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breeding and hybridization, to produce strains characterized by
rapid growth, high glycogen content, thin shell, disease resistance,
and other features that may materially improve the quality of com-
mercial oysters and increase their yield.

MusseLs. Several species of mussels (Mytilus) are widely used
for food in all European countries and to a lesser extent in North
and South America, Australia, and South Africa. Probably fairly
large quantities of mussels are eaten in the Orient, but production
statistics are not available.

Mussels are extraordinarily fertile, and the productivity of mussel

ounds far exceeds that of the best oyster bottoms. They are cap-
able of forming in a short time large, thickly layered beds covering
the bottom. Demand for them in Europe for food and bait at one
time was so great that natural mussel beds were inadequate to
supply the fishery and much attention has been given since to
mussel culture, especially in France and Italy, where the ancient
system of “bouchots” or fences made of twigs set in shallow water
for the attachment of mussel larvae is still in use. Because of the
prolonged reproductive season and very rapid growth of mussels
in the Mediterranean Sea, the cultivation of mussels is a continuous
process. Each generation becomes mature within sixteen to nineteen
months and new generations are well under way when the old one
is harvested. French mussel growers report that about 150 kilo-
grams of mussels may be taken from each linear meter of “bouchot.”
In the Bay of Taranto, Italy, where mussel culture is highly de-
veloped, the productivity has averaged 1,215 kilograms per 100
square meters, or 49 metric tons per acre.’®

Mussels have relatively thin shells and consequently the edible
portion of their bodies is relatively greater than that of the oyster.
According to Atwater and Bryant (1906) the waste material com-
prises only 46 per cent of the total weight of mussels while it con-
stitutes more than 90 per cent in oysters. Much more food ma-
terial may be obtained from the sea by growing mussels than from
any other edible shellfish.

Improvement in the production of mussels requires research to
develop methods of controlling parasites, diseases, and predators
and, where farming is practiced, of propagating seed. In certain
areas, mussels are occasionally infected by poisonous dinoflagellates
and then are dangerous to eat. Where this happens, the possibility
of controlling the sporadic blooms of the poisonous organism, per-
haps by chemical means, should be thoroughly explored.

CLawms, ScarLops, CockLEs, AND OTHER LAMELLIBRANCHS. Clams
of many species and genera are used for food all over the world.
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They are exceedingly nutritious, easily reached and cheaply gath-
ered. If harvested at a proper rate, under regulations based on
biological information, clam beds can be highly productive. Other-
wise they are particularly vulnerable to overfishing. Clams are also
vulnerable to a considerable assortment of predators, of which the
most terrible are boring snails and crabs. Unfortunately the crabs
are usually too small to have commercial use. Clams are among the
animals that can be profitably cultivated; in fact that is the principal
means of production in Japan. By growing clams under protected
conditions it is possible to minimize predation by pests, and to
harvest them as the market demands at their most profitable size.
The same kinds of research problems apply to clams as to oysters,
namely, methods of artificial cultivation, selective breeding, methods
of controlling enemies, and methods of improving the fertility of
beds.

In the United States several species of clams are the object of
important fisheries on both Atlantic and Pacific coasts, and intensive
research programs are aimed particularly toward designing regula-
tions for rational conservation, and toward the control of predators.

In the tropical zone of the Pacific the giant clams, Tridacna, and
the related genus Hippopus, a horse-hoof clam, which live either
embedded in coral reefs or lie unattached on the surface of reefs,
are regularly used for food.

The utilization of the window shell, Placuna placenta, in the
Philippines deserves special attention both because of the extensive
use of this mollusk in home construction and the success in its cul-
tivation in Manila Bay where the high yield of the fishery is main-
tained primarily by extensive farming methods. Placuna is widely
distributed through the Philippine Archipelago. It inhabits the
bottom from the littoral zone to a depth of 300 feet. For centuries
its thin semitransparent shells were used in oriental countries as a
substitute for glass. At one time about half of the houses in Manila
had Placuna shells in their windows. This city still uses several
million shells annually, while large quantities of them are exported
to India, Ceylon, and China.

