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I. Background Information
A.

HISTORICAL DATA

A substantial part of the arable lands of the world has been brought
under cultivation through man's quest for food to feed an ever increasing
population. Forests have been leveled, swamps drained and deserts irrigated. Even soilless agriculture is being tried—though on a very limited
scale. Concurrently, the fishing frontiers have been pushed farther out to
sea from the immediate coastlines of all continents. Many species of fish
are pursued over thousands of miles of ocean—throughout their range of
distribution. In expanding these boundaries for fishery activities, species
new to the fish markets have been found in abundance and have been
utilized. Efforts are now being made to exploit the deeper waters of the
oceans and thus to push outside of the continental shelves.
In the dawn of history the sea provided, primarily through molluscan
shellfish, a readily available food source. Shells at ancient dwelling sites
constitute indestructible evidence to late generations of this historical
priority of aquatic foods. In the ancient world, fish gained in importance
when the Mediterranean population pressure forced cereals on the scene
as the bulk of food to take the place of the all-dominant meat from earlier
epochs. Fish became the despised food of the poor in the form of mackerel, anchovy and tuna (as salted products) and as sand smelt (eaten
fresh). The fish delicacies of the luscious Greek and Roman banquets
belonged to a number of less common but highly praised fish, such as
scarus, sturgeon, eel, sheatfish and pike. The Romans favored muraenas
and mullets (see further Chapter 1 of this volume, and Cutting, 1955).
For several centuries, fishing and farming advanced at more or less
comparable rates. In medieval times, the world saw the rise of the great
herring and other fisheries in the Atlantic, off Western Europe, and a
rapid increase in agricultural production in Central Europe. During the
colonial period in North America, fishing and farming developed simultaneously and almost at the same rate. But in more recent times, especially since the middle of the nineteenth century, agriculture in North
America has far outdistanced the fishing industry. In general, this has
also been true throughout the rest of the world. As long as more land
could be brought into production, less and less consideration was given
to the sea as a source of food. Recently, however, this trend is being
reversed. Most of the world's good soils are in use. Much topsoil has been
allowed to blow and float away, or to be depleted through poor, or even
too intensive, cultivation. Greater attention now has to be given, therefore, to exploring fishery resources and tapping their vast stores of animal
protein food. If the present trend is maintained, the oceans will be
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combed for food fish as they were for whales in the first half of the nineteenth century.
The distribution of human population on earth was historically determined by climate, potential agricultural land, and channels of transportation, such as harbors, rivers, straits and overland roadways. Population became concentrated where these conditions were most favorable.
Some of the major concentrations of fish are quite remote from dense
human populations, e.g., the fringes of the Polar regions around Greenland and Alaska, the west coast of South America, Africa and many
others. More than 90% of the world's catch originates in the Northern
Hemisphere, yet the southern oceans constitute the greater part of the
whole ocean and are known to encompass rich fishery resources. The
high perishability of most seafoods further complicates problems of exploiting these distant resources, requiring special techniques for capture,
preservation and transporting. This involves the operation of long-range
expensive fishing expeditions, now undertaken by several nations, primarily the Soviet Union, Japan and the United States; in the latter case,
for tuna, both to the Southeast Pacific and quite recently to the tropical
Atlantic also.
The distant cod riches of Newfoundland were exploited early in
human history, presumably as early as the fifteenth century by the Portuguese, and subsequently pursued also by the French, Spaniards and
British. Today, most major West European countries, together with the
Soviet Union, Poland, and East Germany, take part in the fishing off
Newfoundland, Labrador, Iceland, and Greenland. Redfish (ocean
perch), haddock and herring have been added to the list of catches in
these areas.
Through the years a number of studies have been conducted to establish the importance of fishing to world nutrition (Taylor, 1932; Borgstrom, 1951; Galtsoff, 1952; Finn, 1954, 1960; Chapman, 1947; Vercelli,
1952; Jul, 1952; Weiss, 1953; Sandberg, 1945; Predel, 1957) or to elucidate some particular aspect of this multi-faceted field. Furthermore
several books and reviews survey this vital area (Coker, 1947; Ommaney,
1949; Taylor, 1951; Popovici and Angelescu, 1954; Morgan, 1956; Dietrich and Kalle, 1957; Blanke, 1958; Walford, 1958).
B.

PRESENT CATCH

1. Marine and in General
World War II caused a serious disturbance in world fisheries. The
recovery was rapid, however, in Europe, Japan, and the U.S.S.R. In
most countries bordering a marine area, chief emphasis was put on fishing
as a means of rapidly acquiring badly needed high quality protein. A
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number of new fishing nations emerged and are already quite important
in the world catch (see Volume I, Chapter 2 by Riedel). The Food and
Agriculture Organization estimates the sea harvest in 1959 to be in excess
of 35 million metric tons (see Table I). In addition approximately 4.3
TABLE I
MAJOR CATEGORIES OF AQUATIC FOODS, 1959 a

Million
metric tons

Fish
Aquatic foods
Herring, sardine, anchovy, etc.
Cod, hake, haddock, etc.
Fresh-water fish
Mullet, jack, sea bass, etc.
Tuna, bonito, mackerel, etc.
Flatfish (flounder, sole, halibut, etc.)
Salmon, trout, smelt, etc.
Nonidentified marine fish

8.98
4.52
4.30
3.61
1.92
0.86
0.62
6.76

Shellfish
Mollusks
Crustaceans
Miscellaneous
Algae
Other products

2.19
0.79
0.48
0.07
35.33

α

Source: Food and Agriculture Organization Fisheries Yearbook, 1960.

million metric tons came from freshwater. Not all landed fish is for direct
human consumption. Approximately one-fifth of the catch goes into the
manufacture of oil and meal which reach the human consumer only in
directly in the form of oleomargarine or converted into animal food
products. Furthermore one-tenth of the aquatic catch is comprised by
shellfish. This leaves an amount of 28 million metric tons of food fish,
24 million tons of which refer to the seas and the remainder to freshwater
areas (lakes, rivers, and ponds).
WORLD AQUATIC HARVEST

Year

Million
metric tons

Year

Million
metric tons

1850
1900
1920
1938
1948
1950

1.5-2.0
4
9.5
20.5(18)
19.5
23

1952
1954
1956
1958
1959
1960

24
26.5
29.9
32.1
35.3
37.8
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No other food commodity has shown an increase comparable to that
of fish. Since the beginning of this century the total fish and shellfish
catch has soared from a few million tons up to the present figure (see
tabulation for data based on estimates of various workers, League of
Nations, and FAO statistics). According to statistics of the Food and
Agriculture Organization, 1935-1960, fish has the lead in the expansion
of production volume among all foods, exceeded only by citrus fruits
and sugar. No other animal products can contend for this top position
held by fish (see Table II).
TABLE II
AQUATIC CATCH

1938 1948 1951 1953 1954 1955 1956 1957 1958 1959 1960
Total«

20.5

19.1

27.0 27.1

27.0

28.4

29.9

30.8

32.1

35.3

39.0

Nonfood
Food

2.6
17.9

2.5
16.6

5.0
18.6

5.8
21.3

4.6
22.4

4.6
23.8

5.1
24.8

5.0
25.8

5.2
26.7

7.0
28.3

8.8
30.8

Fish
Shellfish"
Plants

18.3
1.7
0.5

17.0
1.9
0.2

19.3
2.2
0.3

23.0
3.4
0.7

19.2 20.6
2.7
2.7
0.5
0.5

21.5
2.8
0.5

22.3
2.9
0.6

23.6
2.8
0.5

24.7
3.0
0.6

25.0
3.1
0.6

Marine
Fresh-water

18.6
1.9

17.3 24.1
2.9
1.8

24.1
3.0

24.2
2.8

25.4 26.8 27.3
3.0
3.1
3.5

28.3
3.8

31.0 34.5
4.5
4.3

α
b

Million metric tons live weight.
Approximately 70% shell weight.

Owing to the improvement in fishing technique and, to a large extent,
the renewal of the fishing fleet, the productional potential of world
fishery must be considered good.
Nevertheless, the total annual value of the world's fish products is
less than 1.5 billion dollars. This is less than the total value of poultry
and eggs being produced in the United States. In addition, meal, oil,
and other industrial products account for another 200 million dollars.
2.

Fresh-Water

In many countries, fresh-water fisheries supply a substantial part of
the nation's protein food. Almost half of the world's fresh-water catch,
approximately 1.8 million metric tons, refers to China, where raising of
fish has been traditionally predominant. Fish is taken from an area no
less than 16.5 million hectares, of which 70 lakes (6,000-500,000 hec
tares) constitute 6.28 million hectares. Although reduced relatively in
importance, the fresh-water catch still maintains its absolute size and is
even expanding, chiefly by resorting to full-scale utilization of more
distant lakes and rivers and the simultaneous build-up of processing and
distribution facilities in an obvious effort to move from a local sub-
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sistence basis to procuring highly coveted animal protein for the millions
in cities, for numerous industrial enterprises, and also for the communes.
Thus, the well-known salt lake Koko-Nor on the high plateau of Chinghin
is said to be circumscribed by a road along which fishing villages have
been erected, together with processing and icing establishments, and
equipped with modern fishing craft. Its catches have increased many
times and are stated as reaching 45,000 metric tons a year (Denisov,
1961; Sabürenkov, 1961).
The Soviet Union presumably ranks second. Its inland waters account for 1.2 million metric tons, but the Caspian and Black Seas, Lake
Aral, and a few others are all salt-water bodies. The expanding irrigation,
together with the effects of the rapid industrialization (pollution, ascending figures for water usage, hydroelectric plants), has drastically affected
fresh-water fishing. Artificial waters (irrigation canals, reservoirs, dams,
etc.) offer some compensations (see Volume I, Chapter 3). Official support to maintain village ponds and special fish-raising areas in cities constitute another major endeavor to hold the fresh-water front. Fishing from
natural fishing waters is greatly supported by stocking with fingerlings
and feed organisms, transplanting, and other production-increasing
measures. Proportionately the greatest expansion is taking place in the
large Siberian rivers, the mouth of the Ob, however, being the largest
source. This vast body of water is already delivering more fish than the
entire Arctic Sea waterfront.
The fresh-water fisheries of the African continent are concentrated
chiefly in three areas: Lake Victoria, Lake Nyasa and adjacent areas,
the Nile basin, and Congo basin. Tanganyika and Uganda together account for 100,000 metric tons. The Victoria waters are rich in fish. The
major food catch consists of various Tilapia. Since time immemorial, they
have been a great asset to the dense population living around these shores
(Worthington, 1953; Hickling, 1961).
The Great Lakes provide the United States and Canada with about
50,000 tons of fish a year, but in comparison to the immensity of these
waters, yields are low. In northern Europe and Asia likewise, freshwater fisheries are of considerable importance, although everywhere
hampered by population growth and industrialization. Both Japan and
Western Europe are also suffering from the damaging effects of extending
use of chemical sprays, acting as fish poisoning agents in many nations'
waters.
Inland fisheries are important as a food resource in Argentina, Brazil,
and Venezuela. The Amazon River contains many fresh-water species,
among them the "pirarucu." This gigantic fish, which weighs up to
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200 lb. and is found only in the Amazon, is dried and shipped all over
Brazil as a substitute for cod. This river also teems with turtles, whose
meat, fat, and eggs are consumed throughout the region. In most of
Latin America, however, fresh-water fisheries are operated by fishermen
owning no more than a small canoe and a few hooks and lines. Lack of
capital blocks the introduction of modern equipment.
3. Ponds and Fish

Cultivation

Fish are reared in ponds in many countries. The practice originated
in 437 B.C. in China, where it also expanded into the rice paddy fields.
On many Pacific islands, as well as in China, ponds near the sea or connected with it contain both fresh-water and salt-water species (see
Volume I, Chapter 5 by Drews). The pond area of China is today 2.94
million hectares, of which approximately one-third are marine. Their
average productivity is reported as 862 kg./hectare (Saburenkov, 1961).
Pond culture was introduced into central Europe during the fourteenth century, and later into the Balkans. In the European fish ponds,
the principal species is the common carp; in Southeast Asia and Japan
many other species are reared (see Volume I, Chapter 3 by Mann and
Chapter 5 by Drews).
There are more than 2 million fish ponds in United States farms,
chiefly in the southern states and largely built in the last 30 years.
They have been built with multipurpose aims in view: as a reliable
source of water for stock and irrigation, for conservation, for recreation—
and not least, for fish raising (Compton, 1952). Initially, the farm pond
evolved as a method of supplementing the daily food. Each acre of such
water can be made to yield 150-450 lb. of pan-size fish each year. When
well managed, they can support 400-600 lb. of fish. Fertilizing is required
at regular intervals.
Recently attempts to produce river catfish (Ictalurus sp.) commercially in United States ponds have been initiated. The only food-fish
culture enterprises in the United States are producers of rainbow trout
(Salmo irideus)—see further Borgstrom (1961a). This fish is commercially produced and frequently in combination with freezing plants in
Japan and Denmark. Most of their production enters international trade.
Rice-fish farming, patterned after Southeast Asia and with favorable
results, is reported from Texas, Mississippi, Louisiana, and Arkansas, the
latter being the major producing area. The principal species is the bigmouth buffalo fish, Megastomatobus cyprinelL·. This fish is preferred to
carp by the United States public. Yields of more than 1,000 lb. per acre
have been obtained in heavy delta soils; 500 lb. constitutes a good aver-
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age when heavy stands of stubble have been left over from the preceding
rice crop.
In the Far East, pond fish are raised in relatively small bodies of
water; boglands, swamps, and ravines are utilized, as well as the waters
of irrigation canals and reservoirs (Blanco and Villadolid, 1939). In
many areas (China, Japan, Java, and others), fish are raised on flooded
rice paddies. Annual yields of one or more tons to the acre are not infrequent.
Israel started fish farming before World War II and introduced the
carp from Yugoslavia into its fish ponds. The average annual production
is at present 6,000 metric tons. The availability of dependable water resources is hampering further expansion.
Twelve years ago various Tilapia were introduced into the lakes
and rivers of Madagascar. Pond cultivation started in the central part of
the island and the number of ponds in 1960 was given as no less than
80,000 (Anonymous, 1960a).
4. Marine

Cultivation

Only through oyster farming is it possible nowadays to meet the
United States' market demands. Due to excellent estuarine habitats,
Louisiana produces more oysters than all other Gulf states combined.
Cultivation of other marine organisms in salt-water ponds is subject
to trial at various places, both along the Pacific and in the Gulf area. A
well-known center for experiments of this nature is Bears Bluff Laboratories, Wadmalow Island, South Carolina. The raising of shrimp has
been practiced in the Orient for five centuries or more. Ample tidal
marshes exist along the South Atlantic and Gulf coasts where such ponds
could readily be built. The question is whether such cultivation can successfully compete with trawling.
A modern, seagoing shrimp trawler costs between $20,000 and
$40,000. Shrimp ponds can be built for $250 to $600 an acre. Such a
trawler can catch annually 20,000 to 50,000 lb. of shrimp. In India 350
to 1,000 lb. of shrimp are produced per acre of pond during a five-month
season. Calculating these figures and, if the United States marshlands
could produce shrimp at the same rate, the equivalent cost of a shrimp
boat would yield annually between 12,000 and 160,000 lb. of shrimp.
Efforts are also under way to raise in cultivating ponds a large-size
fresh-water shrimp, found in rivers and canals of Florida. A related
species is widely eaten in Cuba, where they are called little lobsters.
Some difficulties are encountered in the continuous reproduction in captivity. Species of smaller type, found in great numbers in the Mississippi
and the Ohio rivers, are also tried for cultivating purposes.

7.

FISH IN WORLD NUTRITION

275

5. Whaling
Although not fish, whales merit attention in a study of this nature.
Being so close to the primary photosynthetic production—with only two
conversion chains—they belong to the most efficient converters, in general, and of the planktonic riches of the Antarctic, in particular. The suckling baby blue whale for two years grows approximately 150-200 lb. per
day, the standard weight of a man. It is estimated that the mother consumes per day 2 metric tons of "krili" (a zooplancter belonging to the
euphasids).
International control of the annual catch of whales has only been
partially successful. At present the International Whaling Commission
no longer functions, as two members have withdrawn. Germany has resumed whaling. Japan and the Soviet Union have both expanded their
operations appreciably. No less than three newly built modern whaling
factories (147.000 gross tons) have been added to the Soviet fleet in the
period 1959-61. Norway is at present (1961) in the process of selling its
major factory whalers to Japan.
Whaling is almost entirely concentrated in the Southern Hemisphere,
since the chief stock outside Greenland is almost depleted. A few whales
are caught off the Canadian Pacific Coast. Presumably, there are potential possibilities of larger catches in this region. New whaling districts
are centered around Cook Strait in New Zealand and off Durban in
South Africa.
A new development is the utilization of whales for the production of
fresh meat—chilled, canned, or frozen. Japan, the Soviet Union, Norway,
and the United Kingdom are utilizing whale flesh for human consumption. Only a fraction of the potential amount of flesh available in whales
is used. Estimates of the total of this has varied between 325,000 and
2 million metric tons, due to the possibility of using meat from all whales
and the availability of facilities to save, handle, and transport the flesh.
Furthermore, seasonally the meat is so rancid that only extensive oil
removal can make it edible for human beings. At any rate, 100,000 metric
tons of whale meat is equivalent to the yield of 570,000 full-grown steers.
Whales are hunted especially for their oil. Oil-extraction methods
have improved, thus substantially increasing the oil output per animal
unit as much as 50-80%. This oil constitutes one-tenth of the world's
consumption of animal fats (Kondrup, 1952).
Meal is also manufactured on the factory ships and in on-shore stations (82,000 metric tons in 1955-56). Nevertheless, large quantities of
offal are still thrown back into the sea as waste products.
The shortage of horse meat for mink food is making whale meat and
meal of other mammalians (sea lions off Alaska) attractive. A revival of
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East Pacific shore whaling took place in 1957 and is expanding. So is
the whaling station near Paitu, Peru, now served by three killer vessels,
secured from Europe. Currently the fur breeders of the Pacific Northwest, especially the mink ranchers, use more than one million pounds
of whale meat imported from Canada or Japan. The whale meat is,
however, not as dependable for animal feeding in general as fish meal;
see further Chapter 2, Part I, of this volume.
6.

Miscellaneous

The dugong (sea cow or sea pig) has a flesh similar to that of pork
and is greatly relished by the coastal population where it abounds. It is
an inhabitant in restricted areas in the Indo-Pacific from the Red Sea
and east coast of Africa in the west to the Solomon, Marshall, and New
Caledonia islands in the east (Jones, 1959).
The manatee (sea lion) feeds on the subterranean pastures of algae
and grass. It is a food highly esteemed by many peoples in tropical
America, including the Caribbean. To this category of grazing animals
belong several turtles, the most famous of which is the green turtle of
the Caribbean, which once astounded Columbus by its immense numbers.
As a food source, they paralleled the role of the prairie bison to North
America (Carr, 1956). In many tropical areas—India, Indonesia, and
Ceylon—turtles still provide supplemental protein, although they have
been severely decimated in most regions.
C.

YIELDS

It is interesting to note that yields obtainable from catches through
recent years give an indication in broad terms of the productive capacity
of various waters, as influenced by latitude, climate, availability of nutrients, etc. Largely they follow the findings of studies on primary production and benthos accumulation. Certain basic characteristics are
obvious. The Baltic and the Mediterranean show low productivity, for
different reasons. Temperate latitudes deliver more fish, and Arctic regions are sparse. Fresh waters are more readily fertilized than marine
areas, and peaks in production are reached in controlled ponds. These
latter come into the producing range of farm animals (Table III). There
is still a great deal of argument as to the true potential of tropical waters
(see further Steemann-Nielsen, 1960).
D.

SUBSISTENCE FISHING

What now has been depicted is the situation as it can be analyzed
from available statistics. In many countries, fresh-water fish is not listed
in the commercial statistics. Thus, it is known that families inland in the

12

4-6

4.5

1.5
1.2

Baltic Sea

Barents Sea

Mediterranean

2000

200-9000

Tropical lakes

300-1200

Fish ponds, tropics

25-125

34.0

21-200

1.2-6.5

Fish ponds, fertilized

Fish ponds, brackish

Fish ponds, unfertilized

« Source: Cherfas, 1952.
& Source: Kalle, 1948; Mortimer and Hickling, 1954.

White Sea

24-35

North Sea

29

Japanese Sea

Caspian Sea

Entrophic lakes (temperate)
Atlantic off Iceland

55

Oligotrophic lakes (temperate)

80

Water area

Live weight,
kg./hectare

Fish yield of land water area 0

East China Sea

kg./hectare

III

Sea of Azov

Sea

a
Fish catch of selected sea areas

TABLE
PRODUCTIVE CAPACITY OF SEA AND L A N D

(pastures)

Beef cattle

Hog

Cattle

Flesh

5-250

500

84

Live weight,
kg./hectare

Land animal yield
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north of Sweden consume from local sources up to 100 kg. of fish per
capita. The Lake Titicaca provides food for the adjacent indigenous
populations of the Andes. Indirect evidence in dietary surveys show that
individual fishing plays a major role in the United States (Borgstrom,
1961a).
According to Wilcox (1947), Thailand is the rice country of a "vast
agricultural Venice. . . . It is a combination rice empire and fish pond.
Fish go a long way in supplementing a rice diet." Family subsistence is,
in effect, taken from every stream, canal, lake, and swamp. Artificial fish
ponds are common throughout the Bangkok region, with well-established
rules for emptying the ponds.
In other words, it is most likely that large quantities of fish are caught
for self-sustenance, the consumption of which never is registered. Recent
surveys from Southeast Asia also confirms this. In these cases, the
population depend largely on fish for their daily protein need, as other
meat is not available.
Dietary surveys clearly show that in Africa the best-nourished peoples
are frequently those living close to lakes and rivers and consuming the
fish they themselves catch (Nicol, 1952; Hickling, 1961; Borgstrom,
1962b).
In some cases, the Food and Agriculture Organization has made an
effort here to include estimates of such noncommercial catches, e.g., in
the Philippines (60%) and Malaya (11.5%). The figures in parentheses
indicate the percentage of the national catch attributed to such sub
sistence fishing.
These factors must be borne in mind particularly when analyzing the
future prospects for expanded fish consumption. In other words, the
6sh resources of the world have already been tapped for food purposes
to a greater extent than available statistics might indicate.
E.

