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THE OCEAN covers about three quarters of the world’s

surface. The coastlines of North America are about 20 percent
of the world total—but the marine production of the countries

of this continent is only about 9 percent of the world total.

The present world catch is about 50 million metric tons. Some

scientists believe this is as little as 10 percent of the potential

catch, perhaps even less.
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North American Fishery Potential

by P. A. Larkin
Director, Biological Station

Nanatmo, British Columbia
Fisheries Research Board of Canada

The North American fishery potential may be appraised in
various ways, which vary in the degree to which they take cog-
nizance of the biological, economic and political facts of life.
At one extreme, an unihibited enthusiast can describe a cornu-
copia of immense proportions, while at the other extreme a
pessimist may see less potential than we currently exploit.
Perhaps then it is most appropriate to paint a variety of pic-
tures, so that to some degree we may be able to assess the
various alternatives that might lie ahead.

A current and fundamental approach, summarized with
effectiveness by Schaefer in 1964 and Chapman in 1965, begins
with the observation that the ocean covers about three-quarters
of the world’s surface and receives, therefore, a like fraction
of the sun’s energy. With appropriate calculations it ensues
that each year the world’s oceans produce 19 billion tons of
living plant matter—mostly in the form of very small, single-
celled plants. This production, to be put in proper perspec-
tive, should be placed with our resources of pine needles, grass,
and autumn leaves and such, as a last-resort source of food
should we ever face the dire necessity.  In general, this primary
production in the sea (in contrast to plant production on land)
is not in a form suitable for efficient harvesting by man, and
requires concentration by small herbivorous animals. These
plankton organisms, perhaps produced at a rate of more than
5 billion tons per year, are similarly dispersed widely in the
329 million cubic miles of the world’s oceans. Again, then,
to put most of this production in perspective, it should be
added to the comparable resources on land, not to the cows and
other big herbivores, but to the beetles, caterpillars, earth-
worms and such-—which are not at present harvested in most
places for various reasons of taste and economics. Even as-
suming we would like plankton if we were served it, there is
grave doubt that the calories we got out of it would equal the
calories we put into getting it.

Some of these herbivores, such as shellfish, shrimp and small
species of fish such as anchovies, are major crops from the sea.
with enormous potential, but still another level of concentration
is usually necessary before the vast production of the world’s
oceans is in a form suitable for man. This concentration is
made by the predators of the ocean—many species of fish
ranging from snappers to salmon, bonito to barracuda; mam

species of squid, whales, and their relatives, and the similar
larger animals which comprise most of man’s present harvest
from the sea.

We now, then, may construct a more meaningful picture
In this vast watery factory that converts sunshine into food
what is the potential annual production at the level at which
man (as an animal) seems likely to operate? The answer
appears to be somewhere between 1 and 2 billion tons, which
converted into protein foods is more than adequate for ten
times the world’s present population of 3 billion people | Chap
man, 1965).

The next obvious question is
with the production on land, be enough?”
world’s population be, when we bear in mind that there are

“will this amount, combined
for what will the
some things you can’t make unpopular? It has been argued
that man is a social animal and his population will be regu-
lated by social forces: to think otherwise is to 1gnore both
evolution and historyv.  World population for various reason
might, we are told, level off at 30 billion, also
times the present population.  Accordingly, to bring this as
sessment to a conclusion, we surmise that the world’s ocean
could suffice if called upon to save mankind from a global
famine.

roughlyv 10

It is of interest in passing to note that the present world catcl
approximates 50 million metric tons, certainly less than one
tenth of the potential catch and perhaps as little as one-fortieth
Similarly, T presume, there are opportunities for very much
greater production of human food on the land masses of the
world.

These speculations are important to philosophers and to thow
of us who will live into the 21st centurv, but for the purpose
of our present conference it's perhaps better to come to «lomer
grips, to ask the question: What is the potential on the coasts
of North Amenica for developing fishernies of the kind that
men have developed and are developing in vanous parts of
the world?

As a continent, North America s no different from most
oceanographically speaking. It has endowments, coast for
coast, which compare reasonably favorably with the other

{ continental

continents. Patterns of oceanic circulation, arcas
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shelf, factors of climate and weather



bottom and other factors are variable, but average in no con-
spicuous way as any more or less favorable than those of other
continents taken as a whole. The character and diversity of
our marine life is adequate for conversion of these physical
attributes into “fish-flesh.” Thus, there is no biological rea-
son why production along our coasts should not be roughly
equal to that of comparable stretches of coastline in other con-
tinents. Ignoring all unproductive polar regions, our coast-
lines are about 20% of the world’s total. Marine production
from regions of our coast is about 99 of the world’s total.
Evidently, the gross potential for kinds of fish which can be
used by man today is at least twice what is now caught off
our shores.  With this doubling, the catch would still be only
at the average world rate, and much greater catches are pos-
sible with an intensification to the higher rates of utilization
in the more developed fisheries of the world. The North
American coastal fisheries are apparently amongst the “devel-
oping fisheries™ of the world.

Where is this potential?>  What is not now being caught
that could be turned to as a basis for immediate increases in
catch off our shores? Several recent publications summarize
potentials region by region, and this is perhaps not the time and
place to summarize the local statistics. Of real interest are
the trends which seem to be suggested around all shores of the
continent.

First, the offshore fisheries for demersal species are capable
On both Atlantic and Pacific
coasts various species of groundfish are currently being exploited
in auantity for the first time—and as we all know, largely by
other countries.  For example, in the ICNAF area, the North-
west Atlantic, there was a catch in 1963 of 2.8 million tons, of
which only about one million was taken by Canada and the
United States. There seems every prospect that the annual
catch from the area can be further increased by harder fishing
of the species now taken and by further diversification into
species not now utilized ( Martin, 1963).

A similar demonstration of North American groundfish po-
tentials is available on the Pacific coast. In 1961, the catch
of groundfish in the Bering Sea by the USSR and Japan ap-
proximated 850,000 tons, and included just about one-half of
the world’s catch of flatfish for that year. By contrast, Ca-
nadian and United States production from the Bering Sea
grounds was confined to the harvest of less than 3,000 tons of
halibut.  In recent years, also, the Bering Sea and the Gulf
of Alaska have produced substantial quantities of ocean perch,
enough to account for from 10 to 309 of the world production
of redfish (rockfish). This catch in the past year was made
perhaps nine-tenths by countries other than Canada and the
United States. And, as in the case of the Atlantic fisheries,
there seem many more opportunities for expanding catches of
these and other species of groundfish.

Second, the pelagic and midwater fisheries seem capable of
much greater expansion off North American shores.  Although
herring and their relatives already account for 309 of North
American production, their catch could be greatly increased
off almost all of our coasts. The anchovies of California,
threadfins in the Gulf of Mexico, the herrings of Alaska and

of greatly increased production.
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the herring, capelin, argentine and sandlance of the Canadian
east coast have all been mentioned recently as attractive oppor-
tunities. ~Similarly there appear to be large quantities of hake
on both east and west coasts that await exploitation, particu-
larly perhaps by midwater trawls.

Third, there are many opportunities for increased catches
of crustaceans, molluscs and other bottom-dwelling inverte-
brates. Many shrimp and mollusc potentials remain unex-
ploited, and a great variety of species which are used in some
parts of the world are still untouched along most of our shores.

Fourth, as the overall rate of fishing intensifies, the rate of
catch of some of the favored species declines, and their aver-
age size also declines. With progressively smaller catches of
smaller-sized fish, the economic return diminishes, even though
biologically the species may be capable of supporting an even
greater maximum sustained yield.  As fisheries biologists have
begun to realize, considerations of maximum sustained yield
decide how much can be caught, but considerations of maxi-
mum economic yield decide how much s caught, and who
catches it. In consequence of the competition, some fishermen
(perhaps largely from some countries) drop out of the race,
and turn instead to other species for which a market can be
Potential can thus be measured only within the con-
Whoever is most efficient

created.
text of international competition.
has the greatest potential.

The diversification of catch which arises from competition
also carries in its train a number of biological consequences.
The ocean is the world’s oldest and most complex community
of animals. A complex web of interrelationships relates each
species, In one way or another, to almost every other species.
It is as though, instead of selecting only one species of tree to
harvest in the forest, we had begun to take some of each kind.

What this may do to the ultimate proportions of the various
species is difficult to assess. Our ignorance is best illustrated
by pointing out that at present we have no generally accepted
theory for the effects of fishing on any given pair of species that
may be related as predator and prey, or as competitors. Bear-
ing in mind that as many as several hundred species may be in-
volved in such interrelations, we are on the threshold of some
exciting new experiments in marine science as our fisheries
develop.

From the viewpoint of potentials, it would seem likely that
we should expect increases in total production but not neces-
sarily from the species we have traditionally fished or are now
fishing.

It would seem then from this brief appraisal that our offshore
fisheries are capable of substantial expansion. A decade ago
we might have been in doubt about some of these potentials.
Today they are largely being demonstrated for us by others
who, either fishing off our coasts or by their example off their
own shores, are pioneering intensive cropping of a great di-
versity of marine animals. It is worth saying again—when it
come to offshore fisheries, we of North America are amongst
the “developing countries”.

Our freshwater fisheries potential is very great compared to
other continents, for with the Great Lakes and the large Ca-
nadian northern lakes we, together, own the biggest expanses of




fresh water in the world. Although freshwater production is
small compared to that of the oceans, it has the merits of being
close to markets and easy to sell to traditional consumers. If
you just add up the area of fresh water, you get the impression
that there is a big potential, but of course this is misleading.
A single pond in Alabama not only produces ten times the
annual crop of a similar pond in the Yukon but is very much
more likely to be fished. There are tens of thousands of lakes
in Northern Canada, but each produces a small amount, and
they are a long way from markets. To harvest fish from them
is like picking berries when the bushes are a mile apart and
there is one berry per bush.