Placuna farming, practiced in the Philippines, consists in gather-
ing the young from their natural beds and planting them on suitable
ground. They thrive on muddy bottoms and grow very rapidly.
The meat of Placuna is palatable and is frequently eaten, although
it is usually not sold in fish markets. The yield from a good Placuna
farm is said to be twice as much as that from an oyster farm of the
same size. Frequently both oysters and window shells are grown
on the same grounds. Periodic mortalities strike Placuna popula-
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tions. Filipino fishermen frequently report finding large numbers
of shells buried in mud. Like many other mortalities of marine
populations the cause of this one has not been determined.

Many species of scallops and cockles (Pecten and Cardium) are
widely distributed throughout the world, from the arctie to the
tropics. Their habitat extends from shore to at least 450 fathoms.

Although scallops are able to swim, by a peculiar rapid clapping
of their valves, they seem not to migrate very far and usually re-
main within a relatively limited distance of their beds. As a rule
they prefer hard and sandy bottoms but occur also on mud and
among rocks. Some species of scallops live in shallow inshore wa-
ters and are easily caught with rakes and light dredges operating
from small boats; others live offshore in greater depths, and require
heavier gear and larger vessels. Bay scallops may be particularly
vulnerable to overfishing. To guard against this the rate of fishing
must be regulated to produce the highest sustained yield.

Scallops are particularly appreciated in the United States. On
the United States Atlantic coast, 24 million pounds are caught in a
year, worth about 13 million dollars. Much smaller quantities are
caught in the United Kingdom, Ireland, France, Oceania, and Japan.
Elsewhere scallop resources are quite neglected.

The scallop has provided material for the study of many interest-
ing physiological problems. Gill epithelium, adductor muscle, and
eyes have received special attention. No other organ of mollusks
has given rise to more discussion than the complex scallop eyes.
Since their discovery over 150 years ago these remarkable organs,
arranged in a row on the edge of the mantle, continue to excite the
interest of zoologists, anatomists and physiologists. The gill epi-
thelium of scallops is a favorite object for study of the physiology
of ciliary motion. The search for the nervous control of ciliary beat
is a problem of wide interest because ciliary motion is involved in
physiology of vertebrates (including man) as well as of lower
animals.

The use of cockles (Cardium) is limited. Although gathered for
food in Europe and in some oriental countries they are almost
completely neglected in the United States. Fisheries for cockles,
as for many other kinds of mollusks can be materially expanded in
many areas with the help of market development programs.

The principal source of pearls is a lamellibranch mollusk of the
genus Pinctada which differs from the true oysters by the presence
of a byssus, by which pearl oysters attach themselves to the sub-
stratum. The mother-of-pearl fishery is of considerable economic
importance, providing raw material for buttons and decorated
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articles for which there is a fairly stable market. Commerce in
pearls, on the other hand, is much affected by the fluctuations in
price and market demands.

It is doubtful that new, rich pearl oyster grounds can be found,
since for centuries all waters likely to contain them have been
searched intensively. Important fisheries are located in the Red
Sea, Persian Gulf, Ceylon, Sulu Archipelago of the Philippines, Aus-
tralia, west coast of Mexico, Panama, Venezuela, Hawaiian Islands,
and the Gulf of California. The Japanese pearl fishery occupies a
unique position because of the highly developed cultivation of pearl
oysters and artificial induction of pearl formation.** All pearl oysters
are edible; their use for human consumption is gradually increasing
and meats formerly discarded as refuse are in some places preserved
by canning or drying.

SNnaiLs. Marine snails can be utilized for human needs to a much
greater extent than is generally known. In North America they are
almost completely neglected; in Europe a few forms such as peri-
winkles, whelks, and limpets are used for food. In the Orient many
more species are eaten, including large whelks and conchs. In the
Philippines small fresh-water gastropods are fed to ducks on the
many duck farms near Manila. The principal product of the farms
is not the duck meat but duck eggs, which are permitted to develop
nearly to a hatching stage and are then preserved by boiling and
sold as “balut.” Parasitological study of the snails used to feed the
ducks as possible vectors of various trematode diseases of man and
domestic animals is of importance because of the known role of
gastropods in transmitting schistosomiasis and other diseases.'

Large marine gastropods of the family Trochidae are important
sources of material for button manufacture and other shellcraft. In
Australia Trochus shells are extensively used for jewelry, and
Trochus meat is used for food throughout the area of its distribution
in the tropical seas.