UTILIZATION

1. General
About two-thirds of the world's catch is used directly as human food
in various forms—fresh, frozen, canned, or otherwise preserved. The
remainder is reduced to oil and meal. In both cases these items contribute
an additional amount of food to the human household. Whale and
menhaden oils are raw products important to the oleomargarine industry
of Europe and the Soviet Union.
National preferences and the final destination of the catch—whether
for domestic consumption or for export—largely determine the form in
which fish is marketed. In the United States, almost equal amounts of
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fresh and canned fish are sold. Frozen fish is capturing more and more
of the market, and about a fourth of the catch is reduced to oil and meal.
In contrast, the United Kingdom, with an annual catch half that of
the United States, markets more fresh and frozen fish (850,000 tons as
against 730,000 tons for the United States) but uses only small quantities
for canning. In no country does the share of canned fish in the total catch
even approach that of the United States. A clear distinction should,
however, be made between the relative standing of each type of fish
product and its absolute volume. This point will be further elucidated
in Chapter 19, constituting a comprehensive review of present general
trends in fish utilization.
2. Fish Meal
Certain species of nonedible fish and the waste from processing the
edible kinds are reduced to meal and oil. Fish meal is increasingly used
for feed, as the value of its high-quality concentrated protein has been
recognized. The waste of fish species that contain little oil in their bodies,
such as cod, haddock, and redfish, is converted into fish solubles, a kind
of liquid protein. When fish is reduced to oil, the water remaining after
the separation of the oil still contains some portions of fish and various
minerals. The solids are screened and added to the meal. The water,
known as stickwater, was formerly discarded, through ignorance of its
value for feed. Years of research and experimentation have resulted in
the development of processes for concentrating stickwater into a product
with high vitamin B content—fish solubles (see Chapter 9). This
product is greatly valued for inclusion in mixed feed and is considered
to be a special factor in animal growth. Peru, the United States, and
Norway are the chief producers of fish meal, followed by the United
Kingdom, Japan, and Canada.
Meat meals from slaughterhouse waste have generally been found
inferior to fish meals. Whale meal is becoming a good substitute for fish
meal, but is more deficient in minerals and to some extent in B vitamins.
3. Fish Oils
Fish oils are interchangeable to some extent with vegetable oils.
Fish-liver oils have been employed for medicinal purposes for centuries;
they were prescribed for rickets in the Middle Ages. The discovery of
their vitamin content has led to their use in vitamin oils and concentrates.
The world's output of fish oils averaged 350,000 metric tons a year
during 1955-1959, 24% above the level of the nineteen-thirties. The
United States leads in production, followed by Norway and Japan, in
that order. During World War II, the annual output of the United States
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declined about 25%, and that of Japan and Norway fell catastrophically.
In the United Kingdom, the fishing fleet was requisitioned for military
purposes, and production of fish oil ceased altogether. Only Iceland is
producing more fish oil than prior to the war.
The Marfleet refinery (United Kingdom) serves the 400 trawlers
operating from Hull and Grimsby, equipped for preliminary oil rendering
at sea. In this plant, 40% of the world's annual supply of liver oil
(30-35,000 tons) is manufactured, basically from 100 million codfish
livers (Anonymous, 1961d).
The fish-liver oil industry is increasingly affected by the competition
from synthetic vitamin A produced from ionone, coriander seed oil, etc.
Fisheries used to hold a monopoly in this field. Leading producers,
chiefly of cod-liver oils, are the Soviet Union, followed by Norway
(second), the United Kingdom (third), Iceland (fourth), and Japan
(fifth). This declining trend has led to the development of a canned-liver
industry in the Soviet Union and Japan, as well as the use of liver in
porks, sausages, etc. Norway benefits from the fact that its fishing
industry is carried on close to the coast at low temperatures that make it
possible to process millions of fish livers in the shortest possible time.
F.

INTERNATIONAL TRADE

1. General
When discussing the position of fish in world nutrition, its part of
the international trade must not be overlooked. What is caught in the
Northern Hemisphere is only partly consumed there. The bacaläo is
especially cherished in the tropics of Latin America and Africa. Salted,
dried cod was always considered an important part of their protein diet
for several centuries, along with other fish prepared in a similar way.
As a whole, cured fish has long held an established place in the diet of
these regions. In Jamaica, e.g., dried salted cod provided the chief source
of animal protein for the poorer sections of the population. Cured cpd
is also a staple item in the diet of the Brazilian population, on the
average 60% of the fish protein intake (Borgstrom, 1958).
2. Fish and Milk

Contending

Even when it comes to the international food trade, fish plays a
proportionately greater role among the less-well-fed nations of the world
than do other major food commodities. Table IVa lists the approximate
amount of fish and milk protein that reaches the underfed countries of
the world. As a provider of cheap animal protein, dried fish still holds
the key position it has maintained through the centuries. In spite of the

α

38
153.5
323

Condensed whole milk ~5ÖÖ
385
Dehydrated milk
481
Cheese
7
4
29.5

1.9

—

5.0

9.8

—
—

157.5
352.5

3ÖÖ

—
—

3.1

—

101.1

—

53.2

461
231.5
128.5

99.0
11.9

35.2
103.5
5.8
66.7

—
—
—

8
35
25

150.0

36\9
81.0
32.1

182.7

49.5
3.4

—
30

7.0
72.5
2.9
13.3

20
70
50
20

34.8

—
—
—

80

43.5

—

—

—

22.3
7.5

10
15

223.0
50.0

647.0
80.0

54.8

—

(%)

Total

261.5
80.0

Available
protein

Protein

Sold to
underfed
countries

Soviet
Union

Sold to
United
States

Scandinavia, United Kingdom, France, Holland, Belgium, and West Germany.

—

42.3

—
—
—

1.0

—

330.7

West
Europe 0

1.4

Total
amount

~868
Fresh and frozen
130
Tuna
Cured
44.5
Stockfish
Salted cod
45.0
Wet
103.5
Dried
Dried herring
5.8
Salted herring
167.8
Miscellaneous dried
103.2
and salted
14.5
Smoked

Fish and dairy
products

TABLE IVa

FISH AND DAIRY PRODUCTS IN WORLD TRADE, 1958-1959 (1,000 METRIC T O N S )
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extensive nature of various international programs using dehydrated
milk, fish on the average still surpasses milk on the world market with
regard to the total amount of protein. In isolated years, when relief de
liveries are expanded, milk may exceed fish. In spite of the world pro
duction of milk being 2.5 times larger than that of fish, these two items
are equally important to world feeding in supplementing the low protein
diets of critical areas (see also Section IV, C ) .
3. Fish Proportionately a Leader
There is another way of gauging on a relative basis this effectiveness
of world animal protein in terms of major commodities. Employing the
figures indicating the proportionate share of major animal protein in the
world's total population, the number of human beings who theoretically
could be fed by each protein category can be calculated. In other words,
this would be the number of individuals who would be provided with
animal protein from each major source if these available protein sources
were equally divided. By analyzing, insofar as available statistics allow,
the actual consumption in individual countries the actual present dis
position of these proteins can be calculated in an approximate way
(see line II in Table IVb; see also Borgstrom, 1962b).
TABLE

IVb

DISTRIBUTION OF MAJOR ANIMAL PROTEINS

Milk

Meat

Fish

Eggs

Poultry

Million tons

105

8A

3Λ

L4

LO

Percentage

43.4

34.6

12.2

5.7

4.1

I.

Human population

Actual number
provided«
III. Ratio ( I I / I )
IV. Deficit (or excess)
millions fed

1,302

1,038

366

185

123

Total
2ΛΛ
100
3,000

II.

1,174
0.9
—128

720
0.7
—318

670
1.8
+304

—
—

—
—

2,564
—

—

—

—

° Calculated on the basis of each individual country.

The discrepancies between these two sets of figures (lines I and II)
clearly reveal that the overwhelming percentage of milk and meat is being
consumed by a minority of the world's peoples and largely those that
are favored with rich soil and water resources. More important in
this context is the outstanding fact that fish constitutes the animal protein
source of a much wider proportion of the world's total population. When
analyzed in terms of distribution, the sphere of influence of both milk
and meat shrinks, while that of fish greatly expands—almost twice what
sheer quantity would lead one to anticipate.
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NUTRITIONAL ROLE

The biological or nutritional quality of the protein contained in
various species and types of fish and shellfish compares very favorably
with that of muscle meats of beef, veal, pork, lamb, mutton, and poultry
(see further Chapter 2, Parts I and II, this volume). The relative content
of essential amino acids is almost identical. A special advantage is the
high degree of digestibility. In general lysine, methionine, and tryptophan
are the three essential amino acids, deficiencies of which are frequently
encountered in plant protein. Fish protein provides all these vital
constituents.
This is the over-all picture, which clearly points toward the poten
tialities for increased use of fish. When analyzed further, the position of
fish products is in reality even more significant than these actual figures
reveal.
Fish maintains a unique position as a protein source, being the most
potent in this respect whether the protein content is calculated on the
basis of 100 calories (Table V) or merely in relation to total dry matter
(Table VI). Even fatty fishes compare favorably with defatted milk
powder, where lactose constitutes a filling bulk. For other factors
influencing the protein content, see Chapter 2, Parts I and II. Smallsized fish generally carry less protein in relative weight than do large
TABLE V
GRAMS OF PROTEIN IN 100 CALORIES OF SELECTED FOODS 0

Food

g./100cal.

Food

Manioc (cassava)

0.8

Cow's milk

Banana

1.0

(3.5% fat)
Eggs

Sweet potato
(Ipomoea
batata)

1.1

Beef (lean)

Rice (white, milled)

1.7

Skim milk
Nonfat milk solids

1.7

Taro
Millet (Eleusine

sp.)

Maize (whole-meal)
Millet (Setaria sp.)
Sorghum
Wheat flour
(medium extract)
Millet (Pennisetum sp.)
Groundnut (peanut)
Bean or pea
Soybean
α

2.0
2.6
2.9
2.9

Fish, fatty
Fish, lean
Fish, dried (cod)
Fish flour (extract)

g./100 cal.
5.4
7.9
9.6
10.0
11.3
10.2-13.2
15.0-21.0
21.8
22.0-23.0

3.3
3.4
4.7
6.4
11.3

Calculated by the author from standard reference books on food composition.
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TABLE VI
PERCENTAGE OF PROTEIN OF DRY MATTER IN MAJOR FOODS 0

Animal foods

%

Vegetable foods

Cod
Herring

92

Manioc (cassava)

81

Millets

Beef
Salmon

75-80

%
1.5
3-4

72

Rice
Corn

Eggs (liquid)

50

Wheat

7-8
9-12

Nonfat milk

50

Potato

12

Pork

50

Beans

Milk

35

Leaf protein

25-35
40

5-6

Sunflower seed

50

Soybean flour

55

a

Source: Calculated by the author from standard reference books on food
composition.

fish. For the calorie-conscious, it is valuable to know that 200 g. of cod
fillets carry 140 calories, while beef, with the same amount of protein,
has 170-220 calories and pork 500 calories (Kraut, 1957).
Through an average serving of 200 g. of fish fillet (or 300 g. of fish
with bone), the percentages (Table VII) of the daily requirements of
an adult (150 lb.) are provided. Lean fish differs somewhat from fatty
fish. Only nutrients representing more than one-tenth of daily needs are
included (Kraut, 1957).
TABLE

VII

NUTRIENTS PROVIDED BY AN AVERAGE SERVING OF F I S H 0

Nutrient

Fat
fish
Requirement (%)

Lean
fish

Requirement

(%)

A

5000 IE

100

(%)
—

—

Bi
B2
Niacin

1.7 mg.
1.8 mg.

15
30

15
20

45

5
40

30

25

D

Fat
Calories

50
60

2,600

25

Phosphorus
Iron

1.5 g.
12 mg.

a

Fat
fish

50

75 g.
80 g.

Protein

Lean
fish

(%)

Vitamins

12 mg.

75

50

400 IE

1000

—

From Kraut, 1957.

Based on the rule that at least one-third of the protein intake should
be in animal protein, a fish serving readily fulfills this specification. To
what degree this satisfies the amino acid requirement was analyzed in
Chapter 2, Part I.
Fermented fish products go back to Roman days and their "garum."
This was presumably very similar to the so-called sauces manufactured
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throughout Asia, constituting fish which is bacteriologically and enzymatically broken down under the strict control of table salt. Proteolysis
is the leading process, yielding amino acids which are readily available
for supplementation. Because of their high lysine content, they are
particularly valuable in an extreme vegetarian diet. These fish sauces
also add to the amount of sulfur-containing amino acids (Rerat and
Jacquot, 1956). The salt as such constitutes another beneficial asset of
these very diets (Toury et al.y 1958) (see also this volume, Chapter 2,
Part I, and Volume III, Chapter 20 by van Veen).
As pointed out by Deas and Tarr (1947) bread, prepared from flour,
in the form of two 1-lb. loaves, furnishes as much tyrosine as is found in
1 lb. of fish flesh; three loaves are equivalent to this amount of fish with
respect to tryptophan, and five loaves are needed to convey a comparable
amount of threonine. The greatest discrepancy prevails with regard to
lysine. It would take eight loaves of bread to supply as much lysine as
occurs in 1 lb. of average fish flesh. This EAA is the chief limiting factor.
Pound for pound, fish can be said to be eight times more valuable than
bread in supplying this essential dietary factor. Fish flesh, however, lacks
almost completely the carbohydrate constituents so characteristic of many
foods of plant origin.
H.

CONSUMPTION

Despite the growing world population, the per capita consumption
of fish is increasing more rapidly. Fish is unique in this respect when
compared to other food commodities. This can be confirmed through
available statistics. This shows the increasing dependence on fish in the
feeding of the human family. It might also signify that the fishing
industry is getting better organized. Because of this, the catches are
more readily recognized in commercial statistics.
There are, nevertheless, some exceptions to this general rule. Declines
in per capita figures are reported from such countries as the United
Kingdom, Haiti, and other Caribbean islands. The causes are completely
different: in the first case, ample provision with other animal foods
and in the second, the extreme shortage of food chiefly due to excessive
population growth.
The growing prevalence of fish in human diets does not necessarily
mean that fishery is more successful than agriculture in keeping pace
with the population growth. It may reflect the fact that the population
pressure is inducing more efficient catching, largely by resorting to the
exploitation of yet untapped resources. Paradoxically enough, it may
also be the consequence of an accelerated urbanization—people moving
to the cities, where fish in general is more readily available to more

286

GEORG BORGSTROM

people. Mankind's greater degree of dependency on fish as food constitutes a double challenge, on one hand, the need of better protection
of fish resources, and on the other, improved methods of preservation.
In many countries (e.g., Korea) there is a marked discrepancy between
the commercial catches and the actual consumption of fish. This is
chiefly explained by the extensive spoilage of landed fish in peak
seasons. This raises the very important question of the utilization of fish,
which has a vital influence on the standing of fish in world nutrition.
Trends in this respect will be analyzed in Chapter 19 of this volume.
I.

PRICE

In most countries, fish is cheap in comparison with other protein foods.
In 1950, the price to United States farmers for livestock varied from 18
cents per pound for pigs to 23 cents for beef cattle. The total of all fish
in the United States was produced and sold by fishermen on the average
at about one-third the price paid to farmers for competing meat protein
(Taylor, 1953). Basically, this is explained by the absence of any
productional costs. The investments and costs are limited to the capture,
handling, and processing.
Over the entire globe the major common species of fish offer protein
that is cheaper in price than most other animal products. Kraut (1957)
established that the protein in marine fishes costs half that of beef and
one-third that of pork. Milk protein was comparable in price. Employing
a residual method, it was established that the price of fish protein was
persistently less than that of other animal protein with the exception of
milk, when attaching to the fat the retail price of oleomargarine and to
carbohydrates the retail price of ordinary white sugar (Borgstrom and
Almgren, 1953). Cod protein was approximately twice as expensive as
herring protein, but all investigated fish protein was considerably below
the price of eggs, pork, and beef. Meier (1956) also employed the sugar
price, but for fat used the price of lard. Even in this case, fish belonged to
the low-cost items in comparison with most other animal foods. Exceptions were evaporated or dried milk and pork sausage. Hamburger was
more expensive than fish fillets. A United States study established that
expenditure varied inversely with the cost of proteins, fish being the
least favored animal food in this respect (Ministry Agr. Fisheries and
Food, 1960).
In most countries, herring and sardines are coveted foods. Dried cod
is another very cheap item. Besides, the fish protein cost in man-hours
are about half those of pork in a well-advanced agriculture—and still
pork in most countries is the cheapest of the land-animal proteins when
the hogs are not raised on skim milk. When computing the labor
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involved, fish, even in this respect, stands out as among the least costly
of animal protein foods.
II.

Aquatic Production and World Feeding
A.

GENERAL

Maritime nations long ago realized the importance of fish and seafood
to human nutrition. In West Africa, the Far East, and some Pacific
islands, population groups subsist almost exclusively on fish and plant
products. No obvious nutritional deficiencies have been detected there.
The nutritive attributes of fish have, consequently, long been recognized
and well established as empirical knowledge of the human race.
Nowadays this knowledge is firmly endorsed by chemical analyses,
clinical findings, and nutritional experimentation. Fish is an important
source of protein and in addition it provides essential minerals and
vitamins and, in not a few cases, fat at low prices. It is of high value in
the diet of human beings and livestock. Furthermore, the fish flesh has a
delicate structure and is easily digested.
Considering the entire world population, the average yearly consumption of aquatic products at present amounts to 10 kg. per person. In
addition, 3 kg. per person are utilized in other ways but usually end up
as food via meal, as refined oils in the margarine industry, or as fertilizers.
In prewar days, British fish accounted for only about 10% of the
animal and 5% of the total protein intake. Nevertheless, the United
Kingdom fish catch, in amount of protein, exceeds its importation of
meat from Argentina (92,000 as against 55,420 metric tons). The
Norwegian herring catch in recent years equals the meat yield from
1.6 million cattle (it used to be 2.25 million) and the cod catch, 500,000
cattle. The cattle stock of Norway is 1.1 million units. The Pacific landings
are equivalent to the meat from more than 51 million cattle (Borgstrom, 1962a).
Fish consumption has been analyzed above. Noteworthy here is the
fact that most countries show a trend toward a higher per capita intake.
But in better-fed countries the situation has been rather stagnant and
in a few, such as the United Kingdom, there is a decline in this respect.
In principle, a better utilization of the catches through preservation and
improved handling should induce an enlargement of consumption. For
various reasons, discussed in Section IV of this chapter, this has not
always been the result. An earlier analysis of this aspect was given by
Borgstrom (1951).
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1. Asia
Dietary lack of high quality protein from animals sources constitutes
one of the major nutritional problems in several areas of the world, e.g.,
large parts of the brim of Asia. A large number of people with limited
means obtain their caloric requirements chiefly from rice and other
similar cereals. Fish thus constitute a readily available source of cheap,
supplementary protein.
Fish constitutes the principal protein food of a large majority of the
people of the Philippines. Approximately 2,000 species of fish are found
in these waters, most of which are edible (Valenzuela, 1928).
The highest number of calories per 100 g. of the fish was obtained
from the fish called "mayamaya" (red snapper), which gives 145.5
calories, and the lowest, 72.7 calories, from "dilis" (Stolephorus commersonii) or long-jawed anchovy. Being cheap, this fish is available to all,
irrespective of purchasing power. Sometimes it is made into a fish paste
called "bangoong." The raw fish is commonly salted and dried and is
either toasted or fried for food. Plain roasted bangos (milkfish), a
common ingredient in daily food in the Philippines, contains protein in
excess of 30% (Valenzuela, 1928).
Fish sauces are extremely important dietary supplements in the entire
Southeast Asian region (Autret, 1948; see also Chapter 2, Part I, this
volume, and Volume III, Chapter 20 by van Veen). Local raising of fish
in ponds is another readily available source of fish which is regularly
added to the daily diet—see Section I, B, 3.
2. Brazil
The mussel Mytilus munahenis, which is so common in brackish
lagoons or lakes at several places along the Brazilian coast, constitutes
the only source of cheap animal protein to the poor, economically weak
group of the population. It is equal to casein in nutritional value (de
Siqueira et al., 1954). It is preserved through drying.
3. Tropical Africa
Most of the dietary protein of Africans in Nigeria is supplied by
maize. This is deficient in tryptophan and lysine, without which essential
amino acids of the protein ingested cannot wholly be utilized by the
body. Many are living on a diet grossly deficient in animal protein, and
markedly lacking in non-animal protein. Clinical evidence also points to
protein deficiencies as being very common among the general population
of Nigeria. Dietary surveys indicate that pregnant women frequently
receive only 1 oz. (28 g.) of meat or fish per day or even less (Nicol,
1952). Fish eating tribes are as a rule better nourished, their intake of
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animal protein being greater than that of adjacent farming or trading
groups. This also reflects the better state of general health (Nicol, 1952).
Similar findings are reported from Senegal when comparing fishing and
farming villages in the Dakar region (Senecal et ah, 1956).
Similar conditions of protein deficiencies are reported from Ghana
(Mayer, 1959). Fish appears to offer the best possibilities to meet this
challenge.
The artificial raising of Tilapia mehnopleura has in recent years
brought fish to the island of Madagascar where the protein-deficient diet
was prevalent. In areas along the rivers and lakes stocked with Tilapia
and in the central regions with its numerous cultivation ponds this fish
is now consumed in substantial quantities—the intake per day is greater
than the average European intake per week (Anonymous, 1960a).
4. The Arctic
For countless generations, Eskimos in the circumpolar area have fished
Arctic lakes and coastal areas of northern oceans on a subsistence basis.
Seals, together with fish (pike, arctic char, etc.) were the basis of their
food (Abs, 1959). The polar bear, also providing meat and vitamins, in
turn feeds on fish.
B.