The really large freshwater potential lies in better protection,
better management, and the culturing of freshwater fish. An
even bigger potential lies in the protection of seashore areas
and their use for culturing of sea foods. In several parts of
the world, where necessity has goaded invention, there have
been developed techniques of artificial culture which have
proven capable of greatly increasing production in fresh water,
brackish water and salt water close to shore. For example,
there are a number of demonstrated possibilities in oyster cul-
ture. Shrimp culture is already in production in some areas.
The construction of artificial reefs may increase production of
desirable species of fish by as much as twenty times.  Fresh-
water pond culture for trout is an economic proposition in the
right circumstances. Salmon hatcheries beckon with better
documented promises, though admittedly we must restrain our
optimism because for 50 years they have more often than not
confounded the enthusiastic arithmetic which spawned them.
Properly managed, reservoirs can be big fish producers. Up
to 1959, over 130,000 acres of man-made lakes had been
constructed in the U.S., and much greater areas are in pros-
pect. Over and over, especially for those species for which
there is the greatest demand, we are witnessing an accumula-
tion of information which, combined with modern technology,
implies a great potential. In many respects, investments in
these enterprises may prove more rewarding than pouring
funds into more sophisticated ways of hunting scarcer and
scarcer fish in the common pastures of the world’s oceans.
The choice is quite akin to raising chickens, rather than buy-
ing radar and anti-aircraft guns to shoot ducks.

But of course one can’t speak of the potentials of freshwater
and nearshore sea-food culture without again sounding the
warning of two generations of conservationists. Much of our
network of freshwater drainage and portions of our sea coasts
have at least for the present been rendered quite unsuitable
for food culture of any kind. Domestic and industrial effluents
have destroyed substantial production of sea foods in shallow
bays and estuaries. Drainage and land reclamation schemes
have converted potential fish cultural opportunities into mar-
ginal farm land and often dreary real estate. A great many
of our rivers and lakes no longer produce a useful crop of any
kind. Pollution abatement is not keeping pace with suburban
development and industrial growth. It may well be that the
next generations shall have to pay dearly for the freshwater
fish they wish, in part because we didn’t foresee their need. To
learn the appropriate lesson we have only to look to other parts

of the world, or the worst parts of this continent, which are
just a few years ahead in terms of population congestion. For
both food and the relaxations of angling, we will be raising
fish; we can make it much easier by a little foresight.

To speak of “fish that people wish” leads naturally into
what is perhaps the most realistic appraisal of North American
fishery potential. Essentially, the potential we have will de-
pend on the nature of the demands for sea-food products.
Although this seems obvious enough, it is surprising how often
we forget it.  For instance, there is no market and hence no
potential in the fresh air business, even though there is a huge
supply, much of which is going to waste, and much of which
is being breathed by people we don’t agree with. Similarly,
although there are large quantities of fish in the ocean, per-
haps more than mankind could ever use, they don’t constitute
a potential by the mere fact of their existence. They must
be needed, and needed sufficiently more than other things, to
make it a profitable venture (in the broadest sense of the
words) to pursue them.

What I wish to say is this—to really appraise North American
fishery potential, the place to start is with the consumer. There
exists at present a substantial demand for fish foods. With
shortages of other forms of food, if they materialize, there will
be created a further demand for sea foods. Beyond this, there
are demands which may be created by the marvels of modern
advertising. These demands, from North Americans and
people in other parts of the world, will determine what we
consider as our potentials.

These demands will also determine what other countries
consider as their potential. There is no valid reason for sup-
posing that these other countries won't be realizing our poten-
tials, both by catching fish off our shores and by selling in our
markets, fish caught anywhere in the world. And, conversely,
we can consider all the world’s oceans as our potential supply
for satisfying markets in all of the other continents.

Our North American fishery potential thus hinges not only
on the supply of fish available, and on the demand for sea
foods, but on the efficiency with which we can catch them or
raise them and the enterprise we use to sell them. The real
potential is in the people throughout the fish business. I pre-
sume that Dr. Kask will pose some embarrassing questions about
their competence, to which Dr. Chapman will provide all the
answers.




WORLD POPULATION GROWTH AND DEMAND FOR FISH—THE DECADE AHEAD

Anthony D. Scott, the Canadian economist, has summarized
some of the findings and forecasts of the Food and Agriculture
Organization on food and gross national product and of the
United Nations on population:

® The world population is growing about 1.75 percent per year
and may double in 40 years.
Demand for food-fish is expected to rise 3—+ percent per year
for the next 10 years, and may double in 25 years or less.
[ncrease in fish consumption would be greatest where popula-
tion growth is fastest and present consumption per person is
very low. In such areas, even a small increase in income per

person can have a very large effect on demand for food-fish.

® Today, the Americas and Europe consume about 30 percent of
all food-fish. In 10 vears, their share may fall to 25 percent.
Most of the increase in share would go to Asia, Africa, and the

Soviet Union.

® [{ fishmeal and other nonfood uses are added to food-fish
estimates, total increase would run 4-5.5 percent per year.
This would compare with growth of total catch since the war
of almost 6 percent per year. An increasing proportion of

this postwar increase has gone to reduction plants.  Peru, the

world’s leading fishing nation, has put almost all of her greatly

expanded catch into fishmeal.

GROWTH IN WORLD FISHERIES AS COMPARED WITH WORLD
POPULATION INCREASE
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LEADING FISHING NATIONS
Until 1957, the United States was second only to Japan in volume of
catch of fishery products. Data submitted to the Food and Agriculture
Organization of the United Nations by Mainland China for 1957 indi-
cated that in that year it had moved into second place. In 1960, both
Peru and the UU.S.S.R. also moved ahead of the United States.



Are Our Fishery Resources Being Properly

Developed and Managed?

By J. L. Kask
Director of Investigations, Inter-American Tropical Tuna Commission

La jolla, Calif.

The assignment I have been given at this session is to ask
the question: “Are our fishery resources being properly devel-
oped and managed?” I am assuming that the question is
being asked of the three countries meeting together today.
From this general question, I would like to develop four specific
questions to pose to our third and final speaker. Two of my
questions will be about resource development and two about
resource management. Management and development to-
gether, in my definition, add up to resource administration.

By way of background to my first question, I would like to
review the following thoughts.

I think it is pretty generally conceded that world fisheries
have made more progress and have developed faster in the last
15 years than in all the rest of this ancient industry’s long
history.  Technological advances in floating equipment, in
methods of fish detection and capture, in preservation, and
in distribution have made it easily possible to catch fish in
any waters of the world and to deliver the product to any
market in first-class condition. These developments have
ushered in distant-water fishing by many countries and in all
parts of the world ocean.

The total world catch in 1950, just 15 years ago, according
to the FAO Fisheries Yearbook, was 20.8 million metric tons.
The catch in 1963, according to the same authority, was 46.4
million metric tons, or more than twice as much. This is
an increase of more than seven percent per year. In 1963,
the fishermen of four countries caught nearly half of the total
world catch, but no North American country was included
among the four. In fact, 15 years ago, three of the four lead-
ing fishing countries of 1963 (the USSR, Mainland China and
Peru) were not considered important fishing countries at all.
So, revolutionary fishery developments are taking place.

In 1950 (again according to FAO) Canada, the USA and
Mexico together caught 3.6 million metric tons of fishery
products. In 1963, the same three countries caught 4.0 mil-
lion metric tons, an increase of 0.4 million. An examination
of these catches reveals that most of this modest increase for
North America as a whole was made by Mexico, whose catch
had increased slowly but steadily from 68,000 metric tons in
1950 to 244,000 metric tons in 1963.  During this same period,
Canada’s catch varied from just above to just below one mil-

lion metric tons, showing no positive increase, and the U.S
catch varied similarly, according to the availability of indus-
trial fish, between 2.5 million and 3.0 million metric tons
Mexico, during this period, retained her relative position in the
world picture but the USA was deposed from second place
to fifth and Canada from fourth to seventh.  As Mexico seems
to have moved more in step with world developments, the
question I propose to ask will apply principally to Canada and
the USA.

With this background then my first question is: Why, when
world fish production has more than doubled since 1950, have
North American fish producers barely held their own, and this
in spite of the fact that effective demand for fish products has
continued to increase?  The combined US and Canadian pop
ulations increased by 55 millions during this period. This
represents a lot more fish eaters; and in 1963 the U'S imported
more by a third
her total domestic production, and three times Canada's
production. And as you have already heard, thic 't for
want of available resources.

Now to lead up to my second question, which deals with
another phase of development.

It is generally recognized by authorities in the ficld of nu

6.6 billion pounds) fishery products than

total

trition that fish products are among the finest sources of animal

protein in existence. Fish muscle contains all the “essential

amino acids required for complete nutrition, and body building
I miasa e

Fish liver oils contain needed fat-soluble vitamins a1
fats are polvunsaturated and thus contain additional thera

peutic qualities that are important in these davs of muass hyper

tension.  Besides all this, sea food is highly prized for sts flavor
A good sea food restaurant draws its clients from tens and
even hundreds of miles and to get a seat at a good fish cating

establishment requires both luck and patience.  Fish also rate

among the most cconomical of good animal proteins, and it
relatively low price has remained surprisingly constant \«
cording to the Burecau of Commercial Fisheries, the average
price paid to fishermen for all fish products has remained be-
tween 7 and 8 cents per pound, since the end of World War 11

Despite all of these obvious advantages, the average annual
per capita consumption of sea food has remained for all post
war years a little above 10 Ibs. in the USA, and a httle more



in Canada. During this same period, the per capita con-
sumption of the fishes” principal competitors, such as red meat,
poultry, eggs and cheese has increased many times. So my
question is:

Why, with such a good, economical and desirable food prod-
uct to market, and with all our technological advancements
in production, distribution and packaging, why is it that per
capita consumption of fish has not at least kept pace with its
market competitors?  What is the matter with our fish
salesmen?

And now my third question.
management and administration.

In the United States, the primary responsibility for fishery
administration and management rests with the states.  All 50

This has to do with fisheries

states have fishery departments or services of one kind or an-
other, but maritime states, such as Massachusetts, Louisiana,
California, Washington and Alaska, usually have these services
the most highly organized.

Federally, in the United States, the Fish and Wildlife Serv-
ice and its Bureau of Commercial Fisheries have both research

and development responsibilities.  The Bureau of Commercial
Fisheries used to administer the large and complex Alaska fish-
eries, but since Alaska became a state the Bureau's operational
responsibilities in this field have been reduced.

In Canada, all 10 provinces have fishery departments or
fisheries services, but the principal responsibility here, except
in the province of Quebec and some inland fisheries, rests with
the Federal Fisheries Ministry.

In addition, there are several international fisheries com-
missions which study and help with the management of some
North American fisheries.  Some of these commissions have
research staffs of their own and all have administrative staffs.
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New commissions come into being when new problems of inter-
national concern arise. Four new conventions have been ne-
gotiated and commissions created since the end of World War
II. Canada is party to six such commissions and the USA to
seven currently operational.

