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THE SECRETARY OF THE INTERIOR
WASHINGTON 25

February 2, 1945.
My dear Mr. Vice President:

I have the honor to submit herewith a report on a survey of the fishery resources of
the United States and its possessions, puisuant to Public Law 302, 78th Congress, S. J. Res.
112, approved May 14, 1944.

In making this study, the Fish and Wildlife Service of the Department of the Interior
has attempted to distill, from a massive volume of statistical, biological, and industrial data,
the essential facts needed to see clearly and objectively the present condition of our
national aquatic resources and of our conservation of them. It is concluded from the study

that throughout its entire history the Federal Government has never given adequate care to
these resources.

The recommendations derived from the conclusions are stated as very general prin-
ciples. These are intended to guide the formulation of specific programs which will enable
the United States to take intelligently the leadership in world aquatic industries that seems
about to be thrust into its hands. Because the range of American fishing interests will
broaden on a vast scale after this war, these programs must be made flexible and remain
so. This Department proposes to submit to the Congress for its consideration, in future
months, suggestions for specific legislation covering Federal functions in economic, tech-
nological, and biological aspects of the development, utilization, and maintenance of the
fishery resources. These will be based on the material presented in this report. -

Sincerely yours,
Ao ol G T
Secretary of the Interior.
Hon. Harry S. Truman,
President of the Senate.
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PREFACE

THE TERM “FISHERY RESOURCES” is used in this book
with a broad application. It includes the populations of the
fishes and other organisms useful to men, the environment that
makes life possible for them, the ifidustry that exploits and
utilizes them, and our knowledge about them by which we can
conserve their productivity. This book aims to survey the
present status of all these 4spects of those fishery resources
that are used or are available for use by United States anglers
and commercial fishermen. It is planned primarily for the
Congress, at its request, with the idea of giving to busy people,
in condensed fashion, a perspective on its subject.

The book touches on all the important aquatic species uti-
lized by United States fishermen (i. e., all those of which 2
million pounds or more are caught annually) and on many
of the less important ones. It also points out the more
obvious of our latent fishery resources which remain to be
developed and, in this respect, may well serve as another
guidepost in the veteran reemployment program.

Geographically, the scope of the book includes the waters
within and to the offing of the continental United States and
its territories; and also the waters of other nations or interna-
tional waters where United States fishermen operate.

The distribution maps are intended to show in a general
way the ranges over which the various species are frequently
caught; not the extreme ranges indicated by occasional rare
finds, and not the local particulars of distribution.

The common names given in the text are those having, in

the opinion of the authors, the widest usage. For various
reasons, scientific names generally do not appear in the text
but are listed in the table of contents, along with synonyms of
the common names.
_ The pictures of the fishes are included to show, in an in-
formal way, what the fish look like. Though they are not
scientific drawings for identification purposes, they are
anatomically accurate, being based entirely on published
drawings or photographs.

The statistics given in the book are generally in rounded
figures. Usually they represent averages of several pre-war

.

years, occasionally a typical recent year, or in certain cases
the most recent year for which statistics are available,

The word conservation which appears throughout the book
fell out of fashion among fishery workers several years ago,
because it seemed to connote saving and abstention from utili-
zation. In order to make clear that conservation is quite
compatible with utilization, attempts were made to introduce
a number of substitutes, among them “utilization for wise
use,” “optimum catch,” “wise usage,” and “fishery manage-
ment.” Unfortunately, the public failed to adopt these
phrases—at least we never see them except in official docu-
ments—and continues with conservation, which remains the
most convenient and widely understood word for its purposes.
It is therefore used in this book and with the following com-
prehensive meaning:

Conservation of fishery resources is public control, based
on scientific knowledge, designed to insure the highest con-
tinuous production at lowest cost that these resources can
yield without impairing their productivity; and it is designed
further to effect the fullest, most widespread use that can be
obtained from the catch.

It is the purpose of this book to examine the fishery re-
sources, one by one, in order to arrive at a judgment of the
present status of fishery conservation in this country, and to
draw such conclusions and make such recommendations as are
indicated by this judgment.

The text and statistics are from material collected by the
staff of the Fish and Wildlife Service, and are based on data
developed by this Service or appearing in published works.
The book was designed in collaboration with the Office of
War Information, and it is a pleasure to acknowledge the
creative inspiration which the Graphics Bureau of that agency
furnished. The lay-outs were executed by Henry Buchanan
and Harry Kamien; and the illustrations were drawn by
Katherine Howe. The entire volume reflects the painstaking

assistance of the Honorable Augustus E. Giegengack, the
Public Printer.
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THE INTERIOR OF THE UNITED STATES contains
such large fish-producing areas as the Great Lakes and
the Mississippi River. In addition, the numerous smaller
lakes, ponds, streams, and creeks add up to an impressive
acreage, furnish food and sport to millions of people. The
14.7 million R total estimated 1942 commercial catch from United States

r fresh waters (excluding sea-run fishes): 175 million

pounds.




ALASKA, whose principal industry is fisheries, is the
chief production center of salmon, most valuable fishery
resource of the United States. Itis also an important source .
of herring, halibut, sablefish, and clams. The breeding A A A
grounds of the fur seal are in Alaska. The continental
.shelf of the Northwest is a vast area rich in untapped
resources, offérs great opportunity for development and
expansion of bottom fisheries.

Alaska catch, 1943: 577 million pounds.

 Fishery |

of &
United States an

ALASKA

THE NORTH PACIFIC STATES’ most important fish-
eries are for salmon, halibut, sharks, albacore, crabs, and
oysters. In recent years an otter trawl fishery for floun-
ders, rockfishes, and lingcod has been developing rapidly.
Shore industries are based on canning, curing, packaging
of fresh and frozen fish and shellfish, and the manufacture
of fish-liver vitamin oils. -

Oregon and Washington catch, 1941: 289 million
pounds. :

CANADA

THE SOUTH PACIFIC COAST receives the greatest
volume of fish landed anywhere in America. Foremost
fishery is for the sardine, the largest fishery resource in
the western hemisphere, which supplies raw material for
cheap canned foods, fish meal, and oil. The tuna fisheries,
operating mostly south of the United States, as far as Ecua-
dor, supply an important canning industry in southern Cal-
ifornia. Unlike conditions on the North Atlantic coast,
food-rich water in the Pacific is not confined to the conti-
nental shelf, extends many miles to sea over deep water,
supports large populations of many kinds of pelagic fishes.

California catch, 1942: 1,173 million pounds.

ur

THE TERRITORY OF HAW Al has a great diversity
of marine life. Among the most valuable of the spe-
cies exploited are the tunas, swordfish, and mackerel scads.
Although the local populations of the several species are
not of a scale comparable with those of northern seas,
Hawaii is well situated for exploiting the large tuna re-
sources of the western Pacific.

Average pre-war annual commercial catch: 14.7 million

pounds. |
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THE NORTH ATLANTIC region is characterized by a
wide continental shelf, which in some places extends out
from the coast for hundreds of miles. Large areas of the
shelf rise to form submerged plateaus, called banks, on
which lives a vast population of bottom-living fishes. Most
important among them are the haddock, rosefish, cod,
flounders, and pollack. These are taken mostly by otter
trawls, which are dragged across the ocean floor by motor-
powered vessels. In addition to the bank fishes are such
valuable pelagic species as herring and mackerel. Fish-
eries for lobsters, clams, oysters, and scallops provide a
livelihood for thousands of New Englanders. A large New
England shore industry is devoted to filleting, packaging,
and quick-freesing the bank fishes. New England catch,
1942: 676 million pounds.

THE MIDDLE ATLANTIC STATES are the most impor-
tant producing center for oysters, blue crabs, menhaden
and shad, alewives, and striped bass. Large quantities of
flounders, butterfish, croaker, scup, “sea trout,” and whit.
ing are taken close inshore in summer with pound nets,
ffshore in winter with trawls. The most important shore
fishery industries in this area are the packing of shucked
oysters and fresh-cooked crab meat and the manufacture
of fish meal and oil. This section leads the country in the

Middle Atlantic and Chesapeake catch, 1940: 684 mil-

THE SOUTH ATLANTIC AND GULF STATES are the

acean lives on the floor of the continental shelf, is taken
Imost_entirely with otter trawls operated from motored

of meal and oil; alewives, sea trout, red snapper, and
Spanish mackerel. Among the shellfish other than shrimp,
oysters and crab are most important. The United States
sponge fishery is centered on Florida’s west coast.

The packing of fresh and frozen fish and shellfish, the
manufacture of fish meal and oil, and the canning of
shrimp and oysters are the mostimportant shore industries.

South Atlantic and Gulf catch, 1940: 576 million
ounds.

PUERTO RICO and the VIRGIN ISLANDS have no very
extensive fishery resources. Tropical bank and reef fishes,
like snappers and basses, are taken all year ’round, .and
tunas, mackerels, and jacks during their seasonal migra-

a-run fishes): 175 million

tions.

1940 catch: 3.7 million pounds.




Pacific Fishery Resources SALMONS

PACIFIC SALMONS ARE THE MOST VAL-
UABLE FISHERY RESOURCE BELONGING TO THE
UNITED STATES.  They yield around 600 million pounds of
fish a year, 85 percent of which is used to manufacture the
largest pack of canned fish produced in this Nation. About
100 million pounds are sold fresh, frozen, smoked, or cured.
Close to 90 percent of the United States production and 55
percent of the world production of salmon comes from Alaska,
where the resource is more valuable than any other. Indeed,
70 percent of Alaska tax revenues come from salmon industries.

The salmons are among the most popular sport fishes of the
world. Although statistics are not available, the sport catch
runs into millions of pounds annually.

-Salmon are caught with traps, purse seines, gill nets, haul
seines, and by trolling. All these kinds of gear are subject to
legal restrictions, which vary from place to place.

Salmon canneries utilize more of the fish than any other
fish-canning industry, the loss in canning averaging only 33
percent. On the other hand, the waste is less utilized than in
any other canning industry. A small amount of roe is pre-
pared for bait or for caviar. Part of the waste is used for
making oil and meal, but the bulk of it is thrown away. Here
as well as in all the various processes of handling salmon, tech-
nological developments are needed to enhance efficiency, mini-

mize loss through waste, and improve the products.

THERE ARE FIVE KINDS OF SALMON IN THE EAST-
ERN PACIFIC: The red, sockeye, or blueback; the king,
chinook, or spring; the coho or silver; the pink or humpback;
and the chum, keta, or dog. A sixth one, found only on the
Asiatic side, is the masu.

PACIFIC SALMON SPEND A LARGE PART OF THEIR
LIVES IN THE OCEAN, THEN ENTER FRESH WATER
TO ASCEND STREAMS AND SPAWN. The availability of
suitable spawning grounds, more than anything else, controls
their distribution and abundance. Whatever unfavorable con-
ditions, short of lethal ones, may prevail in the lower reaches
of a stream, so long as the stream gives clear passage to good
spawning grounds, it supports salmon. Spawning areas must
. have bottoms covered with gravel of a certain size range, and
clear water flowing at a moderate and reasonably constant rate.
Exact requirements vary according to species. Pink and chum
salmon find suitable grounds generally not far from the ocean,
often not more than a mile away; kings and cohos generally
ascend the larger streams and go farther; reds can inhabit only
streams having access to lakes.

3

Little is known about the ocean life of salmon. They scat-
ter widely, generally keep to cold water, and feed on plankton
and small fishes.

THE SPAWNING SEASONS OF THE SALMONS VARY,
but, in general, last from late summer to early winter. As
the fish approach sexual maturity, they reassemble and swarm
up the rivers of their birth until they find a place to spawn.
There they pair off, and each pair builds a nest or depression
in the gravel of the stream bed, and spawns over a period of
several days. All Pacific salmon die after their single spawn-

ing season.

The eggs incubate, buried in the gravel, during the fall and
winter. They hatch early in spring, and for about 2 months
thereafter the babies live off the yolk in the sac which remains
attached to the belly. When that is used up, the young fish,
now called fry, struggle up through the gravel and begin
searching for food.

Pink and chum salmon now proceed almost immediately to
the ocean, but the other species generally stay in fresh water
from 1 to 4 years before migrating to sea. After reaching the
ocean, they remain there 2 to 5 years, according to species and
latitude. All pink salmon spawn at 2 years of age, cohos and
chums at 3 to 5, red and king salmon at 4 to 7 years.

SALMON HAVE ENEMIES THROUGHOUT LIFE: The
eggs are eaten by most of the diving birds, sea gulls, terns, and
by trout and other fishes. Young salmon are eaten by ducks,
osprey, cormorants, gulls, and terns, and by various fresh-water
fishes.

the ocean ‘they fall prey to sea lions, seals, killer whales, and

They also often die from starvation and disease. In

many kinds of large fish. Then they must run the gantlet of
man’s fishing gear. On their way upstream, and while on the
spawning grounds, they are preyed upon by eagles, sea gulls,
bears, and wolves. Those finally spawning are appropriately

called the “escapement.”

STATUS OF THE SALMON RESOURCES: By 1913, all the
important Pacific salmon-producing areas were being inten-
sively fished, and the annual catch reached 500 million pounds.
Since then, intensified fishing has increased the catch in certain
Alaska areas somewhat; but for the most part, the size of ‘the

. stocks now limits the catch, which fluctuates from year to year

accordingly. Even though expansion of the fishery to new
grounds cannot be expected to increase the catch materially,
and though new dams and irrigation diversions may curtail the
catch in some areas, intelligent management of the resources,
based on scientific knowledge, would increase the over-all pro-
duction in Alaska by at least 50 million pounds, worth some
10 million dollars annually.
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Mining pollution (silt) and some
sewage pollution have made this

snbhabi

y ble for sal

reduce the flow in the stream
and if unscreened, arve traps
to young salmon. Irriga-
tion dams impede upstream
passage of adults.

The full capacity of streams to produce

artificial and natural obstructions passable
and by abating pollution. ‘

salmon can be realized by clearing out .-~
debris, controlling the flow of water, making ="

These tributaries with
valuable spawning areas have been
completely blocked off by dams
which were built for hydroelectric
power and flood control, and which
are too high to permit construction




Pollution dumped into the river from
the city makes this tributary uninhabit-
able to salmon.

Here a massive dam has been built for hydroelectri.

PO Though equipped with fishways, it bars up-

\} Most fish find and ascend

the ladders, but some mill around below the dam,
Ily die with spawning. Young salmon mi-
grating downstream must also find the ladders, often
fail to do so, are drawn into the turbines and man)

fon has d the hills and altered
natural runoff. Resulting flash floods cause serious
jon in the sp ing areas, wash out much of the
spawn. Loss of cover permits undue evaporation of the
bed during droughts, with
tion of eggs and fry.
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Showing a portion of the Bonneville Dam and one o the three
fish ladders. With regard to the river, the pictureflooks up-
stream t_oward the spillway sections; with regard to the fish
ladder, it looks downstream. This is because there is a 180.
degree turn in the ladder where it approaches the dam. The

éish enter the ladder at a collecting point just in front of the
am.

In the Pacific Coast States, the encroachment of civilization
seriously interferes with salmon resources. Among the many
unfavorable conditions brought on by population and indus-
trial growth, the most harmful to salmon are pollution, defor-
estation, irrigation diversions, and dams. Consequence: The
outlook for enlarging salmon resources in the Pacific States is
not promising. Indeed, they can be maintained at their pres-
ent subnatural level only by constant vigilance and the utmost

care.

SALMON HATCHERIES, begun in 1870 with a firm convic-
tion that they would solve all conservation problems, enlarge
salmon runs and sustain them at high abundance level, failed
to produce these anticipated results. The best that can be said
for many of the hatcheries operated in former years is that
they were only slighly more efficient than nature, Conse-
quently, all of the hatcheries in Alaska have been abandoned

and the operations of those in the States have been greatly
modified.

Yet artificial propagation of salmon has its uses. Indeed,
under certain circumstances, salmon culture has been neces-
sary to conservation practice, particularly for restoring runs in
those many streams where the salmon population has become
so far depleted that it cannot reestablish itself naturally, or

in other streams having natural obstructions that can be
removed or so modified as to make new spawning grounds
available and therefore restocking feasible. -

WHENEVER A DAM BLOCKS OFF SPAWNING
GROUNDS, THE SALMON MUST BE HELPED AROUND
OR OVER IT by one or more of a number of devices, called
fishways, of which the commonest type for salmon is the fish
ladder. These vary greatly in design according to the height
of dam, size of stream, foundation conditions, etc. Fish lad-
ders are similar to cascades, usually-consist of a succession
of rectangular pools, varying from 6 to 40 feet across, with a
difference in elevation between pools of 1 to 2 feet. Some-
times more artificial means are used, such as locks, similar in
principle to navigation locks, or bucket hoists, or tank trucks.

The problem of attracting the salmon to the entrance of a
fishway increases in difficulty with increasing disproportion
between the flow of water passing over the dam and that going
through the fishway. The effectiveness of a fishway in attract-
ing fish is enhanced sometimes by providing expanded or
multiple entrances and contriving to pass through these an
auxiliary supply of water, thus totalling a much greater volume
than that passing down the fishway proper.

EQUALLY DIFFICULT, AND TOO OFTEN IGNORED,
IS THE PROBLEM OF GETTING THE YOUNG SALMON

FINGERLINGS DOWNSTREAM over the dam on their way

This is an example of a place where stream improvement is
needed. The run o/’ chinook salmon that enters this stream is

li d to the g area below the falls. Construction of a

fishway at this ‘site would greatly increase the available spawn-
ing area and-therefore the productive capacity of the stream.




to the ocean. Intakes to power and irrigation diversions and
hazardous spillways may be screened to keep the young fish
out, if the quantity of water and velocity of flow are not too
great. But no method has yet been devised of keeping finger-
lings out of spillways and turbines of the larger power projects
such as are proposed for the main Columbia River, or out of
deeply submerged outlets of storage reservoirs. This is why
hope of $etting salmon over Grand Coulee and Shasta Dams,
to and from their natural spawning grounds, has been aban-

doned in favor of a necessarily costly program of artificial
propagation below these structures.

LEGISLATIVE CONTROL OF SALMON IN ALASKA, AS
OF ALL FISHERY RESOURCES IN THE TERRITORY, is
under the jurisdiction of the Federal Government. Laws and
regulations define fishing areas, prescribe maximum and mini-
mum size limits on certain types of gear, prescribe opening
and closing dates for the fishing season and provide for weekly
closed periods; they prescribe maximum catch quotas in cer-
tain areas and in general so regulate the fishery that the maxi-
mum catch may be taken without endangering future yields.

Regulations for the salmon fisheries in the States are estab-
lished by the State governments. They are comparable to
those in Alaska, but vary from State to State, sometimes with
All three Pacific

States have departments of fisheries which carry on scientific

consequent lack of unified management.

fishery investigations, patrol the fishing grounds to enforce the
regulations, and collect catch statistics.

THE CROP OF SALMON CAN BE PREDICTED. A year
class of salmon is available to the fishery only in its last year
of life, and only during the rather short period of change
from ocean to stream life. The fish not caught are lost forever
to the fishery, for they all die after they have passed through
. the fishing grounds to the spawning area. True, enough fish

Leavenworth Hatchery, showing buildings and
fish ponds

must be allowed to spawn in order to reproduce the run, but
beyond a certain point any additional spawners may not
increase the number of offspring. Too many spawners may
overcrowd the spawning grounds, with resulting low produc-
tion and survival of offspring. Thus to sustain maximum
production, the fishery should take all the fish over the num-
ber required for the spawning stock, but it should not take
more than that number. To know how many the fishery can
take it is necessary to predict the size of the runs, which varies
from year to year. Management of the fishery in its highest
sense, i. e., getting the most out of the resource that it has to
give, depends on the accuracy of this prediction.

TO PREDICT THE SIZE OF A CROP THIS MUST BE
DONE: (1) The number of spawning parents, i. e., the seed
stock, must be counted or estimated as the fish pass upstream
to the spawning grounds; (2) the relative number of hatched
young must be counted or estimated as they migrate down-
stream to the ocean; (3) this information must be integrated
with certain quantitative data on stream and oceanic condi-
tions which are known to affect the survival of salmon. All
this must be done for each stream’s population separately and
it must be done every year.

Continued crop prediction in Alaska would result in enlarg-
ing many of the runs; it would assure maintenance of the
entire Alaska salmon resource, and it would permit increasing
the total commercial catch of salmon. It requires, however, a
minimum of 12 field laboratories strategically located, and
fully equipped for year-round work. There is now only one
such laboratory.

Purse seining for salmon, Yes Bay, Alaska

S8



ul
tr
(=
o1

€l
ce

ti
8
t
fq

tl

al

u
8¢
tl
8C

Pacific Fishery Resources SARDINES

SARDINA

Wi, pilchardus
SARDINOPS

N\ reopilchardus

ocellata

THE PACIFIC SARDINE OR PILCHARD RESOURCE IS
UNIQUE. It supports the largest fishery in the western hem-
isphere—nearly 25 percent of all fish caught in the United
States are sardines; it is the cheapest source of protein food
for human consumption; it is the most important source of
fish meal and oil which are vital in the nutrition of poultry
and other livestock. It yields the largest volume ofcanned fish
produced in the United States (exclusive of Alaska); and is
an important source of vitamins A, D, B, and G (B,).

THE PACIFIC SARDINE IS A PELAGIC FISH, traveling in
the upper layers of ocean in schools or shoals of varying size
from a few tons to hundreds of tons of fish. The characteris-
tics of the sea water rather than the sea bottom direct their
movements and because these characteristics are constantly
changing, the sardines constantly move. They do this verti-
cally as well as horizontally, so that at times schools travel at
the surface, at other times far below, and the luck of fishermen
fares accordingly.