PER CAPITA CONSUMPTION AND CALORIES

Based on the total world catch of approximately 39 million tons
(1961) of fish and shellfish, this category of food commodity does not
seem to be too important. Divided among the three billion people now
living, fish amounts to approximately 11.7 kg. (23.4 lb.) of fish and 1.3 kg.
(2.91b.) of shellfish per capita per year. One-fifth (22.5%) of the total
catch is utilized as feed and for purposes other than human food. In
terms of edible flesh, this means 5.0kg. (11 lb.), 13% of which refers to
fresh-water products. But it does not seem adequate to evaluate world
supply of fish on such a sweeping basis. The regional differences are too
large and the consumption habits vary too much to justify calculations of
such a general nature.
The significance of fish to the national diet of each country is most
frequently gauged on the basis of the annual per capita intake of edible
fish in each country. Heading the list based on statistical data of 1960
(Table VIII) we find Angola and Portugal with 32-28 kg. Japan has
overcome the decline of the war years and regained her prewar figures,
now attaining 22.5 kg. The two Scandinavian countries, Norway and
Sweden, are quite high and have for a number of years surpassed even
the per capita figures for Japan. Nevertheless, it is obvious that fish is
far more essential to Japan than to the Scandinavian countries. Other
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good examples of such discrepancies between statistics and the im
portance of fish are countries like India, Pakistan, and Indonesia, where
fish is far more essential than the consumptional data seem to indicate.
This fact, together with other considerations, indicates that the per
capita figures constitute no suitable yardstick for an evaluation of the
true role of fisheries in the economy, nor in the actual feeding of a
country. Such figures give absolute information but reflect only slightly
the relative standing of fish in the food balance of each individual
country.
TABLE VIII
CONSUMPTION OF FISH IN SELECTED COUNTRIES ( 1 9 5 9 ) a

Country

Fish
protein
(kg/year)

5.69
Angola
4.96
Portugal
4.05
Japan
3.47
Norway
3.28
Surinam
3.21
Korea
3.10
West Indies
Sweden
3.03
Burma
2.77
Taiwan
2.74
Thailand
2.48
Philippines
2.34
Cambodia
2.10
Denmark
2.08
Malaya
2.04
Chile
1.79
Congo (Belgian ) 1.74
Spain
1.72
United Kingdom
1.61
South Africa
1.50
West Germany
1.35

Edible
fish flesh
(kg/year)
31.5
27.6
22.5
19.3
18.2
17.8
17.2
16.8
15.4
15.2
13.8
13.0
12.0
11.6
11.3
9.9
9.7
9.6
8.9
8.3
7.5

Country

Fish
protein
(kg/year)

Edible
fish flesh
(kg/year)

Greece
Israel
Canada
Finland
New Zealand
Soviet Union
Belgium
Venezuela
China*
France
Italy
Peru
United States
Indonesia
Netherlands
Pakistan
Poland
Nigeria
India
Brazil
Mexico

1.44
1.26
1.31
1.28
1.08
1.20
1.08
1.44
1.10
1.02
0.72
0.90
0.91
0.88
0.84
0.80
0.73
0.67
0.62
0.40
0.25

8
7
7.3
7.1
6
6.7
6
8
6.1
5.7
4
5
5.1
4.9
4.7
4.4
4.1
3.7
3.4
2.2
1.4

α

Source: Food and Agriculture Organization statistics.
* Estimate.

The validity of this criticism is borne out by two examples. Japan,
known as a country for which fish is indispensable, can muster only a
petty 3% in such a computation. Italy has a percentage figure (0.8)
almost identical to that of the United Kingdom, in spite of the fact that the
latter country consumes twice as much fish.
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Calculations of this nature have given rise to the notion that fish is
nonessential, both on a national and global scale. According to some
writers, fish could easily be replaced by agricultural commodities. There
would undoubtedly be no great difficulty in almost any country on earth
to attain a 2-3% increase in the total agricultural production and thus
theoretically make fisheries superfluous. The only way to make a sound
appraisal of the place of fish is to recognize this commodity as a source
of animal protein and compare it nutritionally with equivalent items,
such as milk, meat, poultry and eggs. It is true, nevertheless, that,
judged on statistical figures, the final catch is negligible, and seafood
only constitutes a trifle of the world's total intake of calories—approxi
mately 1%.
C.

FISH AND SHELLFISH AS A PROTEIN SOURCE

1. General
In all evaluations of fish as a food source, main emphasis is put on
the protein—less on fat. This applies no matter which sphere is
examined, whether it be fresh fish or by-products for animal nutrition.
In their total aminogram and their content of EAA, most fish proteins
also compare most favorably with other animal protein. They un
questionably can be described as a high-quality protein requiring little
supplementation—see further Chapter 2, Parts I and II, in this volume.
The present direct consumption of 5.0 kg. (11 lb.) of fish and shellfish
flesh per capita would contain 900 g. of protein, constituting 41 days'
supply of animal protein at the present average consumption level of
the world, i.e., 3.5% of the actual total protein consumption and 9.4% of
the animal protein intake. Shellfish would comprise 0.5 kg. of this total of
5 kg. Taking into account the protein indirectly produced through fishcontaining feedstuffs, the given values could increase approximately
4.5%, consequently of minor significance on this general basis.
2. Fish and Shellfish as Animal Protein
When comparing fish on a global basis with other animal proteins,
its relative position is clearly manifested. Meat provides only twice as
much protein as fish, and milk approximately 3.5 times. Eggs, together
with poultry meat, account for less than fish provides. As fish is the
primary source of animal protein to nutritionally low-standard nations, it
feeds—i.e., fills the gap between starvation and subsistence—far more
millions than does either milk or meat. More than two-thirds of all meat
and milk is consumed by less than 60 million people. But over 1,500
million humans depend on aquatic foods for more than half of their
average daily animal protein.
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TABLE

IX

FISH IN PROTEIN BALANCE OF SELECTED COUNTRIES (AVERAGE FOR 1957-1959)

Fish protein
(grams per day
per capita)
L6
3.5
2.1
2.8
3.7
2.8
2.3
13.6
4.7
4.4
3.7

Animal protein
(grams per day
per capita)
42^2
44.0
51.4
45.9
21.0
25.9
45.1
23.2
20.0
49.0
43.5

Fish
protein

Denmark
Finland
Norway
Sweden
Soviet Union
Canada
United States
Mexico
Costa Rica

7.1
5.8
9.5
8.3
3.3
3.6
2.5
0.7
0.7

53.1
68.4
50.4
57.0
33.0
62.9
66.0
17.5
21.2

10.7
7.2
18.9
14.6
10.0
5.1
3.8
4.0
3.3

Cuba
Dominican Republic
Haiti
Honduras

0.7
1.9
0.7
0.7

28.7
12.7
5.0
8.9

2.4
11.0
14.0
7.9

Argentina
Brazil
Chile
Colombia
Ecuador
Peru
Venezuela

1.0
1.1
6.5
0.7
1.4
2.8
6.7

56.6
24.3
26.9
20.2
10.9
13.2
24.2

2.0
4.5
18.2
3.5
12.8
21.2
27.6

Burma
Ceylon
China»
India
Indonesia
Japan
Pakistan
Philippines
Taiwan
Thailand

7.6
2.7
3.0
1.7
2.4
11.1
2.2
6.4
7.5
7.1

13.0
6.2
10.0
6.6
4.8
17.4
5.7
11.4
12.8
29.5

58.5
51.0
30.0
25.7
50.0
63.8
38.6
56.1
58.6
24.0

Country
Austria
Belgium
Eire
France
Greece
Italy
Netherlands
Portugal
Spain
United Kingdom
West Germany

a

Estimate.

(%)

4.0
8.0
4.0
6.1
17.6
10.6
5.1
58.4
23.5
9.0
8.5
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(continued)

Fish protein
(grams per day
per capita)

Animal protein
(grams per day
per capita)

Fish
protein
(%)

Egypt
Israel
Turkey
South Africa

2.6
3.7
0.7
4.1

12.9
30.5
14.5
30.8

20.2
12.1
4.8
13.3

Australia
New Zealand

1.9
3.5

58.7
70.1

3.2
5.0

Country

A second, common procedure in establishing the role of fish in protein
terms is to calculate for each individual country the percentage of the
total animal protein intake which can be attributed to this commodity.
Such figures have been computed by the author for most countries of the
world. A selection of such data is listed in Table IX. By this method fish
stands out far more clearly as an essential, almost indispensable, source
of animal protein. Consequently, figures of this kind constitute far better
indicators of the place fish is holding in both the national and the global
diet.
Even in such generally well-fed Scandinavian countries as Norway
and Sweden, 16-17% (approximately one-fifth) of the total animal
protein consumed can be ascribed to fish. This is approximately the
same ratio found in several South American countries such as Chile,
Peru, and Ecuador. One-fourth of the animal protein intake is represented
by fish in such countries as Spain and India; this figure rises to about
one-half in the case of Ceylon and Indonesia. Portugal and Japan
constitute the next group, where almost three-fifths of all animal protein
is of fish origin. Thailand comes close to three-fourths in this respect.
Extreme cases are represented by Jamaica, where 85% of the animal
protein consumed comes from fish, no less than 93% of which is
imported (Borgstrom, 1938).
Table X allows a comparison of animal protein intake in relation to other
animal foods. Numerous interesting observations can be made on the
basis of this listing. Space allows only two comments. Judged this way,
the following countries are leading fish nations, namely, Portugal, Japan,
Taiwan, and Ceylon, although the latter is on a low total protein level.
In a number of countries, fish is more important than eggs and poultry,
e.g., Scandinavia, Portugal, Japan, Taiwan, Chile, and South Africa.
Japan obtains two times as much protein from fish as from milk.
One cannot, however, be satisfied with figures of this general nature.
They disregard the appreciable differences prevailing as to nutritional
standards between countries, as measured by the total amount of animal
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protein being consumed annually. The United States is in the top with
66g. per capita per day (511b. a year). At the other end of the scale
we find low-protein countries like China, India, Indonesia, etc., where the
daily intake is down to one-tenth of the United States figure. New Zealand
shows 70 g. per capita.
TABLE X
ANIMAL PROTEIN BALANCE IN GRAMS PER D A Y PER CAPITA (1954-1957)

Eggs
and
Plant
poultry protein

Animal
protein

Fish

Milk

Meat

Belgium
France
Greece
Italy
Netherlands
United Kingdom
West Germany
Portugal

44Ό
47.2
21.0
23.5
42.8
49.0
42.6
23.2

3Ü5
3.1
3.7
2.8
2.3
4.4
3.7
13.6

VLÖ
15.3
12.1
10.3
23.1
19.2
18.7
2.2

18.1
23.4
5.7
7.3
14.1
20.1
16.5
5.8

5^2
5.4
2.0
3.1
2.8
5.2
3.7
1.4

43.8
48.1
59.5
50.4
35.8
36.1
35.6
46.5

87.8
95.3
83.0
73.9
78.6
85.1
78.2
69.7

Denmark
Norway
Sweden

56.1
50.4
57.0

7.1
9.5
7.1

25.5
25.2
28.9

20.3
13.1
17.3

3.2
2.6
3.4

38.7
38.0
30.2

94.8
88.4
87.2

Ceylon
India
Israel
Japan
Taiwan
Turkey

5.9
5.3
30.5
14.5
12.8
14.5

3.0
0.5*
3.7
10.5
6.9
0.7

1.4
4.2
14.5
1.0
0.1
8.1

1.1
0.5
4.2
1.6
4.7
4.6

0.4
0.1
8.1
1.4
1.1
1.1

36.8
45.0
57.3
47.9
39.7
74.0

42.7
50.3
87.8
62.4
52.5
88.5

Canada
United States

62.9
66.0

3.6
2.5

24.9
25.1

24.7
27.5

9.5
11.0

34.3
28.1

97.2
94.1

Argentina
Brazil
Chile

56.6
18.0
28.4

1.0
0.9
6.5

12.8
4.7
8.2

39.5
10.5
11.8

3.1
1.8
1.7

40.1
44.1
50.9

96.7
62.1
79.3

Egypt
South Africa
Australia
New Zealand

12.9
30.8

2.6
5.7

5.1
7.9

4.1
15.8

1.1
1.4

61.7
43.6

74.6
74.4

58.7
70.1

1.9
3.5

17.2
26.5

34.5
34.9

4.8
4.9

31.8
33.3

90.5
103.4

Country

α

Total

Presently more than twice this amount (see also Table IX).

Thus, even from a limited nutritional point of view, the figures
discussed so far convey only fragmentary information. More adequate
methods for appraisal were desirable, especially when geographic and
economic factors were to be brought into interplay with these sets of
nutritional data. New approaches to this problem and alternative sugges
tions for evaluating the role of fisheries were formulated by the present
author in a recent study (Borgstrom, 1961d, 1962b).
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3. Fish in Total Protein Balance
The world shortage of protein is critical. This constitutes a major
challenge to the world's fisheries. The total world use of protein to feed
the human family was, in 1959, approximately 84.6 million tons but
increasing at the rate of 1.7% a year, which means at least 14.5 million
additional tons in 1970, and still nothing is brought in to alleviate the
present shortage. Consequently, all these quantities are based on the
present deficient nutritional status of the world. This is what is needed
merely to avert further deterioration of the grave protein situation.
To what extent do present world fisheries contribute to this average
protein intake of the world? Out of the total catch of 39 million tons
(1960), 30.8 million tons are available for human consumption, but only
half of this—15.4 million tons—is in fact edible and actually consumed.
A considerable amount goes to waste—the table waste is evaluated at
10%. At the most it would consequently mean 13.9 million tons which,
with an average protein content of 18%, comes to 2.5 million tons of
protein, i.e., 3.0% of the total.
A distinction should, however, be made between plant and animal
protein, the latter being in general more complete as to its amino acid
composition. Commonly plant protein, dominated by cereals, can be
given a value of only half that of animal protein. On such a basis and in
terms of high quality protein, the world's total intake would be 54.6
million tons—and fish, as belonging to the animal category, would then
retain its figure of 2.5 million tons. The percentage role of fish in such a
setting would be 4.5%.
But in the global balance of the world's total animal protein, fish
accounts for 3.2 million metric tons out of a total of 24.5 million metric
tons—namely, 13.1% of the total (Table XI). In contrast to other
TABLE XI
WORLD BALANCE OF ANIMAL PROTEINS

Food
Milk
Meat
Beef
Pork
Mutton
Fish
Poultry

Eggs

Million
metric
tons

10.5
8.4
(4.5)
(3.3)
(0.6)
3.2
1.0
1.4
24.5

%

43.0
34.2

13.1
4.1
5.6
100
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animal proteins, a higher proportion of fish as compared to meat (meat
meal, etc.) and milk (skim milk, whey, etc.) is employed in animal
feeding and does not directly enter into human consumption. This
figure is thereby reduced to 9.5%.
4. Fish in Primary Protein
Another way to appraise the relative standing of fish is to resort to a
calculation of total primary protein. For the production of terrestrial
animal protein an average conversion factor of 7 seems reasonable. This
is discussed in more detail by Borgstrom (1962b).
Out of the total animal protein quantity of 24.5 million metric tons,
21.1 million tons refer to terrestrial animals. This means that 147.7 million
tons of primary plant protein is contained in the total of all feedstuffs
devoured by livestock in order to produce animal food products on land.
In addition there would be the protein in the feed eaten by draft animals;
this is 30 million tons.
It has been generally overlooked that fish, despite its far smaller
amount, in effect utilizes a far larger quantity of primary protein for its
making, due to the lengthy conversion chains in the sea. The conversion
efficiency of the aquatic environment is generally considered not to go
below 5 in the first conversion from primary plant products (phytoplankton and algae) and not below 10 in subsequent conversion stages.
There is a great deal of evidence that these conversion factors are actually
larger, but restraint is shown in these calculations in order to arrive at
safe minimum figures of a realistic nature. Taking this figure, and also
recognizing the fact that the number of links in the seas is greater—at
least 3 (herring) and frequently 5 (cod)—one reaches the staggering
figure of 32 billion metric tons of primary protein, using a medium
figure of 4 links. In other words, the present fish catch is bringing into
the human realm on earth an amount of primary plant protein which
is 216 times larger than that used by the entire agriculture of the earth.
There is a certain degree of tertiary production in agriculture via
hogs, poultry, calves and others being fed various animal products. What
this means in terms of additional primary protein is being computed by
the present author, but no final figures can be given at this time.
To what degree there is a feedback into the productive links of the
seas in a briefer period than one year is only scantily known. At any rate,
such a short-circuiting would naturally reduce the above huge figure.
But even so, it will unquestionably mount far above the corresponding
figure for agriculture, as being of an entirely different magnitude.
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5. Protein Deficiency and Fish
The first case of a disease resembling kwashiorkor can be traced
back to Yucatan in Mexico (Correa, 1908). It was called "culebrilla" and
was characterized by diarrhea among young children, skin lesions, and
edema of the legs and feet. It was usually fatal. It was decided that
culebrilla was clearly distinct from scurvy but, notwithstanding, was
related to malnutrition.
A few years later, Guillon (1913) in French Indo-China began
studying Annam swelling ("bouffissure d'Annam"). This disease occurred
only among coolies and poor agricultural laborers. It had never been
seen among the upper classes, nor among those who lived by the sea
and ate fish.
From the end of World War I until Williams (1931-1932) gave her
classical description of kwashiorkor, many odd diseases were described
which later have been identified as protein deficiency diseases of either
the marasmus or the kwashiorkor type. Gradually tropical parasites were
ruled out as the primary causative agents (Brock and Autret, 1952).
In other places, where fish is a considerable part of the diet of the
child, it may be protected against kwashiorkor. The absence of
kwashiorkor in coastal districts of Central America and West Africa is
attributed to the consumption of fish (Autret, 1953), and the opportu
nities for obtaining fish, either fresh or dried, are a possible reason for a
better state of nutrition in children in some of the coastal districts of
Kenya as compared to the hinterland (Trowell et al.y 1954).
6. Special Products
Fish protein is incorporated into the human diet not only via the
visible direct consumption of fish flesh, fresh or preserved. In many
parts of the world more sophisticated fish products or elaborate fish
dishes have emerged. Several of these are important outlets for fish
protein or its amino acids. The fermented items so commonly encountered
and used in the entire Southeast Asian region are reviewed in Volume III,
Chapter 20.
Fish macaroni is one such product devised by Indian scientists for
home-cottage production or large-scale industrial manufacture.
French nutritionists have concocted a special biscuit containing
several proteins from corn, groundnuts (peanuts), dry milk, dried yeast,
and coconut. Moroccan fish flour has no other ingredient (Mauron et al.,
1960). Fish is the major source of lysine in this special type of flour, and,
together with milk, it provides most of the methionine. This combined
product maintains its lysine content both in storage and manufacturing
better than the individual ingredients do when treated in the same way.
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a. FISH MEAL

It is deplorable that fish meal, at the present time, is not wholly con
verted into direct use as human food. This is primarily due to technical
reasons. Furthermore, there is heavy competition between the domestic
animals of the well-fed parts of the world and human beings in these
developing areas. Agriculture is given almost entire credit for the
flourisliing postwar animal production of Europe. This is only partly
justified—a major factor is the channeling of animal protein through the
back door via fisheries. Few realize that several major European countries
feed more fish protein to their domestic animals than they do to the
human beings. This is true for Denmark, West Germany, the Netherlands,
Norway, and the United Kingdom. It is most surprising to find in this
same category South Africa, a country where a large portion of the
population is seriously short of protein.
The United States is, next to Peru, the largest producer of fish meal,
but is nevertheless buying on the world market more fish meal and fish
solubles than any other country. In terms of protein, this importation
amounts to approximately one-seventh of what currently is totally
consumed in meat and as much as two-thirds of what is available as
poultry meat! No less than approximately one-third of the United States
broiler meat production can in effect be attributed to the sea. Half of
this marine feed is imported. The United States constitutes the major
market for world fish meal, surpassed only by Europe when all individual
countries there are added together.
This United States purchase of protein could, in fact, satisfactorily
fill the protein gap of the highly protein-deficient South American
continent (Borgstrom, 1958). A channeling of the fish protein now used
as feed for domestic animals into human use could appreciably improve
the poor protein standard in many regions and indirectly enhance
productivity. Great importance consequently must be attached to the
present efforts toward improving and expanding the manufacture of fish
flour which can be used as a supplement in breads, soups, puddings,
etc. Undoubtedly such fish protein would constitute an excellent basis
for world-wide relief.
This protein deficit is worth observing in discussing economic balance
and surplus problems. On the basis of the experience of Japan and most
European countries, it is correct to assume that agriculture in Latin
America would hardly be able to provide sufficient protein to feed the
rapidly growing population, particularly if the nutritional standard is
going to be improved in those many countries which now live on a
substandard level in this respect. Fish will not only be cheapest but
also the most efficient way of ameliorating present conditions. This
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explains the great interest which today is attached to development of
the fishery resources of Latin America. Surveys of the Caribbean area,
however, clearly point to definite limitations. This presumably will always
be a deficit area where cheaper protein in the form of milk products or
fish protein will have to be imported from other regions more favorable
to protein production. Promising improvements are, however, reported
from Chile, Peru, Brazil, and Venezuela. Brazil today imports almost half
of the fish protein presently consumed. This explains the current efforts
to utilize more effectively both the sea and fresh-water resources of
this great country (Beatty, 1960). The climate, the distribution and the
composition of the fish fauna, the large distances, and several additional
factors explain the slow progress being made. Several good enterprises
have ended in failure because of negligence of one or the other of
these basic factors. Drying is by far the most preferable and cheapest
method of preservation.
Research has shown that fish meal and condensed fish solubles
contain substantial amounts of vitamin B12. This explains the special
value of fish as a supplement to vegetarian diets. The more agricultural
production is compelled, for the sake of better acre utilization, to increase
further the output of plant products as a valid substitute for animal
protein, the more vital does the availability of B i 2 become to human
nourishment. This puts fish and fish products in a key position. The most
recent discoveries of efficient methods to isolate Bi 2 from sewage wastes
may, however, partly change this situation.
b. INSULIN

The whaling industry nowadays provides a substantial quantity of
insulin. According to South African discoveries, the pancreas of shark
also contains a very high percentage of insulin. One hundred and thirty
sharks produce the same amount as is obtained from 400 to 500 cattle.
c. FERTILIZERS

To what extent fish and fish waste are used as fertilizer is difficult
to establish and still more difficult to estimate is what additional food
agriculture produces thanks to this source. Early in human history fish
was utilized this way, in Brittany, on the minor islands of the British
Isles (Aran, the Shetlands, the Hebrides), Norway, Maine, and other
parts of New England.
This practice must not be overlooked, although it certainly played
a far greater role in bygone periods of history when methods of
utilization were less developed. Such use of herring in Scandinavia and
Ireland, and salmon by New Englanders and North American Indians
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is well documented. Nevertheless, using the fish this way had its limita
tions since the potassium level in no way matched the amounts of nitrogen
and phosphate present or added. Particular importance is attached to
fertilizing with salt-water fish because the iodine generally penetrates
the agricultural products grown on soil fertilized in this manner.
D.