The point I am trying to make here is that our rather static
North American fisheries appear to be pretty thoroughly admin-
istered and managed. With 50 states, 10 provinces, two fed-
eral governments and at least six international commissions all
having a hand in the job, it might be expected that this job
is very thoroughly done.

And then there is the cost of these services. I have not
taken the time to look into this aspect very thoroughly, but
costs have grown very substantially since 1950, even though
the fisheries have not.  Washington, a typical sea coast state,
had a biennium appropriation of 6.7 million dollars for 1963
65, which is about 314 million dollars a year. This, of course,
is the cost for only one state government, but I am sure it is
not the largest.

The fisheries part of the old Fish and Wildlife Service, that
is the part roughly comparable to the present Bureau of Com-
mercial Fisheries, had a budget of about five million dollars
in 1950. The appropriation for 1965 of the Bureau of Com-
mercial Fisheries is 27.4 million dollars.

In Canada, the Federal Fisheries Ministry, which includes
the budget for the Fisheries Research Board of Canada as
well as Canada’s share of the international commissions (in
the U.S., international commissions costs are found in the
Department of State) had nine million in 1950. In 1963,
it was very nearly 26 million.

The cost of the six international commissions to which Can-
ada and the U.S. are both party approached 3 million dollars
in 1963. About one-half of this latter amount however is
used to kill lampreys in the Great Lakes.

On the basis of the above, this is the third question I would
like to pose: Is it possible that our fisheries are overadministered
and overmanaged? Are there too many units in government
dealing with this problem, thus absolving any one segment
from responsibility for the management and development of
this complex industry? And are the mounting costs of these
services under the more or less static development situation
really justified?

I should quickly point out here that I do not consider the
amounts of money quoted as being too great for the progressive
and planned development of such a complex industry as wisely
harvesting and managing the internationally owned living re-
sources of the sea. In fact, I think the amounts are pitifully
small to carry out a competent and effective job. My real
question here is: Are we doing the right things with the steadily
increasing amounts of money we are spending?

And now to my fourth and last question. This has to do
with fisheries research. The costs of fisheries research are in-
cluded in the totals for fisheries management and administra-
tion given above, but it may prove useful to look at this part of
management separately, and I am going to limit this query to
federal fisheries research, which has proven to be the best
supported and the most productive.



Certainly, fisheries research costs have risen proportionately
with general administrative costs, and whenever a dynamic re-
search director has been in charge costs have risen even more
quickly.

In Canada, the costs of research are easy to separate out
because the Fisheries Research Board operates under a separate
budget which must be defended before parliamentary commit-
tees on its own merits. This is not quite as easy to do in the
Bureau of Commercial Fisheries budget, but approximations
can readily be arrived at.

That the quality and quantity of fisheries research in North
America compares favorably with that carried out any place
else in the world I think is not an exaggeration, and I think that
North American fisheries scientists produce a very good unit
return of research results for the dollars expended. It is the
use that is made of research results by the people that pay for
the research that prompts my next question.  Are our domestic
fisheries really profiting fully from our research results or are
we in fact doing our good research for the more dynamic fishing
countries?

The budget for the Fisheries Research Board of Canada for
fiscal 1950751 was 1.5 million dollars. For 1963/64, it was
5.6 million dollars, or nearly four times as much. I do not
have the breakdown for the 1950 fishery research budget of
the old Fish and Wildlife Service, but one-third of the five
million dollar total should not be far off.  In 1965, the amount
appropriated for the management and investigation of resources
for the Bureau of Commercial Fisheries totalled 19.1 million.
These ever-mounting costs for national research programs,
especially that part dealing with the high-seas resources fished
by more than one country, leads me to my fourth and last
question.

If, as it appears, that constantly expanding national research
programs do not insure progress and development in our fish-
eries, should we continue these national research programs at
the present and ever-increasing level, or would it be better to
have international resources in international waters studied
and managed by international staffs of scientists working for

international bodies, where support for the research and man-
agement is prorated on the amount of the resources harvested?
Whenever we have tried this formula, it has proven quite
successful.

In quick review then. As fisheries administration and man-
agement costs per pound of fish harvested in North America has
increased many times in the last decade and a half, my four
subquestions under the general question “Are our fishery re-
sources being properly developed and managed?” are: If they
are properly developed and managed then

(1) Why have North American fisheries not developed at
least at the same rate as in many other important fishing coun-
tries of the world?  Or at least kept up with effective demand?

(2) Why has per capita fish consumption remained con-
stant for decades when competing products have constantly
gained consumer favor?

(3) Are our fisheries perhaps being overmanaged and ad-
ministered, and by too many units of government, thus not
pinpointing responsibilities for management and development?

(4) Can high and increasing costs of national rescarch pro-
grams on international resources in international waters con-
tinue to be justified in the face of lagging development?

Before I sit down (or get knocked down) T should quickly
point out the obvious truth that it is much easier to ask these
questions than to provide acceptable answers. I have been
trying to answer these same questions during a lifetime in
fisheries research and administration, in both Canada and
the United States, without any obvious signs of success.  The
questions I have raised however are in my view pertinent and
should be answered if our fisheries are to get out of the doldrums
and begin a healthy growth. I think it is obvious that some
stimulus or stimuli other than those currently prescribed are
indicated. If Dr. W. M. Chapman, the man you have asked
to answer your and my questions, cannot answer them, then
I do not know who can, since as a very good fish doctor he
has spent a lifetime diagnosing troubles in our business and
prescribing cures; and with a large measure of success at that.

Thank you.



Politics and the Marine

Fisheries

Wilbert McLeod Chapman
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We have been examining this morning the future of North
American fisheries.  Presumably this means the future catch of
fish by North Americans in the ocean bounding North America.

Dr. Larkin has given us some appreciation of what occan
resources are available in these waters upon which such an
expansion can be based. Dr. Kask has described for us the
management problems we presently have, and which may be
This afternoon Dr. Schaefer
will give us a closely related part of this subject in his treatment
of oceanography and the marine fisheries.  Also Messrs. Corny,
Parkes, and Kinney will describe for us what is going on in
advancing the technology of harvesting and processing of fish
that will affect this future.  Others, at a later time, will speak
on the marketing aspects.

The very organization of this series of talks on the full range
of fishery problems under the auspices of the fishery trade or-
ganization of our three neichboring countries is an encouraging
sign. Perhaps our industries are approaching that stage of
maturity where we will no longer be the ignorant hunters of
wild things in the deep, but will be so organized that integrated
industries will use the results of operations research to search
out, harvest and rationally manage ocean resources—to the
end that cost per ton of production will be minimized. These
integrated industrials will also process, distribute and market
the products in such a manner that the consumer will have an
ever-growing volume and variety of sea products available in
desirable form at as low a cost as possible.  One hopes that we
are heading rapidly in the direction of applying the findings
of science and technology to all of these things in a framework of
rational social, economic, political and diplomatic thought and
activity.

The practical situation, however, is that the fishing indus-
tries of our three countries are far from this condition at present.
The Mexican industry is now beginning to get into the modern
stride of ocean resource development other than shrimp.
Large sectors of the United States industry, however, have been
stagnant for a decade or more and show few signs of livening up.
[ believe our Canadian colleagues will agree that their domestic
fisheries are not developing as rapidly as might be desired.

Our latent resources are rich.

anticipated in the near future.

Fishermen from Europe
and Asia come thousands of miles from their home ports to
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harvest them regularly and in increasing strength and variety.
We of this continent are particularly noted in the world for our
industrial, managerial and scientific skills and the application
of these factors to the improvement of human activity in most
walks of life.  But we have shown very little aptitude during
this century of science and its application in competing with
the countries of Europe and Asia in the full use of the living
resources of the sea.

I wish to examine this morning some institutional reasons
that may be contributing to this condition. The technical
term institutional problems used in this fashion simply means
barriers that we put in our own way to prevent ourselves from
doing what we want to do. They arise ordinarily from eco-
nomic and social reasons and conflicts and are adopted mostly
through political means.  For the most part, they are also re-
movable by political means, and by those means alone. Ac-
cordingly, I have entitled my talk “Politics and the Marine
Fisheries™.

When I speak of politics, however, I am not talking only
about elective officials and their doings. I am speaking more
broadly of human relations and the means whereby people get
along with each other inside companies, in trade associations,
in communities, and with other groups of people everywhere.

I shall deal mostly with situations of this sort in my own
country, and in my own State of California. This is for two
reasons. In the first place, I know more about these problems
close to home. In the second place, political matters are gen-
erally somewhat sensitive to talk about publicly and I will step
on fewer tender toes as I confine my remarks to home grounds.
Nevertheless, something of what I say may have broader
application.

Competition With Other Foods

The ocean produces as human food mostly animal proteins
and oils, and it can produce more of these things than are
needed by all mankind at present population levels, and at
considerably higher population levels as well. The land also
produces animal protein and oils, and vegetable proteins, oils
and carbohydrates as well in great abundance.



It is possible that the unsaturated oils of fish have special
health benefits in the human diet by affecting beneficially the
cholesterol level in the blood and mitigating the occurrence of
heart disease, strokes, etc. However that may be, the Federal
Trade Commission will not let us say so in advertising. There
are other pharmaceutical attributes that fish protein and oil
may have that make them particularly valuable in the human
diet. In rare instances do we know enough about such pur-
ported attributes to be permitted to advertise those facts under
United States law. Accordingly, we must sell fish as food and
not as medicine.

Some kinds of fish have particular taste attributes, but by and
large the present American palate likes bland tastes so that this
is seldom a prime sales factor. Too often the fish taste is
equated with age of product before processing. As a general
rule, if a fish tastes or smells fishy it has already begun to spoil,
and nobody knows this better than the consumer. Unproc-
essed fish from the sea takes more trouble to prepare for eating
than meat, and tends to create undesirable odors in the house
while cooking.  Under current social conditions in the United
States, these attributes are marketing handicaps. Fish gen-
erally spoils more quickly than meat and is much more sensi-
tive to damage in transport. Thus it must bear extra costs

in careful handling at all stages from the ocean to consumer,
and of careful preservation and processing at all these stages.
Thus it must start on its way at as cheap a cost per ton of pro-
duction as can be arranged, if it is going to compete with other
foods on the final consumer market.

Having spent much of the decade of the 1950's seeking pro-
tection for fishery products from international competition on

this market, I am under no illusion on that score. In my life-
time I do not expect to see additional protective tariffs or quotas
adopted for fishery products in this country and, instead, ex-
pect to see those that exist continually under pressure for
reduction.