Sardines spawn from January through June, mostly in
March and April in the open sea as far out as 300 miles though
generally 50 to 200 miles offshore. The eggs are fertilized in
the open water. Great fecundity offsets high infant mortality,
each female laying about 35,000 eggs in a batch, and as many
as three batches in one season. The eggs hatch in about 3
days, and the babies drift helplessly with currents and tide

THE WORLD'S PILCHARDS

Pilchards, like other herring-like fishes, are called sardines
when canned. Some authorities refer to them as the “true”
sardines. They are found in temperate coastal waters where
surface sea temperatures average 50° to 70° F.

SARDINOPS

sagax

B caerulea
LIRSS melanosticta

until after they absorb their yolk and become free-swimming.
They feed then, as they do throughout life, on minute organ-
isms, plant and animal, which live suspended in the sea water
and are collectively called plankton.

Though initially of tremendous numbers, the brood is rap-
idly thinned out in the struggle for existence. The conditions
affecting this struggle for existence, such as food supply and
submarine climate, fluctuate constantly, and cause great fluc-
tuations in the infant survival rate. These variations are later
reflected in the commercial catch when the young grow to
adulthood.

As the juvenile sardines grow their swimming efforts become
stronger, and they congregate in schools like those of their
parents. When from 3 to 5 inches long, they migrate toward
shore, where they remain to feed for a time. While there
they are caught in large numbers by fishermen for tuna bait.
The known main nursery grounds are off Southern California
and Lower California, Mexico; areas of fluctuating, though
generally of lesser importance extend northward to British
Columbia.

When the sardines have grown to about 7 inches in length,
they begin to leave their inshore nursery grounds and take up
the pelagic offshore life of adults. Then they make their first
appeardnce in the regular commercial fishery. The fish do
not all enter the commercial catch at the same length; only a

R



Pacific Fishery Resources SARDINES

small percentage of the sardines as short as 7 inches are avail-
able to the fishery, and none that small are wanted. By the
time the fish are 10 inches long, however, practically 100 per-
cent of them become available to the fishery and are aggres-
sively sought. The youngest fish are found first in the fishing
regions nearest the spawning areas, and later in the more
remote grounds. Sardines become sexually mature at about
7 to 10 inches in length, 1}, to 1 of a pound in weight, and at
1 to 3 years of age. According to scale studies, the natural
full life span is something over 10 years; a few specimens of
13 years have been collected.

Tagging experiments by the research agencies of California,
Oregon, Washington, and British Columbia have proved con-
clusively that some sardines migrate from California to British
Columbia, and vice versa. The exact extent and nature of
these migrations, however, are difficult to study and are still
imperfectly understood. Present available evidence indicates
a northward, feeding movement in spring and summer and a
southward movement toward spawning grounds in fall and
winter. The fish appear to migrate increasing distances as
they grow larger. A

Owing to fluctuations in infant mortality, the size of year
broods varies greatly from.year to year. These changes are
probably the consequence of changing food supply, among
other things, which is accompanied by fluctuating saltiness
of the sea water and perhaps by other things about which little
is yet known. Fisherman’s luck depends not only on these
fluctuations, but alse on weather, being better during warmer
years than in cooler ones. The mechanism of this phenome-
non, recently discovered, is yet to be worked out. The catch
of sardines is influenced not only by these natural conditions,
but also by fishing intensity; i. e., by the amount and type of
gear used and the length of time it is used.

THE ULTIMATE EFFECTS OF FISHING ON THIS AS ON
ANY STOCK CAN BE—(1) reduction in total number of fish

"in the stock, producing a smaller yield for a given amount.of

fishing effort; (2) reduction in the average size of the fish in
the stock, thus necessitating catching more fish to sustain the
tonnage; (3) decimation of the spawning stock to below a safe
level, finally leading to successively smaller annual catches.
The first effect starts in some degree, even though slight, as
soon as any fishing effort is applied, and so far has not been
extensive enough to be serious in the sardine fishery. The

second effect has evidenced itself. Sardines have been in
recent years averaging smaller and younger than formerly.
For the third effect, the necessary marine research was dis-
continued with the start of World War II. It indicated one
of the primary fields for future research on this resource.

Under present fishing intensities probably as much as half
the adult sardines are caught annually, on the average. The
majority of sardines are less than 4 years old, féw last longer
than 7 years. Such a young stock has both advantages and
disadvantages. Among the former are a rapid growth rate and
apparently a high rate of replacement. The only important
disadvantage at present seems to be the relatively small size
of the fish. When exceptionally small fish are brought in, as
sometimes happens under current conditions, the fish plants
experience difficulty in processing the catch. If small fish be-
came extremely common the industry would have the prob-
lem of adjusting itself to a new and perhaps difficult condition.
THE SARDINE RESOURCE CAN BE SOUNDLY MAN.
AGED only after determining what continuing yield in total
tonnage, in catch per unit of effort and in sizes of fish, can be
expected from various fishing intensities. To accomplish this,
it is necessary to separate the effects imposed on the size of the
stock by man’s fishing from those imposed by Nature’s com-
plexly interrelating systems of influences. This involves anal-
yses of statistical records on the fishery as well as on all phases
of the sardine’s life and its environment. .

The several Pacific coast States and the Fishery Research
Board of Canada have long collected fishery statistics. In
addition, with the help of the United States Fish and Wildlife
Service, they maintain a sampling system for keeping record
of sizes, ages, sex, and weights of the fish composing the catch;
and continuously analyze these data.

Most seriously lacking are adequate observations at sea of
oceanic conditions as they affect reproduction, habits, and
catch. The conservation agencies of California, Oregon, and
British Columbia have studied migration, by tagging. The
Fish and Wildlife Service has made several partial surveys of
spawning and ocean conditions affecting the survival of spawn
and fry in a very limited section of the tremendous spawning
grounds; it has also made some preliminary studies of the
weather’s effects on fishing luck. These studies merely furnish
background demonstrating the necessity for much more inten-
sive and extensive observations on, the living sardine popula-
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An unknown quantity
used for bait to catch

50 million pounds 155 million pounds 104 million pounds 7 million pounds
. . 100 to 150 million
of canned product of meal of oil stickwater pounds of tuna and
worth $14.3 million worth $5.8 worth $9.2 million concentrate about 50 million
. pounds of mackerel
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tion and on the marine world which it inhabits.

LEGISLATIVE CONTROL OF THE SARDINE RESOURCE
is in the hands of several Coast States, province of British
Columbia, and the Dominion of Canada. In British Colum-
bia, Washington, and Oregon, sardine fishing is unrestricted;
and general restrictions on the use of fishing gear in certain
areas do not materially affect the sardine fishery. In Califor-
nia, general restrictions on the use of gear, especially in certain
areas, have little direct effect on the exploitation of the
resource. There are closed seasons, not on fishing, but on the
use of sardines for canning and reduction, which tends to
restrict the large-scale operations in the industry ‘to the fall
and winter months when the fish are of best quality and the
catch is most reliable. This restriction promotes efficiency in
operation of processing plants and boats. It has little effect
on sustaining the yield or protecting the resource; it simply
allows more fish to be caught for a given amount of effort and
more processed product to be obtained from the tonnage
caught, than if the fishery were spread over the entire year.

More specifically directed toward sustaining the yield
(through avoidance of over-utilization) is California’s regu-
lation of the use of sardines. Sardines may be used for reduc-
tion only under these conditions: A certain percentage of the
sardines received for canning may be reduced; and further,
the Fish and Game Commission may grant permits to reduce

" fish if such use does not tend to deplete the species and if it
would promote the economic utilization of the fish resource.
~ Under this law the Fish and Game Commission has author-
ity to limit the catch of sardines to the amount which the
resource can support. But this authority is effective for its
purpose only so long as the canning process does not require
more fish than the resource can support, and only so long as
the industry in the other Pacific States remains minor.

Currently (season of 1944-45) the Fish and Game Commis-
sion is granting permits to use 5,000 tons of sardines for reduc-
tion in each of 80 plants; a total of 400,000 tons. Canning
(including 3214 percent allowable for reduction) probably
will use 250,000 tons of sardines. Thus the framework of reg-
ulation permits a take of 650,000 tons for major industrial
purposes in addition to the take of unknown tonnage for bait
and other minor uses.

The catch will probably not exceed 600,000 tons with the
current intensity of fishing. In other words, the exploitation
pressure is not likely, this season, to reach the point where
legislative restriction would be a limitation. And current
regulation is significant only as it might affect the resource in
postwar years when manpower and boat shortages no longer
constrain production. For proper management through these
years the administrative agencies must know what the resource
can sustain.

PRESENT STATUS OF THE SARDINE RESOURCE.
Utilization of the sardine resource on a large scale began with
the war of 1914-18 as a canned-fish industry. Adoption of
the screw press in the 1920’s enabled utilization, first, of can-
nery waste for the manufacture of fish meal and oil, subse-
quently, of whole fish for this purpose; and the reduction
process has proved to be often more profitable than the can-
ning process. There is now practically rio limit to the amount
of finished product that can be absorbed. The field for mar-
keting sardine products is as wide as the markets for protein
foods, for fats of all kinds, and for protein concentrates now
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. Purse seining

critically essential in poultry and animal feeds.
The evolution in utilization of sardines was accompanied
by an evolution in fishing method. Lampara nets and small

_ boats gave way to purse seines and boats comparable in size

and far surpassing in catching ability the halibut schooners
or North Atlantic trawlers. Where a night’s catch of 10 to 20
tons had once been usual, loads of 100 to 200 tons are now
commonplace. Correspondingly the annual take of sardines
has grown from something less -than 200 thousand tons to

} labout 500 thousand tons.

It is neither certain that the evolution in this industry has
ended nor clear what the next development will be. The low
price commanded by the products of the industry, however,
is an important control. The value of sardine oil governs the
industry’s price structure, and since it must compete in a
market with lard, tallow, cottonseed oil, etc., the fish must be
caught very cheaply. At present, even under wartime condi-
tions, fishermen get only 11 mills a pound for sardines. There-
fore, the fish must remain abundant enough to support a high
and profitable average catch per man.

Each new stage in development has meant a greater drain
on the resource. So far there is no clear evidence that the
drain is greater than the resource can stand. The fishery
appears to be stabilized at a catch of 500,000 tons a year. It
is not definitely known whether reproduction is replacing all
of this catch or whether the catch is maintained in part by
drawing on accumulated reserves. But the fact that the fish
now being caught were spawned several generations (of sar-
dines) after the catch had reached 500,000 tons suggests that
reproduction has so far been replacing the annual take of the

fishery.




CANADA

Flgures given on the map are
averages for the period 1937-41.

VANCOUVER ISLAND
A 39,000 tons

GRAY'S HARBOR 16,000 tons
ASTORIA 15,000 tons.

MONTEREY 190,000 tons

This area has been intensively surveyed, is
known to cover spawning grounds of prime
importance. e extent of spawning

%@& s
7 AN PEDRO 150,000 tons

‘;; SAN DIEGO

northward and southward remains to be 2,000 tons
explored, probably shifts, may contract or -‘\_\\
expand, from year to year. ~~o
MEXICO
4,

Some sardines, generally the larger fish,
migrate northward in summer and return
to southern grounds in winter.

"//// Distribution
XXX Fishing Grounds |

Major known spawning area
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MACKERELS

THE MACKEREL FISHERY, having its center in southern
California, is one of the major fishing industries of the Pacific
Coast. Used mostly for canning (the pack has averaged over
a million cases a year during the past-10 years, being exceeded
only by salmon, pilchard, and tuna), mackerel are, neverthe-
less, a valuable fresh food. Two kinds of fish support the
industry: The Pacific mackerel and the horse mackerel. Of
the two, only the former is a true mackerel; the latter belongs
to the family of jack fishes, of which the yellowtail is the best
known. The yearly catch of Pacific mackerel averaged 81.5
million pounds, and the income to fishermen from this catch,
1.2 million dollars during the 5-year period ending with 1943.
The catch of horse mackerel averaged 5.0 million pounds a
year, with a value of $85,000 a year to fishermen. About 95
percent of the total mackerel catch was landed in the San
Pedro area.

IN ADDITION TO ITS USE FOR CANNING, the Pacific
mackerel is also salted and smoked commercially. The
smoked product is particularly appetizing, but advertising and
market development are needed to enhance the demand. The
quality of canned Pacific mackerel could be improved. The

- present product, packed to sell cheaply, faces strong competi-
tion from similar inexpensive canned fishery products. Horse
mackerel, considered by epicures to be superior to Pacific
mackerel, has been canned only in recent years. Large quan-
tities are sold in fresh-fish markets. Small amounts are
smoked and salted. Before the war it was used in making
canned pet food. :

MACKEREL IS IMPORTANT AS A SPORT FISH in point
of volume caught by anglers, especially from pleasure fishing
barges. As game they are less highly valued than such fish
as barracuda, yellowtail, or sea bass, but they are quite accept-
able when the more desirable varieties are not available.
Furthermore, there are no legislative limitations placed on the
sport catch of either species of mackerel.

MACKEREL ARE CAUGHT COMMERCIALLY WITH
PURSE SEINES AND BY THE SCOOP METHOD. The
pilchard fleet, using purse seine or ring nets, catch a rather
large proportion of the mackerel landed and almost all of the
horse mackerel. This fleet at San Pedro fishes either for

G &

37.4 Million Pounds
Were Canned.
Product Worth

4.3 Million Dollars.

3.5 Million Pounds
Were Sold in
Fresh Fish Markets,
Worth 0.5 Million Dollars.
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Worth 0.3 Million Dollars.

pilchard or mackerel, bringing in whichever happens to be
available. The scoop method of fishing mackerel has become
more important, during the past few years, than seining.
Practiced on rather small boats of 4- to 12-ton capacity, the
method consists of scooping the fish into the boats after attract-
ing them by chumming with ground-up fish. Much of the
fresh market mackerel is supplied by a small boat fleet using
set lines and hand lines. In the fresh-fish trade, horse
mackerel is valued somewhat higher than Pacific mackerel,
as many persons consider its flesh to be of better quality.

THE PACIFIC MACKEREL FISHERY HAS GROWN
SPECTACULARLY WITHIN THE PAST 20 YEARS. Until
1927, mackerel had been used primarily in the fresh-fish trade.
About three to four million pounds a year had been utilized
regularly, and continue to be utilized through this outlet.
With the development of canning techniques during 1927,
however, mackerel became the object of a great fishery practi-
cally overnight. Thus an industry that had canned less than
300 cases in 1926 packed nearly 600,000 cases during 1929 and
134 million cages during 1935.

TO CONSERVE THIS RESOURCE there are certain State
legislative regulations. These are, at present, less concerned
with the resource itself than with the way in which it is uti-
lized. There are no closed seasons, no restrictions on gear, or
limitations on the quantity that can be caught. On the other
hand, no part of the catch can be used for reduction except the
trimmings and offal remaining from the canning operation.

SCIENTIFIC INVESTIGATION of the Pacific mackerel,
carried on since 1929 by the California Division of Fish and
Game, has shown the spawning season to extend from late
April to August, principally from the middle of May to early
July. Known spawning grounds are.located south of Point
Conception, with heavier spawning off Lower California,
Mexico, than off California. Fish begin spawning when 2
years old (12 to 13 inches in length). Tagging experiments
have demonstrated migration of Pacific mackerel to the San
Pedro area, both from Monterey and from Lower California.
It remains to be determined what part of the whole popula-
tion of Pacific mackerel is now being exploited. The horse
mackerel has not been the subject of a biological study, and |
we have no fund of knowledge on this valuable resource.
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Oil Manufactured,
Worth 0.2 Million Dollars.

8.0 Million Pounds of
Meal Manufactured,




CANADA e———"
——

——

—— T T T T T UNITED STATES

MACKEREL

HORSE MACKEREL
OCCUR FROM
MONTEREY TO CHILE

» SAN FRANCISCO 0.1 Million Pounds

MONTEREY, 1.7 Million Pounds

SANTA BARBARA, 0.4 Million Pounds
B SAN PEDRO-NEWPORT, 76.5 Million Pounds
SAN DIEGO, 2.8 Million Pounds

——— e e

)

PACIFIC MACKEREL
ARE KNOWN TO SPAWN
FROM HERE

'TO HERE

=~ U
~ ~’7'
LS - \Eb STay,

S
MEX'CO\ -~ ~

-~

- Area of Major Fishery
B drea of Commercial Fishery

&

. Present. Not Abundant or Not Extensively Fished

14



?’(a e

Pacific Fishery Resources HERRING

PACIFIC HERRING: Since man first began

harvesting the wealth of the sea, he has found the herring to
be among his most valuable marine resources. Because its
range includes nearly all the temperate waters of the northern
hemisphere, it has been readily available to large masses of
people. Herring are found in dense schools, consequently are
easily captured. This makes them a cheap source of excellent
and nourishing food. They have been found to be ideal for
processing into meal and oil, the former to be used as food for
livestock, the latter for the host of purposes to which animal
fat has been found adaptable. These uses have greatly en-
hanced the value of herring in recent years. In addition to
these direct uses, herring are of tremendous importance in the
economy of the ocean, for they are food for a multitude of
larger fishes and mammals which are valuable to man. The

United States catch of Pacific herring fluctuates widely, in the

last 8 years between 44 and 208 million pounds

The Pacific herring is found from San Diego on the south
to Nome in the north and west, and is of major commercial
importance throughout British Columbia waters and as far
west as Kodiak in Alaska. The fish spawn from winter in the
south into late June in the north, depositing their eggs on kelp
and other marine growths along selected portions of the shore-
line. The young emerge in ten to twenty days, depending on
temperature. Little is known of the habits or movements of
the yoﬁng herring from the time of hatching until they join
the schools of adults. Part of the brood matures in their third
year; most mature in their fourth or fifth year and a few not
until their sixth year. On attaining maturity they spawn each
year for the remainder of their life span. While the average
age of the herring in Alaska is five to six years, many survive
to their tenth year and beyond, and occasional individuals

live to be twenty.

' WHAT IS DONE TO SUSTAIN THE YIELD OF HER-
RING: The Alaska herring fishery has had a history charac-
terized by great expansion in production capacity and fishing
effort, followed by periods of scarcity of herring, with conse-
quent economic distress to the industry. The first efforts to
stabilize the fishery involved restricting the length of the

fishing season. Unfortunately, this limitation failed of its
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purpose because the industry, being unwilling to sacrifice
immediate gain for ultimate advantage, merely increased the
size of the fleet and improved the fishing gear to circumvent

the restrictions.

To correct this situation, a system of quota limitations on the
total catch has been substituted for the limitations on season
and areas. Each district is now allotted a tonnage quota re-
gardless of the fishing effort expended there. This quota,
which is adjusted from year to year, is based on predicted
abundance as determined by biologists of the United States
Fish and Wildlife Service. It is set to permit the maximum
catch compatible with the need of maintaining an adequate
spawning reserve. Canada maintains a comparable system of
quota control; Oregon, Washington, and California, where
herring is relatively unimportant, make no quotas but impose

certain other restrictions intended to conserve the resource.

HOW THE CROP IS PREDICTED. The abundance of
herring varies widely from year to year owing to widely fluc-
tuating infant mortality. Thus some broods are very much
more fortunate than others in escaping the many dangers
ready to destroy the young. When the offspring of a brood
become old enough to enter the fishery, they may, if numerous,
bolster the abundance to a high level or, if scarce, fail to con-
tribute enough to replace the adults removed by fishing and
natural mortality. The result is a decline in abundance.
Years of plenty follow when one exceptionally successful or

two or more moderately successful hatches occur in the stock.

Because all of the individuals of a brood are not taken dur-
ing their first year in the.ﬁshety but remain available for
several years, it is possible to evaluate probable abundance in
advance of a fishing season by maintaining accurate records,
over a period of years, of the percentage contributed by each
of the several broods in the catch. By this method it becomes
possible to appraise the relative success of each brood which
contributed to the catch and so evaluate the contribution to
be expected from it in the coming season. With this informa-
tion it is possible to estimate, within reasonable limits, the
amount of herring that may be removed from the stock with-
out encroaching on the spawning reserve necessary to maintain

the value of the resource.
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Pacific Fishery Resources SHARKS

SHARKS have a long history of uselessness to man.
If they were ever given credit for having value, it was as
scavengers of the sea. To fishermen they were a nuisance; to
the public they were a great legend of ferocity. Attempts to
popularize shark meat for food were never very successful,
and only small quantities were landed for sale in the fresh-
fish markets. Small quantities were taken for fins. In 1927
the Fishery Research Board of Canada discovered that the
liver of the dogfish (a small shark) has a vitamin-A ‘potency
5 to 10 times as great as that of the standard grade of cod-liver
oil. This knowledge was not made use of in the United States
until about 1936, when a fishery for sharks for the purpose of
obtaining their livers started on a small scale. About 1938 it
was discovered that the liver of the soupfin shark far exceeded
that of the dogfish in potency of vitamin A. The new indus-
try grew rapidly and in 1941 landed 40 million pounds of
sharks worth 4.6 million dollars. More recent catch statistics
are not yet available.

GROWTH OF THE PACIFIC COAST SHARK
FISHERY
Pounds landed
2.5 million................
8.1 million...
11.6 million................
12.9 million................