FISH AND SHELLFISH AS A FAT SOURCE

1. Fat Content
The fat content of fish varies widely (Table XII). Generally fish are
subdivided into three groups: lean, semifat, and fat fish, depending on
TABLE XII
CONTENT OF F A T IN FISH

Kind

Fat content (%)

Fish
Lean
Haddock
Cod
Sole
Plaice
Semifat
Swordfish
Halibut
Baltic herring
Bonito
Herring, Atlantic
Mackerel
Fat
Herring (in season)
Salmon
Tuna fish
Eel
Sardine
Shellfish
Crab
Lobster
Oyster

0.1-0.2
0.2-0.4
1
0.7
3-5
5.2-5.5
2.1-6.5
7
6-8
8-10
12-26
12-17
13-18
9-20
12-20
1.4-1.6
1.5-2.0
1.9-2.2

the fat retention of the flesh. Contrary to terrestrial animals, excess fat
generally is not deposited in the muscle tissue.
The fat content varies a great deal depending on season, latitude,
and sexual stage; e.g., the menhaden caught along the United States east
coast in the north often show three times more fat in Canadian than in
Mexican waters. The fat content of sprat falls steadily throughout the
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fishing season in both Scandinavia and the United Kingdom. The South
African pilchard yields 16-17% oil in March and April, which falls to
2-4% in September and October. The body oil of menhaden caught in
the Gulf is superior for use in the manufacture of oleomargarine compared
to that of Atlantic menhaden (Borgstrom, 1961a).
There may, furthermore, be variations in the fat content that can be
attributed to miscellaneous other factors (the time of spawning, the dif
ferent seasons of the year, and fluctuations in feeding conditions) related
to season and latitude. Fish are found to deposit the maximum amount
of fat just before the spawning season, and to have a minimum fat con
tent a few weeks afterward. The food supply also affects the composition
of fish. When they are forced away from their accustomed feeding
grounds by storm or by natural enemies, they are often encountered in
very lean condition.
2. The Fish-Fat Share
The amount of fat obtained from aquatic sources is not negligible.
Some idea of the direct contribution of herring fat to the total United
Kingdom diet can be obtained from the 55,000 tons of herrings eaten
there in 1956. On the basis of an average oil content of 10%, the edible
portion would contain 2,750 tons of oil, or about 0.15 g./head/day over
the entire population. This figure does not of course reflect its position
among individuals who actually eat herrings or kippers regularly. The
average Norwegian herring catch, half of which is used as human food,
contains almost twice as much fat as all milk produced in the country
and five times the fat in all meat. The position in other parts of the world
could only be assessed after careful consideration of the local dietary
habits and the species of fish.
On the other hand, a certain amount of the fish oil is not used for
human consumption but for other industrial purposes. Exact figures on
the total nonfood uses are not available. Furthermore, a substantial pro
portion of the total world catch of oily species of fish is converted into
animal feedstuffs or hydrogenated for use in oleomargarine. Most of this
oil falls under the statistical heading of "nonfood purposes," which is a
misnomer, also applied to what goes into feeds and is converted into
food. In the United Kingdom the domestic production of herring oil
was 3,300 tons in 1956 (Herring Industry Board, 1956). Most of this oil
would be hydrogenated and blended into edible fats. In contrast to
herring eaten directly, consumption of the hydrogenated fat will be
fairly evenly distributed. The conclusion is, nevertheless, inescapable
that, apart from individuals and local areas, fish fats contribute little to
the world's over-all supply of calories.
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A substantial amount of oil is derived from fish-liver sources, par
ticularly cod and in South African stockfish. In Norway more than
100,000 hectoliters of high-grade oil are produced annually this way.
The vital role played by whaling in the fat and oil supply of the
world is discussed in Section I, B, 5.
3.

Tocopherol

One complication to an unbounded broader use of fish oils in the
human diet is the prevalence of highly unsaturated fatty acids. This in
turn necessitates a higher intake of vitamin E in order to avoid dis
turbances in cattle, hogs, and poultry (see further Chapter 3). This
relationship is carelessly overlooked in present-day recommendations for
an expanded intake of polyunsaturated fatty acids. Several claims have
been raised as to the beneficial effect of a fish diet due to the cholesterollevel reducing effect of various fatty fishes, e.g., sardines. These and
other nutritive aspects of fish oils are subject to a detailed discussion by
Tsuchiya in Chapter 7 of Volume I. There is further defined the pos
sible consequences of the discrepancy between the content of polyun
saturated acids and essential fatty acids, frequently short in fish. It
should be added, nevertheless, that most studies on the cardiovascular
effects of fish oils have focussed attention chiefly on one variable—fat
composition—and almost entirely overlooked the tocopherol content,
which is most likely to influence decisively any cardiovascular syndrome.
Few oils studied have been deprived of their tocopherol—a crucial un
dertaking—and all investigations with fish flesh as such have not taken
this factor into account. There remains the likelihood that several of the
observed beneficial effects are dependent on the presence of tocopherol
or similar natural antioxidants rather than on the chemical constitution
of the fats. A recent confirmation of cod liver oil inducing tocopherol
deficiency is provided by Dehority et al. (1961).
E.

FISH AS A SOURCE OF VITAMINS AND MINERALS

1. Vitamins
The nutritional significance of vitamins A and D from fish cannot be
averaged over a national, or even less over the total world, population.
Those who regularly take fish-liver oil medicinally may well derive the
major part of their total intake of both vitamins from it. In areas where
fish liver is commonly eaten, the same will apply.
The total landings of whitefish in the United Kingdom are equivalent
to about 20,000 tons of liver oil, mainly from cod and similar species.
If this were all available for human use, it could provide about 1000 I.U.
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vitamin A and 100 I.U. vitamin D/head/day. The total current United
Kingdom consumption of herring (55,000 tons in 1956) would, if evenly
spread over this population, provide about 25 I.U./day of vitamin D
(Lovern, 1958). Those individuals who fairly frequently eat herring or
similar fish, e.g., sardines, obtain quite a high intake of vitamin D from
these sources. One serving of herring provides half the daily need of
vitamin A and vitamin D far in excess of daily doses (Kraut, 1957). Eels
and lampreys are a potent source of several vitamins but particularly of
the fat-soluble group. They enjoy long-standing recognition in this
respect and were acknowledged for their health- and vision-restoring
capacities long before vitaminology was born (see Higashi in Volume I,
Chapter 13).
2. Minerals
Numerous statements are encountered as to the significance of fish
as a source of mineral. A critical review of available analyses reveals,
however, that extraordinarily few data are sufficiently accurate as to
methods and analyzed parts to allow generalizations of this nature. The
most common deficiency is the lack of clear definition of what has been
analyzed—general terms such as "fish" and "edible parts" do not specify
whether the parts under study were whole fish, raw or cooked fish,
merely flesh, or whether the skin was included. The concept of edibility
varies widely in different parts of the globe. The results as to mineral
composition are greatly influenced by these factors. The skin has a com
position quite distinct from that of the flesh.
Calcium. There are major differences in the calcium content between
raw fish and boiled fish, and in the latter case between fish prepared as
fillets or on the bones. In this instance, a substantial amount of calcium
moves out into the flesh, and fish becomes, in contrast to flesh of ter
restrial animals, an important source of calcium. The same is true in
filleted or marinated fish. The calcium in fish is highly utilizable and as
pointed out by Metta (1960) a fish flour supplementation at a 3% level
would increase the average East Indian diet manyfold in this element.
He also suggests improving the Multipurpose Food by the addition of
fish flour, rendering a product not only with a high protein content (51%)
but also with calcium exceeding 1%.
Iodine. It is frequently stated that fish constitutes an essential source
of iodine. This, however, only refers to marine fishes. Fresh-water fishes
are generally almost devoid of this element. The same is true of fluorine.
Marine fish twice a week will provide the required minimum of both
these elements. Iodine is also transferred via fish, seaweed mal, and
fertilizers into eggs, milk, and vegetables (Lunde and Closs, 1936).
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In a number of countries fish plays a decisive role in protecting the
population from goiter. Most coastal areas of the world are free of this
scourge, thanks to fish. In recent years, some doubt has been voiced as
to the general validity of iodine as a preventive against goiter. This
disease is still prevalent in large areas of the world and is not always
eliminated by administering iodized salt or iodine-rich foods. In postwar continental Europe goiter blossomed and could not be subdued by
iodine treatment. The goiter syndrome is obviously interrelated with a
number of other factors; among these the vitamin A level seems to be
essential. It still remains evident that iodine is required to avert goiter,
button the other hand, when vitamin A is inadequate, goiter may not be
checked even with ample provision of iodine. This presumably explains
why the island of Krk in Yugoslavia (Horvat and Marer, 1958) and many
coastal rural regions of Japan still suffer seriously from goiter although
their intake of iodine-rich salt-water fish provides all required iodine
(Greenwald, 1958). There is also an interesting antagonism exerted by
fluorine which might nullify the beneficial effect of iodine (Steyn, 1958).
To what degree this effect applies to some fish, imbalanced in this
respect, is not known.
Iron content is low in white-fleshed fish. Bleeding removes most of
the iron-carrying pigments. Only fish with red meat can be compared to
beef and pork in this respect. There are furthermore indications that
raw fish contain a chelating or other agent that binds iron so strongly
that this element is no longer fully available. Fur animals, fed such fish,
have developed anemia (Anonymous, 1961b).
Sodium. Owing to the assumed detrimental effect of sodium on persons with heart deficiencies, the entire question of sodium in fish has
come to the foreground. It has been taken for granted that the flesh of
fish, grown and developed in an environment of high sodium content,
should in a corresponding way be a rich source of this mineral. Extensive
analyses, however, clearly indicate that most sält-water fish contain no
more, and in many cases even less, sodium chloride than red meats.
There is a clear selective absorption of the mineral elements from the
sea. There are a few exceptions where sodium content is high, for instance, lobster, oyster, and red snapper. In cases where salt is added in
the icing of the fish or the canning process, it is natural that the sodium
chloride would far exceed the average values of fresh samples—30 mg./
100 g. fresh meat (see further Chapter 5, this volume).
Fluorine. Salt-water fish generally contain 2-3 times more fluorine
than the meat of terrestrial animals. Daily diets containing such fish consequently safeguard more readily the minimum requirements of this
crucial element (Schweigert, 1960). Eskimos of the Pacific Northwest
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have superb teeth. This is attributed to their diet—comprising fish bones
which contain 250 p.p.m. of fluorine (Harvey, 1945).
3. Tristan da Cunha
Several investigators found that the teeth of the isolated inhabitants
of Tristan da Cunha had no more decay than those of ancient man
(Sognnaes, 1954). Only 1.8-4.0% of all investigated teeth were carious.
Their permanent teeth also contained 50% more fluorine than corresponding United States teeth (Minnesota). This was still more accentuated for the dentine layer.
The islanders were dependent upon local food sources for the bulk of
their caloric intake. Fish and potatoes form their staple diet, while other
foods play but a minor part. Many families were to a great extent subsisting on fish for a good part of the year. Approximate food intake per
individual per day was:*
Average intake in
g. per day
Potatoes
Fish
Crayfish
Meat

728
248
57
57

Average intake in
g. per day
Birds
Eggs
Milk (ml.)

47
29
26

Fish provided their vitamin D needs but also fluorine in such ample
quantities that in extreme cases fluorine mottling was observed (Sognnaes, 1954). But their fish consumption was also the highest on record.
In those families studied, as much as 239-392 g. of fish (including shellfish) per individual and day was consumed, i.e., 73-140 kg. per year.
Consequently, fish constituted one-third of the total caloric intake—far
above any figure reported elsewhere. It may be roughly calculated that
members of those families under study received 1.3-2.2 mg. of fluorine
per individual per day from fish alone. Yet these families did not represent the greatest fish consumers on the island. The fluorine intake may,
consequently, far exceed these values and show detrimental effects.
In all normal cases, however, marine fish constitutes an essential
source of fluorine which in optimal quantities exercises a protective
effect against caries in children and youngsters. In spite of a few instances where excessive amounts caused damage, fish obviously had this
function on Tristan da Cunha. To a greater and lesser degree, marine
fish must exert this effect in many other fish-eating nations. During the
war years, when excessive carbohydrate intake was eliminated in Japan
but fish consumption still was reasonably well maintained, caries almost
disappeared as a general phenomenon.
* The entire population was recently removed due to volcanic eruption.
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III. Appraisal Methods
A.

"FISH POPULATION"

The figures stating the percentage of total animal protein represented
by fish protein can be better conceived as to their significance if related
to the human population. New methods of appraisal were tentatively
presented by this author (1961). An answer was sought to the question:
How many people does fish feed in each nation? In other words, on the
basis of the current protein standard in each country, how many people
could possibly fill their entire animal protein requirements from the
amount of protein available through fish. This gives the "fish population"
in each individual country. This figure, however, is not entirely correct.
Some of the fish in the form of meal, solubles, etc., and occasionally also
in the form of fertilizers, is used for producing a variety of human foods.
In other terms, fish is utilized in the raising of poultry, pigs, etc., and
thus indirectly contributes to the feeding of a country. As only very fragmentary statistical data are available as to the use of fish for fertilizing
purposes, this aspect had to be deleted in this study. The amount of fish
and fish products, calculated as protein which is used for such purposes
(in cases where statistics are available) has been divided with a conversion factor of 5. This constitutes a reasonable average for different
types of efficient food production through domestic animals (eggs, pork,
milk, etc.) and where fish meal would be used. Thus we arrive at an
additional number of human individuals who in this way are indirectly
fed by fish. Table XIII lists a selection of these calculations.
From the entire material can be inferred that the world's total "fish
population" exceeds 670 million, 535 million of whom are in Asia and
approximately 50 million in Europe (excluding the Soviet Union) and
46 million in Africa. More than 21 million refer to the Soviet Union.
Table XIII clearly bears out the far greater relative importance of fisheries to Asia. In the Pacific rim countries the fish population has been
computed as 370 million. This must be interpreted correctly. Far more
people actually eat fish in these areas but at the present state of affairs
these calculated data indicate how many people could get their entire
intake of animal protein from the fish protein available to each country,
recognizing the particular dietary pattern of each such country (Borgstrom, 1961a). Portugal is the only country in Europe following an Asiatic
pattern. It would be in a most precarious nutritional situation without
having recourse to the harvest of the seas.
The Netherlands and New Zealand are noteworthy in that almost as
many are fed indirectly by fish as directly. This ratio is still more extreme
in the United States, namely 2:1. Several additional countries could be
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listed as providing more fish protein via feedstuffs than via human foods.
In other words, by a direct human consumption they would, in effect,
even when maintaining their present nutritional standard, be able to
satisfy the animal protein needs of one-half (51%) of the present human
population in Norway, almost two-fifths in Chile (38%) and one-third
(30%) in Denmark, in the Netherlands and in New Zealand; around
one-fourth of the total in such countries as Sweden (27%), the United
Kingdom (24%), West Germany (23%), and Belgium (23%).
Several further observations could be made and interesting conclusions drawn from these data. Suffice it to underline that although these
figures are most enlightening, they lack geographical explicity.
B.

"FISH ACREAGE"

It is desirable to establish a relationship between the fishing industry
and the natural resources of a country or region. Thus, by considering
fish in agricultural terms, it should be feasible to relate fisheries to the
productive capabilities of each individual country. This was done in a
recent study by the author (Borgstrom, 1961d) by posing the following
question: How many acres of tilled land would be required if an amount
of animal protein equal to that obtained from fish were to be provided
vicariously through milk? Answering this question involved a whole
series of complex calculations. To simplify these, the assumption was
made that skim milk was used for feeding domestic animals as a substitute for fish meal. This introduced a minor error, as naturally the butterfat produced simultaneously could be used for partially feeding a
certain number of human individuals. For the moment, that point was
ignored, but where this factor was analyzed it turned out that the oil of
the fish used in meal production provided a corresponding amount and
in several cases a larger quantity of fat than would be the case with milk
(see further Table XIV).
In this way one obtains a clearer conception of the importance of
fish to each individual country and the magnitude of the feeding burden
which the fish industry is actually carrying. It also offers to the geographer a chance to conceive fisheries in concrete figures such as acreage
and enables the agricultural economist to have at his disposal commensurate figures allowing a direct comparison between fisheries and
agriculture.
On the basis of these calculated fish acreages, it becomes feasible to
compare the role of fisheries in relation to agriculture and in turn to assess
their importance in reference to the net importation—calculated in the
same way as the acreage required to produce what is being imported on
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TABLE

XIII

FISH POPULATION

China
India
Soviet Union
United States
Japan
Indonesia
Pakistan
Brazil
West Germany
United Kingdom
Italy
France
Nigeria
Mexico
Spain
Turkey
Egypt
Philippines
Thailand
Argentina
Burma
Iran
Canada
South Africa
Colombia
Congo (Belgian)
Netherlands
Algeria
Sudan
Peru
Taiwan
Morocco
Australia
Ceylon
Belgium
Portugal
Tanganyika
Greece
Rhodesia
Chile
Sweden
Austria
Malaya
Cuba

Human
population
(in millions)

Direct

655
403
210
180
95
90
88
65
56
53
50
45.5
35.5
34
31
27
25
24
22
21
21
20.5
18
15
14
14
11.5
10.5
10.5
10.6
10.5
10.5
10.1
10.0
9.5
9.1
9.1
8.3
7.7
7.5
7.4
7.1
6.6
6.6

196,500
103,571
21,000
6,840
60,610
45,000
33,968
2,925
4,760
4,982
5,400
2,685
4,225
1,360
7,285
1,296
5,050
13,464
6,906
231
12,285
263
1,026
1,995
490
6,650
587
693
63
2,247
6,153
830
323
4,350
750
7,244
1,265
1,461
539
1,365
1,258
114
2,630
158

Fish population
Indirect
2,729
1,451
420
2,232
2,630
455
340
30
1,541
1,537
189
244

—

20
245
24
51
216
134
4.5
106

—

109
244
5
55
539
5.5
2
46
64
186
2
44
286
103
28
130
123
261
138
71
90
4

Total
199,229
105,022
21,420
9,072
63,240
45,455
34,308
2,955
6,301
6,519
5,589
2,929
4,225
1,380
7,530
1,320
5,101
13,680
7,040
235.5
12,391
263
1,135
2,239
495
6,705
1,126
698.5
65
2,293
6,217
1,016
325
4,394
1,036
7,347
1,293
1,591
662
1,626
1,396
185
2,720
162

Percentage
of total
population
30
26
10.2
5
66.5
55
26
4.6
11.3
12.1
11.2
6.4
11.9
4.1
24
4.9
20.4
57
32
1.1
59
1.3
6.3
14.7
3.5
47.9
9.8
6.7
0.2
21.6
59.2
10.3
3.2
43.9
10.9
80.3
14.2
19.2
8.6
21.7
18.4
2.6
41.5
2.5

7.