There are many species of carnivorous marine snails which live by
boring holes in the shells of other mollusks, particularly oysters and
clams, and feeding on their flesh. In this way they inflict terrible
damage in commercially valuable areas all over the world, in the
tropics as well as in temperate latitudes. Control of such pests
would do more than anything else to improve the productivity of
shellfish grounds. This is an exceedingly difficult problem to solve,
however, for these animals are prolific, hardy, and widely dis-
tributed. Detailed studies of the habits, reactions, growth, repro-
duction, diseases, and enemies of these snails are needed to develop
methods for their control. Commercial uses should be sought; for
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some of them are not only edible but palatable, though rarely eaten
and not sold in the markets.

ABaLonEs. The abalones (Haliotis) are one kind of gastropod
which is extensively used for food. These animals, of which there are
several species, are fished on the Pacific coast of North America, as well
as in China, Japan and Korea, and to a lesser extent in the Union of
South Africa and in southern Peru. They tightly adhere to rocks
under water and can be dislodged only by divers using crowbar or
chisel. These mollusks are highly appreciated wherever they are
fished. It does not seem likely that there are many accessible un-
fished stocks which could add significantly to the world’s food sup-
ply.

CeruarLorops—SQums, CurrtLEFisH, Ocrtoprus. About 1,800,000
metric tons of mollusks are harvested annually in the world, which
is over 70 per cent of all the invertebrates harvested. More than a
quarter of these are squids. There are many species of these animals;
they range in size from pygmies of a few centimeters to giants of
over 15 meters. They are widely distributed, horizontally along
shores as well as on the high seas, and vertically from surface down
to great depths. They are evidently exceedingly abundant, as shown
by the fact that squids are one of the important fodder animals of
fishes. Even the giants, which are rarely seen by man and then gen-
erally only as dead specimens washed upon beaches, are probably
also abundant, for they are one of the principal foods of the great
whales. Squids are highly predacious themselves, feeding on fishes
and pelagic invertebrates. Hence they are competitors of fishes in
the economy of the sea. The species which are most familiar to
fishermen grow to be 20 or 30 centimeters long and are pelagic,
traveling in large schools at the surface. They seem to be enor-
mously abundant and are nutritious and palatable.

Recently squids have become important in neurophysiological
research because of the presence of giant nerve cells which greatly
simplify experiments in neuromuscular transmission. Demands for
live squid have become so great that it is difficult to satisfy the
needs of experimental laboratories and organizations engaged in this
research. Neurophysiological studies of the nature and mechanism
of nervous impulses contribute to the advance of human physiology
and have broad application in medicine.

Cuttlefish are similar to squids but differ in having a heavy calci-
fied internal shell or bone, as contrasted with the thin “pen” of the
squids. They, too, are caught for food and bait. In addition, their
internal shell is manufactured into a powder for polishing and other
industrial purposes and for dentifrice. The whole shell in “cuttle-
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bone” is sold for feeding cage birds. The ink sac of cuttlefish is a
source of the natural brown pigment called sepia.

Octopi are much less abundant than squids. They are shore-
dwelling animals, occurring around sea coasts all over the world.
They are caught with traps and used extensively for food in coun-
tries of the Orient and in southern Europe. Elsewhere they are not
appreciated and almost completely neglected. They could add
something to the world’s food supply, but not very large quantities.

People who have never tasted squid, cuttlefish, or octopus gen-
erally look on them with abhorrence. This prejudice is the first ob-
stacle to starting fisheries for these animals. It could be overcome
by market development programs, by advertising, cooking demon-
strations, and most important of all by the development of attractive
marketable products.