Value
0.03 million dollars
0.14 million dollars
0.20 million dollars
0.52 million dollars
4.60 million dollars

Meanwhile, a few other kinds of sharks among the several
species inhabiting the Pacific coast have proved to have livers
of high potency, though none of them averages as high as the
soupfin in this respect. Among these sharks are the hammer-
head, the gray smooth-hound, the brown smooth-hound, the
bay, and the great blue shark. Livers of lower vitamin
potency are also ‘taken from the leopard and bonito sharks,
and from other so-called “junk” species, as well as from the
closely related ratfish.

Shark fisheries have been established in Mexico and Cen-
tral America, and the livers are sold to United States buyers
for export into this country. In 1943 the west-coast produc-

tion of oil from domestic and imported shark livers totaled °

65 trillion units of vitamin A. About 54 percent of this was
from soupfin sharks, 20 percent from dogfish, the rest from
other species. Statistics for 1944, not yet complete, indicate
that dogfish rather than soupfin are now the principal source
of vitamin A. This may reflect reduced abundance of soupfin.

Before 1939 most of the sharks taken in California were
caught by hand and set lines or by otter trawls and paranzella
nets. The fishing off Washington and Oregon was principally
by set lines. Later, drift and anchored gill nets were intro-
duced in the soupfin shark fishery and have proved to be
highly successful. More recently the trawl fleet, which has
expanded so greatly in the northern ground-fish industry, has
taken great quantities of dogfish and extended its activities
into Hecate Strait in British Columbia and to the extreme
southern part of Alaska.

In Washington and Oregon only a part of the catch is uti-
lized, for the carcasses of most of the sharks caught are thrown
overboard and only the livers are saved. California law, on
the other hand, requires that fishermen deliver to port not
only the livers but also the carcasses. There the meat of some
sharks is filleted and sold in the fresh-fish market; some of it
is smoked (soupfin is a particularly choice species) ; some is
made into fish meal. At least one plant is manufacturing
leather from shark skins.

Shark fishing has much the same character as prospecting
during a gold rush. Prices have been fabulously high; some
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fishermen have made fortunes, others have lost their stake.
The tendency is to look on this fishery as a temporary thing
that will collapse when the resource becomes exhausted or
when the demand fails. There is no necessity for the first of
these two events to happen, or likelihood that the second will
occur, though the present craze for vitamins may very well
moderate in the future.: It seems likely that in the Pacific
States this resource has about reached the limit of its capacity,
beyond which further expansion is not possible. However,
there are many large areas in Alaska where shark populations
have not yet been exploited.

At the beginning of this new industry there was very scanty
information about the sharks. It was known that the differ-
ent species vary widely in habits. Some lay eggs, others bear
their young alive; some swim at the surface, others live on the
bottom; some feed entirely on fish, others on plankton. Thus,
to find the facts needed to insure perpetuation of this resource
on a profitable basis, it would be necessary to study each of
the important commercial species separately. Usually, bio-
logical studies on a fishery resource do not begin until after
the resource has been exploited for many years. In this case,
however, studies were begun on soupfin sharks and dogfish
early in the history of the industry. The fishery conservation
agencies of Washington, Oregon, and California, and the
Fishery Research Board of Canada have participated. The
United, States Fish and Wildlife Service has cooperated in a
limited way so far as its facilities have permitted. Results of
these studies have not yet been made public.

The potency of vitamin A varies widely in the soupfin
(5,000 to 500,000 U. S. P. units per gram; average 110,000) and
also in dogfish (1,000 to 60,000 U. S. P. units per gram; aver-
age 13,000). It tends to be higher in males than in females,
higher in larger fish than in smaller ones, and higher in winter
than in summer. In both species the sexes school separately
during certain seasons of the year, and at certain times fisher-
men catch mostly males. Whatever peculiar process goes on
in these sharks to concentrate and store vitamin A in their
livers has not yet been discovered.
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Pacific F ishery Resources GRUUNDHSHES

SOLE AND FLOUNDER FISHING SOLES OR FLOUNDERS ARE THE BACK-
BONE OF THE PACIFIC COAST GROUNDFISH* RE.- .
GROUNDS ‘ ‘ SOURCES. There are several kinds of these valuable fishes.

. T They know no political boundaries, being continuously dis-
hllls S0 ‘ tributed from the Arctic Ocean on the north to the Gulf of

California on the south, and within the territory of four

countries: United States, Canada, Russia, and Mexico.

This is still one of the few great under-exploited fishery
resources remaining to us; indees, it is only partially explored.
At least one great population is not even touched: The yellow-
tail flounder, which is of no commercial significance at pres-
ent, was found by the Alaska Crab Investigation to be more
abundant in the Bering Sea than any of the very valuable soles
taken commercially farther south.

The petrale or round-nosed sole is at present the most impor-
tant in Pacific coast catches and the most highly valued by the
trade. It is a large fish, averaging around 20 inches in length,
and is therefore convenient to fillet. Next in importance is the
pointed-nosed, “point,” or “English” sole, This is somewhat
smaller in size than the petrale, averaging about 18 inches.

Somewhat less. important are the starry flounder, rex sole,

arrow-toothed sole and California halibut.

SINCE SOLES OR FLOUNDERS ARE CAUGHT MAINLY
BY TRAWLING, THE FISHING GROUNDS FOR THEM
ARE LIMITED TO THE AREA IN WHICH TRAWLS CAN
BE USED. To date little successful trawling has been done
in depths greater than 100 fathoms. The unexploited grounds
cover about 600,000 square miles of ocean, while the exploited
areas only about 60,000 square miles. Although some trawlers
are now fishing in depths as great as 135 fathoms, and have
gear capable of fishing to 200 fathoms, these developments
will cause only a slight extension of the trawlable banks. The
reason for this lies in the rapid dropping off of the ocean floor
into abyssal depths. This generally occurs within only a few
miles of the 100-fathom line. ; -

In the past, fishing has been limited to banks near popula-
tion centers, since tﬁe majority of flounder fillets are eaten

fresh and do not keep particularly well unless frozen. This -
has precluded any large scale exploitation of fishing grounds

north or south of the Pacific coast of the United States. Meth-

ods of refrigerating the catch aboard the fishing boats have

been developed, now permitting the delivery of fish in excel-

lent condition from more distant points. Also, the develop-

ment of methods of handling frozen and packaﬁed fillets will

make it possible to install processing plants in Alaska, whence

the finished product may be shipped to the United States.

AMONG THE UNEXPLOITED GROUNDS, THOSE OF
ALASKA ARE PARTICULARLY PROMISING. They cover
a large area, greater even than the famed trawling grounds of
the North Sea. A survey made by the United States Fish and
Wildlife Service in 1941 for the purpose of developing an
Alaska king crab fishery incidentally revealed the extent of
the flounder resources of the Bering Sea and other Alaskan
waters. In hauls made primarily to catch crabs, the average
take of flounders was 1,100 pounds per haul. This is over

*Groundfish are fish which characteristically live on the bottom.
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twice the wverage catch per haul in the well-developed trawl
fishery of Puget Sound, Washington. The extensive grounds
of Hecate Strait are close to the area of present fishing opera-
tions, and the next expansion of the fishery will probaﬁly take
place there. Although this region lies entirely off British
Columbia, most of its waters are more than 3 miles from
shore and therefore come within the scope of high-seas fish-
eries as they are now defined.

TECHNICAL IMPROVEMENTS IN HANDLING, PREPA.
RATION, PRESERVATION, AND MARKETING, HAVE
ACCOMPANIED DEVELOPMENT OF THE SOLE FISH-
ERY. The new filleting plants in Astoria and Seattle are
equipped with efficiency improving features in construction
and operation such as are not found on the Atlantic coast.
Because filleting is an expensive method of preparation, tech-
nologists and engineers are developing machinery to reduce
the cost and enhance the yield.

TO SUSTAIN THE MAXIMUM YIELD, legislation now gov-
erning flounder fishing is of three general types: (1) Complete
closure of certain areas to trawl fishing, (2) closed seasons in
some regions, and (3) the setting of certain minimum sizes
of mesh for the netting used in trawls. All present laws are
devised and administered by the States in whose waters the
fishing takes place.

The first two types of laws are often designed to protect
other species of fish as well as soles, with the idea that the trawl
is a basically destructive form of gear.

Regulation of mesh size is advocated by many responsible
fishery investigators, and is of course intended to prevent the
waste of small fish and to take advantage of growth. The
former point is especially significant because many of the
small flounders caught in small-mesh trawls are thrown away.
Allowing fish to grow to a larger size takes advantage of the
rapid increase in weight which is attained by most fish in their
early years, and in addition allows them to reach maturity so

that they may become the progeritors of future generations.

The regulations now in force of necessity are a patchwork
resulting from the individual efforts of the various State legis-
latures. Laws imposed in one region may be circumvented by
going to another. This situation can be mitigated only by
planning laws to benefit the resource as a whole.

WHAT WE KNOW ABOUT THIS RESOURCE: The major-
ity of what is now known about the biology of the soles or
flounders has been discovered by the investigators of the State
of Washington Department of Fisheries and the California
Division of Fish and Game. Research to date has not been
extensive, since it is only recently that the scle fisheries have
attained their large size. ' '

Most Pacific coast flounders lay their eggs in the winter and
early spring, each species spawning quite generally over the
area of its distribution. The eggs are pelagic, floating freel
in the sea water. The newly hatched larvae are symmetricai
like other fishes, but as they grow one of the eyes migrates to
the side occupied by the other; other distortions develop, and
the fish lives and swims with its blind side to the ground.

The two species most important commercially, the round-
nosed or petrale sole and the pointed-nosed or English sole,
reach maturity at an age of about 3 years, and at lengths of
about 10 inches and 8 inches, respectively.

Tagging, done in California by the California Division of
Fish and Game, indicates that flounders migrate considerable
distances. For instance, tags inserted in fish off San Francisco
have later been recovered near Eureka. This finding is impor-
tant in connection with possible future conservation policies,
because it suggests that the flounder stock can be composed of
intermigrating groups of fish. If so, it will obviouely be impos-
sible to make useful regulations on a local basis. :

WE STILL DO NOT KNOW ENOUGH TO INSURE MAXI-
MUM YIELD: There is at present a paucity of biological in-
formation concerning the flounder resources of the Pacific
coast. We have yet to know what is the present condition of
each species in relationship to the fishery. Is it being exploited
at, above, or below its maximum level of continuous productiv-
ity? We must establish enough information concerning the
life history of each species by which to guide the fishery to effi-
cient and wise utilization of this resource. This involves deter-
mining, among other things, the rates of growth, duration of
life, spawning grounds, routes of migration, and mortality
rates. All of this information can be gathered only by carry-
ing on investigations for a period of years, on a coastwise scale.
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Pacific Fishery Resources GROUNDFISHES

Halibut

THE PACIFIC HALIBUT IS A CLASSIC
EXAMPLE OF A RESOURCE WHICH, AFTER UNDER-
GOING EXTREME DEPLETION, HAS BEEN RESTORED
THROUGH CAREFUL REGULATION. As a result of the
rapid development of an intensive fishery between 1910 and
1930 the stocks of halibut in the north Pacific declined alarm-
ingly; since 1930 management based on adequate investiga-
tion by the United States and Canada has increased abund-
ance and stabilized the fishery at a relatively high level of
production.

The halibut is a giant flounder of northern seas, found in
the north Pacific, the north Atlantic, and the Arctic Oceans.

The oldest halibut fishery in the United States, that of the
north Atlantic banks, has declined from a former catch of
around 14 million pounds a year to one of about 1 million
pounds. By contrast, the catch in the north Pacific banks is
about 50 million pounds.

The halibut is a slow growing species, especlally subject to
depletion. In general, it reaches commercial size at 5 years,
matures at 12, under favorable conditions may perhaps live
for half a century. In American Pacific waters, female hali-
but, which are larger than the males, reach weights of 150 to
200 pounds. Atlantic halibut commonly grow to be 300 to
450 pounds, have been known to reach 700 pounds.

Halibut live on banks extending from shore to about 250
fathoms deep. They are caught with long lines made up in
units called skates, each approximately 1,800 feet long, carry-
ing 5-foot lines at intervals of about 13 feet. Vessels run up
to 100 feet in length, are manned by crews of about 8 to 12
men. A halibuter may be on the banks 2 to 3 weeks on a
single voyage.

Halibut is sold mostly as fresh or frozen fish. Canning has
recently started on a-small scale. The fish are cleaned and
iced upon capture; after delivery to the port they are either
re-iced for shipping fresh or are frozen. Part of the catch
of United States vessels is shipped through Seattle, part
through Canadian ports from which it is shipped in bond to
the United States. Halibut is marketed widely throughout
the country; largest sales, however, are probably east of the
Mississippi and north of St. Louis,

The taking of halibut livers for vitamin oils began in 1932;
in 1938 a market developed for the viscera, which was found
to contain vitamin-rich oil. The annual utilization of the
liver and viscera has since increased steadily and in 1942
the value of these products amounted to nearly 1 million
dollars.

THE HISTORY OF THE HALIBUT FISHERY has been
characterized by rapid mechanization of the industry and by
progressive expansion of fishing grounds as areas near the
home ports became depleted. From a local fishery in Puget
Sound, halibut fishing spread north along the coast of British
Columbia, reaching Cape Spencer by 1910, soon changed from
an inshore to a deep-sea fishery with the discovery of populous
banks in deeper waters from the Queen Charlotte Islands to
Cape Ommaney. By 1913 halibut vessels were working well
out along the Alaska Peninsula. The present fishery covers
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2,200 miles, from northern California to Bering Sea.

Early halibut fishing was from dories carried by sailing ves-
sels or steamers; later, offshore fishing was conducted by
gasoline-powered vessels from which the gear was set directly,
permitting the use of many more units of gear per man and
making fishing possible in rough weather. Diesel engines
supplanted gasoline about 1921 and again the fishery reached
out into niew grounds. Development of cold storage facilities
provided means of caring for heavy catches. Lacking any
check by legal restrictions, the halibut fishery continued to
increase in intensity.

As early as 1916, decreasing abundance in several areas
brought requests for international cooperation in fishery reg-
ulations. In 1924 a treaty between the Governments of Great
Britain and the United States established the International
Fishery Commission for the investigation of the halibut. In
1930 this convention was rewritten to provide regulatory
powers, and it was further extended in 1937.

Investigations of the nature and condition of the stocks of
halibut frequenting different parts of the coasts were made by
the Commission, which also developed means for preserving
and rebuilding the population. It was found that the stocks
south and west of Cape Spencer were separate populations
and in different stages of depletion. Spawning halibut were
very scarce south of Cape Spencer, where the annual catch of
fish had decreased from 60 million pounds in 1912 to 22 mil-

lion in 1930 and 1931, despite greater fishing effort. Even
on the more recently fished grounds west of Cape Spencer,

the catch had fallen, between 1915 and 1930, to about one-

fourth the original return per unit of fishing effort. Total
Pacific coast landings had fallen from 69 million pounds in
1915 to 43 million in 1931 and it was demonstrated that the
halibut were being removed from the banks by the fishery
more rapidly than they were being replaced by reproduction
and growth.

Under the authority of the treaty of 1930 the Commission

. divided the coast into four areas, and thenceforth annually

get a quota on the number of pounds of halibut that could be
taken during the season. When the quota was reached the
season was closed. As a supplementary measure two areas
where small fish predominated were entirely closed to fishing.

UNDER REGULATION THE ABUNDANCE OF HALI-
BUT HAS INCREASED MARKEDLY ON ALL GROUNDS.
The catch per unit of gear has increased as much as 112 per-
cent since 1930. _

Control of the fishery during the past 13 years has resulted
in an annual yield now 10 million pounds greater than under
unrestricted fishing immediately preceding regulation, and
perhaps 20 million pounds greater than the fishery would be
taking now had unrestricted fishing continued.
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SABLEFISH OR BLACK COD, UNLIKE OTHER
GROUNDFISHES, is not dry meated, but is one of the richest
and fattest of American fishes. The flesh is firm, white, and
flaky, with a full, rich flavor. Yet in spite of these excellent
qualities, this species has been long neglected by the fishing
industry and the public.

The largest part of the catch now is made by long lines; but,
with the expansion of trawling, considerable quantities are
now being taken in otter trawls. Like the lingcod, it is taken
incidentally with the halibut catch. However, halibut fishing
is highly restricted by governmental action, and to spread the
limited total catch as evenly as possible, the individual boats
voluntarily restrict themselves as to the number of trips they
make each season., Under these conditions, fishermen fill
their holds with the more valuable halibut, and discard their
incidental catches of sablefish and lingcod. Recent relaxation
of certain regulations of the International Fisheries Commis-
sion has already had a favorable effect on landings of sablefish.
Public demand for sablefish has not been sufficient to stimu-
late a fishery, and market development studies are required to
induce greater utilization of this valuable resource.

Sablefish is marketed fresh, frozen, salted and hot-smoked
or “barbecued.” Smoked sablefish is considered a delicacy by
epicures. The salted fish does not oxidize readily, in spite of
the high. fat content, and is a favorite product among
Scandinavian-Americans. Although experiments in canning
this fish have so far been unsuccessful, it is believed that
further research will produce favorable results. Indications
are that the sablefish has possibilities as a quick-frozen, pack-
aged product. The liver is a good source of vitamin A, and
also the viscera, according to recent studies.

THE PACIFIC COD 1s ONE OF THE FEW
POTENTIAL FISHERY RESOURCES REMAINING TO
BE UTILIZED. At present this very close relative of the
famous codfish of the Atlantic—the two species differ in only
slight respects—supports only a small fishery in a small part
of its range. Yet, the Pacific banks are larger and of greater
potential production than the Grand Banks off the coast of
Newfoundland. As a result of a peak demand during World
War I there was a boom in cod fishing in the Pacific, and the
catch rose to about 30 million pounds annually from 1914 to
1918. In the post-war depression of 1921-22 it declined to
9 million pounds, gradually rose to 24 million in 1926, declined
to 16 million pounds in 1927, remaining at approximately that
level for the next 10 years. In 1938 the San Francisco fleet
left the cod fishery, which then declined to a level of 10 million
pounds, where it remained until 1942. In that year the cod
fishing grounds became a war theater; most of the vessels were
taken for war purposes. and only one vessel was able to fish.
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Because of these difficulties of operation, the catch of cod fish
during the war period has been greatly reduced.

Various reasons may explain the low production in recent
pre-war years, especially the lack of demand for salt cod.. The
fact is, however, that the productive grounds are in the Gulf
of Alaska and in Bering Sea, where no local processing facili-
ties are available. The catch must be transported thousands
of miles for processing and marketing. When plants are estab-
lished near the fishing grounds and improved transportation
facilities become available, this resource can be more fully
utilized.

While cod is thought of principally as a dry-salt ﬁsh,l some
is preserved as stockfish* by air drying; some is made into
fillets and some sold in the fresh-fish market.

The development of new products, better marketing tech-
niques, modern plants, and adequate transportation, would
enable the fishermen to dispose of quantities comparable to
those now taken in the Atlantic. The commercial production
of quick-frozen Pacific cod should contribute much to accom-
plishing this result.

LINGCOD OR CULTUS, LIKE THE OTHER
GROUNDFISH RESOURCES OF THE PACIFIC, HAS
BEEN UNDER-UTILIZED. This species has never been the
object of a special fishery, but has always been an incidental
catch of halibut fishermen, or of market fishermen. The
recent great expansion of the Pacific trawl fishery has contrib-
uted substantially to landings of lingcod.

As with other groundfishes, filleting is becoming the pre-
dominant method of preparation for market, though steaking
is still used widely, and some is prepared as smoked fillets.
Lingcod does not make a particularly good salt fish, and inves-_
tigations to date do not indicate that it is suitable for canning.
Research should be extended, however, to develop new prod-
ucts from this under-utilized species. The livers are extremely
valuable, the oil having a high vitamin A content, a fact which
accounts in part for the recent increase in catch.

Lingcod are found from near shore out to depths as great
as 200 fathoms. Southern British Columbia seems to represent
the center of distribution of the species. Here the spawning
season is from December through March. During these winter
months the lingcod migrate toward the shore, and lay their
eggs in crevices between rocks. A single female may produce
from 60,000 to 500,000 eggs. Like the young of the true cod,
the juvenile lingcod remain close to shore, later migrating out-
ward. The favorite habitat of the adult fish in British Colum-
bia waters appears to be a rocky bottom where there is consid-

erable current.

1 Srockfish is used in making “Lutefisk,” a favorite Scandinavian dish for

the Christmas and New Year holidays.



1941 1941

catch value
millions , " thousands
of pounds of dollars

8.6 COD 180
6.0 LINGCOD 239
7.6 SABLEFISH 356

vz Sablefish

\\Lingcod

//// Pollock

POLLOCK has a distribution similar to that of
cod, is equally abundant, and is of excellent qual-’
ity. It is not fished commercially, hence this re-
source is entirely wasted.
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ROCKFISHES: MORE THAN 50 KINDS OF
ROCKFISHES INHABIT THE PACIFIC COAST FROM

- LOWER CALIFORNIA, MEXICO, TO THE BERING SEA.

These all belong to a single family, and because they are all
very much alike—they are all more or less spiny about the
head, and most of them are more or less red in color—there is
great confusion in their names. Because of some fancied
resemblance of certain of them to cod, they are frequently
called “rock cod.” They vary greatly in size, some of them
reaching a length of three feet, though from one to two feet

is commoner.