TABLE
Human
population
(in millions)
Iraq
Venezuela
Kenya
Switzerland
Ghana
Cambodia
Angola
Denmark
Finland
Ecuador
Tunisia
Guatemala
Norway
Haiti
Bolivia
West Indies
Dominican Republic
Eire
Uruguay
El Salvador
New Zealand
Israel
Honduras
Paraguay
Jordan
Nicaragua
Liberia
Costa Rica
Panama
Mauritius

6.6
6.4
6.4
5.24
4.91
4.85
4.56
4.54
4.42
4.17
3.89
3.65
3.56
3.46
3.42
3.18
2.89
2.85
2.72
2.47
2.45
2.06
1.89
1.72
1.64
1.42
1.38
1.13
1.02
0.62
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XIII (continued)
Fish population

Direct
125
163
371
162
1,120
1,910
3,126
486
318
534
185
93
587
485
295
1,586
667
372
88
43.5
123
249
149
21
65
57
337
37.2
38.9
144

Indirect
1
3
4
135
4
26
38
164
23
10
4

—
247
10

—
—
5
58
1
0.5
24.5
170
2

0.5
0.4
0.4

—

Total
126
166
375
297
1,124
1,936
3,164
650
341
544
189
93
834
495
295
1,586
672
430
89
44
147.5
419
151
21
65
57.5
337
37.6
39.3
144

Percentage
of total
population
1.9
2.6
6
6
23
40
69
14
8
13
5
2.5
23
14
9
50
23
15
3.3
1.8
6
20
8
1.2
3.9
6
24
3.3
3.8
23

a real basis. The figures in Table XIV show, on this basis, to what degree
various countries rely on fish for the feeding of their population.
Countries depend on agriculture, fisheries, and trade for feeding.
The fish and trade acreages constitute together the "ghost" acreage—a
calculated area.
The acreage calculations are based on Food and Agriculture Organization figures and other sources as to the average milk-producing capacity
(milk yield per head) related to acres. The obtained data are, in effect,
minimum figures: they are based on the most efficient and, from the
acreage point of view, in most countries the least costly way, in terms
of acres, of producing animal protein. Secondly, on the assumption of an
effective ley-farming with the added use of feed concentrates it would be

Country

China
India
Soviet Union
United States
Japan
Indonesia
Pakistan
Brazil
West Germany
United Kingdom
Italy
France
Nigeria
Mexico
Korea
Spain
Poland
Turkey
Vietnam
Egypt
Philippines
Thailand
Argentina
Burma
Ethiopia

720
249.9
252.9
163.8
384.8
79.2
70.4
26.0
75.6
85.3
51.0
46.4
23.7
8.5
107.5
53.3
21.9
6.8
12.5
23.8
56.2
170.3
5.5
58.2
2.0

1000 Tons
fish protein
24,000.0
6,247.5
5,059
2,340
7,696.0
2,640
1,480.0
866.7
945.0
1,066.3
850
773.3
790.0
212.5
2,150
666.3
438.0
170
312.5
1,190.0
1,124.0
1,745.0
110.0
1,455.0
50.0

1000 hectares
required

Human food

TABLE

XIV

—

—

—

0.5
22.7
8.9
1.8
0.5
0.6
1.2
4.5
5.0
0.5
2.5
12.5
454.0
111.3
36.0
12.5
15.0
60.0
90.0
125.0
10.0
62.5

1,666.7
437.5
506
3,842.9
1,670.0
133.3
60.0
33.3
1,530.0
1,645.0
131.7
353.3

1000 hectares
required

—

50
17.5
24.3
269.0
83.5
4.0
3.0
1.0
122.4
131.6
7.9
21.2

1000 Tons
fish protein

Animal feed

FISH ACREAGE

25,666.7
6,685.0
5,565
6,182.9
9,366.0
2,773.3
1,540.0
900.0
2,475.0
2,711.3
981.7
1,126.6
790
225.0
2,604
777.6
474.0
182.5
327.5
1,250.0
1,214.0
1,870.0
120.0
1,517.5
50.0

Total
acreage
(1000
hectares)
109,354
151,341
219,700
188,309
6,072
17,681
24,726
19,095
8,727
7,126
15,809
21,325
22,317
19,928
4,390
20,585
16,223
24,070
3,038
2,610
7,296
7,793
30,000
8,582
11,000

Cultivated
land
(1000
hectares)
23.5
4.4
2.4
3.3
154.0
15.7
6.2
4.7
28.4
38.0
6.2
5.3
3.5
1.1
59.3
3.8
2.9
0.8
10.8
47.9
16.6
24
0.4
17.7
0.5

Fish
acreage
(%)
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Iran
Yugoslavia
East Germany
Canada
South Africa
Colombia
Congo (Belgian)
Czechoslovakia
Netherlands
Algeria
Sudan
Peru
Taiwan
Morocco
Australia
Hungary
Ceylon
Belgium
Portugal
Tanganyika
Greece
Bulgaria
Rhodesia
Saudi Arabia
Chile
Sweden

Country

1.5
2.1
9.5
23.6
22.5
3.6
24.4
12.7
9.7
5.1
0.95
10.8
28.8
5.8
7.0
0.3
9.9
11.4
45.1
4.5
11.2
0.7
2.8
15.3
13.4
22.4

1000 Tons
fish protein
50.0
52.5
190.0
314.7
450.0
120.0
697.1
211.7
88.2
127.5
31.7
540.0
576.0
145.0
140.0
5.0
330.0
114.0
1,127.5
112.5
353.3
17.5
70.0
510.0
297.8
280.0

1000 hectares
required

Human food

—
20.0
50.0
164.0
272.0
6.7
28.6
75.0
402.7
5.0
3.3
55.0
30.0
157.5
4.0
0.8
16.7
217.0
80.0
12.5
16.7
2.5
80.0
16.7
284.4
153.8

0.8
2.5
12.3
13.6
0.2
1.0
4.5
44.3
0.2
0.1
1.1
1.5
6.3
0.2
0.5
0.5
21.7
3.2
0.5
0.5
0.1
3.2
0.5
12.8
12.3

1000 hectares
required

—

1000 Tons
fish protein

Animal feed

TABLE XIV (continued)

50.0
72.5
240.0
478.7
722.0
126.7
725.7
286.7
490.9
132.5
34.0
595.0
606.0
302.5
144.0
5.8
346.7
331.0
1,207.5
125.0
390.0
20
150.0
526.7
582.2
433.8

Total
acreage
(1000
hectares)
16,760
8,263
5,184
40,600
8,740
4,843
49,020
5,392
1,054
7,076
7,100
1,730
873
8,218
23,173
5,760
1,523
990
4,130
2,800
3,530
4,286
6,383
210
5,514
3,712

Cultivated
land
(1000
hectares)
0.3
0.9
4.6
1.2
8.3
2.6
1.5
5.3
68.5
1.9
6.2
34.4
69.4
3.7
0.6
0.1
22.8
33.4
29.2
4.5
11.0
0.5
2.3
250.8
10.6
11.7

(%)

Fish
acreage
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Austria
Malaya
Cuba
Iraq
Venezuela
Kenya
Mozambique
Uganda
Madagascar
Switzerland
Ghana
Denmark
Angola
Finland
Cambodia
Ecuador
West Indies
Tunisia
Norway
Guatemala
Haiti
Bolivia
Liberia
Eire
Dominican Republic
Uruguay

Country

1,900
13,500
1,700
800
750
200
260
4,779
234
3,057
5,013
9,448
25,950
5,650
10,441
2,130
9,850
710
12,336
280
887
874
620
2,183
3,088
1,989

Tons
fish protein
31.7
337.5
42.5
26.7
250.0
40.0
86.7
119.5
7.8
38.2
100.3
94.5
865.0
86.9
348.0
85.2
246.3
17.8
176.2
11.2
44.4
43.7
15.5
36.4
123.5
39.8

1000 hectares
required

Human food

(continued)

1000 hectares
required
98.3
57.5
5.0
3.3
23.3
2.0
0.7
11.3
—
96.3
1.8
161.0
50.0
23.4
22.5
8.0
0.5
16.3
367.8
0.4
2.0
—
—
28.3
4.0
2.0

5,900
2,300
2,000
100
700
100
20
450
—
7,700
90
16,100
1,500
1,520
675
200
19
65
24,700
10
40
—
—
1,700
100
100

Animal feed

XIV

Tons
fish protein

TABLE

Cultivated
land
(1000
hectares)
1,771
2,223
1,970
5,457
2,924
596
2,000
2,606
1,270
445
5,310
2,736
900
2,596
2,000
1,120
457
4,912
850
1,473
370
3,091
1,902
1,399
680
2,552

Total
acreage
(1000
hectares)
130.0
395.0
47.5
30.0
273.3
42.0
87.4
130.8
7.8
134.5
102.1
255.5
915.0
110.3
370.5
93.2
246.8
34.1
544
11.6
46.4
43.7
15.5
64.7
127.5
41.8

7.3
17.8
2.4
0.5
9.3
7.0
4.4
5.0
0.6
30.2
1.9
9.3
101.7
4.2
18.5
8.3
54.0
0.7
64.0
0.8
12.5
1.4
0.8
4.6
18.8
1.6

(%)

Fish
acreage
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Sierre Leone
Puerto Rico
El Salvador
New Zealand
Israel
Honduras
Paraguay
Jordan
Albania
Nicaragua
Costa Rica
Panama
Mauritius
Surinam

Country
21.0
160
4.1
44.7
111.9
19.3
12.5
11.7
10.0
14.6
9.6
10.5
26.2
26.6

840

165
3,132
3,358
483
250
234
300
364
288
262
786
797

—

1000 hectares
required

Tons
fish protein

Human food

(continued)

—
—

18
15
13

—
30

11,453
25
12

—
—
—
15.0

—
—

—

1.0
0.7
0.5
0.5

2.1
381.8
1.0
0.6

—

—

22

1000 hectares
required

Animal feed

XIV

Tons
fish protein

TABLE

21.0
182
4.1
46.8
493.7
20.3
13.1
11.7
11.0
15.3
10.1
11.0
26.2
26.6

Total
acreage
(1000
hectares)

3,662
256.5
544
485
392
370
517
893
353
854
281
450
84
39

Cultivated
land
(1000
hectares)

0.6
71.0
0.8
9.6
125.9
5.5
2.5
1.3
3.1
1.8
3.6
2.4
31.2
68.2

Fish
acreage
(%)
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implied that the soil is adequately and intensively utilized. This justifies
a direct comparison with arable acreage, disregarding pastures and other
untilled soil. So in terms of acreas all these figures would in reality be
much higher if such a transfer actually were executed and did not
remain only a theoretical alternative.
The purpose of that study was, however, to find ways of measuring
in readily conceivable terms the significance of fisheries; for that very
purpose, and desiring to be on the safe side, such minimum figures were
preferred. For huge countries like the United States and the Soviet
Union, which cover a wide range of climate, soil, and varying agricultural
efficiency, this computation has little meaning, but for all countries of
reasonable size and uniformity in agriculture and climate these calculated
figures are meaningful and enable direct comparisons to be made between countries of the significance of fisheries in relation to agriculture.
The glib talk about agriculture in various countries as "feeding"
their population emerges as far less than correct. On the basis of the
calculated fish acreage for Norway, it becomes evident that this country
would have to expand its arable acreage by no less than 64% (2/3
tilled Norway added) and the United Kingdom by 33%, in order to
take care of the production of a comparable amount of animal protein
now actually used in the feeding of man and livestock in these two
countries. Fisheries are, in other words, indispensable to their present
standard of living. To a few countries, fisheries constitute their only
means of survival. To this group belong not only Japan, Taiwan, and
Thailand, but also, surprisingly enough, Israel, Egypt, and Puerto Rico.
It should be underlined that this assertion is based exclusively on what is
actually consumed by the respective populations, and consequently in
no way covers what is being exported in terms of fish by these countries.
What is landed by their fishing fleet or exported enters the statistics of
the receiving and actually consuming countries. These figures reveal,
too, that in countries like Peru and Chile fish already has acquired a
very dominant position. To a degree these figures reflect the population
pressure and are also useful for analysis of that nature. A new population
density concept emerges which is being analyzed in a special book by
the author (Borgstrom, 1962b).
In some Central American countries, and other areas which are
compelled to import dried (bacaläo), salted, or frozen fish to cover parts
of their needs, the situation is most precarious. Several of these countries
(Israel, Jamaica, Haiti, and Trinidad) would undoubtedly never be in
a position to expand agriculture to the extent where it could provide the
animal protein now acquired through fish (see Borgstrom, 1958).
Thus it becomes possible to measure the degree of dependence on
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fisheries, not in diffuse percentage figures but in concrete agricultural
data. Nutritional improvements accomplished through agriculture may
also be analyzed and compared to what can be achieved through
fisheries. It also appears possible to establish geographical areas obliged
to extend their reliance on fish resources.
It is essential to underline that these figures for fish acreages reflect
the current level as to acre-yield and milk productivity in each individual
country. Appreciable changes in this respect would naturally influence
these data. It is furthermore evident that in most countries an expanded
livestock production would have to move into less optimal conditions,
implying the use of far larger areas, frequently less suitable than those
now in use under the present, more ideal conditions. Furthermore, e.g.,
in both the United States and the Soviet Union, pastures would be
involved and greatly enlarge the required additional acreage.
Nevertheless, the basis of these figures emerges as far more significant
than the small percentage figures for calories seemed to indicate. These
data for fish acreages are only part of the calculated "ghost acreages"
which a great number of countries depend on for their feeding. The
net importation represents a second major such item (see further
Borgstrom, 1962b).
C.

FISH AND ANIMAL PRODUCTS

1. Dairy Balance
Another approach to this problem of appraising the true nutritional
role of fisheries was presented by this writer (Borgstrom, 1962d) whereby
the current dairy production in each country was used as a comparison.
It should be observed that this figure is distinct from that which
merely states the consumption of fish protein compared to that of
milk. The entire use of fish protein, consequently the added amount of
that for human food and that for the feeding of livestock, is matched
against the current total dairy products which may not necessarily all be
consumed but some exported. In this way it becomes feasible to state
in percentage figures to what degree each individual country would
have to expand their present dairy production in order to produce an
amount of animal protein comparable to what is now obtained through
fish. Many surprising facts unravel themselves through these data
(Table XV).
In a few cases high figures in this respect reflect more the poor
development of the dairy industry than the role of fishing. Such relative
data cannot be justly analyzed when compared with figures indicating
required additional acreages. A few comments are pertinent. Even in
the United States, with its, relatively speaking, low fish consumption,
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TABLE

XV

FISH BALANCE IN DAIRY TERMS

(Increase required in present milk production to compensate for fish)

Country

% Food

% Feed

Total %

I. Group A (above 15%)
16.6
8.7
1.7
36.7
3.0
19.6
4.5
20.7
32.3
455.6
10.5
62.9
31.8
20.6
19.2
11.9

25.3
38.4
22.6
25.2
487.9
73.4
52.4
31.1

21.3
16.1

44.7
8.8

66.0
24.9

8.2

13.4

21.6

147.0

4.8

151.8

16.9
49.6
16.9
78.8
56.8

0.6
47.4
1.6
8.1
5.2

17.5
97.0
18.5
86.9
62.0

Burma
Ceylon
India
Japan
Pakistan

692.9
353.6
39.9
709.9
33.7

34.7
17.8
2.9
154.1
1.5

727.6
371.4
42.8
864.0
35.2

Algeria
Egypt
Israel
Morocco

43.2
62.1
36.1
20.2

1.7
3.2
123.2
22.0

44.9
65.3
159.3
42.2

22.7
93.2
27.9
104.7
58.3

1.2
106.8
16.8
11.6
5.5

23.9
200.0
44.7
116.3
63.8

II. Group B (below 15%)
3.3
7.1

10.4
12.2
5.9
5.9
3.4
13.9
6.5

Belgium
Greece
Italy
Netherlands
Portugal
Spain
United Kingdom
West Germany
Norway
Sweden
United States
Dominican Republic
Brazil
Chile
Ecuador
Peru
Venezuela

Kenya
Rhodesia
South Africa
Tanganyika
Uganda
France
Czechoslovakia
East Germany
Poland
Yugoslavia

9.0
4.6
5.5
2.5

3.2
1.3
0.4
0.9

Denmark
Finland

5.1
5.1

8.8
1.4
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TABLE XV (continued)
% Feed

Total %

12.2

1.2

13.4

8.4
8.3

4.4
0.5

12.8
8.8

Costa Rica
Cuba
Honduras

10.7
6.3
13.1

0.5
0.7
0.6

11.2
7.0
13.7

Argentina
Colombia

3.4
4.9

0.3
0.3

3.7
5.2

Turkey

4.6

0.4

5.0

Australia
New Zealand

3.4
1.7

0.1
0.1

3.5
1.8

Country

% Food

Soviet Union
Canada
Mexico

profound changes would ensue if this commodity were cut out and a
21.6% increase in the dairy production were to be carried through. The
surplus situation would almost vanish in such an operation. Few realize
that one-third of the present United States broiler production is
virtually sea-based. The amount of fish protein in the form of meal and
solubles annually going into poultry feedstuffs is approximately equivalent
to the total amount of protein presently being produced through
broilers. Even in Latin American countries such as Brazil and Chile, it
is questionable if the dairy production could be expanded within a
reasonable time to the extent required to compensate for the modest
amount of protein now provided through seafood.
It has frequently been recommended to Japan to expand the use of
milk and vastly to increase its dairy production. Such suggestions are
beyond comprehension. This undoubtedly would imply depriving at
least thirty million people of their daily food intake. A slightly different
situation would present itself if Japan had large unutilized pastures or
cellulose-carrying feed that could be effectively utilized no other way
than via ruminants. This is not the case. On the contrary, vast pasture
areas, the so-called "genya" (1 million acres), are harvested as green
manure for the rice fields. The key to the Japanese feeding of their
expanding human population (presently 95 million) is the fact that they
rely heavily on the sea for supplementary animal protein and leave the
soil primarily for insufficient amounts of fat and carbohydrate production
and in second place to provide basic plant protein. It is also symptomatic
that in order to feed dairy cattle and poultry, as yet rather insignificant
in absolute numbers, appreciable sea operations for acquiring protein
had to be initiated. Several large-sized factory ships have moved into
the Bering Sea with the sole objective of manufacturing fish meal.
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From the calculations comparing fish protein with dairy production,
Table XV has been prepared in two sections—one covering countries
where fish in terms of protein account for more than 15% of the present
dairy production and the other with countries below this percentage.
In the first case it can justly be maintained that it seems most unlikely
that these countries within a reasonable lapse of time could expand their
dairy production to such a degree that it could provide the protein
quantities that are now being supplied through fish. If all feeding of
fish products to livestock were cut out, there still remains a doubt for
most countries, with the possible exception of the Netherlands.
2. Meat

Bahnce

Table XVI gives selected data indicating the expansion required in
each individual country if it were to produce through meat a quantity of
protein equal to what now is obtained through fish. It becomes obvious
why the Soviet Union attaches so great an importance to the expansion
of fisheries. Even with a continued drive in cattle and hog raising, this
country appears less likely to be able to provide its people with an
amount of protein now procured through fish. A continued pursuit of the
present expansion of fisheries undoubtedly offers a more dependable
basis for such a raised nutritional standard.
Only in the United States, Denmark, Canada, Switzerland, and
possibly in the Netherlands, does it seem likely that through a combined
effort of the meat and dairy production it were feasible to compensate for
the fish. Outside of the United States and West Europe there are few
countries, with the possible exception of Eastern Europe, Brazil, Argentina, and Australia, which would appear likely to manage, through a
joint effort of the present milk and meat production, to procure within a
reasonable time an amount of protein equivalent to what fish now provides. Analyzing fish in these terms consequently gives a better appreciation of the part that fish is playing in national economies and protein
provision. This approach also allows a more valid comparison between
agriculture and fisheries and their relative endeavors in the feeding of a
country.
3. Economic Comparisons
A few words might be added on the economic significance of an
increasing switch-over from agriculture to fishery. As far as knowledge
and experience go, meat production, and presumably also animal fat
production, is cheaper through the seas than by land cultivation. With
modern methods of fishing, many types of fish are produced very inexpensively. In modern trawler operations in Atlantic waters one manyear of labor can produce 65,000 lb. of edible fish, compared with the
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TABLE XVI

FISH BALANCE IN TERMS OF M E A T (1957-1958)

(Increase required in present meat production to compensate for fish)

India
Ceylon
Portugal
Taiwan
Indonesia
Norway
Philippines
Pakistan
United Kingdom
Spain
Egypt
Netherlands
Morocco
Rhodesia
Peru
Sweden
Greece
West Germany
Belgium
Algeria
Uganda
Ecuador
Venezuela
South Africa
Soviet Union
Turkey
Tanganyika
Finland
Switzerland
Czechoslovakia
United States
Denmark
Canada
Mexico
France
Brazil
Poland
East Germany
New Zealand
Yugoslavia
Australia
Argentina
Hungary
a

% Food

% Feed a

Total %

506.9
380.8
263.7
234.1
206.8
66.7
184.3
127.3
29.6
62.3
62.5
11.5
30.1
28.6
53.5
37.2
53.3
18.4
16.4
45.1
42.3
41.8
40.8
26.4
37.7
32.2
29.6
24.9
8.0
17.5
8.5
8.1
13.6
13.8
9.8
9.3
8.2
6.5
2.9
3.3
3.1
1.2
0.9

35.5
19.2
18.8
12.2
10.4
140.5
14.7
5.4
45.7
10.4
3.1
52.7
32.6
32.6
5.4
20.4
2.4
29.8
31.3
1.8
4.0
3.8
3.8
16.0
3.7
2.4
3.3
6.7
20.3
6.3
13.9
13.7
7.0
0.9
4.4
0.4
0.7
1.8
2.8
1.3
0.1
0.1
0.3

542.4
400.0
282.5
246.3
217.2
207.2
199.0
132.7
75.3
72.7
65.6
64.2
62.7
61.2
58.9
57.6
55.7
48.2
47.7
46.9
46.3
45.6
44.6
42.4
41.4
34.6
32.9
31.8
28.3
25.8
22.4
21.8
20.6
14.7
14.2
9.7
8.9
8.3
5.7
4.6
3.2
1.3
1.2

Feed would be represented by meat meal and proteinaceous slaughter waste.

