf of Mexico); massive and long-term release of indus-

wastes of. varying leVels of toxicity;: insidious long-term

release of industrial and domestic wastes at low instantaneous

rates but having serious ecolozical conthcqu2nces; the release of

agricultural dust's and industrial and domestic gaseous exhausts into

the ,atmosphere, and eventually into the aquatic environment, again

having serious ecological consequences and massive quantities

.of domestic or industrial solid or semi-solid waste materials,

dumped over extended periods in rather restricted locations.

Much concern has been shown. over the degradation of fish,

wildlife, and recreation values associated with our estuaries.
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It is often alleged that the problem is that the estuarine resources

are.being . destroyed by pollution and .land fill operations. The

real problem however, seems to be of an economic nature;2/ Destruction'

of estuarineresources involves an economic cost to society. • If

we expect prices to 'adequately serve as the basis for social choice,

then the opportunities foregone in the use of estuarine resources

for any given purpose must be reflected in the price figures. In

other words, to alter the use of estuaries, the social costs of•

destruction should be reflected in the private costs to those who

would destroy the resources by development or pollution. Unfor—

tunately the costs facing • land developers and potentj.al polluterS•

do not reflect the losses to others. (In other words, they do not

include the externalities.) Thus the problem is that individuals

are making decisions concerning estuarine resources without being

made adequately responsible and accountable for their actions with

respect to the use of these resources.

There is considerable evidence that pollution is .affecting

our fish resources (Tables 7.3 and (.4). Some species such as

the salmonoid, whitefishes, and perches of the Great Lakes, are •

failing to reproduce and are disappearng sequentially due • to long-

term pollution of the lakes. Other species, such as surf-perches in.

•
California exhibit a high percentage .of individua)s with dforrr,.It-7 ,,,-:s

and neopimrf.a, especially near sewer outfe,1 1 s rri!nt al] Species

are to some degree, contaminated within their body tissues

by residues of pesticides or heavy metals .-- in some

•

V-It should be .pr:;inte.d out that inany conservationists also place a
..high value on :-...,urv-1.-val.of the species. •ThiE, kind of social choice
should also .be recognized.



cases to the extent which exceeds FDA's tolerance for contamination.

Government programs with respect to pollution problems are

restricted to research which is directly related to endangered

commercial fish species. These programs include: .collection of

data on the nature, quantities, and sources of pollutants; toxi-

cological and ecological studies on commercially important species

and their food chains;. monitoring the status of pollutants in the

aquatic environment and the safety and wholesomeness of fishery

products; studies on cleaning up the environment. and studies on

decontamination of fishery products.

7.4 A Fish Farming Policy

Effective control over water pollution could probablY prevent

future drops in the maximum sustainable yields of many species of

fish, but this is not enough. Rapidly rising populations and real.

incomes will mean a big increase in the demand for fish, as we have

shown in Chapter 6. Table 7.5 shows the rise in real prices

(assuming the supplies that can be anticipated from present methods).

To Moderate these projected price increases and satisfy an increas-

ing world demand we need to explore every feasible way of increasing

supply from new sources.

To some degree, at least, the world's fish prodwtion can be

increased by "fish farming." Most commercial fishing is done by

.6/
Some prefer the te'rm.."aquaculture," but aquaculture includes the
culture of anything in water (for example, tomatoes
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Table 7.5.--Projected real world price increases for selected

fishery products without augmentation in supply

through acluaculture, „specified years
••••••••.."-- •

, Species 1965-7 1970 1980  1990 2000

 Cents per pound  

Groundfish

Tuna

Salmon

Halibut

Shrimp

Lobster

6 8.9 15

16 16 20

25

37

63

Crabs 12 12

3./
Clams 3.5

2/
Scallops 7.2

Fish meal

Increase
(1965-7-2000)

Percent

23 28 366.7

25 30 87.5

28 36 45 52 lo8.o

42 52 67 94 154.0

67 97 '47 • 311 393.6

21 80 114 850.0

3.5 3.7 4.2 4.8 37.1

5.67.2 7.4
•

7.5 7.6

2.1 5.7 7.8 680.o

Without additional aquaculture.

With newly discovered calico scallop resource.

Source: Chapter 6.

•••
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hunting. Man once got his supplies of meat mainly by hunting.

Later be found he could do better by enclosing and improving

pastures scientific breeding and feeding of animals, and

similar farming techniques..