Although they do not at present support a major commer-
cial fishery on the Pacific coast, the rockfishes constitute one
of the most valuable groups of fish in the fresh markets. The
recent great expansion of the Pacific trawl fishery has resulted
in a tremendous increase in the catch of rockfish. Whereas
in 1940 the landings for the entire Pacific coast totaled 5 mil-
lion pounds worth $187,000 to the fishermen, the trawl catch
alone in 1943 was over 12 million pounds, valued at almost
$500,000. Rockfish are sought by anglers, too; about half
a million pounds were caught by them in California during
1940. What might one day happen to the rockfish fishery of
the Pacific coast is suggested by what has happened on the
Atlantic coast, where in a few years the catch of the rosefish
(one of the rockfishes) has increased from almost nothing to

150 million pounds a vear.

Most rockfish is sold in the fresh fish markets. Some is
filleted, packaged, and quick-frozen. Results of experiments
give promise that rockfish could be canned successfully.

Until recently, rockfish were caught mostly with hand lines
or set lines. Trawls now are gradually becoming more im-
portant in this fishery. Besides the usual otter trawls, special
“balloon trawls” are used in some areas. This type is oper-
ated without leads, the weight of the otter boards and the net
itself being enough to prevent surfacing. Fishermen claim
the greater buoyancy thus achieved prevents stirring up the
clouds of mud which are believed to frighten the rockfish away
from ordinary trawls.

As their name implies, rockfish prefer rocky bottoms for
their habitat. They spawn in spring and summer; each
female produces from 30,000 to 100,000 eggs. Rockfish are
ovoviviparous; that is, the eggs are fertilized internally. Apart
from these facts, little is known of their biology; and much
investigation would be required if it were necessary to have

a basis for formulating a conservation program.
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Pacific Fishery Resources ANCHOVIES

ANCHOVIES ARE AN UNTAPPED RESOURCE:
Among four species found on the Pacific coast, one of them,
the northern anchovy, is distributed widely enough and is
abundant enough to be of potential commercial importance.
This anchovy is found from the Queen Charlotte Islands,
British Columbia, on the north, to Cape San Lucas, Lower
California, on the south, and an unknown distance to sea—
probably less than three hundred miles. It is a pelagic fish,
typically moving in schools, and feeds on plankton.

This is an almost virgin population of fishes, approaching
in numbers, if not in weight, the vastness of the pilchard
population. Minor amounts are reduced, canned, or salted
in California, but this production has not been consistent and
has been experimental in nature. Similar or greater quan-
tities are used as bait by sport fishermen and by commercial
tuna fishermen. - Unknown amounts are landed mixed with
pilchards and are thrown into reduction. All of these amounts
are negligible in terms of the total population.

OF THE FEW REMAINING LATENT FISHERY RE-
SOURCES OF THE PACIFIC COAST, THE ANCHOVY
SEEMS CAPABLE OF YIELDING THE GREATEST RE.
TURNS. Assuming that anchovies and pilchards are present
in equal numbers, rough estimates indicate that an anchovy
fishery might yield as much as 125,000 tons annually. Were
it not for the pilchard, this resource would probably be
utilized. That it is not now utilized is due to several factors:
(1) Anchovies are not as desirable as pilchards when proc-
essed in the same manner. (2) Anchovies, being smaller, are
“gilled” in the nets which are used to take pilchards. Gilled
fish are removed only at the cost of much extra work and cause
excessive rotting of the net. (3) Anchovies are delicate, suffer
more damage in the boats, and with the present methods can-
not be carried as far nor in such quantities as pilchards.

In order to establish an anchovy fishery, it would first be
necessary to develop on a profitable basis, (1) methods of
catching anchovies, (2) methods and machinery for canning
them, (3) methods of producing oil and meal from them. It
would also be necessary to develop a larger market for them.

There is now a minor industry in curing California an-
chovies, Spanish style, at Monterey. It is claimed that while
the quality of the domestic product is good, anchovies from
France, Italy, Portugal, and Spain are imported and sold at
Erices with which we cannot compete. In addition, the mar-

et for products of this type is limited and was created by the
imported anchovies, which have therefore been favored.

The anchovy has an oil content much lower than that of the
pilechard. Therefore it is not now considered to be a profit-
able raw material for reduction purposes, since much of the
profit in fish reduction is in the manufacture of oil.

VERY LITTLE IS KNOWN ABOUT ANCHOVIES. Cer-
tain ihformation has been collected incidental to the study
of other fishes and certain inferences may be drawn from what
is known about similar species. The eggs and larvae are
known, but the extent and quantity of spawning are not. The
major spawning area is not definitely known. Results of
oceanographic work indicate that it probably lies in part, at
least, in that region off southern California which is bordered

by the Channel Islands on the north, and the International.

Boundary on the south, and which extends some 100 to 150
miles to sea. Nothing is known about the northern anchovy’s
movements, or about its growth rate, life span, rhortality rate,
or responses to environment.
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STRIPED BASS, like shad, is a native of the
Atlantic coast, introduced in Pacific waters in the 1870’s, and
now successfully established along an extensive coast line.
The San Francisco Bay region, where the striped bass was
introduced in 1879, was the center of a productive commercial
fishery from about 1890 to 1935; in the latter year legislation
was enacted which reserved the species for game fishing.

The commercial catch prior to 1935 ﬁenerally fluctuated
around half a million to a million pounds annu ally. Since
1935 sportsmen have taken 6 to 10 million pounds of striped
bass a year.

Pacific coast sportsmen fish for striped bass near the mouths
of rivers, in slow-moving streams, and in sloughs. They use
rod and reel or hand lines cast from boat or shore, or trolled.
California law forbids selling, exporting, or importing striped
bass. Licensed commercial fishermen who taEe striped bass
incidental to fishing for shad or salmon are required to return
all but one to the water.

In the San Francisco Bay region striped bass spawn in the
spring and summer in fresh and brackish waters of the Sacra-
mento and San Joaquin deltas. From their first to their fifth

year, the fish grow to be around 4, 11, 14,18 and 20 inches long.

"Most females mature when 5 years old.

Dam construction projects in the Central Valley of Cali-
fornia may change the character of the feeding and spawning
grounds of the striped bass through their effect on water flows
and salinity. For the protection of the resource, these effects
should be investigated, along with the preliminary engineering
studies of each project.

THE SHAD IS A NON-NATIVE SPECIES, brought
to the Pacific coast from the Atlantic, which has thrived so
well in its new surroundings that it is now established along
3,000 miles of Pacific coast line and supports a small com-
mercial fishery. .

First plantings of shad were made in the Sacramento River
in 1871, first runs of mature shad entered the river in 1877,
and shad appeared as a market fish in the San Francisco Bay
area within a decade after the original transplantation. By
1914 the catch had risen to its peak of 7 million pounds; it
has since declined to average about 2 million, more through
economic causes than a scarcity of fish. San Francisco Bay,
the Sacramento and San Joaquin Rivers remain the center of
the Pacific shad fishery; in Washington and Oregon most shad
are caught in the Columbia River. In all these areas the shad
and salmon fisheries are closely related, shad being taken in
the same gear, by the same fishermen, and in general during
the same period of the year as salmon.

The shad is almost entirely a commercial species, of little
interest to sportsmen. Even as a market fish it has not
attained a standing on the Pacific coast comparable with its
importance in Atlantic States. Canned shad roe, processed
in Sacramento, San Joaquin, and Columbia River regions, is,
however, the highest-priced canned-fish product of the Pacific
coast. Incidental to the canning of shad roe, the whole fish is
sometimes canned salmon style, and in recent years a lightly
smoked, kippered shad has been developed.

Shad are caught in drift gill nets and haul seines as they
approach or enter the coastal rivers to spawn, from March
to June. During the balance of the year they live offshore.
Their habits are presumably very similar to those of the
Atlantic coast shad (which,see). No study has been made
to determine the actual condition of the Pacific shad popula-
tion; there are indications, however, that, unlike the Atlantic
shad, it is still increasing in abundance. Reclamation proj-
ects proposed for the lower Sacramento and San Joaquin River
systems might destroy quantities of shad eggs and young and
so threaten a reversal of this trend.
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THE OCEAN PERCHES, OF WHICH
THERE ARE NO FEWER THAN 18 SPECIES, BELONG
TO A PECULIAR FAMILY OF FISH, WHICH IS ALMOST
AS TYPICAL OF THE WEST COAST AS THE REDWOOD
TREES. They are not related to fresh-water perch though
one species does inhabit some California rivers. The common
ones are 8 to 15 inches long.

From a quarter to a third of a million pounds of the various
species are landed on the west coast by commercial fishermen
and the unrecorded sport catch may be as large or larger.
The commercial catch is made with beach seines, lampara
nets, or gill nets, depending upon local conditions. Sports-
men catch them with hook and line from sandy beaches and
rocky points all along the coast.

The peculiarity of the ocean perches is that they bear living
young that are perfectly formed and sizeable, independent
little fish at birth. Some are a fifth as long as their mothers,
Apart from this fact, virtually nothing is known of their
biology, or of their abundance as it is affected by fishing effort
or seasons.

Sale is prohibited during a certain period of the year in
California and there are minimum mesh-size regulations in
Washington ; but otherwise the catch is not regulated. Sports-
men can take them at any time and in any numbers. They
are utilized commercially entirely in the fresh-fish market.

YELLOWTAIL ON THE PACIFIC COAST OF
THE UNITED STATES IS PRIMARILY A GAME FISH,
VALUED AMONG ANGLERS ALMOST AS HIGHLY AS
TUNA. Sportsmen in southern California catch something
like a million pounds in a year from pleasure fishing boats
and barges; and commercial fishermen take less than a third
that quantity. At the same time, a commercial fishery for
yellowtail is carried on in wate#s south of the United States,
producing a catch reaching as high, in some years, as 10
million pounds, a quantity worth, at present, over a third
of a million dollars. Because yellowtail is taken by fisher-
men primarily interested in tuna, and therefore is either an
incidental catch or a substitute for tuna, the landings fluctuate
widely from year to year, depending on how successful tuna
fishing is in Mexico.

In the United States, yellowtail is caught tommercially with
hook and line from small live-bait boats; in Mexico, it is
largely taken by purse seines, a gear prohibited to the yellow-
tail fishery in the United States. Anglers catch yellowtail by
trolling, or by live-bait fishing with hook and line.

This fish is utilized commercially in the fresh-fish markets.
It is also canned, being processed in a tuna-style pack that sells
more cheaply than tuna. The average annual pack for the
period 1939-43 was 66,000 cases.

The yellowtail resource is highly protected by State legis-
lative control, which severely restricts commercial fishing as
to quantity that may be landed and gear that may be used.
The result of these restrictions is that the total U. S. catch of
yellowtail is now only a small fraction of what it was in the
mid-1920’s.

There is no knowledge of the biology of this resource. Age,
growth rate, size at maturity, migrations are unknown. It is
not known whether the Mexican and United States yellowtail

intensity and the size of these populations is likewise unknown.
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THE WHITE SEA-BASS IS THE PACIFIC
COAST COUNTERPART OF THE ATLANTIC COAST
WEAKFISH. It is closely similar to that fish in appearance
and quality. It appears to be a less abundant resource than
barracuda or yellowtail, and is relatively unimportant, at
present, yielding an annual commercial catch of something
over three-quarters of a million pounds, and sport catch of
about 200 thousand pounds. In the early 1920’ this resource
supported a commercial fishery of fair importance, that
landed between two and three million pounds a year. Statis-
tical analysis of the catch per unit of effort, conducted in 1930
by the California Division of Fish and Game, indicated a
declining abundance, and severe legislative restrictions were
imposed on the fishery. These include closed seasons, bag lim-
its, gear prohibitions, and size limits.

The fish are taken commercially with gill nets, and with
hook-and-line; taking with purse seines or other round-haul
nets is prohibited by California law. The catch is utilized
entirely in the fresh-fish trade.

Anglers prize the white sea-bass highly, for it furnishes
good food as well as good sport. They are rather large fish,
weighing up to 50 pounds, and having both “spirit” and a
tender mouth from which the hook is easily torn, tax the
angler’s skill. Anglers take them principally with hook-and-
line, using live bait.

Little is known about the biology of white sea-bass. It
spawns during the summer months for the first time when 24

to 28 inches long. Although nothing is known of their migra--

tion, fishermen believe there is a coastwise movement of gome
sort. Age and rate of growth, and relation between fishing
and abundance, are all unknown.

KINGFISH AND QUEENFISH, two species
with regal names, are small croakers, usually 8 to 10 inches
long. Both are sold as kingfish, which species actually makes
up about 95 percent of the catch.

They are caught commercially with lampara (round-haul)
nets principally along sandy shores of Southern California,
and rather small amounts in Monterey Bay and northward.
They take a baited hook readily.

About a half million pounds are sold in the fresh-fish
markets annually, and most of the catch is landed in the
winter months when boats are not concentrating on more
valuable summer fish such as barracuda or tunas. Though
not greatly sought after for sport, great numbers are landed
by pleasure fishermen. The young, especially of queenfish,
seined from bays and sloughs, are sold to spertsmen for live
bait. ’ ’

Kingfish breed in the winter months and queenfish in the
summer. Otherwise, their habits appear quite similar. They
occur together in shallow water along sandy shores, where
they often swim in mixed schools just off the bottom. They
feed on crabs, shrimps, worms, or mollusks, and occasionally
fish.

The taking of these fish is not regulated but the limited
demand keeps t)he' catch small.

7
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BARRACUDA ON THE PACIFIC COAST IS AN
ABUNDANT, SCHOOLING, PELAGIC FISH; ONE OF
THE LEADING MARKET SPECIES, AND ONE OF THE
MOST FREQUENT CATCHES OF SUMMER ANGLERS.
Commercial landings run close to four million pounds a year,
are worth about a quarter of a million dollars. About two-
thirds of this catch are taken off the coast of the United States,
the remainder off the coast of Mexico. For several years
anglers have caught almost as much as commercial fishermen,
their annual catch being estimated at something over three

million pounds. )
Commercial fishermen catch barracuda off the United States

by trolling, live-bait fishing, and gill netting. They catch
them off Mexico mostly with purse seines, a gear prohibited
to the United States barracuda fishery by California State
legislation. Almost the entire commercial catch is utilized
in the fresh-fish markets; some is salted, and some is used as
an ingredient in a canned-fish pudding packed for the oriental
trade. .

Anglers catch barracuda by trolling, live-bait fishing or jig-
ging with artificial lures, usually from pleasure-fishing boats
and barges.

Barracuda occur in Mexican waters throughout the year;
they appear off the coast of the United States during the early
spring, and depart during the autumn, usually in October.
They occur characteristically in large schools, generally within
8 to 10 miles off shore. They spawn during the summer; the
young fish grow rapidly, attaining a length of around 14 inches
at the end of their first year. From the end of their second
to sixth years, they average about 20, 25, 28, 30, and 32 inches
respectively. They spawn for the first time during their sec-
ond year, and have a maximum life span of something over 10
years. There is no knowledge, at present, of the relation
between fishing and the abundance of this resource.

Size limit, imposed on the commercial fishery only, and gear
restriction, are at present the chief means of protecting this
species.

SMELTS AND SILVERSIDES SUPPORT
IMPORTANT COMMERCIAL FISHERIES on the Pacific
Coast, producing 3 or 4 million pounds annually. These fishes
are of two distinct and unrelated types: The true smelts,
which are anadromous (i. e., they ascend rivers and streams to
spawn) ; and the silversides, which are ocean-dwelling entirely.

Eulachon, or Columbia River smelt, which supplies two.
thirds or more of the total smelt catch, are caught with gill
nets, dip nets, or are scooped up with any makeshift gear at
the dense schools ascend streams to spawn. Most of the othe:
smelts, and some of the silversides are taken with dip nets ox
seines in the surf, the time of day and the tide determining
the species caught. In central California, schools of silver
sides, mostly jacksmelt, are caught with circle gill nets, prin-
cipally in bays. In southern California most of the catch is
made with round-haul nets and seines. Sportsmen catch jack-
smelt with hook and line and other smelts with dip nets.
Grunion attract many people to the beaches where they may
be picked up by hand when they spawn on the wet sand at
high spring tides. The commercial catch of grunion is small.

Eulachon are protected by various regulations as to fishing
days, gear, and closed areas. Grunion are protected by a
closed season and gear restrictions, and jacksmelt and bay
smelt by size limits.

30
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PACIFIC SHEEPSHEAD ARE CAUGHT
COMMERCIALLY WITH HAND OR SET LINES FISHED
ON THE BOTTOM NEAR ROCKS OR KELP BEDS. Most
of the catch is made by a few boats that specialize in this fish-
ery, but some is landed incidentally with rockfish and other
market fishes. Partly because of their good flavor, they are
popular with anglers, 43,000 pounds being taken from party
boats and barges in an average year.

The commercial landings have varied between 60,000 and
370,000 pounds since the fishery started to expand in 1925,
but the fluctuations seem to be caused by the number of boats
fishing for them rather than the abundance of fish.

Nothing is known of their biology except that they eat shell-
fish, among other things, and frequently rob spiny-lobster
traps. For this crime a sheepshead usually pays in full by
becoming lobster bait. Male sheepshead are vivid crimson
and black; the female is dull red. They attain a weight of
about 15 pounds. .

Neither the sport nor the commercial catch is at present
limited by law.

SEA-BASSES, OF WHICH THERE ARE SEVERAL
KINDS ON THE PACIFIC COAST, FIGURE PROMI-
NENTLY IN THE CATCH OF MISCELLANEOUS FISH
MADE BY SMALL BOATS WORKING FOR THE FRESH-
FISH MARKETS. One of the most important of these fish
is the black sea-bass, a large species, seldom caught when
under 50 pounds in weight, and reaching up to 600 pounds.
Something over half a million pounds of this species are
landed annually, the greater part of the catch being made off
Lower California, Mexico, with set or hand lines. A small
catch is made off southern California. As a game fish, it is
noted more for its size than its fighting qualities. Commer-
cially, this fish is sold entirely in the fresh-fish markets,
filleted.

Taken along with black sea-bass in Lower California, are
_cabrilla and grouper, two closely related fish, which do not
extend as far north as California. They are becoming impor-
tant market fish under the name of “golden bass.” Slightly
less than one-half a million pounds of these are landed in the
United States annually. They are ﬁlleted and sold in the
fresh-fish markets.

Rock bass are small fish, seldom larger than 18 inches in
length, which are common along the coast of southern Cali-
fornia. These are more important as game fish than as market
fish. The total angler’s catch is close to a million pounds a
year, while the commercial catch is only a quarter of this.
Anglers catch rock bass with hook and line, usually using live
bait. Commercial fishermen use a variety of gear, of which
hand and set lines, traps, and gill nets are most effective, and
they take rock bass only incidentally while fishing for other
species.

Nothing is known of the biology of sea-bass; nothing of
their abundance, and nothing of the relation between fishing
intensity and their abundance.
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CLAMS.—More than 35 species of edible clams live on
the Pacific coast, but only 5 are commercially valuable, and of
these, one, the razor clam, accounts for 65 percent of the total
annual catch. The razor clam, whose thin shell is sharp
enough to cut the fingers of diggers, occurs from Lower Cali-
fornia to western Alaska, and is most abundant in Washington
and in central Alaska wherever flat, sandy beaches with surf
are located. Thanks to its powerful foot, which it uses for
digging, it is fast moving for a clam. Razor clams are dug at
low tide with a long narrow-bladed shovel. Most of the catch
is canned. A small part is marketed fresh as shucked, cleaned
meats. The meats have also been quick frozen and packaged
on a small scale, a process which is expected to increase in
volume in the post-war period. Considerable quantities of
razor clams are now used for bait by the crab fishermen.
With the recent expansion of the crab fishery, this adds con-
siderably to the strain on this resource.

Next in importance to the razor clam are HARD-SHELLED
CLAMS, of which the most important are the BUTTER
CLAM and the LITTLE NECK CLAM. These live on rocky,
muddy beaches from California to Alaska. Because they
stand shipment well, most of them can be sold fresh, either in
the shells or shucked. By far the greatest production of
hard-shelled clams is in Washington. They are dug with a
fork at low tide, and occasionally in water several inches to a
foot deep. Production in Alaska has been increasing recently
and could continue to do so if the cost of marketing clams
could be reduced. *

The species next in importance is the PISMO CLAM,
which occurs in California and Oregon. It is the most impor-
tant of the clams taken in California, is now taken in moderate
quantities, was once exceptionally abundant. This is a large
heavy-shelled clam found on sandy ocean beaches. It is dug
in the same way as are hard-shelled clams. The entire catch
is sold in the fresh-fish markets.

Recently a Mexican fishery for Pismo clams has developed
in Lower California. There the meats are shucked into 5-
gallon cans and exported under refrigeration to Los Angeles,
where they are canned as minced clams. Production
amounted to 10,000 cases in 1943.

A small quantity of soft-shelled clams is taken in Oregon,
Washington, and California. This clam, accidentally intro-
duced to the Pacific coast with shipments of eastern oyster
spat about 1880, is now distributed from San Francisco to
British Columbia. It is found only in sheltered bays where
the soil is firm or tenacious. It lends itself admirably to
farming and is highly valued as a table mollusk.

Total Pacific coast clam production in 1940 was about 3
million pounds of shucked meats, worth between two and
three hundred thousand dollars.

WHAT IS DONE TO SUSTAIN THE YIELD: To aid in
sustaining the yield of clams in the States and the Territory,

a number of scientific studies have been made on the biology

of the various species and on the causes of their fluctuations
in abundance. These investigations have led to a clearer
understanding of the problems involved in maintaining the
populations and have been the basis of numerous regulations
governing the fishery. In Alaska razor clams are protected
by minimum-size limits and in some areas by quotas setting
the number of pounds that can be removed from a given
‘region during a year. These measures are very effective in
protecting the beds, and in assuring a steady yield to the
industry. For hard-shelled clams, regulations on size limit
and gear restrictions are in force. Similar regulations apply
in Washington, Oregon, and California, with such local varia-

tions as local conditions require. In some areas commercial

clamming is prohibited to sustain the supply for amateurs who
dig for their personal food. Amateurs also are subject to
certain restrictions, ‘
Unfortunately, State regulations on clamming are often not
firmly enforced. Amateur diggers frequently ignore restric-
tions and occasionally even peddle portions of their catches.