320

GEORG BORGSTROM

6,500 lb. of beef produced per man-year on the meat-producing farms
of the United States. Calculations show that each United States farmer
received in the immediate postwar period an annual subsidy of $99, while
the fishermen received only $21. The latter also attained a higher annual
average income and produced more food, even if the plant products of
the farm are included. The average farmer produced annually 34,500 lb.
(15 tons) compared to 22 tons by the fishermen (Taylor, 1953). Besides,
the fish protein cost in man-hours is about half that of pork in a welladvanced agriculture. This, however, says little about the conversion
efficiency, equally important.
The culture of mussels along the French coast dates back to the
thirteenth century. Acre for acre, a mussel farm produces 20-30 times as
much food as the best pasture land. The French Ministry of Fisheries
reported a figure of 10,000 lb. of mussel meat per acre last year as
compared with 190 lb. of beef per acre obtainable from the finest
pasture (Douglas, 1946).
According to Soviet economic studies, fish culture compares favorably
with traditional animal husbandry in the final production of human food
(see tabulation).
Amount of feed (kg.) to produce: α

Food

one kg.
live weight

one kg.
body protein

1000 kcal.
in body
weight

Pond carp
Cattle
Sheep
Hogs
Chicken

4-6
9-10
9-10
4-7
5.5-6

14-25
48-53
50-55
27-47
28-30

1.6-2.1
2.7-3.0
2.6-2.9
1.0-1.8
2.8-3.0

a

Source: Gordon, 1958.

These findings presumably explain the large-scale efforts to expand
fish raising in the Soviet Union on a sizable scale. Each farming com
munity is expected to build and run a fish pond to safeguard a cheap
local and, in addition, presumably reliable production of high-class
protein.
The relationship is not equally advantageous when judged on a
calorie basis. The following figures indicate production in million calories
per hectare (Mortimer and Hickling, 1954).
Milk
Hogs (pig)
Butter

1.8
1.4
0.8

Eggs
Carp
Beef

This is less relevant, as the protein yield is the decisive factor.

0.5
0.4
0.4
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When comparing protein yields of carp with those of plant crops,
the outcome is naturally less favorable [as German studies show when
applying sewage as manure (Mortimer, 1954)]. Some protein yields
(kg./hectare) are: potato, 280; rye, 235; carp, 27.5.
IV. Fish in Improved Nutrition
A.

ALTERNATIVE VEHICLES

In many economically and technically underdeveloped regions, local
diets are often poor and monotonous, containing a high percentage of
such starchy foods as rice, manioc (cassava), maize, millet, sorghum,
and plantains. They are poor in quality and unbalanced, with widespread malnutrition as a general result. Protein deficiency is quite common and severe in young children, mainly during weaning. Vitamin
shortages are frequently observed. Tropical diseases, severe parasitism
due to poor sanitary conditions, and precarious living, all contribute to
or add to these deficiencies.
The long-term solution to the problem of protein malnutrition lies in
the greater production and better distribution of protein-rich food which
can provide a satisfactory and varied diet. In most cases fish offers this
in a cheap and attractive form.
It has already been mentioned that various processed products, such
as dried fish, pounded to powder or not, canned sardines and other
cheap fish packed in cans, fresh-water fish, salted herring, and dried cod
have all been instrumental in improving on a broad basis the nutritional
standard in many countries and offering a cheap source of high-quality
protein. The salted herring and dried cod have been outstanding in
history in this respect and still remain the backbone of the low-income
diet in the Soviet Union, Europe, Africa, and Latin America. Still, 60%
of the imported fish protein in Brazil is represented by bacaläo (Borgstrom, 1958). For infant or clinical feeding a more refined product is
needed. This partly explains the interest focussed on extracting and providing a fish flour. Prior to this the German war needs had forced the
manufacturing of an egg substitute—Viking Eiweiss—through extraction
from a whitefish meal (Rudolph, 1946).
B.

FISH FLOUR

Fish flour has become an ambiguous designation. It was originally
introduced into English to signify fish meal, suitable for human consumption. The French (farine du poisson), Spanish (harina de pescado),
and Russian languages (rybnyja muka) all lacked two separate words
which could be employed in a distinctive way for this very purpose.
These languages therefore resorted to inserting "for human use" each

322

GEORG BORGSTROM

time fish flour in this restricted English sense was used, or rather were
forced to stay with the original terminology (FAO, 1958).
Technologically, there was at the same time a gradual slip in the
original meaning. The term "fish flour" was not only used to designate
fish meal made for human consumption but was also employed for fish
protein being concentrated or extracted from whole fish, fish wastes, or
fish meal, and finally, when solvents were employed for the extraction,
frequently rendering a product both defatted and deodorized. From the
nutritive point of view such solvent extraction in most cases meant a
narrowing of the value of the product. Fats, minerals, and vitamins were
entirely or partially removed in such processing. One advantage is,
nevertheless, the likelihood of complete elimination of microorganisms.
Such foods were primarily intended for feeding children in the weaning
and post-weaning period, but it was hoped that they could be extended
at reasonable costs to all markets and made available for the family diet.
For many years the possibilities for developing the fishing industry
to provide such protein concentrates have been pointed out. Fish flour
is in commercial production in several areas of Africa, including South
Africa and Morocco. The United Nations International Children's Emergency Fund (UNICEF) has operated an experimental plant in Chile
since 1957. Extraction methods have been developed by the United
States (Levin, 1959) and Canada (Guttman and Vandenheuvel, 1957).
Indian technologists have used the meal after extracting oil from the oil
sardine, and made it into an accepted product (Visweswariah et al,
1960).
In the curing of kwashiorkor, animal proteins such as milk, meat, and
eggs, are frequently in very short supply and costly. Fish, especially in
the form of industrial preparations of fish flour or similar products, have
proved to be less expensive and remarkably effective in infant feeding
(Behar et al, 1958; Gomez et al, 1958).
In trials conducted with children and adults it has been possible to
ascertain in several regions which fish varieties prove the most acceptable and what the tolerance level is. The latter is greatly in excess
of effective dosage. Fish flour has been used mixed into wheat, rice,
millet, peanuts, etc. (see further Chapter 2, Part I, this volume).
1. Tropical Africa
In tropical West Africa, fish flour has been added to the basic millet
or sorghum diet together with peanut presscake. Such a mixture gave
better weight gains than skim milk. The same type of fish-flour-fortified
flour was used in the manufacturing of bread given to young men in
military camps. Such bread was well accepted (Senecal et al, 1956).

7.

FISH IN WORLD NUTRITION

323

In Uganda, fish flour was manufactured in a pilot plant, an under
taking initiated by the Uganda Fish Marketing Corporation.
Some experiments on the acceptability of various products have been
carried out with fish products supplied by the Food and Agriculture
Organization. In Senegal and Haute-Volta, a fish autolysate prepared
mainly from fresh sardine offal has been tried for dietary improvements.
This autolysate was distributed in the form of a paste or dry product
to children above 2 years old. In some instances the product was also
introduced in the diet of patients recovering from kwashiorkor. The
product was very well accepted, and the results on the health and growth
curves of the children most favorable. Masseyeff (1956) carried out
tests of a different kind, i.e., mere acceptability tests as far as taste and
flavor were concerned, among various tribes, and food dishes in the
Cameroon. The acceptance records were good among the 4,500 persons
in this study. Only one Moslem tribe in Northern Cameroon refused to
try the product.
Experiments on infants have been carried out in Dakar under careful
medical control. The fish flour used in the tests was prepared from fresh
fish fillets under hygienic conditions. The fat content varied from 3 to
8%, according to the fish and the process applied. The quantity given
daily varied from 10 to 50 g. A sauce resembling nuoc-mam, but manu
factured from indigenous fish resources in Dakar also gave good results
(Toury et al, 1958).
Protein deficiency is also the chief problem facing Ghana (Mayer,
1959). The supply of fish, although mostly from the ocean, is highly sea
sonal; for about 5 months of the year the fish come down to shoals for
spawning. Dried fish is distributed as a powder, which is eaten not in
frequently but in too small quantities.
A fish, "ndagala" (Stolothrissa tanganicae and Limnothrissa miodon),
from Lake Tanganyika can easily be made into a dehydrated powder.
Such a product has tentatively been introduced into Ruandi-Urundi
(Roels, 1956). Small fish (about 3 cm.) have a protein content of 13%,
and large specimens (8 cm.) 18%. The fat percentage varies with
species, season, age, and size in the range of 7.6-0.8%. High fat content
reduces the shelf-life of the dried product. The "ndagalf is also a good
source of vitamin A. The powder is incorporated into soups and sauces.
The reception has been encouraging. This dehydrated fish powder with
72% protein is the most hygienic and most economical way of making
fish available to poor inhabitants living at fairly long distances from the
lake (Roels, 1956).
In Cameroon, fish cultivation has also been employed with a fair
amount of success. Two ΎχΙαγχα (T. mehnopleura and T. machocheir)
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were introduced in 1948-1950, and several thousand family ponds for
their cultivation have been built (Bard, 1956). The number of privately
owned Tüapia ponds has grown from almost nothing in 1951 to above
5,500 covering 211 hectares.
The flesh of Tüapia, in the nutritive value of its protein, is quite
comparable to that of mutton or pork (Couvreur and Maes, 1956).
Lysine and histidine are particularly abundant. The flesh is greatly appreciated by the indigenous population.
2. South Africa
The South African Fish Research Institute developed in 1958 a commercially adaptable process for the production of neutral fish flour from
cheap and oily fish, such as pilchard, maasbanker or horse mackerel.
This flour had a protein content of 75-80%, with a biological value
matching that of good quality unprocessed fish meal, viz., ± 86. This
refined flour could readily be incorporated into brown bread without
imparting foreign flavors or odor. It also could be employed as an improver of the dough, and rendered a pleasing golden sheen to the
finished loaf. In this manner a cereal protein (=b 11% ) in the bread was
supplemented with about 5.6% of good quality protein, thus yielding a
protein enrichment of more than ± 50, while about one-third of the
total protein was of animal origin (Lategan, 1956).
3. Europe and Morocco
Fish meal is manufactured for human use in Spain to be employed in
various fish soups. The Moroccan fish industry reports the successful manufacturing of a tasteless fish flour made from small-sized fishes. Herrera
(1959) has studied the economic feasibility of creating a series of such
fish-flour plants along the coasts of the Mediterranean in order to utilize
the large amount of such small-sized fish available in these waters.
Such a sardine product is manufactured in Morocco. This was officially approved for use in school lunches, infant hospitals and food
centers for the poor. Protein deficiency incidences have largely disappeared due to these measures.
C.

FISH MACARONI

A fish macaroni with a good shelf life has been developed by the
Mysore T nstitute of India. Within four hours after catch, minced iced
fish of "gende" (Barbus carnaticus) is blended with an equal amount of
tapioca flour. The product is made by partial gelatinization of part of
the tapioca with hot water, adding wheat semolina, extruding the paste
and drying. Sorghum flour can replace that of tapioca. This product can
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be spiced by adding salt ( 2 % ) , chillies (1.2%), and tamarind extract,
which give it a better keeping quality. Such fish macaroni are cheap and
can be manufactured in the home (Bhatia et al.y 1960).
D.

FISH BISCUITS

In Morocco and Chile, it has been tried with considerable success to
incorporate fish flour in biscuits. The baking heat must, nevertheless, not
be allowed to impair the nutritive value of the fish protein (Miller,
1956).
E.

DRIED (DEHYDRATED) FISH

Fish in dried and salted form has unquestionably played a tremendous
role in human history (Webster, 1959). Since earliest times the dried
fish of Europe (Norway, Rome, etc.) in the form of bacalao has found
its way as a precious cheap animal protein into both the African and
the Latin American continent. This is also true of the Caribbean islands,
since they depleted their natural protein riches in the form of the green
turtle. Still today many tens of millions of the human race avert protein
deficiency through the lowly dried fish from distant waters. Canada has
now joined the supplying nations.
It is worth mentioning that dried cod or any nonfatty or extracted
dried fish represents the most potent protein commodity on the scene
of world trade. The figures in the tabulation below show that it surpasses dehydrated milk by a wide margin in this respect. As to load
unit, it carries 2.5 times the protein contained in nonfat milk solids. It
is eminently well suited for relief purposes and subsistence on a trade
basis.

Dried cod
Solids
Nonfat milk solids
Dehydrated skim milk
Solids

Water
(%)
12.3
—
3.5
—

Calories
(100 g.)

Protein

Fat

Carbohydrate

Ash

(%)

(%)

(%)

(%)

375
428

81.8
93.4

2.8
3.2

trace
trace

7
8

362
376

35.6
36.9

1.6
1.7

52.0
53.9

7.9
8.2

Dried salted fish plays a dominant role in the diet of the indigenous
population of Angola. Its nutritive value has been studied and found
excellent (Saraiva da Costa, 1956; Adrian et ah, 1956). Some variation
is in evidence with regard to tryptophan. Whether this is due to poorly
controlled conditions for drying of the fish or reflects analytical uncertainties is still an open question.
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F.

FISH SAUSAGES

Since long ago Japan has broadened the use of fish by developing a
series of specialized products and dishes—soups, jellies, and stuffed
algae. The latest innovation, namely, fish sausages, seems to become the
leading item in this galaxy of fish products. Unquestionably the formula
tion of such a wide array has a direct bearing on consumption.
Fish sausages have been marketed in many countries for a number
of decades, in Germany, Poland, the Soviet Union, and occasionally also
in the United States. There are numerous reasons why they have largely
failed to create a food market. Only in Japan and possibly the Soviet
Union have they become the basis of major commercial manufacturing.
Even in the United States various types of tuna sausages are gradually
making inroads. The Japanese fish sausage industry is a product of the
1950's and now reaches an annual output exceeding 150,000 metric tons.
All the range of ordinary type meat sausages are available, e.g., frank
furters, bologna, and salami. In world feeding, this development is most
significant. Already more fish protein is channeled through this single
item than through fish flour. Alongside dried fish, it appears likely that
fish sausages or similar ready-to-eat foods have greater potentialities as
a vehicle for cheap fish protein than more elaborate fish proteins. The
need for adding preservatives is a limitation, but not a decisive one.
Dried salami-type sausages constitute good alternatives. One advantage
is the full use of all dark meat, flesh from less accepted species, as well
as whale meat, which thus find their place in the feeding of human
beings.
G.

BETTER UTILIZATION

1. Processing in General
The previous section brings into mind the obvious fact that the better
the seasonal gluts and distant catches can be saved from spoilage and
ultimate destruction, the greater are the resources available for efficient
feeding of man and animals. In a primitive economy and distribution
fish, of all commonly available foods, presumably suffers most because
of its high degree of perishability. This might be considered a liability,
but, on the other hand, investments in this sector become more urgent
and pay off more conspicuously. Dried or salted fish and sauces were
an early response to this challenge. Modern methods have all made their
impact—canned tuna and salmon, freezing of bulk fish (tuna, sardines,
fillets, etc.), and salted herring, all carry evidence to the tremendous
expansion of fish use in both time and space (see further Chapter 19 of
this volume). The growing number of floating factories now operating
in almost all oceans depend in their usefulness on efficient processing
methods.
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2. Floating Processing Units
The long-distance fishing now being developed by a growing number
of fishing nations and combined with on-the-spot processing through
freezing trawlers, floating canning factories, or mother ships is an important new feature in world fishing. The consequences of utilization
will be discussed in Chapter 19 of this volume and as to the expansion
of the feeding basis of various countries in Chapter 21 of Volume III.
Here it may suffice to say that this new trend already has had a substantial effect of broadening the position of fish in the national diet of
many countries. This applies particularly to the Soviet Union (Borgstrom, 1961b) and Japan, and in the immediate future, to China, Poland,
and West Germany also. Japan is fishing extensively in the Mediterranean, Southwest Atlantic, and off the Canaries. Freezing plants are
contemplated at Las Palmas for re-exporting to Japan.
3. Use of Wastes
Under the pressure of their needs, a number of countries have developed methods to save some of the nutritional riches now wasted.
Economy has also been a driving force in this unmistakable trend. Rewarding results are reported from the shrimp industry. Parts of the fish
meal industry, as well as the entire manufacture of fish solubles, constitute major contributions to saving much of what earlier was either
discarded on board or in plants, or lost in stickwater (see further Chapter
19, this volume).
H.

GLOBAL REQUIREMENTS

1. The Population Upsurge
In the brief period since 1945 the world's population has increased
by a number equivalent to 3 times the present United States population,
totaling 600 million. In a number of countries the population doubles
in 25 to 30 years, and the world's in less than 40 years.
This mounting number of human beings is not caused primarily by
any unexpected increase in birth rates. On the contrary, almost all countries, with the exception of the United States, are showing drastic declines. The upsurge is almost entirely due to an appreciable reduction
in infant and child mortality.
Statisticians predict, nevertheless, that even with an expected slackening of the increase in world population at least 3 billion additional
people have to find their living in this very century. Asia, in 50 years
from now, will be almost as large as the entire world population today.
It is consequently becoming increasingly difficult to feed the world.
The world desperately needs proteins—and at a cheap price level.
This is a tremendous challenge to fisheries all around the globe.
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2.

Perspectives

Nevertheless, in most discussions and studies of these matters, the
magnitude of the feeding task facing mankind is underestimated. Even
the fisheries become pygmean in the light of the present requirements,
not to speak of the rate at which they too are multiplying.
In latter years the annual net growth of the human population
amounts approximately to 55 million. In order to provide merely this
yearly additional human load with animal protein from the seas and on
the United States standard, the present world catch would have to be
almost doubled each second year! If these annual newcomers were satisfied with the more modest Japanese standard the total world catch
KG. PROTEIN
20
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YEAR

P E R C E N T OF WORLD

CATCH

4
INDONESIA

INDIA
JAPAN

c
FIG. 1. Expansion required in present world catch of fish to feed the present
annual increase of world population (55 million)—right hand section—at different
levels of protein intake (left section).

would have to be doubled each tenth year. And yet nothing would thus
be done to alleviate the present grave shortages already prevailing in
several crucial areas (see Fig. 1).
If present-day China were to improve its nutritional standards enough
to enjoy the Japanese diet, this one requirement alone would necessitate
a doubling of the present world catch. Yet the entire ocean harvest
would have to be earmarked to meet the needs of this single nation. A
Soviet standard would raise this figure to four times the entire world
catch, and this to satisfy only China.
Today the United States through meat alone is consuming almost as
much protein as is totally available in the world's entire catch of food
fish (see Fig. 2). The resources of the sea are definitely minor when
measured against the needs of the oversized human race. Our only recourse seems to be an organized farming of the seas, but this necessitates
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a tremendously expanded program for oceanographic and fisheries research. Man's conquest of the seas is infinitely more urgent than probing
into the universe. The billions now squandered in the space race would
have given mankind a more sohd and dependable basis for cultivating
the oceans. We are now largely lacking the basic information required
for such a tremendous endeavor.
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FIG. 2, Fish protein in world catch compared to present consumption of animal
protein in selected countries.

Another way of relating sea harvests to nutritional needs is to pose
the question: What additional catches would be required to improve
the low and frequently inadequate standard of the less-well-fed countries. Table XVII lists some selected cases. They all underline the substantially greater harvests that would be needed and the smallness of the
ocean when measured against the human giant. Wise utilization and
T A B L E XVII
PERCENTAGE INCREASE IN THE WORLD FISH CATCH REQUIRED FOR
NUTRITIONAL IMPROVEMENT

Country (and
population in millions)
China ( 6 5 5 )
Japan ( 9 5 )
Indonesia ( 9 0 )
Mexico ( 3 3 )
Philippines ( 2 4 )
Taiwan ( 1 0 )
° New Zealand level.

Increase (%) required to meet nutritional level of:
Japan
63

—
14

—
—
—

Soviet Union United Kingdom United States
193
18
31
—
6
3

310
34
44
12
—
—

473
59
59
20
17«
7

TABLE XVIII

a

Increase required in
the daily intake
(grams per capita)
10.8
24.6
43.8

Grams
per day
per capita

33.0
46.8
66.0

11,826
26,937
47,961

Additional amount of
protein required
(1000 metric tons)

The present ratio
(13.1%) between
fish and other
All improvements animal food prod
are through fish ucts is retained
3.9
0.52
9.0
1.18
16.0
2.10

Increase in present world catch
on the assumption that:

Present level of average animal protein intake per capita world inhabitant: 22.2 g. per day. World population: 3000 million.

Calculated against the ani
mal protein level of the
following countries
Soviet Union
United Kingdom
United States

POPULATION«

INCREASE IN WORLD FISH CATCH REQUIRED TO IMPROVE PRESENT AVERAGE NUTRITIONAL STATUS OF ENTIRE LIVING WORLD
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intelligent adjustment appear highly advisable in order to cope with
mounting human distress and enable mankind to enjoy the riches of the
sea. Table XVIII shows the magnitude of the changes required to im
prove the over-all nutritional standard of the world under two basic
assumptions: either all betterment would come through fish or the
present ratio between fish and other animal protein be maintained.
I.