Similarly, I do not expect to see the Congress provide direct
subsidies for fish production.
of subsidies for agricultural products a generation ago, which
created a monstrous maze out of which it is still trving to grope
The sorts of subsidies which the Congress will be

It was saddled with all sorts

its way.
prepared to provide are indirect means aimed at helping the
industry help itself, through education, ocean research, eco-
nomic and technological research, vessel design, and even the
construction of new sorts of vessels which might lead the way
to improvements.

The hard fact is that fish in this country competes in a
rough consumer market for food and it can expect no help from
the outside.
form and at cheaper cost than other competitive food prod-

It must appear on that market in more desirable

ucts—not only to increase in volume of sale, but to hold its

own. Most of my comments will be directed to this cost factor

State Laws

The regulation of fishing in the United States, aside from
that done under treaty with other countries, is done under
state laws. There is a growing conviction among students
of this subject that a major factor preventing the rational ex-
pansion of the sea fisheries of this country is the maze of regu-




lations existing at the state level, many of which have their
origins veiled in the mists of history but are still effective.

In my State of California, for instance, these examples exist:

One cannot harvest abalones commercially in Northern Cali-
fornia, although they are abundant there.

One may not have a trawl net aboard one’s vessel south of the
border between Santa Barbara and Ventura counties, although
trawl fishing is permitted off central and northern California.

One may not reduce fish to meal and oil without a permit
from the Fish and Game Commission, which will not give one.
There is no way under existing law for the California Depart-
ment of Fish and Game to manage the taking of fish under
modern conservation methods, establishing crop limits designed
under scientific criteria to provide the maximum sustainable
vield; each case must go to the legislature. In Alaska none
may catch salmon with a purse seine vessel more than 50 ft.
long. In Washington none may use electronic fish finders
with which to locate salmon. In Alaska and Washington fish
traps and other fixed gear have been eliminated. They were
too efficient.  In the North Pacific an American may not fish
for halibut by trawl, or salmon on the high seas by gill net.

This is only the small beginning of a tabulation of the pro-
hibitions against efficient fishing in the laws of the west coast
states. Those for the Gulf and Atlantic states are not less
forbidding, complex, or archaic. Propriety forbids me men-
tioning the welter of laws applicable in Chesapeake Bay, where
the fishermen have been protecting their livelihood against the
activities of their more industrious or efficient colleagues by
legislative means since before the United States Congress first
met.

This problem is so complex and difficult that it is not pos-
sible to attack it rationally to find out what its effect on the
nation’s fisheries is without extensive legal, economic, social
and resource research on the state level.  One of the principal
purposes of S.J. Res. 29, introduced by Senator Magnuson for
himself and others, is to provide the research base simply for
examining the dimensions of this problem.

Sportsmen Versus Commercials

A prime generator of the above-noted welter of state law and
regulations preventing the efficient development of the nation’s
fisheries is the continual wrangling between sportsmen and com-
mercial fishermen over which one should be able to catch the
fish exclusively.

In a lifetime of work in fisheries, my observations on this
subject can only be blunt. A very large part of this wrangling
has given the appearance of having been stimulated by pro-
fessional sportsmen and professional representatives of com-
mercial fishermen who desired the job insurance of such fights
going on continuously so that they could earn retainers for
appearing before legislatures.  Another big part of this wrang-
ling has been stimulated by gear fights among commercial
fishermen where a group using one type of gear would team
up with the professional sportsmen to legislatively prohibit the
use of the other type of gear by their colleagues. All of you
are familiar with such examples and I do not desire to rake
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over old coals. Other causes of this wrangling just as ridiculous
and selfish will occur to each of you from your own experience.

There remain, however, large areas of quite valid conflict
between recreation and food industries respecting the utiliza-

tion of ocean resources. Whether the food fish industry likes
it or not, the recreation industry is here to stay and vice versa.
There is no use in these two elements of the economy fighting
with a view to knocking each other out. The areas of valid
conflict are where there is a limited volume of a particular
stock of fish that can be taken without the stock being over-
fished. Then priorities for catch require to be established.

Just how this may turn out in other states I do not know, but
in California some progress is being made in looking into this
problem in depth under the State Planning Commission.
Here it looks as if there are only about a dozen species of fish
of any volume importance involved in these quarrels. On
preliminary examination, I am satisfied that a cold examina-
tion of the facts will result in satisfactory accommodations
being reached on one of these species after the other and,
finally, in respect of the whole lot.

Even this level of inquiry and action does not seem to be
required to settle many of those squabbles. The salmon of
northern California provide an example. For many years
these fish generated the most bitter squabbles in the state legis-
lature between the sports and the commercials. Some years
ago, both sides discovered that while they were fighting over
the catch it was such things as dams, irrigation diversions, and
other river works inland that were causing the damage. Upon
discovering this, they began to work together to save the salmon.
Out of the research that developed it became plain that with
each sportsman fishing for salmon on the sea able to take a
daily quota that satisfied his recreational desires, there were
enough salmon left over to support a substantial commercial
fishery plus a spawning escapement sufficient to keep the stock
in good condition.

In such instances, it seems logical that there should be estab-
lished an overall quota which can be taken from the stock each
year while still allowing adequate spawning escapement. In-



side that overall quota should be established a reasonable in-
dividual daily bag limit for sportsmen adequate to satisfy the
recreational purpose. The totality of these daily sportsmen’s
bag limit catches should be subtracted from the overall quota
needed for the protection of the fish stock, and the food fishery
permitted to take the rest. The recreation use should have
the priority.

A very considerable number of such wrangles arise simply
through ignorance. A classic example is provided by kelp bass
near Los Angeles. Sportsmen claimed that the cutting of
kelp commercially was ruining their catch of kelp bass.  Finally
the University of California, as an impartial entity, was re-
quested to inquire into the problem. Two beds of kelp in
the vicinity, both heavily fished, were chosen for experiment.
One was subjected to normal commercial cutting; the other
left uncut.  Sport fishing for kelp bass continued normally and
records of catch from both beds were kept. It turned out that
sportsmen caught more kelp bass from the bed being cut than
from the uncut bed. That controversy subsided.

Inefhicient and Efficient Fishermen

A very large part of those sections of state laws inhibiting the
growth of the marine fisheries in the United States arose from
gear fights among commercial fishermen with or without pro-
fessional sportsmen helping one side. These battles are often
waged under the virtuous banner of conservation but the naked
fact always revealed, when that banner is torn aside, is that the
fighting cause is competitive economics. It runs like this.

One group of fishermen is working with gear or vessels that
enable them to scratch out a living, putting by a few dollars
in a good season, and going back into debt with the suppliers
in a bad season. They are poor and they rather glory in their
honest poverty and the homely virtues attendant thereto. They
complain about the iniquities visited upon them by the rest of
society, but they do not really want any change.

Then another fisherman develops a new idea, or science
yields an instrument that will improve the efficiency of the catch
and lower costs, or the Congress wishes to move things along
by rewarding initiative in the introduction of new vessel designs
orideas. Historically, on the west coast, the fight also has been
initiated when overfishing resulted in requiring the total fishing
effort to be reduced. Then the most efficient gear had to go,
making way for the less efficient but more numerous gear to
still operate.

The bulk of the fishermen do not wish to change to new, more
efficient ideas. They would rather stay poor, inefficient but,
as they often say, independent. What they really want to do
is keep the competition down or to eliminate it. Since they
are more numerous, can be very vociferous, and have the virtue
of honest poverty on their side, they nearly always win in the
state legislatures where the principal fishing regulations of the
nation are established. This was how the fish wheels and horse
seines disappeared from the Columbia River, how the salmon
traps disappeared from Washington and then Alaska, how it
happened that one cannot land halibut caught by trawl in a
port of the United States, why one cannot have a trawl net

aboard one’s boat in southern California, why one cannot use
a sonar on a purse seiner to locate salmon in Puget Sound,
etc., etc.

This classic opposition to change had been epitomized in the
attempts made over the last several years by the Congress to
improve the lot of United States fishermen by providing them
with improved vessels and vessel designs with federal assistance.
Senator Magnuson at first tried to encourage the federal de-
velopment of an experimental modern trawler for his people in
the northwest to use in competition with the Russian and Japa-
nese effort that he clearly saw approaching. His fishermen
constituents refused to support him. He then tried to enlist
support from New England where European fishermen were
similarly approaching the New England grounds with modern
vessels and gear. This gambit was repulsed by the fishermen.
The fishermen, almost to a man, preferred to ask for the foreign
fishermen to be outlawed from the fishery on the high seas (an
action beyond the ability of the United States Senate to per-
form) and complain at the Senate and Department of State for
not doing this, rather than to accept new ideas and assistance so
that they could become sufficiently efficient to compete on the
high seas with these foreign fishermen.

When the Senate desired to remove by direct subsidy the
serious block of high priced fishing vessels which federal law
supporting shipyards caused in the United States, the major
fishing vessel owners’ associations in the country were opposed.
Finally, after six years, a reasonably workable bill on this sub-
ject was adopted by the Congress last session over this opposi-
tion, but still encumbered with safeguards insisted upon by the
vessel owners to prevent them from being made efficient.

The vessel owners did not, and do not, want efficient new
vessels and gear brought into their fishery. If this happens,
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their vessel and gear will have a higher cost per ton of produc-
tion than the new vessels and gear, and they will also require to
change or go out of business.  Theirs is a quite honest position
having regard to their short-term interest. It is only disadvan-
tageous when viewed from the standpoint of the nation’s in-
terest in the use of the sea. This vigorous opposition is now
still being expressed step by step in testimony respecting the
applications for fishing vessel subsidies (Fishermen’s News, Vol.
21,No. 5, March, 1965).

Protecting the numerous small inefficient fishermen in their
ancient ways may appear to be sociologically gratifying and
politically sound, but it is a poor way to run a fish business,
and a poor way to run a society in these days of competition
in all fields among nations in a troubled world. It is not the
way we have done in agriculture.  In that field the application
of science and technology to the task of lowering the cost per
ton of production has been forced to the point that there
never in history has been a society where so many have been
fed through the labor of so few. Despite all the carping about
agricultural policy. it has resulted in a magnificent food pro-
ducing apparatus which is the solid heart of our economy, and
which makes us strong among the nations.