Before the war the Japanese squid fishery took 75,000 to 150,000
tons annually; in recent years, their catch has grown to a peak of
600,000 tons. In North America where squid stocks may be equally
large, less than 6,000 tons are caught, most of it on the Pacific coast.
Southern European countries, chiefly Spain, Portugal, Italy, and
Yugoslavia, take about 20,000 tons. The rest of the maritime coun-
tries take inconsequential amounts. Thus squid might be one of the
most promising of the unutilized fishery resources. In Japan and in
western United States squid are sold fresh, dried, and canned, and
are also used as bait. They might be a good raw material for protein
meal. In Europe and western America they are caught by encircling
nets, and in Newfoundland and in Japan they are snagged on hooks.
In Japan, squid are fished at night, being attracted and concentrated
by the use of lights. Since they swim in schools, come close to
shore, and can be easily caught with simple equipment, they are the
object of a very intense fishery conducted by coastal dwelling fami-
lies operating small boats in the southern part of Hokkaido (north-
ern Japan). There squid constitutes as much as 60 per cent of the
total catch of sea food. As fisheries for squid and octopus devel-
oped, it would be important to study the ecology, life histories, be-
havior, and migratory patterns, to measure the rates of birth, growth
and mortality, and to determine the effects of fishing on abundance
of the stocks.

Crustacea

Of many thousands of marine crustacea only a few species, be-
longing mostly to the order Decapoda, are of economic importance
now. The lower groups, immensely abundant in the sea, for the
most part are only indirectly concerned in human economy either
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as food for fishes or as such nuisances as the organisms fouling
ships” bottoms (barnacles) or those boring into wooden hulls and
piling (wood-boring isopods).

Prawns anp SHriMps. Of all the edible decapods, prawns and
shrimps® are by far the most important. They occur in estuaries, in
fjords, in areas of continental shelf that are nourished by rivers, and
sometimes on offshore banks. The greatest fishery for prawns is in
the United States, where (called shrimp) they are the most valuable
of all the sea foods. The annual catch in the South Atlantic and
Gulf states, where the principal fishery is carried on, is now around
250 million pounds.

At least 22 species of shrimps and prawns are fished commer-
cially. There are important fisheries for these animals in the United
States, West Indies, coastal European countries, along the central
American and South American coasts, and throughout the Indo-
Pacific area.

Perhaps in many areas where they occur, shrimp and prawns are
underutilized. This is a possibility which can only be tested by
experimental fishing. Exploratory fishing and development of new
gear and fishing techniques are important activities for future in-
vestigations. Efforts made so far in these directions have had some
promising success judging, for instance, from the discovery of popu-
lations of northern shrimp, Pandalus borealis, along the New Eng-
land coast, ® of the pink shrimp (Penaeus duorarum) near Key
West, Florida, and of the “royal red shrimp,” Hymenopenaeus ro-
bustus, in 200 fathoms off the Florida coast.'” Further exploration
may result in discovery of untapped shrimp populations which may
materially add to our food resources.

Prawns and shrimps tend to live in parts of the sea that are
fertilized by land drainage, such as estuaries, fjords, and bays. A
pattern of life history, which is common to many of the species (per-
haps to all peneids), is this: They enter the inshore waters and
estuaries at very young stages; for a few months they live in these
nursery grounds while they grow very rapidly. Just before maturity
they migrate to sea, where they spawn. Perhaps they die after
spawning; at any rate they do not return. Thus they are short-
lived fast-growing animals, a fact which gives them special value
as a food resource, for it makes them less vulnerable than other
species to intense fishing (see also pages 45 ff.). Perhaps the most
useful line of prawn research would center about the inshore nursery
areas. What controls their productivity? What are the competitors

® The large species, mostly belonging to the genus Penaeus, are prawns.
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and predators of the young prawns? What is their food? What
are the optimum densities of prawn stocks? Why must the prawns
go to sea to spawn? Could they be induced to spawn in enclosures?
Would artificial culture be a profitable enterprise?

Lossters. These crustaceans are the object of fisheries in Europe,
America, the West Indies, South Africa, Australia, and Japan.
They are probably not vastly abundant anywhere, but they are
much appreciated and high-priced wherever they occur. The prin-
cipal species are the true lobsters, Homarus americanus and H.
vulgaris; and the spiny lobsters (crawfish or crayfish)—Panulirus
argus (Florida, the Caribbean area, the Atlantic coast of South
America, P. interruptus (Southern California), P. rissonii (western
Mediterranean and West Africa), P. japonicus (Japan and Hawaiian
Islands), P. inflatus (west coast of Mexico and Hawaii), Jasus
lalandei (Australia, Juan Fernandez Islands, New Zealand, and
South Africa), J. verreauxii (southern Australia and New Zealand),
Palinurus elephas (Europe), Panulirus penicillatus (Indo-Pacific
and Korea), P. longipes (western Australia); likewise the deep sea
shrimp or Norway lobster, Nephrops japonicus (Japan and Korea),
and N. norvegicus (in deep water off the coast of Norway).