To some extent, such farming techniques have been used for

fish production for centuries in many countries. Iverson states

that "Oysters were raised by the Japanese as early as 2000 B.C.,

and by the Romans about 100 B. C." (Iverson _1968) Recently,: some-

kinds of fish farming have been growing in the United States,. ,An.

estimated 10 million pounds of catfish were harvested from, fish.

farms in the United States in 1967 -- compared to 33 million pounds

caught in public waters (U.S. Department of Interior,. 1970). ,Kussman

estimated in 1967 "that the prcduction.of farm-raised catfish will

'double during the next year or two." (Kussman, 1967).

Of course catfish represents only a small percentage of our

total national fish consumption (although it is important in the

South and Midwest). However fish farming is• not limited to catfish.
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Fish farming includes the care, cultivation, and harvesting of

any species of fish under private ownership. The care and culti-

vation may be very intensive, as in the case of pond-raised cat-

fish. Or it may involve only . a few operations, .such as stocking

with fingerlings.

A. recent- study by Bardach refers to the farming of plaice,

sole, shrimp, crab, abalone; sea bream, puffer fish, carp, and_

mullet in various parts of the world.(Bardach,.• 1968) They concluded that,

practice of- aquaculture may not only be greatly expanded, particu-

larly in those parts of the world most in need of its 'products,

but also that its yields may be very appreciably increased througI1.

the use of modern science and technology."

The Japanese have led the way in fish farming. Not only

have they developed commercial oyster fariding but they are now

producing a substantial percentage of their fresh-water fish from

farming. Brown states that in Japan in 1965, "The following per-

centages of fish produced,wer cultured: 100% of the trout,

88%. of the eel 12% Of the carp', 1.4% . of the•

Crucian carp, and 10% of the ager. (Brown) 1969)

In general, it is doubtful whether many of the presently

exploited comrT,,rcial 62ecics would be successful candidates for
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• fish culture. Prerequisites for success should be rapid growth

and high conversion of feed to meat. These are attributes of,

for example, catfish or oysters which may reach marketable. size -

in or 2 years, Therefore, work might be done in developin.g

• new varieties of fish that might have the same taste and texture

of the present commercial species but which have the attributes

• necessary for commercial culture.

The opportunities for profitable fish farming are probably

• greatest in ponds and rivers, somewhat less in brackish waters

near the ocean shore, and much less in the open ocean. The

United States and other countries would be wise to encourage and

promote fish farming wherever it has a good chance of competing

sucCessfully with the capture of wild fish. The main effort at

present should be that of research and education. Potential fish

farmers should be given detailed and up-to-date facts about methods,

costs, prices, and likely profits. We need to intensify research

not only on fish culture, but also on the processing and marketing

of cultured fish,

7.5 An Underutilized Species Policy

Our projections indicate that supplies of some of the prindi--

pal market species of fish will soon be fully utilized and that

their prices will rise (table 7.6). But if consumers prove 'willing'

to buy some of the presently less preferred species, total per
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capita supplies of fish need not decline much, at least for many

decades. Also, such a switch in buying .would tend to dampen down

the increases in prices of the more preferred species.

Thirty years ago, Rachel Carson wrote, "If . . fisheries

are to yield their full quota of food, now and in the future years,

the burden of overexploitation must be lifted from the few species

that now make up more than four-fifths of the catch; the slack of

:wasted pounds must be taken up from the fishes that are now under-

utilized. Still little utilized, are fishes lie cusk, dogf:sh,

skates, anglers, and dozens of others. From the standpoint of

hulOn welfare, thousands updp thousandS of pounds of these ;les.
1“.•

known fishes go to waste in the sea each year." (Carson, 19)41)

Because many consumers are not aware of underutilized species,

our fishermen avoid them--often throwing them back if they are

'caught. Table 7.6 shows Some - presently underutilized species'

and their potential- economic value, assuming they could be substi-

tuted for presently utilized species. How can markets be opened up

to some of the species that are now undere*.plpited?

