FOOD from the SEA

FRANCIS JOSEPH WEISS, Washington, D. C.

To feed the hungry mouths of a rapidly increas-
ing population we may turn to the living re-
sources of the sea around us to reap its sub-

stantial harvest of as yet untapped food reserves

-\ /-l ORE THAN 719, of the surface ofthe

earth is covered by water, most
of which is collected in the oceans. The
oceans, populated with life which finds
there better conditions for growth and
reproduction than on land, are store-
houses of food. But despite their impres-
sive extent and their content of nutrient
materials, the great bodies of water re-
ceive a disproportionate amount of at-
tention as sources of food. This may
not always have been true, as there are
indications that human civilization orig-
inated along rivers and sea shores, where
early man obtained his fare by gathering
aquatic plants and animals before the
advent of the hunting stage which pre-
ceded pastoral and agricultural pursuits,

Viewed from the atmosphere of our
modern highly developed land cultiva-
tion, marine culture appears remarkably
simple and seems almost to offer some-
thing for nothing—or at least for very
little in comparison to the effort needed to
gain food from the land. Terrestrial
plants require aeration of the root system
and a supply of water and nutrients.
These growth conditions often require
labor and expense for tilling, irrigation,
and fertilization. Marine plants grow
naturally and profusely in a complete
nutrient solution containing not only
all essential mineral elements, in con-
centrations varying geographically, but
also large quantities of dissolved gases.
Some estimates have placed the amount
of carbon dioxide in the oceans up to a
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million times that of the content of the
earth’s atmosphere. This dissolved gas
or soluble carbonate, the raw material
for photosynthesis, is not being used as
intensively in the sea, but the total
amount of photosynthetic activity there
has been estimated to be about 10 times
that of all wild and cultivated plants on
land (4). See Table L.

Furthermore, the land has been a
source of mineral nutrients, some of
which are physiologically essential trace
elements, through the eroding and dis-
solving action of water. The minerals
carried away have drained into the
oceans, enriching their supply of nu-
trients,

The basic life cycle is the same on the
ocean as on the land. Self-feeding or-
ganisms, especially plants, are aided by
the sun’s radiation in converting low
energy substance into high energy sub-
stance. Subsequently, the self-feeding
organisms are degraded bv those, es-
pecially animals, which depend on others
for their feed. The magnitude and in-
tensity of biologic action often is greater in
water than on land because the aquatic
environment is more conducive to photo-
synthetic and metabolic processes.

Seaweeds Are
Natural Soil Conditioners

Probably, their high capacity for
accumulating macro- and micronu-
trients have made the more conspicuous
and readily accessible of the marine
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plants, namely the large seaweeds belong-
ing to the brown, green, and red algae,
so useful since time immemorial as
manure for replenishing the soil. In
addition to their nutrient value, sea-
weeds exert a beneficial influence upon
the physical properties of soil. As early
as 1911 it was discovered that algin of
the weeds can consolidate and improve
sandy soils (76), but this action remained
unexplained until the advent of soil con-
ditioners illuminated the function of
polvelectrolytes. Actually seaweeds are
natural soil conditioners. Their main
organic constituent, which is a polvmer
of p-mannuronic acid, is very similar in
both structure and function to the svn-
thetic soil conditioners obtained by hv-
drolysis of polyacrylonitrile.

While the high nutrient content of
soil manured with seaweed manifests
itself in prolific plant growth, it is also
observed that animals derive benefit
from feeding on seaweeds or on plants
grown in seaweed enriched soils. It is,
therefore, not surprising that the use of
seaweed as a feed for animals is a very old
and widespread practice in areas where
large amounts of seaweed are cast ashore
or can be easily collected on the beaches.
Although seaweed cannot be considered
a complete animal food, it has attractive
feeding efficiency as a feedstuff supple-
ment and now is produced as such on
the Pacific Coast.

As a human food algae are consumed in
many coastal areas of the world. The






face waters and drift with the current
while growing and multiplying profusely.
Not only do they exhibit photosynthetic
efficiency, but some species are also able
to fix nitrogen, a fact recently established
by cultures in vitro of blue-green algae
(27). The most important classes of
these floating plants that constitute the
so-called phytoplankton are the dia-
toms and dinoflagellates which contain
even in this low stage of development, all
those major food groups—proteins, car-
bohydrates, fats, vitamins, mineral salts—
associated primarily with the extra-
ordinary food value of the organisms at
the apex of the food pyramid, namely
the fish and shellfish that serve for human
consumption. But the food chain that
leads from these microscopic plants to the
large marine animals becomes greatly
extended since the phytoplankton is
grazed upon by protozoa and other minute
animals. These animals serve as food
for small crustaceans, the most impor-
tant of which are the copepods that re-
semble miniature shrimps. They in
turn are devoured by enormous schools
of small fishes such as herring, menhaden,
and mackerel which finally are the food
for larger carnivorous fishes such as
salmon, cod, tuna, and shark., It is
evident that in the course of this long
food chain much of the food and energy
value originating in the autotrophic
plants never reaches the ultimate con-
sumer because of the catabolic activities
of the individual links in the chain. It
has been estimated that each “middle-
man’’ passes on only about one tenth of
the substance and energy it receives (23).
It follows that in the case of only four
links between food production and food
consumption, only one ten-thousandth
part of the organic matter made by auto-
trophic plants comes to the ultimate con-
sumer. As far as human food needs are
concerned, nine tenths of the organisms
participating in the food chain are un-
used, since they are not eaten by the
carnivorous fish used for human food.
It follows, as the greatly simplified chart
(Figure 1) shows, that the production of
one pound of food fish such as cod re-
quires 100,000 pounds of vegetable
plankton.