Several unsuccessful attempts to introduce the Juan Fernandez
lobster to the coast of the mainland have been made. Expansion of
the spiny lobster fishery in Australia and New Zealand is likely to
continue for some time and unexploited populations may be found
along the coast of Chile and Peru. Although it is doubtful that the
yield of the American lobster can be increased, spiny lobsters seem
to be underutilized. This is a possibility that could be tested by
exploring likely fishing areas near Mexico, Central and South Amer-
ica, and the islands of the Pacific.

Artificial propagation of lobsters attempted by government agen-
cies does not seem to be promising. The post-embroyonic develop-
ment is complex and slow, and the rate of infant mortality in cap-
tivity is discouragingly high. Furthermore, the growth rate is so
slow that raising them in captivity to maturity would probably be a
prohibitively expensive undertaking. It seems better sense to sup-
port the lobster populations on their own natural grounds by con-
trolling fishing rates. This necessitates measuring the rates of
growth, birth, and death, the size of stocks, and the effect of fishing
thereon.

It is very difficult to do this with crustaceans, for they molt in

owing, and in doing so, often throw off any tag that has been
applied to their shell. How, then, can we learn their routes of mi-
gration or measure the size of their population and their rates of
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growth and replacement? Another difficulty is that they do not
record their age on parts of their body as fishes do. Consequently,
special methods must be developed to permit analysis of the age
composition of samples, which is an essential part of population
dynamics studies. The development of such techniques must be the
object of special research. This is true for crabs as well as for lob-
sters.

Crass. There are many species of crabs used for food but only
a few of them are taken in quantities large enough to be recorded
in statistics. Among the most important species are the blue crab
of the Atlantic and Gulf coasts of the United States (Callinectes
sapidus), Dungeness crab of the Pacific coast (Cancer magister),
the giant crabs of Alaska, the Bering Sea, Japan, and Kamchatka
(Paralithodes camtschatica, P. platypus, and P. brevipes), the red
crab, (Chionectes opilio), and the blue crab (Neptunus tritubercu-
letus) of Japan.

It seems likely that some of the crab resources of the Americas
are not fully utilized and that new fishing grounds may be located
by exploring the continental shelf and the inshore waters. Informa-
tion about crabs in the Indian Ocean, Philippines, Australia, and
South Africa is too meager to encourage any speculation regarding
their potentialities.

BarnacLes. The principal fouling organisms on ships” bottoms
and on floats of hydroplanes, barnacles make for costly maintenance
throughout the world. Antifouling measures, scraping and repaint-
ing of ships’ hulls, and the use of antifouling materials cost millions of
dollars annually. There is, however, a species of large sessile barna-
cle, Nalanus psittacus, common on rocks of the coast of Chile which
Darwin described as “universally esteemed as a delicious article of
food.” Another edible species is the goose barnacle, Mitella polli-
cipes, used for food along the coast of Brittany, Spain, and the
Mediterranean. Economically these species are of little significance.

TunicaTes. These organisms are widely distributed in the ocean
and flourish in tropical and subtropical seas. On an evolutionary
scale tunicates occu y a unique position as predecessors of verte-
brates. One of the c}ilaracteristic anatomical features of tunicates is
the presence of a tough tunic made of the animal cellulose tunicin.
The body inside the tunic is soft and watery.

Tunicates are of slight if any economic importance. Free-swim-
ming forms like Appendicularidae and ascidian larvae are eaten b
fish and therefore indirectly contribute to the supply of human fooci
Sedentary ascidians are edible and occasionally are used by people
living in tropical islands. Species of the family Cynthiidae are fished
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- for food in various parts of the world, for example, Japan, China,
- Siberia, and southern France.

~ Tunicates are unique in several respects. One of their most
~ interesting features is the ability to concentrate in their bodies the
rare metal vanadium, which is found in the sea water in low con-
centrations (0.2-0.3 milligrams per cubic meter).!®