The most basic (and most difficult)- way is to change consumer

preferences. This will require more reports likethat of Rachel

Carson. It will take much research and education on the nutri-

tional values of fish. And it may need intensive prOMot.ion and.

advertising of the right kind. For example, the Plentiful Foods_
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Table 7.6--Selected underutilized species and their additional potential economic value

Species

Current
world
landings

(thous-and metric tons)

7'.
Calico scallops ' 0' 740.9

Tanner. crab 20.0 50.0

Clams 478.1 799.8

Maximum Total value
sustainable Retail' of additional

yield price* catch to MSY
(dollars/lbs) "thousand dollars)2/

1.74 1/ 334,140

1.43 1/ 210,022

1.28 139,589

Regions for further
ma'or ex, loitation

East boast of Florida 4/

North Pacific (off of Alaska) 5/

Northwest 8,1est central Atlantic,
Northeast Pacific, northeast Atlantic 6/

-Pacific
groundfish 1;332.7 2,602.4 .52 1,455,574 North Pacific 7/

IN) •

4 Sardines andco
fish meal 17,820 30,111.9 .079 3/ 601,149 West central Atlanticoutheast Atlantic

southwest Pacific, hortheast and aast
dentral Pacific 8/

Latest U.S. price. Assumes U.S. price and world price identical.

1/ Assumes species could be readily substitutable for current utilized species at existing utilized species prices.

2/ Assumes no decrease in price as result of increased landings. This assumption is acceptable over a period

o4= time where income and population will increase. Also, we did not consider rising real prices which will
• alter revenue estir:Iates. These will depend on price elasticities which are not available.

3/ Weighted average of sardines and fish meal.

4/ Derived from John A. Gulland, The Fish Resources of the Ocean, MO Fisheries Te,chnical Paper

No. 97, 1970. •

5/ Ibid.

6/ Did.

7/ Ibid.

8/ Ibid.



Program of the 1L,S. Department ofAgriculture should emphasize

the species that really are plentiful and inexpensive. But a

realistic marketing specialist will realize that changing consumer

preferences is likely to be slow and hard. The Romans used to say

"de. gustibusi non disputandum," Meaning that there is no use arguing

about taste. •A free market accpts the consumer as king and Caters

to his tastes—even if some experts call these tastes "irrational. 
It

As incomes rise, the consumer can indulge his tastes .even more

This.. is not an agument against research education, or -..prOmptiop

aimed at inducing consumers to accept some of the currently less-

preferred species of fish. On the contrary, it is an arE,R.udent.

.that we will need, stronger efforts along this line in the future.

One current trend, may be that of breaking down old preferences.

This is the trend toward highly processed fish, such as sticks,and

• portions. Usually the consumer of these processed items does not

know what species of fish heis getting and 'doesn't seem to care

much He simply wants some fish that is easy to prepare and that

.,does not taste bad.

The role of the Government in the promotion of underutilized

sPecies is debatable. It can legitimately do two things to

help broaden the tastes of the consumer: (l) It can assess
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tocks of various species available as to their magnitude,

catchability and palatability, and •(2) it can help make industry

aware of them.-II Industry is. quite capable of promoting under-

utilized species if it believes the market can he developed.

Industry does not have the proper incentive to assess

stocks of fish. Industry has, of course, over the years,

discovered and promoted many species successfully but industries'

efforts are halting because of the uncertainties involved. It

might take many years for a full scale fishery to develop in some

instances.

TI There are many philosophies regarding government assistance
to industry. Any activity involving the development of
products from unfamiliar species on one hand, to outright
promotion of products through advertising (for example) on
the other, are forms of subsidy to the industry. This Is.
not to say that consumer benefits are not also involved. The
two, in fact, through a considerable range, can be compli-
mentary in nature. One can approach the whole subject from
the standpoint of modern communication theory in marketing
and relate the purpose of promotional activities through-
out the product development process to adoption theory. For
example, it might he more legitimate to engage in promotional -
activities at the "awareness," "information," and "trial"
stages of product adoption than to engage in physical product
development itself. The organization of the fisheries may make
it more difficult for a single firm to justify expenditures for
creating product aviareness than for physical, product develop- •
ment. Some see no distinction with regard to the government's
appropriate role - among stages of product development. That.

product development begins with the physical aspects and
ends with thecommunication aspects. If the government is to
engage in any of these activities one could build a stronger
argument for some of the communication requirements, the
difficulties of the industry providing for itself, than for
some of the physical product modifications required. The
fundamental debate arises when'a.group of physical scientists
make a judgement based upon their appreciation and feeling of
legitimacy surrounding activities that modify products in a
physical way and their lack of appreciation for the need for