This and other similar moves toward efficiency in other
segments of the economy have not been uniformly blessed nor
agreed to by the recipients of the programs.  Pockets of poverty
have been left behind as a result of this same resistance to
change, or inequities resulting unnoticed from governmental
actions taken, or simply the accidents of uneven growth and
competition. It is the purpose of the War on Poverty, and
the objective of the Great Society, to reduce these pockets of
poverty one by one, to the end that we will all move forward
tog 'ther as a prosperous people, thus making a strong and re-
solute nation.

The War on Poverty and the Great Society do not attempt
to move by the general dole or the issue of bread to make the
poor happy. These means have been tried in history and
found wanting. The tactic now is to upgrade the poor sectors
of the society by education so that maximum talents can be
developed, to improve the infrastructure of equipment and ap-
paratus so that the more effective training can be more effi-
ciently used, and to remove the economic and social shackles that
have held these pockets in poverty—by carefully designed,
cautiously implemented activities aimed at making each in-
dividual in the pocket more competent to contribute to the best
of his native abilities to the welfare of himself and his family,
and thus to the national whole.

In this process, the general conservative desire to remain
as our fathers were, and not to change, requires to be mitigated
in the national interest by some general improvement in the
efficiency of the individual units of the society so that the whole
society will remain strong and resilient. Automation brings
these problems to industry: machinery and improved breeds
of growing things have brought these problems to agriculture;
and if our fisheries are to become competitive they must also
vield to modern methodology, adopting all of the useful appli-
cations of science and technology that can be designed or
discovered.
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Only in this way can a progressive, moving society be createc
that can survive in this harsh and competitive world. i
the individual will not move, then the society must move him
because it cannot afford to support too great a load of inef:
ficiency, and it must move in order to survive.

In the fisheries, the net effect of this fight against efficiency i
implemented at the state level because it is at that level where
our nation’s fisheries are primarily regulated.

State Fishery Research

State legislatures, local authorities, local sportsmen’s organi-
zations and local industry people and associations tend to place
their dependence upon the local state fisheries officials because
they are part of the local community and have a close relation-
ship to the local social conditions.

State fishery officials quite naturally depend primarily upon
the scientific views of their own research laboratories. By and
large, the state fisheries laboratories are not as effective as
they might be from the standpoint of quality and quantity of
top ocean scientists, floating equipment, laboratories, modern
laboratory equipment and tools, and funds with which to
conduct research. None will testify to this more rapidly than
the directors of state fishery laboratories.

The reason for this is simple. The enthusiasm for ocean
rescarch which has grown over the past decade has passed
over the state fisheries laboratories. The big new money has
gone to the federal laboratories and to the academic institutions,
which were badly in need of this shot in the arm.

The results, however, are that the new ships, the new labora-
tories, the glamorous ocean research projects, and the exciting
scientific progress is at the federal laboratories and the academic
institutions.  Quite naturally, the bright young men go where
the opportunities are most interesting. This is beginning to
pay off in terms of general knowledge of the ocean and its
resources and, as Dr. Schaefer will tell us this afternoon, we seem
to be just on the threshold of whole new adventures in the use
of ocean resources, if we are able to develop the competence
to grasp the opportunities our own research is opening for
everyone.

But the state apparatus has been left in the lurch by the
passing times and it is at this level that the problems occur
which generate the institutional barriers noted above, which
prevent us in so many cases from using the research results
to the nation’s benefit.

To use California examples again, competent research has
fully developed the knowledge that off southern California
there is a largely unused resource of anchovy that could stand
an annual cropping of at least a half million tons with no
strain. The information has come largely from federal and
academic research; but the laws and regulations governing the
use of the resource were generated on the state level. These
anchovy still go unused because of these laws and regulations.
The small boat fishery of southern California continues to go
downhill. The fishermen see little reason why they should sup-
port research if they cannot use the benefits from it.

The same research has established the presence of about 3



million tons of hake at least seasonally off southern California.
They are not used by anybody. They can be caught, practi-
cally, only by midwater trawl. A fishing vessel, under antique
California law, cannot have a trawl aboard south of the Santa
Barbara-Ventura county border.

I would not contend that a million dollars invested in state
fishery laboratories would, at the present stage of history,
yield as much new knowledge and understanding of the ocean
and its resources as if it were invested in research at federal
laboratories and academic institutions. What I do say is that
there is not much use in having new knowledge and under-
standing if you can’t use them. We will only begin to free
up our use of the ocean when the knowledge and understanding
required for that freeing up is acquired and applied at the state
level.

A start was made in this direction this year under Public
Law 88-309 adopted by the last Congress, thanks again to the
initiative of Senator Magnuson. Under its provisions, sums
are to be made available to the states on a matching fund basis
for these purposes up to a total of $5,000,000 per year for a
five year period. Naturally, and unfortunately for fishery de-
velopment, the Bureau of the Budget subtracted the sums ac-
tually authorized for this purpose in the President’s Budget for
FY 1966 from the normal increases projected for the Bureau
of Commercial Fisheries, so no net new money gain for ocean
work was made, but that is about the best that could be
expected from a land and space oriented Bureau of the Budget.
The House Appropriations Committee in marking up the
Interior Budget Bill in early April recognized the inequity of
this conservatism to the national interest and appropriated
twice the amount for these purposes that the Bureau of the
Budget had allowed.

Academic Fisheries Institutions

Much has been made of the fact that the National Ocean-
ographic Program Budget has risen from a level of about $24
million in 1957 to $123 million in 1964, and (perhaps) $141
million in 1966. No real complaint can be made by those
interested in the budget of the Federal Bureau of Commercial
Fisheries because it has participated in this general rise of money
for ocean research. Furthermore, it has used the new money
well.

The people who have been almost completely left out of this
increase, oddly enough, are the academic fisheries institutions.
The academic oceanography institutions have done very well.
Funding is available for their work from the National Science
Foundation, the Office of Naval Research, the National Insti-
tutes of Health, the Atomic Energy Commission, etc. But
when a fishery scientist in a university makes a request for a
research grant from one of these funding agencies, he is asked
to take his business to the Bureau of Commercial Fisheries. For
this reason there are not many fishery scientists in academic
institutions in this country. The top young men go to the
fields where money and exciting prospects are available. For
these reasons the training of high quality fishery scientists
languishes.
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The Bureau of Commercial Fisheries budget, like that of
most agencies of government, is established primarily for the
support of in-house research and other activities. It fights
for its budget increases in the Department of the Interior and
in the Bureau of the Budget on that basis. It has the authority
to make research grants to academic institutions and it does
so on a small scale, but what money it uses for this purpose
comes out of its regular appropriations for its own laboratories.
It is naturally reluctant to favor academic fishery laboratories
over its own, which are under steady pressure to get out more
research results more quickly.

The result of all this is that academic fisheries research in
the United States remains funded by state legislatures, a notably
poor place from which to get ocean or other research funds.
Accordingly, academic oceanographic institutions have grown
like the green bay tree and academic fishery institutions have
continued to starve. A natural result is that bright young
men go where the money and excitement is, not to the dull,
static, fishery fields.

All of this adds further to the difficulty noted above of hav-
ing the fishery research done on the federal level and the fishery
regulation done on the state level.

The Organization of Ocean Research

From what has been said above one might think that ocean
research on the federal level and in the academic institutions
has been thriving at a satisfactory rate. Nothing could be
further from the case. While the National Oceanographic
Program budget has been gradually working its way up from
an annual level of $24 million to $140 million, the National
Space Program budget has come from about zero to well over
$5 billion.

There is general support for the astronomical space budget
and as a taxpayer I have no complaints of consequence about
it either. The excitement and venturesomeness of learning
about space 1s pay enough when one can afford it, and we all
feel that we should at least keep up with the Russians even if we
can’t seem to pull very far ahead. Also our experience with
basic research in this century indicates reasonable odds that
all of this will pay off in the long run in some unexpected way.
There is no question in anybody’s mind that the impact of the
space program on United States industry has not already been
considerable.

But the industry associated with the ocean is also growing
restless for support.  The extent of this was indicated last year
by an Ad Hoc Committee of the National Security Industry
Association which considered and reported upon the National
Ocean Program. It recommended the establishment of a Na-
tional Ocean Science and Technology Agency quite frankly
modeled on the Space Agency. It recommended budget levels
for it of $900 million in 1965 rising to $3,100 million in 1970.

The Congress also grows increasingly restless. Senator
Magnuson, for himself and nineteen other Senators, has re-
introduced his bill to establish a National Oceanographic
Council (S944). A number of identical bills have been filed
in the House. Senator Bartlett, for himself and others, intro-
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duced S. 1091 to establish a Marine Exploration and Develop-
ment_Commission primarily aimed at developing the resources
of the continental shelf. Congressman Ashley has introduced
H.R. 6457 *to provide for a comprehensive, long-range, and
coordinated National Program in Oceanography”. Congress-
man Wilson has introduced H.R. 921 to establish a National
Oceanographic Agency. Other bills have been introduced
along similar lines in both Houses, and others are expected.

The genesis of all of this congressional activity has been that
the national ocean activity is about as disorganized as it is pos-
sible for an important activity of the Government to be.  Ocean
research in the executive branch of the United States Govern-
ment is spread among five Departments, three independent
Agencies, and twenty-two operating Bureaus and Offices.  No-
body concerned with this situation is happy about it except,
perhaps, the Bureau of the Budget, which seems to like the
policy of divide and rule.

Since 1959 there has been within the Federal Council for
Science and Technology an Interagency Committee on Ocean-
ography. This excellent organization has striven mightly to
bring some order to the National Oceanographic Program.  As
a matter of fact it created that entity in name, if not in full
fact, from the bits and pieces of ocean research programs scat-
tered around through the executive branch.

These men have done as well as they could under the con-
ditions existing.  They labor under major handicaps, among
which are:

1) Each is responsible to a Department head and is not
himself a policy-making official in his own Department.

2) Each has a full-time job to perform in his own Depart-
ment and none can give much time, much less undivided
attention, to a national ocean program.

3) Asa group they can adopt a program and estimate the
budget requirements for funding it. This they do. This has
no necessary relation to what budget emerges from the indi-
vidual Departments to the Bureau of the Budget, or emerges
in the President’s Budget to the Congress, or from the Congress
in the way of appropriations to the Executive for these pur-
poses. There is no such thing as a national oceanographic
budget, never has been, and if there were there would be no
committee of Congress to which it could be submitted for
authorization and no subcommittee of an Appropriations Com-
While it is hardly
believable, the national oceanographic program when it reaches
the Congress is dealt with in bits and pieces by thirty-two sub-
stantive and appropriations committees and subcommittees.
[t is an overstatement to say that there is little communication
among these committees on ocean planning.