UPGRADING OF FISH MEAL

Enormous as human needs may appear in relation to the aquatic
harvests, present and prospective, essential improvements could be ac
complished by upgrading the one-fifth of this catch that is now used to
feed poultry and other livestock. Employing these resources on a global
scale directly for human beings would have notable marginal effects.
If one accepts the nutritional level now prevailing in each individual
country as a standard, the fish protein presently going into feedstuffs
would, if used directly, feed approximately 400 million people on a
Japanese level of animal protein intake. If employed in filling the needs
of the undernourished of the world, it could be stretched to meet the
requirements of more than a quarter billion (see accompanying tabula
tion). This could include still more millions if other traditional sources
of animal protein could contribute their part. It should, however, be
PROTEIN IN FISH MEALS AND SOLUBLES IF USED DIRECTLY FOR
H U M A N FEEDING ( 1 9 6 0 )

Animal protein intake
Area

Grams
per day

Kilograms
per year

East Indies
Japan
Italy
Soviet Union
United Kingdom
United States

6.6
17.4
25.9
33.0
46.8
66.0

2.4
6.4
9.5
12.0
15.3
24.1

Population that
could be fed
(millions)
IP
I«
330
123
83
66
51.5
32.5

250
94
63.5
50
39
25

α

I. Approximate amount of fish protein in all products not directly consumed as
human food (790,000 metric tons).
b
II. Approximate amount of fish protein made into fish meal and fish solubles
from whole fish (not wastes, etc.) (600,000 metric tons).

recognized that around one-fourth of this quantity constitutes true wasteutilization and presumably could only partially be converted into suitable
human food.
Most of the fish meal now manufactured from whole fish ends up in
the markets of well-fed nations (see Fig. 3). A debatable fact is that
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this protein is provided by the two major protein-starved areas of tropical
Africa and Latin America. No less than one-sixth of the protein extracted
from the Pacific in this way moves to feeding the livestock of North
America (%) and Western Europe ( % ) . This general picture has become still more accentuated in later years (1959-61). See further

FIG. 3.

Net result of fish protein transfer via fish meal.

chapter 19, this volume. This protein in the form of dried fish or even
fish flour would make the animal protein level of the Andean region surpass that of Western Europe and raise that of the entire Latin American
continent to Mediterranean standard—see further Borgstrom (1958).
V.

Potentialities
A.

FISH AND SHELLFISH POTENTIAL

The Food and Agriculture Organization estimates in 1961 that the
yields of food from the waters of the world could be doubled without
endangering the stocks (Finn, 1960). Since 1953 the catch increase has
exceeded 27%, and this rate of expansion in fisheries may be expected to
persist (Morgan, 1956; Walford, 1958). This will be accomplished by:
(a) more efficient fishing of persistent stocks, (b) exploiting of new
species, (c) moving downward in the production pyramid, ( d ) fishing
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in new areas, and (e) expanded cultivation (see also Merriman, 1950;
Cushing, 1959).
There are many fishery resources not fully exploited and many
others that have not been worked at all. Not more than 10% of the
world's flatfish resources are at present being utilized (Walford, 1958).
Examples of very rapid expansion in recent years are the South African
pilchard fishery, the saury fishing north of Japan, the tuna fishery
which has been developed in the South Atlantic from both the African
and the South American shores, new shrimp fisheries in the Caribbean,
the Mediterranean and other waters, sardine fisheries off tropical Africa
and that of the Peruvian anchovy. In Australia, a crayfish fishery has been
opened in the West and a prawn fishery in the East. New scallop banks
are being exploited off Florida (Lenier, 1959; Maurin, 1959).
We are at the starting point of the fish exploitation of the southern
seas. The Guano Islands outside South Africa are the proof of the immense resources which can be utilized. In a few days here more fish
than the entire world catch is caught by birds. Off Madras in India,
scientific surveys show that only 5% of what could be utilized without
risk is now taken ashore. The Humboldt Stream off the Pacific coast of
South America carries immense values. But extended scientific surveys
are needed and the economic feasibility especially has to be studied. A
coordinated effort is made by the United Nations Economic, Social and
Cultural Organization in a multination research program to establish
the potentialities of the Indian Ocean.
1. Increased

Yields

A number of variables, intricatelv interwoven, determine the ultimate
yield and thus the catch basis of ocean regions; such variables are seasonal changes, meteorological conditions, hydrographic characteristics,
bacteriological and biochemical activities, and the biological balance.
Some of these interrelationships are analyzed by Hempel in Volume I,
Chapter 1 (see also Carruthers, 1956; Cushing, 1959).
Fishing efficiency is evidently intimately related to methods of capture. Modern fishing has undoubtedly been aided by important new
devices, e.g., the echo-sounder. This device alone has served to bring
about a vast increase in the catch of Pacific herring, for example. To be
sure, it has replaced a more time-consuming method. It has made fishing
more mechanical, and at times it has made possible the detection of
herring that might otherwise have escaped the fishermen. But it has not,
single-handed, brought about an increase in the catch of any significant
order of magnitude (Boie, 1960).
Submarine studies of fish behavior, such as those conducted by the
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Soviet bathyscape Severyanka, establishing how shoals and individual
fishes react when facing nets and trawls, are invaluable in improving
equipment and catching methods. One major problem seems to be the
development of nets for the catching of pelagic fishes in high sea oper
ations. Various devices are now under trial for such depth fishing (see
von Brandt, 1960).
Some figures of present catches show the great discrepancies between
different waters, as set forth in the following tabulation:
kg./hectare
Waddenzee« (Holland)
Hoffden (mouth of the
Thames)
α

200
52

kg./hectare
North Sea
English Channel
Kattegat (Skagerrak)

26
28
27

Catch of flatfish, herring, shrimp, and mussels.

In most cases these figures reflect the basic productivity of respective
waters, as fishing in the listed areas is highly developed. Climate, as
manifested in temperature, is the most decisive factor in primary pro
duction and also in fish outtake.
Carp ponds under favorable conditions may give an annual yield of
300 kg./hectare (see Section V, B, 1).
The following factors are limiting and govern ocean productivity
as they determine the level of the primary phytoplankton crops:
(a) supply of nutrient salts, (b) light, (c) temperature, and ( d ) grazing
by animal organisms. The relative importance of these conditions differs
from season to season and is dependent on cloudiness, day length
(latitude), outflow of rivers, runoff from land, etc. Seasonal variations
are naturally most noticeable in temperate regions.
On bright days during midwinter, a rate of organic production per
unit area of about 20% of that encountered on sunny days during
summer was measured in Danish water (Steemann-Nielsen, 1953). On
dark days with heavy rains, the light intensity may be only one-tenth
that on a normal clear day. But only then does a slight reduction of the
photosynthetic rate take place at the surface.
Fertilizing, either through rivers loaded with mineral salts or through
runoff from land areas into coastal areas, affects fish yields. Numerous
examples of such localized effects are reported from many areas, for
example, the mouth of the Thames, conveying per year 3,000 metric tons
of phosphate-phosphorus, thus doubling the fish yields in the mouth area
in comparison to average catch figures in the English Channel and the
northern North Sea. Fish catches at Lofoten, in coastal waters off
Southern Norway, in the Atlantic off the Iberian peninsula, and in
California follow closely the amount of precipitation on adjacent land
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areas. Production is determined by availability of not only NPK but
also trace elements and, interestingly enough, in a few cases also such
minor compounds as Bi 2 (Erikson, 1952).
As a consequence, the great fishing waters of the world are located
where mineral-rich waters well up from the depths, glaciers exert a
fertilizing action, runoff carries mineral nutrients into the water, or
there is turbulent mixing of waters belonging to different currents. In
such localities the world's great fisheries thrive.
Little replenishment of nutrients takes place from below in tropical
areas, and plankton production is poor except in areas of upwelling or
seasonal runoff (monsoon regions, etc.) (Steemann-Nielsen and Jensen,
1957).
Artificially induced upwelling of nutrient-rich bottom waters has
been proposed as a means of obtaining higher marine yields. In order to
be effective, great volumes of water would be involved, whether mostly
through pipelines or natural circulation. A tremendous amount of heat
would be needed—approximately 5.6 million tons of coal per cubic
mile of water. In effect it would cost more to raise one cubic mile of
water 1°C. than the present energy value of the entire world catch.
Direct fertilizing is another proposition. In limited areas this could
undoubtedly be accomplished, but on the vast expanses of open sea
this would be grossly uneconomical (Cooper, 1948). Besides this, the
biological balance effects may in the long run not favor what man
wishes to use. Also we soon reach a dangerous upper limit for primary
production frequently resulting in mass kills of fish (see below).
At the present stage, direct fertilizing of the oceans cannot be
expected to give a reasonable return or produce any reliable result.
Fanners do not apply fertilizers blindly, but to arable land and to
soils needing it, and in quantities adjusted to specific requirements—
this is an economically rational procedure. As ocean productivity depends
largely on the degree of survival in each year-class, it appears most
attractive to provide the spawning grounds when necessary with
additional nutrients to build up or guarantee availability of food. Such
a proposition, however, requires extensive further study to allow better
understanding of the basic mechanisms and the dependability of the
effect on the ultimate fish yield.
Coastal fisheries are in most countries being supplemented with
motorized vessels for more distant fisheries, employing larger craft and
more efficient catching gear. In the archipelagoes of the Southern Pacific
the inshore reefs and lagoons are all becoming seriously overfished,
and even for subsistence, fishing now has to turn to deeper and more
distant waters.
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2. Oxygen

Deficiency

In many regions of the world the oxygen balance of the water
determines its productivity. In warmer regions and during hot periods
of temperate regions a thermocline may be created which becomes a
barrier for free transfer of oxygen. Deeper layers become depleted of
oxygen and major fish kills result, such being reported from the Walvis
Bay off South Africa (Copenhagen, 1958) and from the Chesapeake
Bay (Anonymous, 1959).
Water blooms induced by surface runoff in monsoon periods may
also upset the natural balance between oxygen consumption and
production and cause disastrous mass kills of fish.
3. The Scattering

Layer

During the war a scattering layer was observed some 400-600 feet
below the surface, with a diurnal movement, upward during the night
and downward again with dawn. Several animal groups have been
proposed as responsible; euphausids and other shrimp-like microplankton,
squid and small fish, possibly bathy-pelagic—see further a review by
Hershe et al (1952).
It is still an open question whether this layer constitutes a new
untapped source of food or these accumulations of marine animals
already are efficient links in the present food production chains. Recent
observations by the German research vessel von Dohrn point to the
possibility of several scattering layers, at varrying depths. Some may
be explained by salt and temperature gradients conducive to fish
accumulation (see von Brandt, 1960). Whatever the source of such
layers, it must be borne in mind that they ultimately rely on the
primary production of the photic zone. A new alternative has, however,
emerged with the discovery of dark-living organisms capable of utilizing
carbon dioxide.
4. Overfishing
It is a common fallacy that present yields of major fishes constitute
only an inconsiderable proportion of the total stock in the sea. For such
fish as the plaice, cod, and haddock of the North Sea, the catch in this
country has attained approximately 70% of the fishable stock (Graham,
1944).
The Northern Hemisphere in several regions, especially along the
continental shelves, is facing overfishing problems. This situation is
aggravated due to the mounting population pressure. The North Sea
catches after each of the major wars increased markedly but subsequently
were followed by a decline, with serious repercussions in both cases.
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This drop in the fish population shows up first with demersal varieties,
e.g., haddock.
In spite of a growing recognition of the need for regulating the
commercial fisheries, and for improving techniques of management,
depletion of marine fisheries has continued. In only a few cases have
international conventions been effective, as, e.g., for the Pacific halibut.
Some species have been exploited to the vanishing point as, for example,
Atlantic salmon and sturgeon. The yields of other species, such as shad
and oysters, have been impaired, and little has been done to correct the
situation.
Japan is also encountering the ominous specter of destructive overfishing. The number of fishermen and boats has increased to the point
where the catch per fisherman in nearby waters has been seriously
reduced.
The true nature of the decline in sardine availability along the shores
of Yeso and Korea in 1929, outside California in 1942 and on the Atlantic
coast of the Pyrenean peninsula in 1945 has not yet been revealed.
Oceanographers and biologists are jointly tackling this problem. But it
does seem reasonable to surmise that one factor leading up to this effect
has been the extensive utilization of these resources. The economic
repercussions, in any case, have been serious.
Fishing for ocean perch has been very heavy in recent years, and the
abundance of this fish has been gradually reduced along the United
States Atlantic coast. Fishing vessels are now obliged to travel great
distances to obtain commercial quantities, sometimes up to 500 to 600
miles from port, while earlier the bulk was caught within 150 miles.
Depletion signs have, however, turned up in several regions. In
Australia it is necessary now to take stock of the shark resources. The
stock of many favored Australian fishes, such as mullet, bram, and flathead, are already depleted, which is the chief reason for the expanding
catch of barracuda. A critical factor on the Australian scene is the low
water runoff from this continent, meaning minor additions of mineral
nutrients to coastal waters.
5. Removal of

Competition

One way of broadening man's sphere in the ocean and procuring more
food is an extended elimination of major competitors. Starfish and other
invertebrates, feeding on the same organisms as do major food fishes
in Danish waters, leave only 1-2% to man. The bottom fauna of the
Kattegat is estimated to weigh 7.5 million metric tons. Investigations
show that no less than 6 million tons of this biomass is consumed by
animals not rendering useful food to man. As much as nine-tenths of
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the production of the seas is estimated never to enter the production
cycles from which man is harvesting.
One single starfish species in the North Sea consumes so much food
that its removal would allow a doubling of the present plaice stock.
All these invertebrates can be likened to weeds in fields and gardens.
If enough of them could be removed—e.g., to allow man's food fish
to increase ten times more than at present—our hauls in the fish catch
in a given area would increase correspondingly. The question remains:
Can such a major encroachment by man take place without serious
deleterious disturbances in the sea's balance of life?
As early as the nineteenth century, radical measures were taken in
many fishing areas of the globe against the competitors of man: bears,
fur seals, sea birds, starfish, urchins, etc. Soviet scientists have studied
the toll taken by various fish-eating birds in major internal waters and
recommended regular eradication in their populations (Pachuljskij, 1957).
One group of competitors is the predators. The fur seal catch is
twenty-two times the weight of all the salmon caught in oentral and
western Alaska during 1958. This is an approximate estimate which only
shows the magnitude of the toll taken by these animals. The colonies
on the Pribilof Islands consume annually more fish than the combined
total weight of fish landed each year by the entire North American
Pacific coast fishery. Although ordinary seals catch more, they are not in
serious competition as they eat chiefly deep-sea fish.
There is quite some disagreement as to the effect of seals. Soviet
scientists belittle the role of fur seals as predators, while the Japanese
contend that considerable damage can be attributed to them. There
is also sharp diversity of opinion as to the toll taken by gray seals in
Scottish salmon waters. The catch of pelagic species is only minor
compared to the take of predators. It is reported from the Black Sea
that dolphins consume 50 kg. per hectare per day (Vodianitsky, 1958).
6. Primary Production
The categories of production of seas and lakes are given in the ac
companying outline; the categories are grouped in very broad terms,
considering chiefly economically important species (left column).
The most recent estimate of the average annual net primary
production of the oceans arrives at a figure of 1.2—1.5 X 1010 tons of
carbon (Steemann-Nielsen, 1960). This in terms of net amount of
living phytoplankton is about 50 X 1010 tons. The assimilation is a more
reliable indicator of total production than plankton sampling, as it is
gradually becoming more evident that nannoplankton constitutes a major
portion of this primary production, particularly in tropical waters (Holmes,
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1961; Wood, 1961). On the basis of the above indicated figures, the
following average figures can be calculated for each production level
(in million metric tons of product weight): primary production (phytoplankton), 500,000; secondary production (herbivores), 100,000; primary
carnivores, 10,000; secondary carnivores, 1,000.
OUTLINE OF AQUATIC PRODUCTION

Groups of
econ. importance

LEVELS

Major categories
1. Primary producers
Protozoans
Phytoplankton, including nannoplankton

Diatoms
Dinoflagellates

2. Secondary producers (herbivores or grazers)
Menhaden
Atlantic sardine

Zooplankton
3. Primary carnivores

Blue whale, humpback whale
Finwhale
Salmon, whiting, smelt
Herring, sand eel
Ciscoes, lake herring
Oysters, shrimp, squid

Fish
Whales
Invertebrates, including squid

4. Secondary carnivores
Mackerel, flounder
Salmon
Saurel
Sperm whales
Squid

Fish
Rorqual, porpoise
Starfish
Birds
5. Tertiary carnivores

Tuna, plaice
Halibut, haddock
Dolphins, seals

Fish
Sharks
Bears
6. Quaternary carnivores

Cod, swordfish
Pike, lake trout
Killer whale

Fish
Sharks

This is under the assumption that the organisms which compose the life
on these levels are equivalent. This is not the case. An upgrading whereby
key substances become concentrated takes place. This is evident from
the composition of phytoplankton relative to fish (see tabulation).
Consequently, the billion metric tons of secondary carnivores have
to be modified. A reasonable minimum correction factor would be 2.4,
giving a value of about 420 million metric tons. This includes many other
marine animals besides fish and many fish not utilized as human food.
It is generally estimated that the fish in the food category cover around
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one-tenth of the marine life. So far the theoretical reasoning has been
based on a complete energy transfer, which is highly unlikely.
Finally, it is inconceivable in any single year to tax the stock
entirely. This is impossible under practical conditions. A reasonable percentage will have to be left for future growth.
Constituent
Water
Dry solids
Carbon
Energy
Protein
Nitrogen
Phosphorus
a

Phytoplankton
(%)
90
10
4.4
a

2-3
0.5
0.11

Fish
(%)
76
24
12.8
3.6<*
18
3
0.95

Ratio

—
2.4
2.9
3.6

6-9
6
8.6

Source: Calculated by the author from various analytical data.

At the other end of the balance is the fact that some important
food fishes are primary carnivores, e.g., herring, while a few, such as
menhaden and sardine, are herbivores. Most codfish, on the other hand,
require 4 to 5 links. Whichever conclusion one reaches on all these crucial
points, it is evident that the available harvests from the oceans are
limited and at the most could be one order higher (ten times) than the
present catch of 39 million metric tons. It must be assumed that a certain
feedback takes place at each level, the magnitude of which we know
very little. Wise economizing and efficient utilization are, consequently,
imperative. (For further discussion of the primary productivity of the
oceans see Riley, 1944, and Ryther, 1959.)
Man's food from the sea also emerges as an impressive force in
nature when the total fish catch is matched with the total photosynthesis
of the oceans—see Table XIX.
The figures for primary production of the oceans are obtained under
the assumption of three conversion links and the aquatic consumption
being totally 1% of the total calorie intake of mankind. Even here it
must be true that some energy losses take place. Presumably not all
energy assimilated in the oceans is utilizable in man's production cycle.
Consequently, it seems safe to say that man is already indirectly disposing
of at least 10% of the ocean's total primary production, but this figure
increases 1.7% each year, due to the net increase of world population,
and an additional 5% due to the yearly expanded world catch—i.e.,
almost a doubling in each decade in the period immediately ahead.
Against the background of these figures, it is easier to understand
that the present North Atlantic catch, when compared to the measured
photosynthesis of these waters, allows only three conversion steps (3.14)
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counted from the primary production. As for the heavily exploited stocks
of such fish as plaice, cod and haddock, man is, on the average, disposing
of no less than 70% of the fishable production in the North Sea.
The herring catches landed in Europe exceed 2.5 million metric tons.
Their feed calculated in original phytoplankton is equivalent to 30.5
million metric tons of wheat—i.e., approximately the United States
wheat crop, 1.5 times that of Europe, or one-eighth of the world's total
wheat crop.
TABLE

XIX

M A N ' S FOOD AND T O T A L PHOTOSYNTHESIS«

Total
kcal.
Kilocalories X 1 0 i 4
Primary calories
Direct consumption

4350
(5000&)
307.5
26.3

Sea

Land

%

kcal.

7.1
0.6

850
(1500»)
157.5
26.0

3 billion people X 2400 calories per capita per day =
Livestock repres;enting about 13.8 billion people =

%

kcal.

%

3500
18.5
3.1

—

150
0.3

4.3
0.09

26.3 X 1014 kcal.
131.2 χ 1014 kcal.
157.5 χ 1014 kcal.

a

Source: Cole, 1958; Borgstrom, 1962b.
Only half metabolizable directly as human food; ruminants use approximately
100 X 1014 kcal, of this.
b

The Danish biologist Petersen (1918) proved for cod that 100,000 kg.
of plankton and eel grass are required to provide 1 kg. of codfish. Even
if several other codfish, such as haddock, saithe, and pollock, may reach
adult stage in four conversion links, the total plant production in the
sea required for the world's codfish corresponds to about 22 world wheat
crops (Rudolph, 1946).
One unsolved question is to what degree nonliving organic matter
of the seas can serve as food. Obviously, the matter is not renewable, but
may for some time constitute a reserve, allowing more carbon and
nitrogen to get into circulation within living matter. Fox et al. (1956)
give some values for this reserve (see tabulation).