§ervices .such as marketing that do not contribute to the
physical improvement of the product.
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.A recent example of government industry partnership is the

calico scallop. The calico scallop beds were mapped ID31-. BCF on

exploratory- cruises. Although a ready market exists for the

finished product, several problems in vessel design and shucking

had to be solved before these beds were ready for full scale exploi-

tation. Many of these problems were solved by industry with minor

aid from BCF. Because of the work of BCF these scallops are

,several years closer to the table than they wouldhave been without

‘thiscatalyst The benefit.7.cost arialysis for this Iprogram:is shown'

in '.Qa15

Soko1osk1 tzla Ca'clson (1969) recently pliopoea a uprice7iftcentive.
plan" under which the government would pay fishermen to land certain

underexploited species. This plan was intended only to help alleviate

urforeseeab.1,e resource problem. For example, haddock has been

the preferred fresh fish in the Boston market, bUt supplies of

• haddock have dropped drastically in recent years Sokoloski and Carlson

proposed payments to stimulate increased marketings of pollock,

which is plentiful.
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Table 7.7.--Benefit-cost analysis of the calico scallop program

1 2 
Present

Economic--
/ 

Present value Program—
/
 value

Year benefits economic benefits,-, cost of costs
 .Thousand

1971 2,910 2,910

1972 4,889 4,074

1973 7,096 4,928

1974 8,898 5,149

1975 17,097 8,246

25,30740 891

B/C = 4.57

2,250 2,250

2,048 1,707

1,723 780

848

. 641

6,910

491

309

5,537

1/ Savings to consumers in cost per unit of scallops as ,a result

of greater quantities available which lower the price_
(consumers' surplus).

2/ Includes all Federal, non-Federal costs.

Source: Economic Research Laboratory, National Marine Fisheries Service
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Incentive payments of this kind could be socially beneficial,

especially if they help.•consumers .to discover desirable species.

This could modify some tastes that have been based partly upon

habit. If so, the incentive payments couldbe temporary. They

could be. dropped as soon as a market was developed for the

species. In addition to incentive payments to stimulate

the. buying of. underexploited species, we may need taxes to discourage

the codsumption of overexploited species. For example, we may need

to tax haddock, as well as to subsidize pollock. Such a program of

• taxes and subsidies Could be self-supporting. And it could help.

-Protect our futurr, supplies of fish. It should be pointed out that

the incentive payments plan ismeait. to he illustrative ad •not

a firm proposal: Obviously, more research Js heeded before such a.

plan could be adopted.

7.6 A Harvesting Efficiency - Policy

As demana-expands,. there wal be an upward pressure on prices,

since fishing is a rising cost industry (Chapter 3) Price rises

may be abated if investments are made in the research and -development

of cost-reducing fishing techniques.

Many marketable species are not harvested at present .because

the individual members of t4e.stoc.k are not sufficiently aggregated

to allow harvesting at present prices. Research could be done on

•the teclinjaucs of aggregation. • The Japanese use such a technique.

in their saury fishery where they employ bright light to attract.

saury so 'that they Can be harvested economically. Experiments could.

be conducted. using this and other 'techniques to attract fish.

_Essentially such techniques would be instrumental in shi.-E7ting.

production function for a fishery.
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Other work could be done .in gear research either to improve

existing gear or develop new gear. One recent example of the

potential for gear improvament occurred in the U.S. tuna fleet.

In the late fifties the fleet was contracting as a .res.ult of high

costs and a price ceiling for its product imposed by Japanese

imports.. Experiments by a few innovative fishermen. and gear'

designer Mario Puretic drastically cut costs. Their experiments

caused a change in the technology used by the fleet, transforming

it from a pole and line fishery to a seine fishery. The new tech'.-

naogy. was adopted rapidly by the fleet' and now the U.S. fleet i

rapidly expanding . while the Japanese fleet is contracting.

Who knows what technological innovations could be made in other

fisheries that could dramatically redube costs in those fleets?

• If a fishery is producing at MBY, improvements in technology.

cannot lower prices to the consuMer. However, under proper Manage-

ment, resources could be transferred to other species.' The

output could lower the prices of fishery products

indirectly, through the production of substitutes.