In some places the razor-clam supply has become seriously -

curtailed and exploitation is in need of a careful and enforced
management. The desirability of using this clam as bait
should be carefully considered and a substitute bait for crabs
sought.

Hard Shell
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CRABS OF SEVERAL KINDS INHABIT THE
PACIFIC COAST WATERS OF CONTINENTAL UNITED
STATES, but only one, the Dungeness, is utilized commer-
cially to any considerable extent. The king crab and Tanner
crab in the Gulf of Alaska and Bering Sea, and the various rock
crabs of more southerly waters remain a practically untouched
resource of unknown value and extent.

In spite of this vast unutilized supply, the United States
imported before the war, mostly from Japan, about 10 million
pounds of canned crab a year. This constituted 95 percent
of the canned crab consumed in this country. In the 10 years
prior to World War II the Japanese sold to the United States
over 27 million dollars worth of canned crab. Toward the
last, practically all of this imported pack consisted of king
crab, a large part of which was taken in waters adjacent to the

west coast of Alaska, and packed in floating canneries.
Although American fishermen and canners made several

pioneer ventures into canning king crab, the prospective and
exploratory nature of the operations tended to discourage pri-
vate enterprise.

As Japanese fishermen encroached more and more into this
resource, Americans became increasingly aware that they were
failing to utilize their own wealth. Consequently, the Federal
Governnient in 1940 authorized the United States Fish and
Wildlife Service to investigate the extent of the Alaska crab
population.

This study demonstrated the large size of the king crab
resource, located numerous grounds which would support com-
mercial fishing dﬁring certain seasons of .the year, showed the
uses of different types of gear in the fishery, and developed
satisfactory methods of canning king crab. Further develop-
ment of this fishery is of great importance to the crab-canning
industry of the North Pacific.

THE FISHERY FOR DUNGENESS OR MARKET CRABS
STARTED AROUND SAN FRANCISCO BAY, where, as early
as 1890, 1 to 2 million crabs were taken each year. At first the
crabs were caught from sheltered bays and inlets; but later, as
the fishery expanded, from the more exposed coastal areas.
In recent years the catches in Oregon and Washington have
equalled or exceeded the annual production in California and
an appreciable catch is made in both southeastern and central
Alaska, The 1941 total Pacific coast production was near to
16 million pounds of Dungeness crab, yielding about 4 million
pounds of meat.

In the States, most of the crab catch is marketed fresh or
frozen. .In Alaska virtually the entire catch is canned. The
production of canned Dungeness crab can increase in the
future as the market is developed and methods of catching
and processing are improved.

A FEMALE DUNGENESS CRAB, DURING HER LIFE-
TIME, MAY PRODUCE BETWEEN 3 AND 5 MILLION
EGGS. The fertilized eggs are carried under the abdominal
flap for several months. Upon hatching, the minute young are
more or less free swimming, and unlike the parents in form.
Finally, after successive moultings, they assume the adult form
and a life on the sea bottom. Completion of these changes
requires nearly a year, at the end of which time the young
crab measures 1 inch across the “shell.” The growth rate
declines as the crab matures, and moulting, the characteristic
growth process of crustacea, becomes an annual event that
occurs during the sumnier or fall months.

3

Female Dungeness crabs mature in about 4 years. They
then measure 4 inches across the “shell.” Males may require
an additional moult, or 5 years, to reach maturity. In the
vicinity of Puget Sound the average life span is approximately
8 years.

LITTLE IS KNOWN ABOUT KING CRABS. In general
they have a life history similar to that of the Dungeness, but
frequent deeper water, being usually found in 10 to 40 fath-
oms in the spring and in 30 to 70 fathoms in the fall. The
adults moult from February to May, the males usually earlier
in the season than the females. Tagged king crabs have been
recovered as much as 300 miles away from the point of tagging.

FISHING HAS DEMONSTRATED THAT CBABS ARE
ABUNDANT not only in the eastern Bering Sea, but also the
south side of the Alaska Peninsula, around Kodiak Island, and
in Prince William Sound. All that is needed to develop this
potentially valuable resource is to perfect methods of fishing
and processing so that the canned product can be sold to the
consumer at a reasonable price. Progress has been made in
this respect, and since the beginning of the war several com-
panies have put up experimental packs in central Alaska. As
crab meat must be processed quickly in order to avoid discol-
oration and spoilage, the floating cannery is essential to the
effective exploitation of the extensive crab resources in Alaska.
These self-contained units operate directly on the fishing
grounds and are supplied by a number of fishing boats. In
addition to providing a means of processing the crabs, they
provide storage space and transportation to the home port for
the completed pack.

Large-scale development of the king crab fishery in Alaska
should be accompanied by the research needed for rational
management of the fishery to insure getting up to, but not
beyond, the most that the resource has to yield. This means
learning growth rate and age of maturity for establishing mini-
mum size limits. It means determining whether the popula-
tion of crabs is intermigrating or is composed of local,
independent units; i. e., whether regulations are to be coast-
wise or local in scope. It means determining seasons when
crabs need special protection or when they are commercially
undesirable. It also means determining quantitatively the
relation between fishing rates and productivity of the resource.

A TANGLE NET FOR KING CRAB

BUOY KEG MARKER

200 FATHOMS

FATHOMS
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Pacific Fishery Resources SHELLFISH

PACIFIC SPINY LOBSTERS ARE
™% FOUND FROM SOUTHERN CALIFORNIA TO CHILE.
United States fishermen catch around a million pounds a
year, of which about four-fifths ate taken off the Mexican
coast. In addition, almost the same quantity, caught by
Mexican fishermen, is imported into this country annually.
The entire catch is marketed as fresh or frozen meats.

Spiny lobsters are caught in crate-like traps or pots which
usually have two funnel-shaped openings at the top. These
are baited with various kinds of fish, weighted, and sunk on
rocky inshore bottoms, and their position marked by means
of attached floating buoys. After a suitable interval, the trap
is lifted, the lobsters sorted according to legal size, and
placed in receivers similar to crab live-boxes.

Little is known about this resource. Lobsters live among
rocks and beneath kelp. They are believed to feed at night.
The females produce their eggs in May and June, carry them,
during incubation, attached to the inner branches of their
swimmerets. During this period of 9 or 10 weeks the females
hide in rocky places near shore. The eggs hatch into free-
swimming larvae which are quite unlike the adult lobster in
shape. The larvae have been found as far as 150 miles off-

st e shore. After successive moults, they eventually attain the
v o form characteristic of their species, and descend to bottom.
Aba S They grow throughout life by periodic moults. In this

process, the body shrinks away from the “shell”; the “shell”
splits and the body emerges. - It then remains soft for a time
while it swells up and forms a new “shell.” Lobsters have
various enemies, among them sheepshead, black sea-bass, and
octopus. ’

State laws impose closed seasons and size limits, and limit
the manner of utilization,

THE ABALONE IS A SINGLE-SHELLED MOL-
LUSK which inhabits rocks, adhering with a large, powerful
muscle or foot. It is found from the inter-tidal zone seaward
as far as abalone divers have explored. Six species are known
from Lower California, Mexico, to Alaska. The United States
commercial catch is concentrated in California, where in 1940,
345 thousand pounds of meats were taken, valued at close to
$93,000.

The total catch is marketed as fresh meats, the large muscle
being cut into transverse slices, pounded, and sold as steaks.
Abalone shell, being coated inside with mother-of-pearl, has
long been valuable for ornamental purposes. The Indians of
the Pacific northwest and Alaska used the shells for personal
adornment, for inlay work in their household furniture, and
for money. Today the shells are made into a wide variety of
articles, such as tourist trade novelties, buttons, knife handles,
and jewelry.

Abalones were the object of important commercial fisheries
in California as early as 1880, when the value of the catch was
tenfold what it is now. |, The meat was dried and smoked,
exported to Hawaii and China. In later years it was canned.
Unhappily, the resource did not prove to be self-sustaining
enough to endure such a drain as was put to it, and it became
necessary to restrict the fishery. In California, size limits are
now set which probably permit several spawning: seasons
before abalone can be taken. Closed seasons are established,
and commercial fishing is regulated according to local condi-
tions. The method of utilizing the meat is highly restricted
and abalones may not be transported out of the State. Ama-
teur abalone fishermen are subject to bag limits, but are
numerous enough to keep accessible rocks well cleaned.

Too little is known about the biology of abalones for estab-
lishing a program of restoring depleted colonies. Since the:
adults, and perhaps also the young, move little, restoration
would probably be a slow and highly localized problem.
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Paciﬁc F ishery Resources SHELLFISH

SHRIMPS occur along the Pacific coast from central
America northward into the Bering and Arctic Seas, but com-
mercial fisheries for them are carried on only in four widely
separated areas. United States fisheries are located in San
Francisco Bay (production in 1940, 1.08 million pounds),
Puget Sound (1940 production 0.55 million pounds), and in
the Petersburg and Wrangell areas of soutgeastem Alaska
(1940 production 3.50 million pounds.) A Mexican fishery,
of rather recent development, is located in the Gulf of Cali-
fornia, produced around 6 million pounds in 1943. A large
part of this quantity was exported to the United States.

It is believed that exploratory fishing in Alaska would result
in the discovery of important new shrimping grounds there in
addition to the rather small areas now exploited. Such explo-
rations should be accompanied by technical studies to reduce
operational ‘costs and to develop new products.

PACIFIC SHRIMP ARE TAKEN WITH TRAWLS. The
otter trawl is coming into use in these fisheries, but the beam
trawl has been the most important gear. This is a bag-shaped
net held open at the mouth by a beam 16 to 60 feet long, with
shoes or runners fastened to each end. In San Francisco Bay
most shrimp fishing is done with a bag net generally called the
Chinese shrimp net.

The Alaska shrimp catch is marketed almost entirely as
fresh-cooked meat. A small amount is canned, and other small
quantities are sold as frozen-cooked meat and whole-cooked
shrimp in the shell. Drying was attempted in Alaska, but
owing to unsuitable climate, was unsuccessful. The Puget
Sound catch is sold entirely as whole-cooked shrimp in the
shell. The bulk of the California shrimp catch is sold as
cooked meat or whole-cooked shrimp; and, under restricted
conditions, some quantities are sun-dried.

Shrimps of the United States Pacific commercial catch are
small, generally not much over 2 inches long. Many
species have been identified, but only five are significant
commercially.

SQUID ;s o pelagic, densely schooling edible mollusk,
of much potential value, but so far little utilized in this coun-
try. Various species occur along the entire Pacific coast of the
Americas. Although small quantities are delivered and sold
fresh in most of the important fishery centers of California,
Oregon, and Washington, the only squid fishery of any impor-
tance is at Monterey, Calif., where 90 percent of the catch is
landed. . )

Formerly, most of the catch was dried for the Oriental trade.
This market has not been available for several years, and now
only a small part of the catch is dried, small but increasing .
amounts are canned, and much of the catch is frozen and sold
locally or shipped to markets in the eastern part of the United
States or to South America. The squid is an appetizing food,
but owing to its curious appearance it has not been widely
appreciated. Among people of Oriental or Mediterranean
origin, it has been recognized for the delicacy that it is, Itis
now slowly gaining in general favor, and is served ever more
frequently in good sea-food restaurants of the Pacific coast.

Squid are caught with round-haul nets or small purse seines
at night when the dense schools can be spotted by the lumines-
cence which they stir up. A light may be used to attract them
and make the school more compact. Some of the smaller purse
seine vessels turn to squid fishing after the sardine season is
closed. :

Practically nothing is known about their abundance, migra-
tions, habits, or growth. The catch fluctuates widely between’
half a million and 2 million pounds a year, reflecting, in part,
varying economic conditions, and in part, varying availability.

here are no restrictions on the sale or catching of these
mollusks. They are utilized in a very small segment of their
range, so the resource is almost untouched.
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THE MAIN BREEDING COLONIES of fur seals are
on St. Paul and St. George Islands, the largest of the
Pribilof group. Mature bulls return to the islands first,
arriving late in March or in early April. Females and
young bulls come later, the main body in May and June.
Usually within a few days after her arrival, each' female
gives birth to a pup weighing about 12 pounds, and
mating soon follows. The period of gestation is slightly
less than a year. Fur seals on the breeding grounds are
associated in family groups known as harems, consisting
of one bull and about 40 cows. Because these animals
are polygamous it is possible to kill the surplus “bach-
elors” or immature males without affecting the number ot
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THE SOUTHWARD MIGRATION of fur seals begins
in September, and during the following 6 to 9 months the
herd lives entirely at sea, feeding on squid, herring, and
other forms of marine life. The older bulls remain in
the vicinity of the Aleutian Islands or in the Gulf of
Alaska, while the younger males and the females go
farther south, some as far as southern California.

The Russian fur-seal herd comes ashore on the Com-
mander Islands. It is believed to number less than
100,000 animals. The migration routes of the western
Pacific and Pribilof seals are believed to be entirely
distinct,

Japanese-owned fur seals come ashore on the Kuriles

@commmn:n- ISLANDS
®

—amHTy

i

<

young that are born. and on Robben Island in the Okhotsk Sea. The size of
the colonies is severely limited by the small area of the

breeding grounds, which are mostly narrow, rugged reefs.

The FUR SEAL Resource

THE NORTH AMERICAN FUR SEAL HERD, COM-
PRISING 80 PERCENT OF ALL THE FUR SEALS IN THE
WORLD, IS NATIONAL PROPERTY, exploited under the
direction of and for the profit of the Federal Government. 2.5
Since 1910 seal skins and, more recently, seal meal and oil, .
have brought into the Federal treasury over 8 million dollars.

THIS IS AN EXAMPLE OF A RESOURCE THAT WAS
DEPLETED BY IMPRUDENT FISHING, AND RESTORED
THROUGH GOOD MANAGEMENT. When the United
Statesvpurchased Alaska in 1867 the number of seals in the
herd was close to 3 million animals. During the next 43 years
an intensive fishery at sea by American, British, and Japanese
nationals, plus sealing on the breeding grounds by Americans,
reduced the herd almost to extinction. The annual catch
consequently declined from 165,000 in 1868 to 17,000 about
1900. This was chiefly the consequence of pelagic sealing,
or killing the seals in the water, which often resulted in the
death not only of mother seals but also of their pups through
starvation.

1.5 //
IN ORDER TO REBUILD THIS RESOURCE, the United .
States Government took it over in 1910. The next year pelagic 1.0 i
sealing was outlawed by an agreement known as the North ;
Pacific Sealing Convention, reached by the United States, !
Great Britain, Russia, and Japan. To compensate for their
refraining from pelagic sealing, the treaty allotted to both -
Great Britain and Japan 15 percent of the fur-seal skins taken
annually on the Pribilofs. Russia was a signatory of the treaty 0-5
only in the interest of the seal herds on her side of the Pacific.

FUR-SEALING OPERATIONS ARE CONDUCTED . ‘
CHIEFLY IN JUNE AND JULY, at which time the family / 1
groups occupy the rookeries and the immature males are i
more or less completely segregated in adjacent areas called
hauling grounds. From these hauling grounds the male seals
selected for killing, chiefly 3-year-olds, are driven inland a
short distance. Killing of the seals is under immediate direc-
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tion of Fish and Wildlife Service agents and is done by Aleuts
who live on St. Paul and St. George Islands. After the killing
the skins are removed, then cured, dressed, dyed, and finished
by a private company under contract with the Government.
After processing, the skins are sold at a public auction held
twice a year in St. Louis, and the net proceeds are turned over
to the Treasury.

Processing of the byproducts, meal and oil, takes place on
the Pribilof Islands. The meal is used as a constituent of
poultry feed, and the oil has many industrial uses.

Since the United States Government assumed control, the
fur-seal herd has grown from 130 thousand animals to nearly
3 million.

MANAGEMENT UP TO THIS POINT HAS BEEN
PLANNED WITH A VIEW TO RESTORING A NEARLY
EXTINCT HERD; the present need is for scientific study and
glanning to insure maximum utilization of a herd which may

e approaching the optimum size under changed conditions.

Plans for an extensive investigation of the migratory and
feeding habits of fur seals, and their relationship to the fish-
eries and other economic interests, were interrupted at the
outbreak of war, when the vessel purchased for the purpose
was requisitioned for military use, and the scientists assigned
to the work were detailed to other activities.

It is of vital importance to the United States from the stand-
point of international relations, revenue from products of the
herd, and perpetuation of a valuable natural resource that the
investigations interrupted by war be undertaken at the earliest
practicable time after the end of hostilities 'and preparato
to entering negotiations for a new fur-seal treaty. :

The fur-seal treaty of 1911 was abrogated by Japan on
October 23, 1941, the Tapanese claiming that the seals were
damaging their fishing industry. A provisional agreement
signed by Canada and the United States in December 1942
affords protection of the fur-seal resource until a new treaty
can be negotiated.
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World Fishery Resources TUNAS

SHADING SHOWS DISTRIBUTION OF TUNAS
IN THE WESTERN HEMISPHERE

THE TUNAS ARE A WORLD RESOURCE, rang-
ing over vast distances and migrating across oceans; and they
are the object of important fisheries in many countries whose
shores they visit. United States citizens have a large stake in
this marine wealth, for tunas support a canning industry in
this country second in value only to that of salmon, and they
are of great recreational value to thousands of anglers.

On the Pacific coast of the United States tuna fishermen have
landed about 158 million pounds of fish a year, on the aver-
age, during the past 5 years. Virtually the entire quantity was
utilized by the canning industry to produce 64 million pounds
of canned fish. In addition, the “waste” was made into about
20 million pounds of meal and 1.5 million pounds of fish oil.
The livers are used for the manufacture of high-potency vita-
min oils. Besides their use in industry, the tunas are a favorite
quarry of western sportsmen. Four kinds of Pacific fishes
landed in the United States are permitted to be sold as tuna:
The bluefin, the yellowfin, the albacore, and the skipjack.
The bonito, which, like tuna, is a member of the mackerel fam-
ily, and the yellowtail, which,see, are put up in a tuna-style
pack, but may not be labeled “tuna.” y

On the Atlantic coast, the tunas have a dark, coarse flesh
and seem to be less desirable for canning than their Pacific
relatives; therefore commercial fisheries have not developed.
On the other hand, they reach their largest size there and
probably serve their highest value as game fish; and they are
pursued by sportsmen from Florida to Nova Scotia.

THE WORLD’S ANNUAL CATCH OF TUNA, IN NOR-
MAL TIMES, WAS CLOSE TO 675 MILLION POUNDS.
The United States took about 23 percent of this total, Japan
about 68 percent of it. Japan’s fisheries extended over vast
distances of the Pacific, and her production came to 460 mil-
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lion pounds a year, almost three times the United States catch.
She exported to the United States annually between 1 and 2
million dollars’ worth of canned tuna and a large amount of
frozen fish for canning in this country. The Japanese fishery
is believed to have been carried on around the Japanese
islands and southward to the Philippines; also in the area of
the mandated islands. Saipan is said to have been the center
of a Japanese tuna fishery.

In normal times some canning was done in the Philippines,
but was believed to be far short of the total capacity of the
tuna resources of those islands. Development of tuna indus-
tries in Australia and New Zealand to exploit the resources of
the South Pacific have not yet gone far. In Hawaii, before the
war, tuna made up about 60 percent of the landings of deep-sea
fishermen, averaging around 7 million pounds a year. This
fishery was dominated by Japanese nationals. In Peru and
Chile some tuna-canning industries have recently started. To
sum the Pacific situation: It appears that Japan’s domination
of tuna fisheries in the western Pacific will be challenged from
many quarters after the war and that American tuna fisheries
may therefore be given an impetus to expand greatly.

In the Caribbean region and the adjacent northern coast of
South America tunas are used to a limited extent, chiefly in
the fresh-fish market. . Experimental canning is being carried
on in the Barbados. The tuna fisheries of the Mediterranean

" countries are the oldest in the world, go far back into an-

tiquity. Yet they produce less than 10 percent of the world’s
total catch of these valuable fishes.

TUNA FISHING is pursued on the high seas bordering the
American continent clear down to equatorial waters 2,500
miles from home ports. American tuna clippers are vessels
80 to 150 feet long; cost, before the war, $75,000 to $300,000.




They carry crews of 10 to 19 men and are equipped for voyages

of 4,000 to 6,000 miles, lasting as long as 90 days. They have

live tanks which hold 10 to 15 tons of live bait, and their hold

capacity ranges from 125 to 225 tons or more. They are
" equipped for brine-freezing the catch.

On the way to the fishing grounds, a tuna vessel stops to fish
for bait, which consists of small sardines, anchovies, or smelts.
These are kept alive in tanks of circulating water. On the
fishing grounds, the tuna are located by observation or are
attracted by lures trolled behind the ship. When a school of
tuna is sighted and reached, live bait is thrown over to attract
the fish around the boat. The men fish from platforms which
are attached outside the gunwales, using bamboo rods and
short heavy lines. The barbless hook, covered with white
feathers, is called a squid, jig, or striker. The tuna, driven to
a frenzy of excitement by the live bait, strike indiscriminately,
seize the squids, and are quickly jerked on to the deck of the
boat. When the fish run large, two, three, or even four
men may work together with separate rods Pttached to a single
line. . '

In 1940 almost 70 percent of the tuna catch was made by
this method, about 25 percent was made by purse seines (from
sardine vessels fishing for tuna during seasons closed to sardine
fishing), and the balance by trolling. The catch by trollers is
increasing with the growth of the albacore fishery off Wash-
ington and Oregon.