Dinoflagellates
Diatoms
Bacteria

Number of
cells per
liter (in 1,000)

Weight of
individual
cells (mg.)

mg./liter

10
20
45,000

2 X 10~5
1.5 X 1 0 - 6
5 X 10-n

0.2
o.03
0.002

Total (living matter in primary production)

0.232

Nonliving organic matter (part of leptopel)

5-15

342

GEORG BORGSTROM

Consequently, it can be inferred that there is some 20-60 times more
nonliving organic matter available in sea water as compared to what is
built into living cells.
7. Nitrogen Fixation
To the primary production of the oceans the availability of nitrogen
is equally important. In spite of this element being indispensable to
protein production, little is known of nitrogen fixation at sea. It appears
unlikely that the runoff from the continents and already available
nitrogen would provide a sufficient basis for a maintained production
of living matter, particularly in view of the extensive denitrification
going on in many areas. Recent findings point to the existence of nitrogenfixing microorganisms (Allen, 1961). This vital sector of mankind's
crucial nitrogen and protein front certainly deserves far greater attention
than hitherto.
8. Fresh Waters
The conversion of the primary photosynthetic production of lakes into
fish and other food used by human beings basically follows the pattern
of the seas (Ohle, 1955; Hutchinson, 1957). Latitude, seasons, soil
conditions, climate, and pollution naturally exert a more profound effect
on productivity than in the oceans. In general, there are fewer conversion
links. A good idea of the relationship may be had from the annual
production of crude protein (see tabulation below) established by Juday
for Lake Mendota (Wisconsin).
kg./hectare

kg./hectare
Phytoplankton
Rooted plants
Zooplankton

2,501
64
203

Bottom fauna
Fish

33
3.4

9. Farming of the Sea
Taking food from the sea today is still largely a matter of hunting.
Aquaculture in the ocean is largely in the realm of science fiction. Such
a venture would be infinitely more complex than any other form of agriculture. To develop ocean farming on a scale large enough to make a
meaningful contribution to the worlds food supplies is an undertaking
requiring comprehensive and fundamental research of immense scope
(see further Southward, 1960).
The primitive aquaculture which has emerged through the centuries
is fish farming, shellfish raising and seaweed cultivation. In protected
waters, such as bays, estuaries, swamps and lagoons, water organisms
have been raised ever since antiquity—and on a constantly enlarged
scale. Nevertheless, to take the step of leaving direct land contact and
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plunging into the real oceans to develop full-fledged sea farming is a
tremendous endeavor.
In simple enclosures with natural production, even without feeding
or fertilizing, half as much animal protein can be produced as on
average farmland. By carefully selecting stock, removing predators,
feeding and fertilizing, such brackish water farm, already yield more
than three times as much flesh per hectare as the land.
Transplantation is one shortcut to more regular sea farming. Young
plaice were taken from their normal overcrowded feeding grounds along
the Danish and Dutch coasts to the Dogger Bank, where more good feed
is available. Their growth speeded up considerably.
Soviet transfer of Baltic Sea herring to the Sea of Azov doubled their
growth rate. Pacific salmon has taken on in the North Atlantic and is
obviously moving south. Transplantation of food fish and maintaining
the regular stock play an important role in several countries, e.g.,
Pakistan, Iraq (see Ahmad, 1956) and U.S.S.R. (Ovchynnyk, 1961).
B.

CULTIVATION

1. Fish Farming
In a number of countries, pisciculture, sometimes since ancient times,
has been important. Owing to industrial and urban pollution and
squandering of water in hydroelectric and irrigation projects, artificial
cultivation is becoming more prevalent. The yields obtained depend on
geographical location, temperature, degree of fertilizing, etc., and may
vary from 40 to 4,000 kg./hectare; the latter figure is from Southern
China and the former from unfertilized waters in temperate regions
(Anonymous, 1961d).
Reports of studies in the United States and Canada on fish pond
production clearly demonstrate that fish ponds yield more meat (animal
protein) per hectare than cattle. One experimental farm in Illinois
obtained 225 kg. of fish meat per hectare, while 85-150 kg. of beef was
produced. When heavily fertilized, 600 kg. of fish have been raised.
Various Tilapia species are cultivated in many tropical countries
(Chimits, 1957; Anonymous, 1960a). These fish live on algae and need no
extra feed, yet may give yields of 400 kg./hectare.
The cultivation of fish in Eastern and Western Europe is discussed in
Volume I, Chapters 2 and 3; for fish cultivation in the Soviet Union reference is made to Ovchynnyk (1961) and Borgstrom (1961b). A more recent
Soviet development is making an effort to provide each farm village with
fish ponds. Major cities are also constructing large fish-raising establishments. It is also contemplated in this way to find means of utilizing
sewage and city wastes more efficiently by converting them into food.
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In Germany and Czechoslovakia almost every large town has its fish
farm. Carp and eel are the chief cultivated fish.
A special Soviet feature is the joint raising of fish and ducks, thereby
increasing production of each (Pachulkij, 1957). The droppings of
these birds raise appreciably the productivity level of the ponds. White
Russia calculates to obtain annually from its 20,000-25,000 hectares of
cultivated fish ponds 10,000 metric tons of fish and 8,000 tons of duck
meat (Lyachnovich, 1961).
There are big areas of marshy land, particularly in Africa and in
the West Indies, that could be developed for fish farming. Fish ponds
could also be introduced wherever there is well-watered undeveloped
land available, or even in developed land as part of mixed farming (to
gether or alternating with rice and regular agricultural crops). More
over, along the coasts there are many areas where marine fish ponds
could be organized.
2. Oyster

Cultivation

The artificial cultivation of blue mussels has expanded appreciably
during the postwar period in most of the West European countries
(see tabulation below) bordering the North Sea and the Atlantic (MeyerWaarden, 1960). The mussels grow to market size in two years. In
suitable shallow waters, rich in nutrients and plankton production,
12.5-25 metric tons per hectare can be produced. Those waters are
gradually fed with new loads of fertilizing nutrients brought out by
major rivers, such as the Elbe (no less than 4 metric tons of P2O5 per
day) and the Thames (6 metric tons).
OYSTER PRODUCTION IN W E S T E R N

Netherlands
France
Denmark
Western Germany

63,429
24,000
17,386
6,026

EUROPE

Spain
United' Kingdom
Eire
Belgium

4,479
2,740
2,255
576

Prior to marketing, the mussels are taken to cleansing tanks "to
rinse away sand and empty the gut. Most oysters in Australia are
produced artificially in large enterprises—in 1957, 4,500 metric tons
(Sardone, 1959).
3. New Fishes
Numerous papers are available on the adaptation of ΎιΙαγια to other
regions than the native African habitat and the growing output of fish
through cultivation of these species.
Since the Middle Ages eels have attracted attention as a fish that grows
readily under artificial conditions and may become increasingly important
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in future sewage utilization. Albufera, the rice region in the vicinity of
Valencia, raises eels successfully. Eel farms are reported from Denmark,
Japan, Kenya (Frost, 1954), etc.
A significant feature in the future development of fish cultivation
is the breeding of new species, crossings or strains exhibiting better
feed utilization and more rapid growth or greater disease resistance.
Soviet science appears to have led in this development (Ovchynnyk,
1961). Interesting accomplishments in this respect are also reported
from China (Saburenko, 1961).
4. Man-made

Reservoirs

Not only technical development threatened in various ways the
existence and productive capacity of natural waters, but large new water
masses have been created. Thus it is maintained that in the United
States there are more than 5 million hectares (12 million acres) of manmade reservoirs, which could provide habitats for fish. So far, these
water resources have been poorly utilized. There are a few exceptions
(Beckman and Kutkuhn, 1953).
The Soviet Union reports that no less than 5 million hectares (12.5
million acres) of artificial water have been created through their many
hydroelectric dams and irrigation reservoirs, largely in recent years.
Efforts, although painstaking, are made mostly to transform these into
productive waters for food fish. Many biological problems still remain
unsolved for such schemes, but intense research is being pursued both
to use the photic zones and to get the entire water volume producing.
It is calculated that the yearly fish catch potential of these dams exceeds
half a million metric tons.
Many new large bodies of water have also come into existence through
Chinese industrialization, estimated at 1.58 million hectares and rendering 24 kg./hectare (Saburenkov, 1961). Thirty such reservoirs—the size
of 600 to 14,000 hectares—are completed, and 80 additional ones
(100-230,000 hectares) are in process of construction (Denisov, 1961).
In India, the large Mettur reservoir in the state of Madras is being
developed for fish cultivation and in combination with a dehydration
plant.
5. Sewage Utilization
The sewage works of Munich pioneered in the 1930*8 the utilization
of this resource by attaching fish farms where the effluent was converted,
via algae, mollusks, and insects, into carp and tench—produced at a
rate of 500 kg./hectare. One hectare of water purifies the mechanically
classified sewage from 2,000 persons, yielding 27.5 kg. of protein. Raw
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sewage is extensively converted into food via fish in the Far East (Java,
India, e.g., Calcutta). For a review of this field, see Mortimer (1954) and
Hickling (1961). The effluent from large treatment tanks induces fish
yields as high as 4 metric tons per hectare per year. Several fish species,
not only carp, are grown.
It should be added as a note that, in many densely populated regions
of the United States and Western Europe, sewage finds its way into
natural waters, affecting productivity and fish yields. The extensive use
of fertilizers has also increased the amount of nitrogen and phosphorus
draining into lakes and streams, e.g., in Wisconsin.
C.

SEAWEED AND PLANKTON AS FOOD

1.

Seaweed

Seaweed resources have been grossly overrated as a future source of
food. Most estimates have been based on the uniquely productive
submerged expanses of attached seaweed off the coasts of Norway and
the British Isles (Newton, 1951). More correct and realistic figures reveal
the slow growth and poor productivity in many coastal regions, e.g.,
the German North Sea and Baltic coasts (Schwenke, 1960). Neither
brown nor red algae occur in reliable, sufficiently large populations; most
is used up as animal foodstuff (Black and Woodward, 1957).
Their value as direct human food is also exaggerated. The human
gastric system is not able to digest the well-protected structures of the
algae cells, as is the case with terrestrial plants. Even when favorable
results are reported for individual constituents, such as carbohydrates,
fats, and proteins, availability remains decisive. Surface bacteria providing vital B 12 belong in another category, as do minerals too. Drying
and making them into finely ground powder naturally facilitates accessibility.
Since antiquity, seaweed has been utilized in agriculture as fodder
and a valuable manure. In this way it still plays a role in human feeding.
In China it is used in growing potatoes, peanuts and other crops
(Newton, 1951), and on the Hebrides and Aran Islands for raising
potato crops. In the coastal areas of Alaska and Scandinavia, seaweed
still is gathered as a valuable manure. In Ceylon and India, seaweed is
similarly used for fertilizing coconut trees and several other crops.
Iodine is in this way conveyed to the crops, as Soviet studies prove.
Seaweed was presumably first used directly as human food by the
Chinese. They still consume appreciable quantities. Its chief importance,
however, is as bulk filling material—alginates and related compounds.
The coasts of the Japanese islands are well suited for large-scale growth
and harvesting of seaweeds (Anonymous, 1957). One-tenth of their daily
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food consists of algae—see Chapter 6 of this volume. Great efforts are
being made in Japan to expand seaweed production for food purposes. In
Hawaii, a number of species are eaten, and there is a considerable trade
in them in Honolulu, some even being imported from China and Japan.
The brown seaweeds are used very extensively for food in Japan. The
smaller species are dried, but the larger kinds ar used as cover for
noodles, toasted or served with rice or soup. Two Laminaria species are
also used for sweetening and seasoning, owing to their high mannite and
glutamic acid content. A substitute for soybean sauce has been made
from brown algae.
The red seaweeds are also used for human consumption among both
Eastern and Western peoples. In the West, however, they are harvested
only to a very small extent.
The Japanese "hori" is made chiefly from the red seaweed Porphyra
sp., cultivated on bamboo branches. Hori is toasted and eaten hot as a
delicacy. It is used in dried form to wrap rice balls or as a flavoring.
Another Porphyra is used for the making of laver. It has been used fried,
boiled, fermented, or made into a bread. Earlier, this food was prepared
also in South Wales (Newton, 1951).
2. Pfonkton
a.

Utilization

HARVESTING

Can man tap the plankton granaries of the ocean? There is
no known way to catch suiBcient amounts of plankton for any
reasonable economic return for the effort spent. Furthermore, a substantial part of the production of the nannoplankton—in some waters
nine-tenths—will not be harvested. No device can change the basic fact
that approximately 7500 m. 3 of ocean water is required to obtain one
day's ration for man—calculated in calories. Even in very productive
waters, this implies 2.5 hours of effective filtering. It is, consequently,
not possible to feed even the crew on such plankton harvesters, far less
provide the fuel required for such a futile operation.
In the heavily fished waters of the North Sea, the standing crop of
Zooplankton is estimated at more than 10 million tons net weight. But
in a good year North Sea fishermen average some 58 tons of herring per
100 hours. But they would have to strain approximately 58 million tons
of North Sea water to gather an equivalent amount of plankton.
Jackson (1954) calculated the cost of various harvesting methods and
returns. He concluded that such filtered plankton would require a price
twenty times what is charged for the highest priced fish. Taking these
factors into consideration, the mussel, shrimp, fish, and whale emerge in
a new perspective. They constitute, in effect, multimillion armies of
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unpaid workers doing all the filtering, concentrating, and refining of the
planktonic food, thus serving man end products that are not only delicious but also have superior value, are more readily accessible to our
gastric system, and are in an infinitely more convenient form.
b.

PLANKTON CULTIVATION

Large-scale cultivation of the fresh-water alga Chlorella has sue
ceeded, but at excessive cost (Burlew, 1953). Experiments are proceeding in the United Kingdom to grow the marine diatom Phaeodactylum
on a large scale (Raymont and Adams, 1958). Any closed system requires injections of carbon dioxide, cooking, stirring (for optimal light),
and continuous harvesting. Mineral nutrients have to be added successively. Large extra costs thus become involved—see reviews by
Pearsall (1951) and Borgstrom (1952). Open vessels run the risk of
contamination with interfering organisms. Both these organisms have
competition in the sea. As to future cropping in the sea, these contaminants represent the weeds.
Owing to these complications, direct cultivation in the oceans has
been contemplated. Shallow sea areas may be fenced off with plastics.
Long transparent tubing or sheets may be brought to float on the sea
surface, making stirring superfluous.
High protein yields are feasible. Algal protein quality is not inferior,
even if it does not match that of most other plants. But, as indicated
above, most plant cells are not directly accessible to human gastric
juices, encased as they are in cellulose of silicon-enforced walls. The
cultivation of various planktonic algae appears, for a long time ahead,
rather to offer potentialities as feeding material to ruminants or as a
food source for yeasts or shellfish, if the costs involved can be met.
D.

HAZARDS

In most discussions on the use of fish in human feeding, little attention has been given to the obvious hazards that do exist. Many conditions are seriously jeopardizing the future use of fish as food or limiting
its value or economic utilization (Clarke and Bishop, 1948; Rose, 1957;
Geiger, 1958) (see also Chapter 18 on radioactive dangers).
1. Poisonous Fishes
In many populous regions of the world, and particularly in its warmer
sections, fish poisonings are not infrequent. This was dramatically
realized during World War II in the Pacific area. As much as one-fifth
of the reef fishes were found to be toxic (Hessel et ah, 1960). Many
sections of the Caribbean are harassed by poisonous fishes (Randall,
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1961). The whole field of poisonous fishes has been reviewed in Chapter
15, this volume. Only a few general comments will be made here. A
distinction can be drawn between those fish having a flesh which is
consistently toxic to humans and those having special glands or organs
with poisons, e.g., shark, eels, and puffers, and finally, those fishes carrying ciguatera toxin (Banner et al., 1961). There are, however, some
pronounced changes in the regional patterns of ciguatera poisonings over
the years, discovered by Copenhagen (1958). Several scombroid fishes
form histamine, via specific surface bacteria (see Volume I, Chapter 10).
Clupeoid fishes, particularly Sardinelh, show a seasonal toxicity presumably due to the ingestion of particular plankton organisms. Reports
on such poisonings are rather common from the tropical Pacific and
Indian Ocean, e.g., the Marshalls, New Caledonia, Fiji, Indonesia, and
Ceylon. Similar poisonings are seasonally reported from fresh-water fish
in Northern Germany and Russia—see Chapter 11 of this volume.
Randall (1958) suggested the possibility also that ciguatera might
be induced by a toxic compound in the feed of incriminated fishes. In
all waters toxic dinoflagellates of the species Gymnodinium are a potential hazard whenever conditions for a bloom develop. Several species of
this particular genus are behind a number of shellfish poisonings (Chapter 11, this volume).
2. Snakes
Sea snakes, several of which are poisonous, abound in the tropical
Pacific. Each time the Galathea expedition entered shallow waters,
snakes were regularly in the catch—once, in a single haul, 40 belonging
to six different species. The Gulf of Siam is particularly noted for its
profusion of snakes. It is strange that the Atlantic still appears to be
free of snakes (Vols0e, 1956).
3. Human Diseases
Fish are definitely incriminated as a major agent of erysipeloid,
entering through scratches and wounds. This disease has become almost
an occupational disorder among fishermen and those working in fishhandling and filleting establishments. Skate seem to be particularly dangerous in this respect, but most fish seem to carry the involved bacteria.
Traumatic injuries and a moist environment are conducive to the development of this trouble. This bacteria—Erysipelothrix—appears to be
a common contaminant in the slime of most fishes, even when healthy
(Sneath et al, 1951; Price and Bennett, 1951).
Tapeworms are spread to human beings via fish in the entire circumpolar region and constitute a serious hazard to the population of
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Alaska, the Soviet Union, and Scandinavia—see further Chapters 16 and
17 of this volume.
Botulism E in particular is fish-borne and is reported from several
countries (see Chapter 11 of this volume). Some fish, especially mullets,
occasionally appear to induce hallucinations (Helfrich and Banner,
1960).
4. Infestation
Several insects lay their eggs in the dried fish of warmer regions.
Dermistids are particularly incriminated. This is a scourge of tropical
Africa, where up to 50% of the fish weight may be attributed to such
larvae.
5. Fish Infections
A number of bacterial infections of fish are discussed in Chapters 15
and 16 of this volume. Red virus constitutes a serious and, it appears,
growing threat to carp raising in continental Europe and the Soviet
Union. Particularly alarming are the inroads protozoans appear to be
making into the fish kingdom. Jellied fish, due to such attacks, are reported from a great number of countries; see further Chapter 15 of this
volume.
A number of diseases have harassed United States oyster cultivation.
Besides the traditional pest of starfish, strange new maladies have appeared on the scene.
6. Mass Mortality
Mass mortality of fish is regularly reported from certain regions of
the globe, but predominantly in warmer waters: the Red Sea, the
western part of the Indian Ocean, off South West Africa, etc. Almost
every year during December and January such a dying off of fish takes
place in the Walvis region of South West Africa. A certain interplay
between meteorological and oceanographical conditions appears to induce this mortality. There is a permanent area of approximately 6,000
square miles where the sea bottom is characterized by a sulfide diatomaceous ooze. Occasionally the Benguela Current is pushed back by
considerable masses of highly saline subtropical Atlantic Ocean water.
This results in increases of 5-6°C. in surface water temperature, in turn
causing destruction of the coastal plankton. The dissolved oxygen becomes depleted, and in this anaerobic environment sulfate-reducing
microorganisms flourish and the production of hydrogen sulfide ensues.
Particularly after northerly winds this hydrogen sulfide reaches the surface and kills off the fish (Copenhagen, 1958). Sudden upward or downward temperature changes may also induce killing.
Under certain conditions, there may occur a "bloom," or mass pro-
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duction of dinoflagellates, belonging to the genus Gymnodinium, or other
types of toxic plankton (e.g., the peridinian Gonyaulax sp. reported from
Japan, United States, the Pacific, the Caribbean, and Western Europe);
fish may be destroyed indirectly in this way (see Chapter 19, this
volume). In fresh waters the algae Microctjstis aeruginosa is known to
be toxic to fish and to induce water blooms. Killing may sometimes be
accompanied by a mass retreat of fish, as is the case with Noctiluca
blooms off South Africa and off the west coast of India (Bhimachar and
George, 1950). In most cases these blooms finally result in large scale
fouling and oxygen depletion. This also applies to the famous Red Sea
bloom caused by the blue-green algae Trichodesmium
erythreum.
7. Pollution and Dams
The future of the salmon is a cause of much worry. Because of deforestation in the New England states, followed by heavy soil erosion
and industrial pollution, the rich salmon stock in this region now is a
thing of the past. The building of high dams such as Grand Coulee prevents salmon from reaching their spawning grounds in inland streams.
Discharge of waste from pulp and paper mills further renders the water
unfit for fish life. Depletion is the final result.
Gradually the hydroelectric establishments in the rivers of North
Sweden are creating a serious threat to the flourishing salmon fishing
industry of the Baltic. A definite decline has already been observed. The
particular arrangements to guarantee access to the spawning ground
and to ensure satisfactory escape apparently are inadequate. This is a
crucial problem to the future of salmon fishing all over the world.
Many biologists consider the great fisheries of the Pacific Coast
doomed to extinction. Efforts to change the habits of migratory fish have
been extremely costly. The moving of salmon in tank trucks past the
Grand Coulee has so far cost 5 million dollars. Eight years afterward
the decline in the salmon stock still is apparent. The commercial catch
of this region is now reduced to approximately half its 30-year average.
Each year industrialized or industrializing countries report major
fish loss owing to pollution of natural waters chiefly by foreign chemicals
or by overloading with oxygen-depleting organic compounds.
8. Ghost Nets
A novel problem in many parts of the world is created by lost nets.
This hazard to fishing is especially significant around Iceland where
many kilometers of net are lost each year. Because of the new synthetic
materials employed in net making, nets no longer rot and disappear but
remain intact indefinitely (Kristjansson, 1960).
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