Accordingly, there is nothing that can reasonably really be
called a National Ocean Program, or a Budget for such.

The striving of the numerous Senators and Congressmen
who have introduced bills dealing with this subject in this and
previous sessions is aimed at reducing this chaos to some sort
of order. In this respect all of the bills mentioned above are
steps in the right direction. I personally favor S. 944 of Sen-
ator Magnuson (and companion bills in the House) and S.

mittee to receive and act on it as one entity.
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1091 of Senator Bartlett (and companion bills in the House).
Both are very sound bills and would mark solid advances in
the right direction.  As a matter of fact, they have a good deal
in common, although one is aimed primarily at the continental
shelf and the other at the ocean. One would hope that they
could be combined, retaining the best features of each, and the
combined bill adopted by the Congress this session.

A Suggestion

I have no illusion, however, that the formation of a National
Oceanographic Council, as envisioned by Senator Magnuson
and his colleagues, would be a general panacea to secure an
effective National Ocean Program. There would still be too
many Departments and Agencies dabbling in ocean activities
on too small a scale, and too many committees of Congress
adding their comments.

I think that a necessary companion action is to group several
of the major ocean-oriented operating offices and Bureaus to-
gether into a full-fledged Department of the Ocean, having
the same status as the Department of the Interior, the Depart-
ment of Commerce, etc., with a Secretary of Cabinet rank.

I suggest that this new Department of the Ocean should
be composed of the following Agencies and Bureaus, amongst
others:

U.S. Maritime Administration—U.S. Weather Bureau—
Bureau of Commercial Fisheries—U.S. Coast Guard—
U.S. Coast and Geodetic Survey—National Oceano-
graphic Data Center—Coastal Engineering Research
Center—and the Sea-Air Interaction Laboratory.

The Maritime Commission is presently in the Department
of Commerce, which is concerned mainly with land-based in-
dustry problems. The Merchant Marine establishment should
be with other major civilian ocean activities in the Department
of the Ocean. The sense of this is recognized by the House of
Representatives which has a Committee on Merchant Marine
and Fisheries.  Both activities also come within the purview of
the Senate Committee on Commerce.

The U.S. Weather Bureau also is presently in the Depart-
ment of Commerce for no better reason than that there was no
other place into which it fitted better. The growing under-
standing of the controlling part the ocean plays in climate con-
trol makes a move of this Bureau to the Department of the
Ocean logical.

The Bureau of Commercial Fisheries started out in the
Smithsonian Institution, then went to the Department of Com-
merce, and lastly was grabbed by Harold Ickes into the De-
partment of the Interior, of all places. An ever-increasing
part of its activities has been concerned with the international
high seas, relations with foreign governments and their fisher-
men, participation in international ocean science programs,
participation in the activities of international conservation
agencies covering the high seas, and work with the specialized
agencies of the United Nations. Its field of work is in the
exterior, not the interior. This will continue to be the case
increasingly as the ocean fisheries of the world continue their
rapid growth, whether we participate in that growth or not.



The U.S. Coast Guard is in the Department of the Treasury
in peace time and in the Department of the Navy when the

country is at war. It has finally been authorized by the Con-
gress to engage in ocean research other than chasing icebergs
and fur seals. Its ancient reason for being in the Department
of the Treasury was to protect the revenues derived from cus-
toms. In these days of diminishing tariffs and the free use
of alcoholic beverages there seems to be no real reason for it
being an orphan in that Department, which has no other
substantial ocean interest.

The U.S. Coast and Geodetic Survey is in the Department
of Commerce for about the same reason that the Maritime
Administration is. There was no other better place to put it.
Its work is almost exclusively concerned with the ocean. It,
with the Bureau of Commercial Fisheries, are the two key
civilian ocean research Bureaus of the Federal Government.

The National Oceanographic Data Center is a recent con-
fection whose organization in some ways typifies the organiza-
tional disarray of ocean matters in the United States Govern-
ment. It is in the Office of the U.S. Navy Oceanographer
for housekeeping purposes with the clear understanding that
he is to have no unique policy control over its operations. It is
funded by contributions of the several executive agencies that
use its services. It has no regular appropriation of its own,
although its data are the key element in the entire National
Ocean Program. Its operations are pretty well ordered by an
Advisory Board composed of distinguished scientists, some in
the government and some not.  Obviously this is the data heart
of the Department of the Ocean.

The Coastal Engineering Research Center is a new name for
the old Beach Erosion Board and is in the U.S. Army Engi-
neers Corps. The justification for it being in the Department
of the Ocean appears plain, as there would not be much beach
erosion without ocean action. The relation of this work to
that of the Department of the Army is a little obscure and
its scientists are, of course, civilian.

The Sea-Air Interaction Laboratory is a new creation put
in the Department of Commerce last year for lack of a better
place. Since 71% of the earth’s atmosphere overlies the ocean,
and the ocean is a prime source of the energy driving the winds,
the reasons for it being included in the Department of the
Ocean are reasonably obvious.

If all of these Agencies and Bureaus were placed into a
Department of the Ocean, ocean affairs of the United States
Government would be consolidated into three large, well-
balanced units, and a number of splinters in the Bureaus and
Agencies whose major activities are land oriented.

The three major ocean outfits would be:

1) The Department of the Navy—Military

2) The Department of the Ocean—Civilian Industry, and

3) The National Science Foundation—Academic

There would still be a number of Agencies and Bureaus
which had activities in respect of the ocean which are neces-
sary for them to continue but minor in scope relative to their
total activities. These include the Atomic Energy Commis-
sion—The Bureau of Mines—The Geologic Survey—The Bu-
reau of Sport Fisheries and Wildlife—Public Health Service—
Office of Education—and—Smithsonian Institution.

There would still be scope for an Interagency Committee
on Oceanography for correlating the work of these entities in
the ocean with the three major Departments noted above.

Conclusions

We have been talking about the future of North American
fisheries and all of what I have said above is intended to bear
upon the questions Dr. Kask has raised as to why these fisheries
do not flourish as do those of some other countries in Asia
and Europe. Several people in the fishing industry and some
in the Congress have expressed the view that we should extend
our jurisdiction far out to sea and protect our coastal re-
sources from the fishermen of Asia and Europe. What they
mean is that we should try to obtain exclusive rights to these
resources because our foreign competitors are out-competing
us off our own beaches.

There is something ludicrous in the United States even con-
sidering such a departure in policy, much less talking about it
in public. In this country we boast of the power of our com-
petitive economy, our managerial and governing skills, our
scientific and technological contribution to human progress, our
elevated standard of living, the high level of education and
training of our common people which gives us industrial
strength and good government, our ability to automate every-
thing and run it by computers, and above all our ability to rule
the waves every bit as good as old Brittania ever did.

But some, nevertheless, seek to raise imaginary lines in the
ocean contrary to international law, the nation’s interest, and
the policy that has served us well since Thomas Jefferson
enunciated it. Across this line other fishermen should not
come one way, nor fish go the other. These are our fish with
American flags on them and they should know enough to stay
home. Other fishermen should not catch these fish which
wear American flags.
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The whole thing is so ridiculous as to be embarrassing to
speak-about. How the rest of you many stand, you can say.
But for me, the course is clear. The thing to do is use some
initiative, energy, and common sense and get out on the high
seas with the rest and compete.

One of the more amusing aspects of this is that if we attempt
to move our fishery control boundaries out to sea, and are suc-
cessful, without modernizing our state laws regulating our
fisheries, we will only drag our self-imposed handicaps further
out to sea with us and be no better off in the end.

Summary

In closing, these remarks may be summed up as follows:

1) In order to successfully compete in the American good
market, fishery products must be made more desirable, must be
more quickly adapted to changing eating customs, and be made
cheaper in cost.

2) To do this the cost per ton of producing the raw material
must be reduced by the application of science and technology to
the fishing process (see Schaefer: Oceanography and the
Marine Fisheries).

3) To do this, the archaic systems of state law regulating
the fisheries require to be examined state by state and over-
hauled so as to permit the rational and efhcient harvesting of
ocean resources. The adoption of S.J. Res. 29 (Magnuson
and others) by this Congress would begin this process.

4) To do this, accommodations must be made at the state
level between the recreation industry and the food industry
over the use of the various resources.

5) This can scarcely be done until a decision is made at state
level to favor efficient fishermen over inefficient fishermen, or
at least to give them an even break legislatively.

6) None of these thing: seem likely to occur until state
fishery laboratories are put on such a footing that they can
provide competent scientific advice at the state level for the use
of state fishery officials, legislators, sportsmen’s and commercial
fishermen’s representatives, and the general public. While this
requires many things, money is the one thing that it must have
and Public Law 88-309 of the last Congress is a proper vehicle
for providing it.

7) This process would be much enhanced if academic
fisheries institutions in the state universities had access to fund-
ing from the National Ocean Program budget on the same
scale as do the academic oceanography institutions. Moves
by Senators to put money in the FY 1966 budget to start this
process should be applauded and urged. ‘

8) The organization of ocean research in the Federal Gov-
ernment is in disarray and for that reason ocean-oriented activ-
ity by government and industry languishes. Several bills
presently before the Congress are aimed at improving this situa-
tion and among the most practical of them are S. 944 (Mag-
nuson and others) and S. 1091 (Bartlett and others). It is to
be hoped that they will be combined and adopted by this
Congress.

9) There really is no National Ocean Program or Budget.
Ocean activities are conducted by 5 Departmchts, 3 Independ-

16

ent Agencies, and 22 operating Bureaus and Offices in the Exec-
utive Branch of the Federal government. They report to
32 substantive and appropriation committees and subcommit-
tees of the Congress. The Interagency Committee on Oceanog-
raphy is not statutorily authorized to deal effectively with this
mess, and the Congress is not organized effectively to receive its
product if it were.

10) Aside from the reorganization of ocean affairs in the
Federal Government as envisioned by Senator Magnuson,
Bartlett, and others, there requires to be created in the executive
a civilian Department of the Ocean with a Secretary having
Cabinet rank. To this, as a minimum, should be transferred:

U.S. Maritime Administration, U.S. Weather Bureau,
Bureau of Commercial Fisheries, U.S. Coast Guard,
U.S. Coast and Geodetic Survey, National Oceano-
graphic Data Center, Coastal Engineering Research
Center, and the Sea-Air Interaction Laboratory.