WHAT WE DO NOT KNOW ABOUT THE TUNAS: In
spite of the great value and antiquity of tuna fisheries, very
little is known about these fishes. OQur knowledge of tunas in
the Pacific is particularly negative. We don’t know where or
when the Pacific tunas spawn or the size or age that they must
attain before first spawning. We don’t know how large any
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SHADING SHOWS DISTRIBUTION OF TUNAS
IN THE EASTERN HEMISPHERE

of the populations of tuna are, or what fraction of them is
being exploited. Certainly the rate of exploitation has been
greatly increased within. the past few years, and it will prob-
ably further increase in the future. We know little about the
migrations of tunas. They are oceanic fishes not limited to
the continental shelf, migrate great distances. Since they pass
in and out of the territorial waters of many countries, the
tunas are truly a world resource. The extent of their migra-
tion is not known, should be made the subject of intensive
investigation. There are indications that albacore migrate
across the Pacific, bluefin across the Atlantic. It seems likely
the yellowfin and skipjack travel similarly vast distances.
Thus an intense fishery in remote regions might adversely
affect our own fishing if the tunas belong, even in part, to
populations shared by many nations. What effect, for exam-
ple, does the rapidly expanding Japanese tuna fishery have on
our own? Until some of these problems are solved, no intelli-
gent conservation program can be initiated. Any program to
be effective must be on a large scale and must not be restricted
to axiy local area; indeed, it must cover the entire range of the
distribution of each species. :

TO CONSERVE THE TUNA RESOURCE OF THE PA.
CIFIC, minimum and maximum size limits are placed on
tunas in California. These have an economic rather than a
conservation basis, since the industry finds it unprofitable to
handle very small or very large fish. To protect sport-fishing
interests, some areas in southern California have been closed
to commercial tuna fishing. No sound measures of conserva-
tion can be effected, however, without knowledge of tunas’
biology; and no truly effective means of insuring the income
from these valuable resources can be instituted without the
full collaboration of all the countries that share in them.
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World F ishery Resources TUNAS

THE YELLOWFIN TUNA, mainstay of the

West Coast tuna industry, is caught more or less throughout
the year in tropical and subtropical waters between southern
California and the latitude of Galapagos Islands, off Ecuador.
Nearly the entire catch is taken south of the United States.
most of it south of 20° north latitude. Total catch of this spe-
cies has averaged about 84 million pounds annually in recent
years. The fish taken by commercial fishermen range in size
between 714 and 150 pounds, average 30 to 40 pounds. This
species is important in the Japanese fishery; it seems to be less
abundant in the Atlantic than in the Pacific.

SKIPQ'ACK smallest of the commercial tunas, is
probably the most abundant; it is also the least valuable per
pound in the United States market. About 45 percent of
the world’s catch of tuna, and about one-fifth of the United
States catch (35 million pounds), is of this species. In Japan,
and also in Hawaii, skipjack is the most important of the
tunas. It is also of some importance in the Mediterranean
Sea. In the area covered by the United States fishery, it has
a distribution similar to that of yellowfin, is taken in the same
manner, by live bait fishing. Skipjack caught commercially
average 8 to 10 pounds.

THE BLUEFIN TUNA has a more northerly
distribution than either yellowfin or skipjack, gets bigger than
any of the other tunas. On our Atlantic coast, where it is
fairly common from Maryland to Newfoundland during a
few months of the year, the bluefin may reach a weight of
1,500 pounds, the largest size attained by this species any-
where in the world. Schooling bluefin of 65 pounds or less
_are common in the vicinity of New Jersey and Long Island;
the larger fish, of 400 pounds or more, called horse mackerel,
predominate in the north on both the American and the Euro-
pean side of the Atlantic. During recent years small quanti-

ties have been taken by commercial fishermen with hook-and-
line, harpoons, or nets.
it by trolling.

In California the bluefin is a famous game fish and an im-

It is a favorite of anglers, who catch

Albacore

4
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portant commercial species, yielding a catch which has aver-
aged around 14 million pounds in the last 5 years. The catch
is seasonal (May until December) and erratic. The fish aver-
age 20 to 40 pounds in weight, rarely exceed 150 pounds.
Commercial fishermen take them mostly with purse seines,
anglers mostly by trolling. The bluefin of our Pacific coast
may spend part of their lives in Japan, where 100 million
pounds a year were taken in the 1930’s; also in other western
Pacific regions, including Australia, where a tuna fishery is
just getting under way. Our Atlantic tuna may spend part of
its life cycle in Europe, where large catches are made by
French, Portugese, and Italian fishermen.

ALBACORE has the whitest meat of all the tunas;
therefore it is the most valuable in the United States market,
selling at a much higher price than any other species. An
average of 18 million pounds has been caught annually over
the past 5 years, most of it with trolled jigs and by live-bait
fishing. The supply of albacore has fluctuated widely. From
1919 to 1925 the catch varied from 13 million pounds to 22
million pounds; in 1926 albacore failed to appear in abun-
dance on the California coast, and less than 3 million pounds
were caught. From then on through the next 12 years the
albacore fishery almost ceased to exist, for during most of that
period the annual catch was below a million pounds. To
partially satisfy the demand for this excellent fish, large quan-
tities of frozen albacore were brought in from Hawaii and also
from Japan. At last, in 1938, the albacore “came back” to the
United States west coast and has been abundant every year
since. In 1943, 36 million pounds were caught, the largest
quantity in the history of the fishery. Until 1936 the fishery
had been confined to the California coast, but in that year the
fish appeared on the Oregon coast in abundance; a fishery
started there and has since spread northward to British Co-
lumbia. The causes of the disappearance of the albacore and
its subsequent reappearance with an apparently extended
distribution have never been discovered.

Albacore generally make their appearance on our coast in
the spring or early summer, disappear in fall or winter.

Pacific albacore with ripe eggs have been taken only in
Hawaii, never on either the American or the Japanese coasts.
According to studies made by the Oregon Fish Commission,
the albacore population visiting the west coast of the United
States and also Japan is composed entirely of two or three
ages of fish, rarely if ever includes very young or very old fish
(i. e., sizes smaller than 20 inches or larger than 40 inches).

BONITOS, members of the same family as the tunas,
are often taken by tuna fishermen and canned tuna style. The
cans must be labelled “bonito.” Several species of bonito are
known; they apparently are more localized in their distribu-
tion and less migratory than the tunas. Bonito is not in great
demand by the canneries and the catch (which has averaged
7 million pounds a year in the last 5 years) is only a small
fraction of the capacity of the resource. They are small fish,
averaging only 6 to 8 pounds, are considered inferior in quality
to tuna, and bring a lower price canned. Nothing is known
about the biology of bonito populations,
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PROPORTION OF WEST COAST TUNA CATCH TAKEN OFF U. S. COAST
AND SOUTH OF THE U. S. DURING DEVELOPMENT OF TUNA FISHERY
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World Fishery Resources SWORDFISH and SPEARFISHES

Marlin

Sailfish

Marlins

Sailfishes %%

Swordfish N\
THE SWORDFISH, CALLED BROADBILL

BY ANGLERS, to distinguish it from marlins, is a resource
of world-wide distribution. As a food fish it is one of the
most precious, the demand for it far exceeding the supply.
In 5 pre-war years American fishermen took an average of 2.2
million pounds annually off the Atlantic coast, 700,000 off the
Pacific. In addition, an average of 1.6 million pounds was
imported from Canada and 2.4 million pounds from Japan;
and an unrecorded quantity, probably around 30,000 pounds
a year, was shipped in from Hawaii. Swordfish are marketed
entirely as fresh or frozen fish. It is among the highest-priced
fish on the American market. Qil taken from the liver has a
vitamin A content of high potency.

To anglers swordfish is probably the richest trophy obtain-
able; it is an exceedingly difficult game fish to catch with rod
and reel, and the most expensive, for it requires a special kind
of boat and special equipment. The best-known angling
grounds are the Block Island district on the east coast and the
Channel Islands region on the west coast. In normal times
some enthusiasts go to such distant places as Nova Scotia, Peru,
or Chile, where good grounds are located.

Very little is known about swordfish. They are found close
to our coasts only in large sizes. Very young specimens have
been reported from the Gulf Stream off Florida to Cuba, but
breeding grounds have not been located on this side of the
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Atlantic. Both eggs and young have been taken from the
Mediterranean, and young swordfish are common around
Hawaii.

Probably, like tuna, they migrate vast distances across the
oceans, but_the course and extent of these migrations are
unknown. Nothing is known about the growth, age, or abun-
dance of swordfish. No important questions about the sword-
fish can be answered without scientific research on a trans-
oceanic and international scale, with talent and facilities
contributed by all the countries sharing this resource.

MARLINS ARE BIG-GAME FISHES OF WARM
SEAS, FOUND ON BOTH COASTS OF THE UNITED
STATES, AND IN HAWAII, AND PUERTO RICO. Like the
swordfish and the tunas, they are distributed around the world,
are found in many tropical and subtropical countries, and
probably migrate over great distances. Big-game anglers find
marlins to be spectacular fish on rod and reel, take them by
trolling with artificial lures, or with cut bait, live bait, or with
whole flying fish. The techniques of marlin fishing are highly
specialized, require special equipment, boats, and highly
skilled boatmen. The sport is therefore an expensive one.
Nevertheless it is a great attraction to pleasure fishermen on
both coasts, and thousands of men earn their living operating
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or equipping party boats. Marlin are not appreciated as food
in the United States and are not utilized there commercially.
In th}f West Indies there is a good market for all that can be
caught.

On the Atlantic coast two kinds of marlin occur, the white
and the blue; they are found from Maine to South America.
The best-known fishing grounds are Long Island to Virginia,
Palm Beach to Panama, and around the British West Indies.
On the Pacific side, the striped marlin extends from southern
California to Mexico, and the black marlin ranges from Mexico
southward. Santa Catalina Island is the most important
United States center for big-game fishing in this range; better
grounds ‘are along the Mexican coast and southward. Hawaii
provides excellent marlin fishing.

Little is known about marlins. The American Museum of
Natural History has long collected data on all the big-game
fishes, has observed that marlins eat small fishes and squids.
Neither eggs nor larvae have ever been collected from Ameri-
can waters; the only small specimens ever reported are one of
5 pounds, taken in the Gulf Stream off Miami Beach, Fla.,
and another of 634 pounds, taken off Cat Cay, British West
Indies. This is the sum of our knowledge on the biology of
marlins. Adequate studies on these species would have to be
on a scale as great as the habitat of the fishes; it would have to
extend across the oceans and be carried on with full collabo--

ration of the many nations that profit from these valuable
resources.

SAILFISHES ARE CLOSELY RELATED TO
THE MARLINS, like them are big-game hishes found in
warm seas around the world, including both coasts of the
United States, Hawaii, and Puerto Rico. Anglers catch them
by the same methods used for marlins, consider them as great
a trophy. In the Atlantic, where they generally run 35 to 100
pounds in weight, they have been found as far north as Massa-
chusetts, but are commonest from Florida southward. The
best fishing grounds are from Stuart, Fla., to Palm Beach and
around the British West Indies. On the Pacific side, they are
found in much larger sizes than in the Atlantic, specimens of
100 to 125 pounds being not uncommon. They are found from
southern California southward through Mexico and Central
America, as well as around the South Pacific Islands and along
the Asiatic coast. Sailfish are not appreciated for food in this
country; Floridalaw permits anglers to have their legal catches
made palatable by smoking. As little is known about sail-
fishes as about marlins. They are said to spawn off the South
Atlantic and the Gulf coasts in summer.  Any fruitful study
on them would have to be on a large scale and international
in scope.

Distributional data given by Francesca La Monte, American Museum of
Natural History. 44



WHALES ARE A WORLD RESOURCE, WHICH,
THROUGH PROFLIGATE EXPLOITATION, HAS BE-
COME DANGEROUSLY CLOSE TO EXTINCTION. Once
it was the most important marine resource of our Nation. In
the middle of the last century, the whaling industry engaged
some 735 boats, and 40,000 people. It represented an invest-
ment of 40 million dollars, and involved an annual take of
whales worth about 8 million dollars. In 1943 there were
engaged in this country three boats and 59 people; the invest-
ment was something less than 1 million dollars, and the year’s
catch was worth $44,000,

These figures tell the story of the death of a great industry
through at least three causes. First, the whaling resources had
been grossly mismanaged; second, the rise of the petroleum
industry seriously reduced the domestic market for whale oil;
third, United States industry has failed both to develop new
products from whales and to keep abreast of new methods of
whaling. Meanwhile, other countries, notably Norway, have
maintained highly profitable whaling industries by improving
effectiveness of fishing methods, by developing new whale
products, and by completely utilizing the catch.! So profit-
able was whaling to these countries that exploitation of the
resource was prosecuted on an imprudently lavish scale, and
the resource was brought close to the brink of exhaustion.
This is an excellent example of the consequences of failure to
manage a renewable resource.

'If new products and new uses for whales could be developed in the
United States, perhaps a whaling industry might be revived here. Canned
whale steaks are packed in Newfoundland. Norway and other European
countries refine and hydrogenate whale oil so that it can be used for edible
purposes. A number of other new whale products developed in other
countries might be cited. In the United Stales, however, such products
are made from other sources, and whaling is not proﬁtuhle here in normal
times even if whales were plentiful.
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Whale oil is used principally for soap making, with glycerine
as a byproduct; also in Europe for the manufacture of edible
fats such as margarine, and to a lesser extent for currying
leather, manufacturing fibre dressing, face cream, unguents,
and ointments. Some of the lower grades are used for the
lubrication of machinery, and these are also utilized by steel
manufacturers. In addition to oil, a whale of average size will
yield three tons of meal for cattle, hog, or chicken food, and
over a ton of guano. The chief market for whalebone is in
Paris, where it is used to make mattress stuffing, artificial
osprey feathers, and the artificial hair of barrister’s wigs. Fine
threads of whalebone are woven into silken fabrics and some
of the coarser grades are used in the manufacture of brushes.

Dr. Remington Kellogg, of the United States National
Museum, in discussing the history of whaling has said: *

“For more than 1,000 years the whaling industry has been
organized and the chase has been prosecuted each year as
energetically as the available equipment would permit. Year
after year whaling has taken toll in excess of the rate of repro-
duction, and one region after another has been depleted.

“The rise, climax, and decline of the whaling indysiry has
been reenacted time and again as the result of overfishing for
particular kinds of whales. Sooner or later the operations
are shifted from the exhausted ground 1o some more promis-
ing new field, and here the process is repeated. In the closing
days of each field, the financial losses to firms and individuals
operating whaling vessels have been tremendous. _Scarcity of
whales caused their pursuit to be abandoned in one region or
another during the past 3 centuries, though in more recent

*Modified from an address delivered at the eleventh annual meeting of
the American Society of Mammalogists, April 9, 1929, at Ann Arbor, Mich.




vears they have been indiscriminately slaughtered wherever
opportunity presented.

“Species that have been commercially depleted or nearly
exterminated in any given region never later show any marked
recovery, even though there may be a long period of compara-
tive immunity. There is a well-founded belief that when a
species has been exterminated in any given region it does not
return to that place in any appreciable numbers, even after
long periods during which it has not been molested. Experi-
ence has shown that there should be a breeding reserve in
excess of natural losses, and that overfishing sooner or later
passes the danger point beyond which there is no recovery.”

In 1930, Dr. Kellogg wrote: .

“We are now witnessing what may be the last phase in the
history of whaling, for with the present exploitation of the
Ross and Antarctic Seas, no more unexplored fields are left
to be conquered. The order of events, that will surely follow
is clearly predictable . . .”

This bleak situation led the Economic Committee of the
League of Nations to call together a committee of experts to
consider the feasibility of international regulation of the
whaling industry. Dr. Kellogg then wrote: !

“The draft convention prepared at this conference, after
having been modified in certain minor respects; was ratified
by 17 countries and acceded to by 8 others. This convention,
however, did not come into force until January 16, 1935. By
its provisions, full protection was given to all kinds of right

' Proceedings Eighth American Scientific Congress, Vol. 3: 466, 1942.

whales; the taking or killing of calves, and females accom-
panied by calves, was prohibited; and the fullest possible use
of the carcasses of all whales was required.

“In 1937, the International Conference for the Regulation
of Whaling was held in London. ‘Stringent regulations,” or
‘game laws’ covering the minimum legal size for whales of each
species, and prohibiting the killing of females accompanied by
calves, as well as all right and gray whales, were drafted for
approval by the governments of South Africa, Argentina, Aus-
tralia, Germany, Great Britain, Eire, New Zealand, and the
United States. This agreement came into force as regards the
United States on May 18, 1938. Under the terms of this agree-
ment, factory ships are barred from operation on the calving
grounds of whales, and are obliged to make the fullest possible
use of the whole carcass. Some minor modifications were writ-
ten into the Protocol of June 1938, including the protection
of the decimated stocks of humpbacks in Antarctic waters and
the establishment of an Antarctic whale sanctuary between
the Ross Sea and Cape Horn.”

The participating nations share enforcement of the treaty’s
terms. Whaling vessels must be licensed by their respective
governments. In the United States this function is performed
by the Fish and Wildlife Service. Each factory ship must be
accompanied by a law enforcement officer of its own nation-
ality. The United States Coast Guard fulfills this duty on
American vessels. How effective these regulations may be in
restoring and perpetuating the whale resources remains for the
future to prove.

Whaling forbidden
by factory ships.

; - Restricted whaling permitted
; QY here by factory ships.

* Factory ships that have
operated in the Antarctic
cannot work here.

W haling forbidden -

Whaling forbidden
by factory ships.

4 ... by factory ships.
4 7 20° N. N o .
,& . *  Whaling forbidden 3
< 26 <ot by factory ships. Y
o' . L = Whaling forlndden
= <R e, * o ¢ lfy factory ships. i e S
o B W haling forbidden
hiR g by factory ships.
8 40°S.
Vs
Restricted “, li srmitted Restricted whaling permitted
estricted whating permitied 3 Sanctuary by factory ships during
by /m'_lary ships during 2 uimﬂ' fied open season N
specified open season. 8 - !

According to Article 8 of the International Agreement,
land stations can be operated anywhere except in the
Sanctuary, but only for 6 continuous months in cach year
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HOW THE GROUNDFISHES OF
NORTHERN SEAS ARE DISTRIBUTED
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NEW YORK

GROUNDFISH 1Is THE TERM APPLIED TO
MANY KINDS OF FISHES THAT LIVE ON OR NEAR
THE BOTTOM. They are the object of a special fishery, are
caught mostly with otter trawls; also with line trawls and sink
gill nets. Taken together, they are the most important marine
resource of New England, and the third most productive and
valuable in the United States. The principal groundfishes
are haddock, rosefish, flounder, cod, whiting, pollock, and
hake. The fishery yields a catch of 500 to 600 million pounds
annually, worth about 25 million dollars to fishermen.

This country is but one of a number of nations drawing from
the North Atlantic groundfish resource. [Fishermen of Can-
ada, Newfoundland, France, Portugal, and Spain, collectively
take even more than the United States catch.
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From 80 to 90 percent of the United States catch is marketed
as fresh or frozen fish. Small quantities are salted or smoked.
A canning industry has been growing, producing canned fish
cakes, fish balls, fish chowder, canned finan haddie, and
canned smoked halibut. Filleting waste has been used for
making canned pet food, and also fish meal. The most im-
portant byproduct made from groundfish is liver oil.

North Atlantic groundfish can live only in food-rich, cool
water, on the continental shelf, are thus confined to depths
shallower than 100 to 150 fathoms. Beyond those contours,
the bottom deepens rapidly to 1 or 2 miles; the water becomes
too warm, too barren, and otherwise unsuitable for them.
The area available to them, however, is vast. The banks
inhabited by these groundfish populations range 1,000 miles
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Unfortunately, not enough facts are known about the biol-
ogy of most of these fishes, or about the changes in their
populations, to provide the basis for good management. Yet
- : it is growing increasingly clear that only by using sound fishing
e practices will the fishing industry get the most that this
CENTRATION OF NEW ENGLAND GROUNDFISHES resource can yield. f)ne ?f the most di!ﬁcult and irflportant
. . : biological problems, in this connection, is to determine what
the maximum spawning stock should be, and to devise practi-
cal measures that will insure it without unnecessarily restrict-
ing the fishery.

W

{

from Long Island to Newfoundland and are 260 thousand
square miles in area, which is as large as all the coastal
-States from Maine to North Carolina.

Tides and currents are violent in this area, but the pattern
of the latter is favorable to keeping the groundfishes’ drifting
eggs and larvae on the banks in areas conducive to survival.
Extreme temperatures vary from near to freezing in winter to
something over 68° in summer, but in the most favorable and
thickly populated parts of the New England banks, they range
from about 38° to 55°. : -

Groundfish catches are nearly twice as large during the
spawning seasons and summer as in winter, probably because
the fish then school more densely to spawn and to feed.

Few species of groundfish have been proved to be overfished
to the point of “depletion.” True, many of them have become
scarcer in certain localities, but this fact is not necessarily
alarming, for in a new fishery some reduction in the catch
usually occurs after the accumulated stocks are caught off.
Among populations that have become seriously reduced is
the halibut, which has declined faster than any other Atlantic
fishery resources in the last 50 years, as a consequence of the
intensive fishery. Likewise the haddgck stock of the New
England banks is demonstrated to have been severely reduced
by intensive fishing. Other species, among them rosefish and
blackback and yellowtail flounders, are probably being fished
up to or beyond their most productive level.