Use Plankton Directly

This appalling waste and inefficiency
in our present form of utilization of poten-
tial food resources of the sea should sug-
gest that instead of depending on the
long chain from plankton to fish, it
* would be more rational to use plankton
directly as a food or feedstuff. In 1941,
when the German U-boat campaign
was at its height, Sir John Graham Kerr,
member of the British Parliament, asked
that a committee be appointed to investi-
gate the practicability of large-scale
collection of plankton by mechanical
separators and its use as a food.
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1 POUND COD

10 POUNDS SMALL FISH
SERVING AS FOOD FOR COD

100 POUNDS TOTAL FISH

1000 POUNDS CRUSTACEANS

10,000 POUNDS ZOOPLANKTON (MICROSCOPIC
FLOATING ANIMALS)

100,000 POUNDS PHYTOPLANKTON (UNICELLULAR
MICROSCOPIC AUTOTROPHIC ALGAE)

Figure 1.

A. C. Hardy, professor of zoology at
the University College in Hull, England,
points to the very high food value of
plankton for mammals demonstrated by
the rapid growth of the blue and fin
whales which feed on it. The average
composition of the dry substance of zoo-
plankton consisting mainly of copepods
(microscopic crustaceans) is: 599 pro-
tein, 7% fat, 209 carbohydrates, 4.7%,
chitin, and 9.49, ash. It has a not un-
pleasant shrimp-like flavor and is per-
fectly suitable to sustain human life.
The difficulty of commercial utilization
of plankton lies, of course, in its relatively
large dilution, but this difficulty is not
insurmountable. There is no reason
why man should not be able to achieve
by suitable mechanical devices what the
great whales do through their filter ap-
paratus. In fact, Prof. Hardy points
out that with suitably constructed nets
two men could collect on the coast of
Scotland 588 pounds of plankton per day,
or enough to feed 357 people (77). Itis
true that some plankton organisms under
circumstances not yet fully understood
accumulate in their bodies poisonous
metabolic products that would make
them unfit for direct consumption. De-
velopment of extraction methods that
would either destroy or separate harm-
ful constituents from the edible portion
of the plankton material, could be a
solution to the problem. While we do
not recommend plankton for human
consumption, it is evident that it could
be particularly well suited as feed-
stuff supplement for animals, if methods
could be devised and if energy should
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Food pyramid in the sea

become sufficiently cheap to make large
automatic collecting plants economi-
cally feasible. Such installations would
be especially valuable for people living
on densely populated islands, such as the
Japanese or Puerto Ricans, who have
not available the large land resources
necessary for animal production.

Crustaceans as Food Prospects

As the direct utilizaton of plankton at
present is not of immediate practical
importance, let us step up to the next
floor of the food pyramid and ask whether
the enormous quantities of crustaceans,
because of their larger size and tendency
to massive accumulation, offer better food
prospects. We were unaware of the
existence of such enormous masses of
living matter in deeper layers of the
ocean until the Second World War, when
the U. S. Navy in cooperation with the
Scripps Institution of Oceanography in-
vestigated the acuity of sounding devices
such as were used to spot enemy sub-
marines. In the course of this investiga-
tion a mysterious sound scattering layer
was discovered at depth between 900
and 2700 feet. The most fascinating
property of this layer is its diurnal migra-
tion. Between sunset and sunrise it ap-
proaches the surface, while during the
day it recedes into the depth of the ocean.
This excludes its causation by inaminate
matter, but also rules out phytoplankton
which does not migrate vertically. It
also makes it unlikely that the uniform
scattering is caused by large shoals of fish
which are of a less continuous distribu-












condensed fish solubles, its content of
vitamin Bys is larger and this makes it
especially valuable for promoting growth
of animals (75).

Recently, in an address before the
Institute of Food Technologists, G. A.
Reay emphasized the increase possible
through improvement of techniques ap-
plied to the fishing industry as it exists
today. He expressed the opinion that
existing production might be quadrupled
by the culturing of fresh and brackish
water fish in natural waters and special
ponds. Annual yields as high as 8000
pounds per acre have been achieved com-
mercially. This compares very favora-
bly with natural yields of 445 to 1780
pounds per acre per year. Another
great source of food, according to Dr.
Reay is whale meat, Only about 30,000
tons of the present catch of 1.3 million
tons of whale meat is being used for food
at present. Dr. Reay estimated that
doubling of whale meat output for human
consumption and development of fish
farming could add 15 million tons a year
to the world food supply.

There is no question that many more
foodstuffs could be extracted from the
vast expanses of the oceans to meet the
steadily growing requirements for protein
and other protective nutrients of an ex-
panding world population. There is
also no question that presently used raw
materials of marine origin could be proc-
essed with less waste and better preser-
vation of their nutrient value. And it
is obvious that a greater utilization of fish
and fish waste product for agricultural
purposes, the improvement of the soil,
and the growth of plants and animals
will be of mutual benefit to farmers,
fishermen, and consumers,

But the most pressing problem at the
present time is that of distribution, which
is greatly accentuated by the perishability
of marine products. Only by way of
nutritional education, by changing in-
grained but inadequate food habits, by
improving the purchasing power and
living standard of backward nations, and
by facilitating the free flow of commodi-
ties will it be possible to achieve a
fuller and economically justifiable uti-
lization of the large food resources of the
oceans.
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