11) Segments of the United States fishing industry and their
representatives should quit bellyaching about needing protec-
tion from foreign fishermen, pull up their socks, wipe their noses,
and get out on the high seas and compete with all hands in the
rational use of the ocean’s bounty under the terms of the 1958
Convention on Fishing and the Conservation of the Living
Resources of the Sea. They will be helped in doing this if
some of the other suggestions made above are followed.

The Committee on Oceanography of the National Academy
of Sciences-National Research Council in a recent publication
on “Economic Benefits from Oceanographic Research” has
estimated that rational development of the U.S. domestic
fisheries could result in doubling production in the next 10 to
15 years, and that the continuing accelerated growth of our dis-
tant water and overseas fisheries could increase their production
fourfold within the next decade. Oceanographic research
is one of the essential elements in realizing these potential de-
velopments. My purpose here is to discuss some of the ways
in which oceanography is useful in increasing the harvest of
the living resources of the sea.

By “oceanography,” I mean the study and understanding
of the ocean, its contents, and its boundaries, including the
effects of atmospheric processes exerted on the ocean at the
air-sea boundary. Fisheries oceanography is concerned with
all the aspects of the ocean, its boundaries and its contents which
affect the abundance, location, and behavior of the harvestable
living resources. It thus comprehends not only the topog-
raphy of the ocean basins; the currents, upwellings, and other
motions of the ocean; the distribution of temperature, salinity
and other physical and chemical properties; but also the abun-
dance, rates of production, behavior, and interrelationships of
the populations of the living elements. It includes much of
what is often called fishery biology, fishing ecology, and fishing
exploration. The fishery oceanographer is particularly con-
cerned with the ocean conditions that bring about economi-
cally catchable fish concentrations; how the locations and
sizes of fish populations vary with changing conditions in the
sea; and those aspects of fish behavior that can be exploited
to reduce the costs of catching the fish.



Oceanography and the Marine

Fisheries

by Milner B. Schaefer
Dirrector, Institute of Marine Resources
University of California
La jolla, California

Oceanography, for fisheries or any other purposes, is con-
cerned with describing the distribution of physical, chemical
and biological properties and their changes in space and time,
and with understanding the forces and processes that bring
these things about, and the interrelationships among all of the
different factors. The descriptive phase, that is determining
what happens when and where, is of considerable use to the
development of the commercial fisheries. However, under-
standing why brings the application of the observations to much
firmer ground, especially when it comes to reliably forecasting
future events.

At the present stage, the descriptive aspects of oceanography
are rather better advanced than the analytical aspects, but
large and rapid advances have been made in both since the
end of the last great war, and particularly during the past
decade. During this period we have obtained a vastly in-
creased store of observational data, and there have been large
increases in our understanding of the basic physics, chemistry,
and biology of the oceans, and of the ecology and behaviour
of populations of harvestable living organisms. The ocean-
ographers’ increasing capabilities to provide the information
and understanding on which to base fisheries development is
due in no small part to new developments in precise, rapid
and sophisticated instrumentation and methods of observation.
Observational coverage of the ocean has become more exten-
sive and more intensive, both by the employment of many more
research vessels, and by development of improved systems of
data acquisition from the fishing fleets, merchant fleets, weather
satellites, and so forth. Finally, we are enabled quickly to digest
vast quantities of new information because of the development
of rapid data processing systems, using high speed computers.

Oceanographic knowledge assists in increasing the harvest
of the sea in five ways: (1) Location of new highly productive
fishing areas. (2) Identification and location of promising
unutilized fishery resources. (3) Providing the fisherman
information which he can use to improve his tactical scouting
and catching operations. (4) Forecasting space and time
variations in the abundance and catchability of fish popula-
tions. (5) Providing the scientific basis of rational manage-
ment of the heavily exploited fisheries. I will deal here with
the first four of these topics, passing over the fifth, despite its

very great importance, because of the limited time allotted
for this presentation, and because it is a subject with which
I am sure you are already very familiar.

Location of new productive fishing areas

Until 10 or 15 years ago, new fishing grounds were, with
few exceptions, discovered by venturesome fishermen, and
occasionally by governmental fishery explorations, trying out
new areas, with little or no help from physical or biological
oceanography. Following the discovery of new fishing areas
by such exploratory fishing, the oceanographers came along
and found out why these areas were highly productive. In
each case, they found that the rich fisheries occur at or near
those locations where large quantities of organic matter are
produced by the phytoplankton, due to fertilization of the
sunlit upper layer of the sea by upwelling, mixing along cur-
rent boundaries, winter overturn, stirring of nutrients up from
shallow bottoms, or other physical processes. With increased
capabilities for studying the ocean circulation, for directly
measuring phytoplankton productivity, for assessing abundance
of larger organisms using underwater sound and other tech-
niques, and with increased understanding of why the fertile
ocean areas are fertile and the desert areas are desert, the ocean-
ographers have become of more use in pioneering in the loca-
tion of promising new fishing areas.

For example, the northwest coast of Africa has long been
known to be a region of strong coastal upwelling, and measure-

ments of basic productivity and standing crops of phyvtoplank-
ton indicated that there should be abundant populations of
organisms which might be harvestable by the commercial fish-
eries. This led to exploratory expeditions by the Russians,

and more recently by others, including some from the United
States, to examine into the fishery potential of this area in re-
lation to oceanographic factors. In consequence, there have
been discovered sizeable populations of tunas, of Sardinella,
and of various demersal species as well.

Investigations of the physical and biological oceanography
of the equatorial Pacific, in advance of and along with ex-
ploratory fishing operations, have greatly accelerated the devel-
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opment of the pelagic fisheries for tunas and spearfishes, con-
ducted mostly by Japanese fishermen.

The most recent example is the incipient development of
a large new fishery on the western side of the Indian Ocean
which, T am sure, will be of major importance. Studies of
this area carried out cooperatively during the Indian Ocean
Expedition by oceanographers of the United States, England,
Russia, and other countries demonstrate that this is a region
of high basic productivity, associated with vertical circulation
related to the monsoon winds, and there have been observed
sizeable populations of sardines, mackerels, tunas, and other
fishes.

Other examples of the utility of oceanography in the location
and development of rich new fishing areas are the fisheries
developments which are just commencing off the coasts of
Chile and Argentina,

Identification and location of unused resources

Even in those arcas of the sea which have been long ex-
ploited by the commercial fisheries, systematic scientific ob-
servations may lead to the identification of important latent
resources. For example, the systematic studies of the Cali-
fornia Current, which have been going on for a number of
vears, and which had as their initial motivations the investiga-
tion of the ecology and fishery dynamics of the California sar-
dine, have led to important discoveries of unused resources.
Omne of the techniques of these investigations is systematic sur-
veys of the occurrence of sardine larvae and other fish larvae.
One dominant element in the catches of fish larvae is the
Pacific hake, from which it was inferred that there is a large
latent resource of this species which might prove to be com-
mercially exploitable.  Following this lead, systematic explora-
tions by echo sounding and by experimental trawling, have
revealed large commercially exploitable concentrations along
the coast of Washington, Oregon and northern California.
It appears that this species moves south and somewhat offshore
to spawn, and moves north on a feeding migration, although
many of the details remain to be worked out. Whether the
stocks are commercially exploitable, not only off Washington
and Oregon, but also to the south in the vicinity of the spawn-
ing grounds remains to be investigated. These systematic sur-
vevs of fish larvae have also revealed that, with the decline
of the sardine population, its close competitor, the anchovy,
has increased very greatly in abundance. Scientists of the
California Cooperative Fishery Investigations estimate that
there is off California and Baja California a standing stock of
some two to four million tons of anchovies, that could sustain
a harvest of perhaps half a million tons per year, or more, and
they believe that the reduction of the anchovy population
might, at the same time, accelerate the recovery of the sardine
population.  These investigations have also indicated that the
stock of jack mackerel, of which only some 40 to 50 thousand
tons per year are currently harvested, extends westward over a
vast region of the Pacific and could support a much larger
fishery.
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Another example of systematic observations revealing an
unrealized resource is the recent development of the expanded
fishery for swordfish in the northwest Atlantic, employing
floating long-lines at night. This was discovered, almost ac-
cidentally, by our colleagues at Woods Hole Oceanographic
Institution in the course of their studies related to the bluefin
and yellowfin tuna.

Fish behaviour in relation to catching operations

The foregoing kinds of information are helpful to the fishing
industry in indicating those sea areas, and often also the par-
ticular seasons, where abundant exploitable populations occur.
The fisherman has, however, additional problems of locating
fish shoals within a general area and then of catching them
rapidly and efficiently. Knowledge of the local distribution
of the fish in relation to the properties of their environment,
and knowledge of their behaviour, especially as it may vary in
relation to measurable properties of the environment, can be
useful to the fisherman in his tactical operations.  If the ocean-
ographer can indicate to the fisherman what measurements he
himself can take at sea in order to guide his scouting and catch-
ing operations, this can increase his efficiency and cut down his
cost of production. Some success has been achieved in these
matters, but I am sure that we can do a good deal better as
we learn more.

One of the things that both scientists and fishermen have
known how easily to measure for a great many years is water
temperature, both surface and subsurface. Also, the surface
temperature of the ocean is the one physical measurement that
is, and has been for many years, routinely observed as part of
the merchant ship weather reporting system. Consequently,
we have been able to learn a good deal about the local distribu-
tions of some kinds of fish in relation to temperature, and this
knowledge can be of some tactical advantage to the fishermen.
A few examples:

The North Pacific albacore, which are summer visitors to
waters off the west coast of the United States, prefer water of
temperature 60 to 66°F, about two-thirds of the total catch
being made in waters of these temperatures. In directing their
scouting operations, therefore, it is useful to the fishermen to con-
sult the sea-surface temperature charts which are published by
the Bureau of Commercial Fisheries at two-week intervals
during the summer, and to take their own temperature measure-
ments while searching for the albacore schools.

At the northern and southern extremes of their ranges, the
distributions of the tropical tunas, yellowfin and skipjack, vary
in relation to the water temperature, being limited by the lowest
temperatures in which these species occur in commercial con-
centrations. Within the range of tolerable temperatures, how-
ever, the location of fish concentrations appears to be related to
the food supply. All along Baja California there are large
crops of forage organisms at all times of the year, yet the yellow-
fin tuna are found in there in commercial quantities only in
waters of about 19°C and warmer, while skipjack occur in
somewhat cooler water, down to about 17°C.  These tempera-
tures also limit the distributions of these species at the southern



end of the range, off Peru and Chile. This knowledge of
relationship between water temperature and occurrence of com-
mercial concentrations of tropical tunas is not of great utility
to California tuna fishermen at the northern end of the range,
since the vessels must traverse these waters in any event to get
to the fishing areas to the south. However, off Peru and Chile,
the fishermen can benefit both from consulting the temperature
charts which are issued at monthly intervals, and also by using
their own thermometers as an aid in their scouting operations.