S - .
New England trawler with part of catch on deck. .
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Haddocls; |

SHADING INDICATES WHERE HADDOCK ARE
CONCENTRATED ON NEW ENGLAND BANKS

<

N

NEW YORK
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HADDOCK IS THE MAINSTAY OF THE UNITED
STATES OTTER TRAWL FISHERY and is the most valuable
of all the North Atlantic coast fisheries. At peak production
in 1929 the haddock resource yielded nearly 260 million
pounds. Owing to reduced abundance brought on by inten-
sive ﬁshing, the average pre-war catch was down to about 150
million pounds a year, worth nearly 12 million dollars at:
recent prices.

Over 90 percent of the catch of haddock is by otter trawls,
the remainder mostly by line trawls. ‘Small amounts are also
taken with anchored gill nets. Most of the haddock is sold
as fresh or frozen fillets, some as cleaned fresh fish. Close to
a million pounds are smoked and sold as finnan haddie; in
addition, two million pounds of this product are imported
from Canada each year. Some haddock is canned as fish
flakes and some as fish chowder.
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THE HADDOCK OF THE NORTHWEST ATLANTIC
MAKE UP A COMPLEX OF POPULATIONS, of which at
least three main groups are recognized, inhabiting, respec-
tively, the New England Banks, the Nova Scotian Banks,
and the Newfoundland Banks. The fish vary between groups
as to growth rate, spawning time, migratory habits, fluctua-
tions in size of stock, and other biological features. Knowl-
edge about these populations is growing as United States
Fish and Wildlife fishery investigations progress, but is still
incomplete.

Haddock spawn for the first time when 3 or 4 years old and
2 to 3 pounds in weight. The spawnin? schools gather during
February to April or later in favorable areas on the banks,
usually where the water is from 30 to 60 fathoms deep. The
eggs are spawned into the surrounding water, are fertilized
there, and drift passively in the currents while they incubate.
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\.:They hatch in 2 to 4 weeks, and the larvae, and subsequently
the young fish, continue to drift for 2 or 3 months before

beginning their bottom existence. If adverse currents carry
the drifting young to areas where the water is too deep or con-
ditions are otherwise unsuitable, the young perish. The most
important nursery grounds in the New England Banks are on
southeast Georges Bank at 50- to 60-fathom depth. Haddocks’
migrations during their first year are very limited but increase
as they grow older and larger.

The haddock populations on the New England and Nova
Scotian Banks are to a great extent independent of each other,
for there is no considerable exchange between these banks of
haddock eggs or of young haddock, either during their drifting
stages or during the first years of their life on the bottom. Oc-
casional and limited migrations between these banks have
been observed for older fish. Tagging experiments and other
evidence indicate that the haddock found along the coast of
Maine during the spring and summer come mostly from
Georges Bank, so that success of the Maine fishery is dependent
on the size and condition of the haddock population on
Georges.

THE HADDOCK CATCH HAS DECLINED in spite of
improvements in fishing gear, because stocks of fish on the
banks have become reduced by heavy and destructive fishing
to the point where there are too few spawning fish. Fish and
Wildlife Service studies show that at present only about a
third as many marketable-sized haddock live on the New Eng-
land Banks as during earlier years. They also show that the
fleet is now taking many more small fish than formerly. The
number of haddock caught weighing less than 2 pounds made
up 9 percent of the catch in 1928, 47 percent of the catch in
1941.

Discovery of the effect of these changes on the haddock
stock and its continued productivity has been an important
outcome of Fish and Wildlife Service investigations on had-
dock. Outstanding conclusion of these studies is that the
spawning stock of haddock should be nearly double its present
size to provide for an adequate production of young. Fish
smaller than 2 pounds should be left in the ocean to take ad-
vantage of the growth period of their lives. This measure
alone would increase the catch by 15 percent or more. In
rebuilding the haddock stocks, the goal should not be to
achieve the tremendous numbers found in the early days, for
it has been demonstrated that when the adults are too numer-
ous they seriously compete with the young for food, causing
a heavy juvenile mortality.

THE CATCH OF HADDOCK FROM THE NEW ENG-
LAND BANKS CAN BE INCREASED about 50 million
pounds or more by protecting fish smaller than 2 pounds and
maintaining the spawning stock at the required level. It is
believed this could be accomplished by ‘adopting recom-
mended changes in the otter trawl nets and by establishing a
minimum commercial size. Some fishermen, boat owners,
and dealers have volunteered to cooperate in adopting these
proposed measures, but observance has been neither universal,
uniform, or constant, and results have not been satisfactory.

The Fish and Wildlife Service has carried on studies of the
haddock resource for several years, chiefly on Georges Bank.
Conclusions indicating how the yield may be increased need
now to be tested, improved in accuracy, and extended to other
banks. This requires survey work at sea to determine the dis-
tribution and magnitude of unfished stocks of haddock, to
study the young before they reach commercial size, to further
investigate young-fish-saving gear, and to improve the accu-
racy of measuring the sizes of the populations and of individ-
ual year broods.
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THE POLLOCK, OFTEN CALLED BOSTON
BLUEFISH, has increased in importance in recent years. Just
before the war about 38 million pounds were caught annually,
about 67 percent of it with otter trawls, about 25 percent of it
with anchored gill nets, the rest with purse seines, lines, float-
ing traps, and pound nets.

Pollock is prepared as fresh and frozen fillets, is salted, and
a small amount is smoked. It makes a good dry salt fish,
though the color is not as white as dried cod. In the last few
years some pollock has been canned commercially as fish
flakes.

Important as the species is to the United States fishing in-
dustry, we know little about its biology, or extent of the
resource in American waters,
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POLLOCK SPAWN OFF THE MOUTH OF MASSACHU-
SETTS BAY, from October through February. The egg is
buoyant and is slightly less than one-twentieth of an inch in
diameter; it hatches in 6 to 9 days, depending on temperature,
and the larvae are less than one-fifth of an inch long. The
young drift near the surface for several months, then gradually
settle to the bottom. In the Bay of Fundy, pollock average
5 to 6 inches by the second spring and about 12 inches by the
third spring. By the fourth summer, that is at 315 years of
age, the fish are from 14 to 1815 inches long. The growtl'l rate
in the Gulf of Maine and along the Massachusetts coast is not
known.
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Cod
Pollock

THE COD RESOURCE, perhaps the largest
of the North American Banks, yields a billion pounds of fish a
’ year to fishermen of the United States, Canada, and Newfound-
land. In the last century when salting was the only econom-
ical way of preserving fish for widespread distribution, the
cod supported the largest fishery of the United States because
it salts particularly well. The development of refrigeration
and of the filleting industry, however, brought the haddock
into prominence in the 1920’s since haddock were more plenti-
ful on the nearby grounds and more suitable for filleting than
cod; and because the demand for salt fish was declining in this
country, cod became less sought after by United States fisher-
men. Today the annual catch is around 85 million pounds.

The biggest part of the United States catch of cod is taken
j with otter trawls; the balance with lines, sink gill nets, floating

traps, and pound nets. Most cod is marketed as fresh and

frozen fillets and steaks, and a small quantity is salted and

smoked. Other products are pickled cod tongues and canned

fish flakes. The skins from the salted fish are made into a
* high-quality glue. Liver oil made from the livers of haddock,
cod, hake, pollock, etc., is one of the principal sources of
vitamin D. It also has a number of industrial uses.
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COD LIVE IN MUCH THE SAME DEPTHS AND ON THE
SAME TYPE OF BOTTOM AS HADDOCK, but whereas the
latter is the dominant speciés (in bulk at léeast) on Georges
Bank, cod becomes increasingly dominant off Novia Scotia and
exceeds any other bottom fish on the Newfoundland Banks and
beyond. Cod spawns over a wide area from the New England
Banks eastward. The heaviest concentrations on the New
England coast are found on eastern Georges Bank, in the same

localities as haddock but somewhat earlier in the season.
The greatest number of yearling cod have been found on

southeast Georges Bank in somewhat deeper water than the
older fish. On Georges Bank young cod grow to about 71,
inches in their first year, and reach 15 to 16 inches at 2 years of
age. Growth on the Nova Scotian Banks, which are farther
north, is slower than on Georges Bank. Cod grow to enor-
mous size, the largest recorded specimen measuring over 6
feet long and weighing 211 pounds. However, the commercial
catch is made up principally of fish weighing 21 to 25 pounds.

It is not known to what extent the cod populations found
in the Gulf of Maine, on Georges Bank, and on the Eastern
Banks are independent, but these fish are known to move about
more than haddock. The catch per day’s fishing has varied
widely over the past 10 years. It is not known whether these
variations reflect changes in the population, migrations, or a
shifting of the primary objective of the fishery between had-
dock and cod. An understanding of measures needed to ob-
tain maximum utilization of this resource must await a basic
study of the cod populations and the conditions which govern
their yield.
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ROSEFISH CATCH, PRE-WAR YEARS

1930 118,000 pounds
1935 ﬁ 17,157,000 pounds
1940 85,270,000 pounds
1941 145,400,000 pounds

NEW YORK

THE ROSEFISH OR REDFISH SUPPORTS A
FISHERY THAT HAS GROWN SPECTACULARLY IN
RECENT YEARS. 1In 1933, when only 264 thousand pounds
were caught, it ranked one hundred and thirtieth in volume of
production among the United States fisheries. In 1941 over
145 million pounds were caught, which ranked it second in
volume only to haddock among New England fishes. This
remarkable growth came as a result of the development of
new markets and utilization of the rosefish by the filleting
industry.

Practically the entire catch is taken by otter trawls in depths
of 50 to 125 fathoms. Fishing is carried on throughout the
year, but only during daylight hours, for the fish scatter or
rise off the bottom at night.

Rosefish is one of the few commercial species giving birth
to live young instead of eggs. The young are spawned from
June until’ September and are abundant at or near the
surface throughout the summer. The fish grow slowly at a
rate of about an inch a year until around their eleventh year,
when they mature. Little is known aboiit their migrations,
but there is some evidence that the larger fish- move about
over considerable distances so that an intensive fishery on one
ground will affect the rosefish populations on others.
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The rapid expansion of the rosefish fleet and catch has
resulted in a considerable decline in the yield from the nearby
grounds as the accumulated stocks of older fish were caught.
In order to supply the market the fleet has expanded opera-
tions to progressively more distant grounds and is concen-
trating to an increasingly greater extent on small fish. The
Fish and Wildlife Service has recently begun a study of the
effect of these developments on the productivity of the rose-
fish resource. It is working to develop practical measures
which will protect the smaller fish and otherwise provide con-

ditions necessary for the maximum continuous yield from this
fishery.

OCEAN POUT i very abundant locally, both in-

shore and on the outer banks. Ordinarily very small quanti-
ties of this species are landed, but wartime demands stimulated
the landing of four million pounds by otter trawlers in 1943
and in 1944. Most of this quantity was taken from February
to May close to New Bedford and Provincetown, Mass., and a
large part of it was filleted. It is doubtful that this fish would
find a large market in normal times, but it is an easily accessi-
ble source of food during periods of emergency.
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W hiting

SHADING SHOWS AREAS
OF CONCENTRATION

Whiting
Hake, Cusk

NEW YORK

WHITING OR SILVER HAKE ARE
TAKEN COMMERCIALLY FROM SABLE ISLAND TO
SOUTH CAROLINA. In the Gulf of Maine they are a sum-
mer fish, appearing first in the Cape Ann-Massachusetts Bay
region in March and becoming increasingly abundant as the
waters warm. Off Long Island, they are common throughout
most of the year, being taken offshore by otter trawlers from
November through March, and inshore by pound netters from
April through July. Off North Carolina they are caught in
the winter trawl fishery. They are also caught with floating
traps, anchored gill nets and even in purse seines. Otter
trawlers, particularly of the Gloucester, Boston, and Province-
town fleets have taken increasing amounts of whiting, and the
catch has consequently risen from 14 million pounds in 1930
to 50 million pounds in 1940.
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The bulk of the catch is cleaned and skinned, then frozen
and packaged; it is sold as pan-dressed, split, or filleted
whiting. It is popular in the Middle West, especially Kansas
City, where it is used in fried-fish sandwiches. Before the’
war some whiting and waste from filleting and skinning was
canned for pet food. '

NOTHING IS KNOWN regarding the extent of the popula-
tion, the rate of growth, or the size at maturity of whiting, nor
are more than fragmentary data available regarding nursery
grounds. Whiting spawn from June through September.
The eggs and subsequently the larvae drift in the currents,
The young fish descend to bottom probably when 1 to 115
inches long. Whiting are found on sandy and pebbly bottoms
from the shoreline to a depth of about 300 fathoms.

Fishermen report that this fish is becoming scarcer, with

- former highly productive grounds now barely furnishing a
day’s fishing.




Atlantic Fishery Resources GROUNDFISHES

HAKE is a name applied to several species of closely
related fishes found from Newfoundland to Cage Hatteras.
Two of these are taken commercially: THE WHITE HAKE,
which, until very recently made up almost the entire catch,
and THE RED HAKE, which had remained unutxhze.d until
wartime shortages created an unusual demand for fish in 1943
and 1944. Something over 22 million pounds of hake are
now caught annually, close to 66 percent of it with line trawls,
and most of the balance with otter trawls and anchored gill
nets. Hake is sold fresh, frozen, salted, dried, and as amolsed
fillets. The air bladders are dried and used for making
isinglass; the livers are collected for vitamin oils. )

White hake grows to 20 to 30 pounds, but the average sized
fish landed is 5 pounds or less. d hake average a pound to
two, and though of good flavor, are so soft l.)odled they do not
keep well. Very little is known of the biology of hakes or
about the extent to which the supply is being utilized. The
fishery for both of these species could probably be expanded
if the market warranted. ,
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THE CUSK is a member of the cod family and is
taken in deep waters of more than 60 fathoms, the catch
usually being incidental to cod fishing. Unlike most other
bottom fishes, it does not school but is of solitary habit. The
cusk is more important in European fisheries than it is likely
to become on this side of the Atlantic, where it has never been
abundant.

United States fishermen in 1940 took nearly eight million
pounds of cusk. Most of the catch is made off the New
England coast during the winter and spring, with small quan-
tities landed at other seasons. More than 90 percent of the
catch is made with line trawls; the balance with anchored gill
nets, otter trawls, and hand lines,

Although the cusk may grow to a length of 3 feet and a
weight of 30 pounds, the commercial catch corsists mostly of
fish 115 to 2 feet in length, averaging 5 pounds or so in weight.

The cusk is marketed largely as fresh and frozen sticks and
fillets. Some cusk fillets are smoked and sold as “finnan
haddie.” Until World War I almost the entire catch was
salted; a small amount is still preserved in this way.

Very little is known about the biology of the cusk on the
New England coast and practically nothing about the size and
extent of the cusk populations and potential catch.
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THE FLOUNDER RESOQOURCE of the North

Atlantic yields about 80 million pounds a year and ranks about
fourth in volume in the New England catch. Until recent
years it was hardly touched, for the small mouths of many of
the species saved them from the hooks of line trawls and no
considerable market existed for some of the most abundant
species. In 1900, for example, only 4.5 million pounds were
landed. The introduction of the otter trawl and development
of the filleting industry stimulated growth of the flounder
fishery. Today about 97 percent of the catch is taken with
otter trawls, the balance chiefly with line trawls. Most of the
flounder catch is utilized by the fillet industry. A small
amount of flounder is smoked; and some flounder roe is
canned.

FLOUNDERS AND THEIR FLATFISH ALLIES ARE A
UNIQUE GROUP OF FISHES. A newly hatched flounder
swims erect like any other fish and has eyes on both sides of
its head. As the young fish develops, however, one eye
migrates around the head to a location next to the other
eye and the fish begins to swim on its side. The body becomes
much flattened, the eyed side develops color, the blind side
remains white. Nearly all members of the same species are
twisted in the same direction; hence flounders are designated
as right-handed or left-handed, depending on which side
possesses the eye and color.

All species of flounders are carnivorous, but most possess
such small mouths that their diet must consist solely of small,
bottom-living, invertebrate animals such as shrimps, mollusks,
starfish, and worms. They spawn from midwinter to mid-
summer, but mostly in the spring.

SHADING SHOWS WHERE
FISHING IS CONCENTRATED

NEW YORK

YELLOWTAIL IS THE MOST IMPORTANT OF
THE NORTH ATLANTIC FLOUNDERS. Prior to about
1935 it was considered a trashfish and was landed in small
quantities at very low prices. With the decline of the black-
back fishery, the small otter trawlers turned to yellowtail
fishing and the public learned of the excellent table qualities
of this species. This led to the development of a flounder
fillet industry at New Bedford and the expansion of the yellow-
tail fishery. In 1942 the landings of yellowtails were about
65 million pounds, surpassing those of all other flatfishes.

Since 1942 this fishery has yielded progressively smaller
catches, although the intensity of fishing and the demand for
yellowtail have increased. Unfortunately, we do not have
enough knowledge about this resourcé by which to prescribe
intelligent conservation measures for the fishery. Prelimi-
nary data on the biology, commercial catch, and abundance
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are being obtained. Much additional information is required
on stocks, natural mortality, rate of growth, and effect of
fishing on the stock.

Yellowtail are found in 10 to 50 fathoms of water. Like
most flounders they spawn in the spring, mostly during May,
along the southern New England coast. The eggs drift a short
time with the currents and the younﬁ fish descend to the
bottom when about 14 inch long. Yéllowtails mature when
10 to 12 inches long and about 3 years old. The adults subsist
mostly on small invertebrate animals such as shrimps, mol-
lusks, worms, starfish, ete.

Tagging experiments have shown that yellowtail migrate
seasonally. The appearance and disappearance of yellowtail
schools and changes in the sex ratio and size composition
indicate rather complex movements yet to be studied,
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HALIFAX

> THE BLACKBACK OR WINTER FLOUNDER

¥’ is the second most important of the north Atlantic flounders.

The catch of this species had been 40 to 50 million pounds in
the early 1930%, but has since declined steadily to less than
20 million pounds. This change can be attributed to a decline
in the size of the blackback population and to a shift of por-
tions of the fleet to the newly developed yellowtail fishery.
Blackback spawn in the winter and spring in depths of 1 to
3 fathoms. The eggs sink to the bottom and stick together in
small clusters. The fish grow rapidly and become sexually
mature at 8 to 10 inches and 3 to 4 years of age. The fish are
relatively nonmigratory, moving only to cooler waters outside

the bays in summer and back to inside waters in winter.
The rapid growth rate helps the blackback to persist under

the intensive fishery. The nonmigratory habit, however,
means that conservation measures must be more or less local-
ized to fit local units of the blackback populations. To obtain
better utilization of the existing supply of this resource, a
minimum size limit of 10 inches has been recommended for
certain waters of Long Island, New York. Allowing the fish
-to grow before catching them will in itself increase fishermen’s
tonnages and also increase the number of spawning adults.

LEMON SOLE OR GEORGES BANK FLOUN-
DER is a fish closely related to the winter flounder; indeed, it
may be only a race of blackback flounder rather than a distinet
species, though this is a matter of dispute. In any event, the
trade uses the name lemon sole for individuals of both kinds
which weigh over 215 or 3 pounds. This size limit varies
among dealers and among cities. About three million pounds
sold under this name are caught annually. True lemon sole
seem to be limited in their distribution to Georges Bank.

v-uv‘v-'

THE NORTH ATLANTIC HALIBUT
RESOURCE was fairly important 50 to 60 years ago, when it
yielded around 13 million pounds annually. At present
hardly more than a million pounds are landed in a year. This
is the result of reduced stocks caused by intensive fishing.

. Some halibut are picked up incidentally by otter trawlers
fishing for groundfish, but a greater part of the catch has been
taken by a few line trawlers which specialize in halibut fishing
on the edge of the continental shelf off the Nova Scotian
banks in 100 to 200 fathoms of water.

Atlantic halibut is marketed almost entirely as fresh and
frozen fish. Some is smoked and put up in 5-ounce glass
tumblers. Salted halibut was marketed on a fairly extensive
scale at Gloucester in the 19th century, but is rarely prepared
today since the abandonment of the halibut fishery on the
Grand Banks off Newfoundland.

The halibut is the largest of our flat fishes. Present day
specimens run from 20 to 200 pounds, but in former years
individuals of over 700 pounds were taken. These huge fish
are exceedingly voracious and their diet consists of various
kinds of market and other fishes. If halibut are ever to be
restored to the New England waters in anything like the
numbers present in colonial days, it seems inevitable that a
sizable share of the cod, haddock, whiting, and hake which
now support important fisheries, will be required to feed them.

GRAY SOLE i one of the deeper water flounders
found principally on soft, muddy, and clay bottoms in 25 to
120 fathoms of water. About 8 million pounds are caught
annually, most of it by the large otter trawlers incidentally
with their catches of haddock and cod.

It is marketed almost entirely as fillet of sole. Practically
nothing is known about this resource on which to base an
opinion as to the possibility of increasing production.

SEA DAB 1S A DEEP WATER FLOUNDER taken
mostly on sandy bottoms in 15 to 60 fathoms by large otter
trawlers as an incidental catch while fishing for cod and
haddock. About 4.5 million pounds are landed annually.
It is mostly filleted and marketed as fillet of sole. Virtually
nothing is known of the hiology of this fish, or of the produc-
tion possibilities.
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NEW YORK W THE HERRING. ONE OF THE MOST IMPOR-
‘\\Q‘ TANT FOOD FISHES IN THE WORLD, ranges on both sides
of the North Atlantic Ocean. It is most abundant and inten-
sively fished along the coast of Maine and the Provinces of

Nova Scotia and New Brunswick; the United States fishery (
extends from New Jersey to Maine.