• Another field where much cost-reducing work can be done is

that of short-term forecasting. Short-term forecasting helps the

fisherman by givinghim inform6tion as to the locatiOn, spatially

and temporally, 'of the fish. This allows the fisherman to reduce

his search time thereby increasing his catch. A notable and

succcssful example. of such aid is the OFSalbacore forecasting
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program. NOAA collects oceanographic and atmospheric data

and processes the informatibn into a form so that the fleet can

interpret it and then locate the best probable fishing areas.

7.7 A Policy to Avoid

Over the years, regulatory mechanisms have been developed

which have imposed an increasing burden of legislative inefficiency.

This regulatory tangle now includes jul'isdictional, scientific, and

quasi-economic dimensions. Most of the fisheries are in state waters,

and thus the states have been forced to adjudtCate the growing conflict

between fishing and other, uses of the coastal zone. These .regulations

Hspread beyond territorial waters as• fisheries originally  limited'

to these zones have extended. The pressures of increasing demand

have added new regulation upon Old to attempt further conser-

vation -and management. These piecemeal accumulations have grown so

as to virtually dominate the character of the industry in terms of.

the capital-labor ratio and technological change. This accumulated

maze of regulations has now grbwn to -be as sinificant a problem as

the original motivation for their, enactment the corarfion property

nature of the resource.
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This sequence of regulations has led to several ,outstanding

facts:, (1) the resulting number of LegulatLons is staggering and,

in most instances, efficient harvesting techniques have been 'pre-

cluded; (2) the goal of limiting fishing effort has not been

reached; (3) there are few examples of effective "state or regional.

Federal coordination to manage common fisheries; and (4) individual

states vary considerably in the success of their biological,

technological,.and management activities and capabilities.

International fisheries suffer from a similar inability to

develop coordinated management. With growing pressure on the

resource, many of these fisheries are characterized by oirerfishing,

inefficient regulations, and questionable extensions of national

jurisdiction.

-7 As many of these international fisheries involve U.S. terri-

torial waters and the contiguous zone, some management must be

initiated in international waters before U.S. waters can be managed

effectively.

It is becoming increasingly evident that new steps in fishery

management and development cannot be channeled through existing

• State organizations without some alteration in the Federal.-State-

local interrelationship. This is especially true as we move forward

with legislation to provide a mechanism for managing the contiguous

zone and as our fisheries increasingly expand their scope of opera-

tion so that many are both domestic and international in dimension.

The policies mentioned above are definitely to be avoided.
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7.8 Policy Implications for Meeting Projected Demand:

_ jhe - Iilorld-Andicative Plan

We have tried to point out some of the policy implications of

our demand and supply projections. For purposes of comparison, let us

,look at some of the policy igplications explored by FAO in their

Prospects for World Fishery Development in 1975 and 1985. Although

the FAO demand projections differed from those developed in this

.report, the general conclusion of increasing demand pressures. 911

relatively fixed 'fishery resources is-kcommon to both studies.

1. • In many countries there is a great need for fish protein

for food purposes as well as for export to other countries.

In. order to increase their catching. potential, these -countries.

should replace traditionally law productivity fishing craft;

by powered vessels designed to met the specific needs of

the :Local fishery.

2. To develop the fisheries, there is a .great need. for port

and harbour facilities. Th6 lack of these facilities has

become one of the major factors inhibiting the expansion of

offshore fishing operations.

3. If vessel mechanization is to become widespread, there is also

a need for official credit schemes.

t. With increased mechanization, there is a clear need for

fishermen training.

5. The complexities of successful fish culture indicates a need

for improved and expanded extension services, if high yields

are to be obtained.
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6. In the case of fully exploited stocks, management is re-

quired if technological developments are to lead to.. cost

reductions and not to a smaller catch at a higher cost.

per ton. The objective. of management should, therefore,

. be to maintain fishing effort at the level giving the

greatest net returns since beyond this point the cost of.any

extra effort will be greater than the value of the resulting

yield. The IWP, therefore, emphasizes the importance of

management measures aimed at a more rational utilization of

fish stocks and supports the efforts being made to this end.

7.9 Need for Adequate Information

Finally, to implement many of the policies discussed above,

it will be necessary to improve the nature of both biological and

economic information on fisheries. Therefore, it will be necessary

to collect reliable data on which to base more precise policy

judgments. Although stated last, we believe that rapid

answers about the status of fisheries is certainly a priority item.
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