Investigations of the distributions of cod in relation to tem-
perature in the vicinity of Bear Island, between Norway and
Spitzbergen, by English scientists, have revealed useful rela-
tionships between the bottom temperatures and the location of
paying concentrations of cod. It has been shown that paying
quantities are rarely caught in water colder than 1.75°C, ex-
cept in summer when the fish are feeding heavily to the east of
Bear Island and may be found down to —0.5°C. In early
summer and autumn, on grounds west of Bear Island, Atlantic
water touching the Bear Island banks can give good cod catches
with bottom temperature between 3° and 5°C. Thus, meas-
urements of bottom water temperature can be useful to the
trawlers in searching for concentrations of cod in this area.

Another relationship of tuna to their environment which ap-
pears to be of tactical value to tuna fishermen is the distribu-
tion and behaviour of the tropical tuna (in the eastern Pacific
at least) in relation to the depth of the mixed layer and the
structure of the underlying thermocline. The schools of tropi-
cal tuna occur in the upper mixed layer of warmer, low density
water, which may vary from 10 to 80 meters deep, and which
is underlain by colder water, the sharpness of transition (from
the upper mixed layer to the underlying water), called the
thermocline, being variable. Data respecting the percentage
of successful purse-seine sets on tuna schools in relation to
these factors indicate that the schools escape through the bot-
tom of the net less frequently when the mixed layer is shallow,
especially when it is shallower than the depth to which the
net fishes, and when the gradient of temperature in the thermo-
cline is very sharp. By measuring the vertical distribution of
temperature, by bathythermographs or other means, the fisher-
men may, therefore, assist themselves in selecting situations
where the escape rate is minimized.

A local phenomenon which often corresponds to fish con-
centrations is the occurrence of fronts, which are boundaries
between water masses. Along such boundaries, which can
often be located by sharp temperature transitions, differences
in water color, and occurrence of floating debris, the associated
vertical circulation often concentrates the plankton organism,
which in turn leads to concentration of forage fishes and of the
predatory fishes which prey upon them. Japanese long-line
fishermen, for example, find that laying their gear along and
across such fronts, which the Japanese call “siome”, improves
their fishing success. Similarly, the near-surface schools of
pelagic fishes are frequently found more abundant near these
features.

It is also well known that tunas, as well as some other marine
fish species, tend to be more concentrated in the vicinity of sea-

mounts, which the fishermen refer to as “banks”. The dis-
covery of new seamounts, both by the fishermen and by our
submarine geologists have, therefore, led to the discovery of
increasing numbers of good fishing spots.  Bottom topography
charts, together with echo sounders, thus can be used by the
fishermen to good advantage.

The relationships of the harvestable fish to aggregations of
their food organisms is also a potentially useful tool which
fishermen may sometimes use to improve their own fishing
operations, although this is not as yet very well developed.
For example, the relationship between herring and the copepod
Calanus on which it feeds is sufficiently close to assist the fisher-
men in locating herring by their own plankton collections in
at least some situations in the North Sea and in the Barents Sea.
Such simple instruments as the Hardy plankton indicator have
been developed for the use of the fishermen in these situations.

Forecasting space and time variations

What both fishermen and fish processors would most like to
have from oceanographers are reliable future forecasts of fishing
locations and expected catches of particular kinds of fish.

To make such forecasts for any kind of fish, we need to have
useful estimates of the magnitude of the exploitable fish popu-
lations, understanding of the distribution and behaviour of
the fish in relation to measurable properties of the ocean (such
as temperature, salinity, depth of mixed layer, strength of cur-
rents and upwelling), and means of predicting the space and
time changes in the oceanic properties and processes. Con-
siderable progress has been made on all of these, and in some
instances useful forecasts a few to several weeks hence are pos-
sible. But we have yet a long way to go.

Through the compilation and analysis of statistics on catch
and effort, and age composition of catches, supplemented in
some instances by estimates of abundance of young fish prior
to their entry into the stock of commercial sizes, methods have
been developed for forecasting the magnitude of fish popula-
tions which will be available to the fishery. Well known
examples are the New England haddock, Bristol Bay red
salmon, sockeye and pink salmon of the Frazer River, yellowfin
tuna of the Eastern Pacific, California sardines and anchovies.

As already noted, we have also some useful, but primitive,
understanding of the relationships of some kinds of fish to en-
vironmental factors, usually temperature. One example not
vet mentioned is the skipjack population of the Central Pacific
near the Hawaiian Islands, a large component of which in-
habits the waters of the California Current Extension, identi-
fiable by temperature and salinity.  As these waters shift north-
erly through the vicinity of Hawaii each summer, the “season™
skipjack appear, their availability varying with the time and
extent of the shift in the boundary between the California
Current Extension and the water mass to the north.  Another
well known, large scale phenomenon is the “El Nifio™ off north-
ern South America, which, at irregular intervals, averaging
about seven years, brings abnormally warm surface waters to
the coast of Peru, resulting in great shifts in the populations of
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anchovies, bonito, tuna, etc., and catastrophic effects on the
guano birds.

Forecasting of ocean conditions, and hence of effects on the
fisheries, is presently mostly what might be called “pattern and
persistence” forecasting, supplemented to a limited extent by
knowledge of the dynamic processes of the atmosphere and the
sea.  This is rather similar to much local weather forecasting,
and is not very satisfactory.  We rely on the facts that changes
in the upper layer of the ocean, which are fundamentally due
to the wind-driven circulation and the water and heat ex-
changes between sea and atmosphere, tend to occur in repetitive
patterns, and that anomalies tend to persist for some weeks.
The ocean is considerably more sluggish in its changes than is
the atmosphere; it has been said that a week in the ocean is
comparable to a day in the atmosphere.

This type of forecasting has enabled oceanographers to make
useful predictions in the early spring of the success of the skip-
jack fishery near Hawaii during the summer. Similarly, from
temperature and salinity distributions and trends off the United
States west coast, forecasts are made each year of the expected
catch of the albacore and bluefin tuna, and of the most prob-
able areas of good albacore fishing. From the trends of tem-
perature, which affect growth of kelp, it is possible to make
some very general estimates of the expected kelp harvest along
southern California.  Upwelling in the Gulf of Panama, which
influences the abundance of pink shrimp in shallower waters
during the winter months, can be forecast somewhat better than
chance. The continuing monitoring of the Peru Current by
the Instituto del Mar der Peru has enabled short-term fore-
casting of success of anchovy fishing there.

We are, I believe, on the threshold of being able to do much
better, through monitoring of atmospheric circulation and heat
exchange between sea and atmosphere. As I have noted
above, these are the principal driving forces on the upper layers
of the sea, and the dynamic relationships between them and the
ocean circulation are becoming increasingly better understood.
[t should soon be possible, given an adequate network of stations
for observations of the atmosphere over the sea and of the upper
layer of the ocean, by automatic unmanned stations (meteoro-
logical and oceanographic buoys) both to keep track of what
the ocean is doing, in real time, and to forecast changes which
will affect the fisheries.

To enabl really large advance in oceanographic forecast-
mg. the observational net must be sufficient to describe the en-
tire physical svstem, consisting of the atmosphere and the upper

ixed laver of the sea for the whole globe, or at least a hemi-
phere. The cost of such a data acquisition system, and asso-

ted processing by computers, will be large, much larger than
an be supported for fisheries alone.  Fortunately, the same
kind of ocean forecasting that is needed by the fisheries interests
i also needed for other purposes, such as weather forecasting,
ship routing, and several aspects of military ocean operations.
We may hope to have such a system of data acquisition, and
processing in real time, which is now within our technical capa-
nlity, in operation within the coming decade.
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Relentless Study of
the Sea and Its Riches

Today, two of every three people in the world suffer from
diseases brought on by protein deficiency. If the resources of the
sea were harvested to a greater extent and distributed more
widely, they could alleviate this problem.

In the years ahead, a crowded, hungry world may be forced to
depend heavily on these resources.

Oceanography can locate the riches of the sea—and benefit the
hungry millions and improve the economy of many nations.

In 1957, the United States spent less than $35 million annually
to study the oceans. In 1965, the figure is nearly $200 million;
the Department of the Interior’s share is $20 million, nearly all of
it assigned to the Bureau of Commercial Fisheries (BCF).

While BCF’s oceanographic research tries to solve immediate
problems of the fishing industry, its goals are primarily long range.
BCF scientists seek to understand the interrelationships between
major aquatic resources and their environment in the Pacific, Gulf
ef Mexico, and in the Atlantic. They gather information needed
to properly conserve, manage, and utilize these resources. They
look for new fisheries and work to extend existing fisheries.

The scientists search for an understanding of the natural

Tuna seen from observation chamber of research vessel.

phenomena in oceans, coastal waters, and estuaries that affect
fishing success and influence the distribution and abundance of
fish and shellfish.

To make greater headway in solving these problems, BCF must
satisfy certain major needs. It must:

—Assist in compiling an inventory of the world’s fishery re-
sources: the number, distribution, rate of turnover—and prepare
atlases showing distribution and seasonal variations

-Carry out longer time series of observations in order to refine
predictions and determine causes of fluctuation. Prediction of
coming events is one of industry’s biggest needs.

—Gather essential information for management on  siz
homogeneity, variations of stock, rates of recruitment and growth
natural and fishing mortality, population dynamics

—Assist in collecting accurate and worldwide data on catch and
effort expended.

—Gain better understanding of fish physiology and behavios
genetics, predation, discases, and taxonomy.

—Study new fishing methods, to include such possibilitics a
electrical fishing, giant midwater trawls, and remotely controlled
fishing submarines.

—Devise new methods of sampling the biota, try new ways of
studying behavior and ecology of organisms, and develop ne
scientific instruments and fishing gear.

The photographs on the following pages illustrate the relent
less study of the sea and its riches
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BELOW. . .

Sealab 11, U.S. Navy's “"Man-in-the-Sea” project, was low-
ered off La Jolla, Calif., in 1965 and emplaced on the sea
floor. Its staff con<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>