Between about 30 and 90 million pounds of Atlantic herring ‘

\\ are caught yearly by United States fishermen; and additional ‘
large quantities are imported from Canada. Most of the

catch is taken with weirs and stop seines, the rest with purse

seines, floating traps, and dip nets. v

THE ATLANTIC HERRING HAS BEEN STUDIED IN
EUROPE by biologists more than any other fishery resource
in the world. In America it has been neglected in this respect,
and our knowledge of this fish is meager. Canadian investiga-
tors have carried on some research, but the fundamental facts
needed for maintaining the highest production of herring in

* North America have yet to be developed. There is still little !
or no knowledge about age, spawning seasons and localities,
migrations, “races,” fluctuations in abundance and the causes
thereof, and about the effect of the fishery on the size of the
stock.
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Between the Gulf of Maine and Block Island, herring spawn
in summer and fall, along the shore. The eggs are adhesive,
sink to the bottom, and stick to whatever objects they meet.
They incubate for several weeks, longer in colder water than
in warmer. The growth rate of the young in New England
waters is not known; but in the Bay of Fundy they reach about
5 inches in length when 1 year old, and 10 inches when 3
years old.

Schools of small herring occur along the inshore areas from
spring to fall, usnally disappear during the winter. The ap-
pearance of these schools is erratic, both in time and place.
Occasionally one inshore section of the coast may swarm with
herring, while another nearby area may be barren of them.
There is yet no knowledge by which to explain or predict
such fluctuations.

In general, the herring in Maine is subject to an intensive
fishery during its first few years of life, but normally is not

. caught in large numbers after it reaches over 10 inches in

length, for only the smaller sizes are demanded by the
canneries.

The productivity of the United States North Atlantic sar-
dine or herring industry is rarely limited by the available
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supply of fish. Occasionally, fish are scarce, as in 1938 when
the Maine herring catch was only 16 million pounds, but ordi-
narily the production of any year is more or less an index
of the demand for the canned product. During years when
the fish are very abundant the sardine pack does not increase
accordingly; however, when a scarcity of fish appears, the
pack is necessarily small. In normal times the industry op;r-
ates considerably below capacity. The domestic market for
canned Maine sardines is limited, since this pack must, on the
one hand, compete with the high quality product of other
countries where the costs of labor and materials age lower
than ours, and, on the other hand, with the low-price, mass-
produced sardines canned on the Pacific coast.

Since 1940 Government demand has provided a market for
the New England sardine fishery and about 3 million cases
have been packed annually. After the war the industry will
probably again be faced with increased foreign and domestic
competition and limited domestic consumption.

Improved methods of processing and standardization of the
pack have tended to improve the quality of the domestic
product, and perhaps advertising and other efforts to increase
the demand would be of great benefit to the industry.
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/\\)\\\\ ERY IN RECENT YEARS HAS AVERAGED ABOUT 35
NEW YORK \‘,...\\\\‘ MILLION pounds annually. This resource is characterized |
\\\Q \ by peculiarly great fluctuations in abundance, which seriously

affect the fortunes of mackerel industries. In the 5 years

1880-84, the catch averaged 140 million pounds a year; in
1910-14, it was 12.5 million pounds. In 1935, it was 65 million
pounds; in 1937, 26.6 million. Mackerel are caught mostly

\\\‘\\\ with purse seines; also with pound nets, gill nets, and floating

traps.

MACKEREL SPAWN FROM CAPE HATTERAS TO ’
THE SOUTHERN PART OF THE GULF OF ST, LAW- 1
. RENCE, between Chesapeake Bay and Cape Cod Bay. - The :
N ~ average female produces 500,000 eggs. The eggs drift in the “
‘_\\\\\\ water for 4-10 days while they incubate; and the young pass :
‘ through the larval stage and grow to be a third of an inch

'\ long in about 40 days, 2 inches long in about 3 months,

A\ ‘ ‘

Studies on the spawning grounds by the U. S. Bureau
\ . of Fisheries? has shown infant mortality to be very high. For

*Two species of mackerel inhabit the Atlantic coast, the common mack-
63 \ . erel and the chub. The two are closely similar in appearance, are not .
distinguished by fishermen, and are not differentiated in statistics. "

*Now Fish and Wildlife Service.
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IN 1940, IT IS ESTIMATED THAT:

1.8 million pounds
were canned.

2.5 million pounds
were filleted.

6.0 million pounds
were salted or smoked.
30.3 million pounds

were sold fresh or frozen.

The annual pack of canned mackerel has since in-
creased nine times over the above figure in response
to wartime demands, is expected to return to former
levels after the war.

example, in 1932, of every million eggs spawned, only four
young fish survived the first 3 months. That was apparently
a year of unusually high mortality, owing either to an abnor-
mal scarcity of feed or to unfavorable winds which drifted the
young away from grounds favorable to survival. The fish.grow
rapidly, and spawn for the first time when 2 years old and
12 to 16 inches long.

They first appear in March and April off Chesapeake Bay,
and progressively later off the middle Atlantic and southern
New England coast. In late June and July they travel around
Cape Cod into the Gulf of Maine and also appear off western
Nova Scotia. In September the return migration begins and
mackerel reappear south of Cape Cod, where a few may be

taken through December and January.

Violent year-to-year variations in the catch are at least partly
the result of wide variation in the size of annual broods. This
variation is further increased by the fact that there are two
types of year broods, one of which makes an important con-

tribution to the fishery for many years while the other soon

~ disappears. Fluctuations in catch are also caused by variation

in habits of the fish, resulting from changing environment.
For example, in 1937, even though scientific evidence indi-
cated a large supply of mackerel in the North Atlantic, fish-
ermen could not locate them, and the catch was the lowest in
many years. That summer was noted for its warm, calm
weather which resulted in unusually high surface tempera-
tures along the New Englahd coast. These conditions may
g0 have affected the mackerel’s distribution and movements
that the fish could not be located and captured by the usual

forms of gear.

VARIATIONS IN THE AVAILABILITY OF MACK.-
EREL MAKE THIS FISHERY AN UNUSUALLY GREAT

- GAMBLE, even for the traditionally uncertain fishing indus-

try. The fisherman must gamble when he outfits for spring,
and the dealer must gamble in developing and maintaining
an adequate market geared to the supply. Consequently it
is hard to handle at good prices any great increase in the catch.
This appears to be the chief factor in recent years limiting the
size of the fleet and consequently the catch. There is still too
little knowledge on this resource by which to set a course of

action that will materially increase the total mackerel popula-

tion or reduce the magnitude of the annual variations.

Where it is impossible to control natural phenomena affect-
ing man’s well-being, sometimes anticipation of the magnitude
and range of their occurrence will be of value. A foreknowl-
edge of the size and availability of the mackerel runs during
the approaching summer would assist the fisherman in mak-
ing his decision concerning conversion to mackerel fishing
and would enable the dealer to anticipate his requirements

and potential supplies of fish.

Attempts have been made to utilize the results of the mack-
erel studies to predict the coming year’s catch. In normal
years the predictions were realized with a fair degree of
accuracy, but unusual conditions which developed in 1937
and to a lesser extent in 1939 caused the catches to drop far
below the predicted amounts. If the cause of these deviations
can be determined, it may be possible to develop a predicting

service of material assistance to the mackerel industry.
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ATLANTIC SALMON Is AN EXAMPLE OF
A RESOURCE WHICH, THROUGH NEGLIGENCE, IS
NOW ALMOST LOST TO US. Once salmon were abundant
in nearly every river tributary to the Atlantic north of the
Hudson. Only those rivers were without this splendid fish
that had no suitable spawning grounds or were blocked off by
natural falls. Today, remnants of Atlantic salmon runs in
the United States are found only in a few rivers in eastern
Maine. This natural resource has been brought to such a
sad condition chiefly by impassable dams; also by pollution
from industrial developments, by overfishing with traps and
gill nets in the narrow estuaries of the rivers, and by destruc-
tion of seaward-migrating young salmon in water diversions
to power-plant canals, turbines, etec.

IF THE ATLANTIC SALMON RESOURCE IS TO BE
RESTORED as much as present conditions permit, as it cer-
tainly should be, these forces of destruction must be corrected.
This requires an analysis of the present condition of the
streams. All dams and water diversions must be located and
studied, the former to determine whether and how each could
be modified to permit the salmon to surmount it, the latter to
determine how each could be blocked off to keep salmon out.
The locus, extent, and effect of pollution must be surveyed
and methods developed for its abatement.

Even though all dams be provided with fish ladders and all
diversion ditches be screened, many of the streams have so
changed from their primeval character that they may now be
quite unsuitable for salmon. A consequence of industrializa-
tion and land cultivation is deforestation. This destroys the
native biological equilibrium. Without a water-retaining
mechanism, summer temperatures soar and stream flow slows;
and without a soil retainer, silt covers the gravel of stream
beds which salmon require for spawning grounds. A stream
so modified may harbor a population of warm-water fishes
with which salmon could never compete in the battle for
existence. ’

TO INCREASE, BY MANAGEMENT, THE SIZE OF
PRESENT RUNS IN STREAMS where salmon still survive,
it is necessary to count the number of spawners each year, the
number of their offspring down-stream migrants, and the
number of returning adults. The interrelations between these
quantities must be determined as well as the effect on them of
the several destructive forces, including fishing.

Restoration of runs in rivers where salmon are now extinct
presupposes restoration of suitable salmon habitats, i. e.,
stream improvement. Eggs must then be obtained from other
streams and scientifically hatched, reared, and planted.

With present limited knowledge of the conditions existing
in North Atlantic Rivers, it is unfeasible to estimate the extent
to which sport and commercial fisheries can be developed.
Nevertheless, there is no doubt that with proper study and
stream improvement large salmon runs reaching thousands
and perhaps hundreds of thousands of fish can be developed in
many rivers from eastern Maine to the Hudson.

Certain species of Pacific salmon have been introduced to
determine whether they will thrive in certain rivers in com-
bination with Atlantic salmon and in small rivers poorly suited
to Atlantics. Experiments so far have been confined to the
silver salmon, an excellent game fish weighing over ten pounds.
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THE EGGS ARE DEPOSITED IN GRAVEL IN NOVEM-
BER, hatch in 5 to 6 months. For about four weeks after
hatching the fish lives on the food in its yolk sac. Then it

" pushes its way out of the gravel, becomes free-swimming, hides

from predators behind boulders in quiet places just below
the riffle areas. The current transports to the babies food
consisting of small fish and crustaceans. During its stream life
the young salmon is known as a parr, grows slowly, is charac-
terized by black bars or parr marks running vertically down’
the sides, and by bright red spots. Enemies are pickerel, bass,
eels, trout, kingfishers, mergansers. After the end of the third
winter the parr loses its bright markings and takes on a glisten-
ing silver dress. It is then called a smolt, is five to six inches
long. It migrates to sea from late spring to early summer,
and remains there for 2 years.

The smolt grows rapidly in the sea, feeding on launce, her-
ring, and capelin, among other things. .

From June to late October of their fifth year the adults
return, weighing now 8 to 16 pounds. After spawning, most
of the spent fish return to sea. A few stay in the rivers over
winter to return to sea in the spring.




Atlantic Fishery Resources ALEWIFE

ALEWIVES, OR RIVER HERRING, members of
the herring family, enter the coastal rivers of eastern United
States in the spring and return to the ocean after spawning.
During their short sojourn in the streams they support one
of the principal river fisheries of the Atlantic coast with an
annual yield of nearly 30 million pounds. The most impor-
tant fisheries for alewives are in the Chesapeake Bay area, the
South Atlantic States, and New England, in the order named.

The canning of alewives and their roe is the chief seafood-
canning industry of the Atlantic coast from Massachusetts to
Georgia. Only a small amount of the catch is eaten fresh,
much of it is salted, another and possibly larger share is cured
in salt and vinegar for use in making such special herring
products as bismarck herring and rollmops. Some are smoked.
Byproducts are dry scrap for fertilizer, oil, and pearl essence
from the scales.

The alewife fisheries are supported by two species with over-
lapping ranges, the “true” alewife or branch herring found
from Nova Scotia and the Gulf of St. Lawrence to the Caro-
linas, and the blueback, found from the Bay of Fundy to
Florida. Fishermén usually do not distinguish the species.

In general, however, the branch herring predominates in the -

catch in the North Atlantic area; the blueback in the Chesa-
peake Bay and South Atlantic States.

The spawning runs of alewives begin in March in Chesa-
peake Bay and in April in New England. The fish usually
arrive in tremendous numbers, move upstream to the spawn-
ing grounds during the daylight hours, and return to the sea
almost immediately after spawning. The young hatch in 2
to 6 days, depending on the temperature, develop rapidly,
and in the fall descend to salt water as 2- to 4-inch fish.

In New England alewives are caught chiefly with dip nets

during the spawning migration. Pools are constructed about
the mouths and in the lower part of the streams, and the fish
are led into them by nets and stone diversions and are then
easily captured. In Chesapeake Bay most of the catch is
taken by pound nets.

THE ALEWIFE IS ANOTHER EXAMPLE OF A RE-
SOURCE which has declined sharply through.mismanage-
ment. Although depletion has occurred in all areas, it has
been most severe in New England, and the causes there are
better understood. These are lack of fishways to pass the fish
over dams, poorly designed fishways, and excessive fishing.

In New England the size of the alewife runs is limited
chiefly by the extent of the lake area available for the young,
the largest runs all originating from lakes of fair size. In
order to maintain as large a run to a stream as the lake area
permits, sufficient adults must be allowed to escape the fishery
for spawning. All obstructions must be equipped with ade-
quate fishways, providing for the safe passage of both upstream
and downstream migrants, and these fishways should be in-
spected periodically to keep them in good repair. To carry
out this program it will be necessary to determine, by careful
experiment, the number of spawning fish required in each
stream to maintain the maximum runs. Runs may be estab-
lished in streams where they are now lacking, by planting
spawning adults.

@  Alewife catch (1940) ; each dot
equals 500,000 pounds. NN
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SHAD are a great American delicacy and among the
most famous of our table fishes. They spend part of the year
in the ocean and enter fresh water in the spring to swim up
the rivers for spawning. Once they were among the most
abundant fish along the coast, and 50 years ago the commercial
production of shad was surpassed only by that of cod and
salmon. Now, in contrast, the catch ranks thirtieth among
the fisheries of the United States.

THE HISTORY OF THE SHAD RESOURCE HAS BEEN
ONE OF BAD MANAGEMENT: The colonists who came to
America in the seventeenth and eighteenth centuries found the
shad in such abundance that they thought the runs were in-
exhaustible. With great nets, some nearly a mile long, they
caught more shad migrating up river to spawn than they
needed for food, sold them for as little as a dollar a wagonload
to fertilize fields. By the middle of the nineteenth century
severe depletion of the runs was reported in all the principal
fishing areas. Artificial propagation was developed in an
attempt to restore the runs to their former abundance. More
than a billion larvae were released from the hatcheries
between 1880 and 1910.

The earliest record of a total annual catch of shad from
the various runs is for 1880, when only 17 million pounds of
shad were taken. The catch increased rapidly to 50 million
pounds by 1896. .

This increase was attributed to artificial propagation, The
possibility of its being connected with iniprovements in fish-
ing methods and increased fishing intensity was overlooked.
After 1900 the catches in all the rivers declined to the point
where hatcheries experienced difficulty in securing enough
eggs to maintain a large enough output of larvae for planting
in the streams. The fishing intensity had grown out of pro-
portion to the size of the resource.

DECLINE OF SHAD RUNS. Although the early phases
of the decline of the shad fishery are not documented by rec-
ords of annual production, the later phases after 1896 are
clearly shown by published statistics of the decreasing annual
catches. Since there is a separate race of shad indigenous to
each river the rate of decline differs somewhat from river to
river, but there are features of similarity in the declines of
many runs. Most striking was the sudden drop in production
for all rivers between 1896 and 1908—from 50 to 26 million
pounds. The decline since 1908 has been more gradual but
no less definite; and the catch totaled only 10 million pounds
in 1940.

THERE WERE THREE MAIN CAUSES FOR THE DE.
CLINE: OVERFISHING, POLLUTION, AND ERECTION
OF DAMS. OVERFISHING was the most destructive of
these causes because it was operative in all the rivers and bays
over a long period of years. POLLUTION only became an
important factor with the industrialization of seetions adjacent
to shad streams. Pollution is detrimental to shad in several
ways. It reduces the dissolved oxygen content of the water

67

and introduces. toxic substances especially harmful to the
young. The flesh of the adult fish takes on an unpleasant oily
flavor from polluted water which reduces their market value.
DAMS erected across the rivers on or below the spawning
grounds have reduced natural reproduction. Shad have
failed to ascend fish ladders installed for them in existing
dams. It is possible, however, that suitable ladders may be
designed eventually that will reopen spawning grounds long
shut off by power dams.

SHAD RUNS CAN BE INCREASED, as has been demon-
strated in the Hudson River since 1935. There, by the simple
expedient of fishing shad at a moderate instead of an excessive
rate, enough spawning adults have been spared to rebuild the
runs by natural reproduction. In 1944 Hudson River fisher-
men took less than 40 percent of the run, yet they caught more
pounds of shad than at any previous time when fishing rates
were much higher. ‘

In Chesapeake Bay, where the catches of shad had continued
to decline, the fishery took over 90 perceht of the run in 1938.
Owing to manpower shortage since the war this figure has
been reduced to about 77 percent. During World War I a
similar reduction in fishing rate was followed by increased
catches from 1920 to 1931. Unfortunately, then, the fishing
intensity, i. e., quantity of gear used, was permitted to increase,
with consequent destructive effects on the resource. So gains
made during the war period of moderate fishing were lost and
catches declined still further from 1932 to 1942. In 1941,
Maryland alone, of the two States responsible for the Chesa-
peake Bay fishery, adopted a management plan by which

“licensed fishermen and the gear employed by them were

limited.

METHODS OF UTILIZING THIS RESOURCE CAN BE
IMPROVED. As shad runs are built up, shad products should
be developed and improvements made in methods of handling
and marketing in order to reach a wider market. Retailers
in small commuuitizs who now receive only occasional lots of
poor quality fish must be assured of regular shipments of high
quality. This in return requires a study of retailing equip-
ment. Many retailers are not equipped to hold fish in good
condition. .

Several new shad products have already been developed.
Shad has been canned on the Columbia and Sacramento Rivers
for some years, but, as it was packed salmon style and has a
soft texture and pale color, it competed only with the cheapest
salmon. One of the new canned products is smoked or “kip-
pered” shad. This has a firmer texture, a deeper color, and a
more pronounced smoky flavor and is selling as a fancy-grade
product. Canned-shad fillets wrapped in parchment paper
may be broiled and eaten without fear of the bones which are
entirely softened in the canning process. A néw frozen prod-
uct is also possible—filleted, boned shad. This has been pre-

pared successfully on an experimental basis.
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Larvae—One-half to four-fifths inch long.

About 2 weeks after hatching the
larval shad is one-half to four-fifths
inch long, but bears little resemblance
to its parents. After several weeks,
however, they transform to become
more fishlike in appearance with full
scalation. During this period they live
in rivers, feed on minute crustaceans
and other small forms of aquatic life.

The eggs are deposited on the spawn-
ing grounds in the fresh-water sections
of the rivers during the spring, after
the water has warmed to 54° F. The
eggs are about one-eighth inch in di-
ameter and usually hatch in 4 to 8
days, depending on the temperature.

Egg—One-eighth inch in diameter.

Having spent their’ first summer on
the fresh-water nursery grounds, in the
autumn the young shad, then 3 to 5
inches long, migrate down the rivers
und out into the ocean. They do not
return until they have grown to sexual
maturity. The ocean habitat of the
shad has never been discovered. A
few young shad are caught with
schools of whitebait during winter
ulong the shores of Long Island, and
small catches have been made with
herring off the coasts of Maine and
Massachusetts, but the main body of
fish evades all types of nets wherever
they have thus far been fished. Per-
haps the shad seek deep-water feeding
grounds offshore from the rivers of
their origin, possibly in the Gulf
Stream, where temperatures vary little
{rom one season to the next.

Adult shad—fish 12 to 24 inches
long—return to the fresh-water spawn-
ing grounds of the rivers of their na-
tivity to deposit their spawn. Some
of the males, or “bucks,” return when
3 or 4 years old and females, or “roes,”
come in a year or two later, although a
few may stay out until they are 7 or 8
years old before making their first
spawning migration. So consistently
do shad return to spawn in the rivers
where they were hatched that a sepa-
rate ruce has developed in each river.

Adults—12 to 24 inches long.
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Fingerlings—3 to 5 inches long.
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THE MENHADEN, in a sense, is the Atlantic
counterpart of the Pacific sardine. 1It, too, is a member of the
herring family, and though its population is very much smaller
than that of its Pacific coast relative, it is nevertheless a large
one. Unlike the Pacific sardine, the menhaden is used almost
exclusively in the manufacture of meal and oil; only small
quantities are canned.

The menhaden fishery started in New England, eventually
spread southward, and is now centered in the Middle Atlantic
States, especially in Chesapeake Bay. The annual catch has
fluctuated widely, between 150 million pounds in 1892 and
800 million pounds in 1922. In recent years it has averaged
near to 600 million pounds. The purse seine is the most im-
portant gear used for catching menhaden; pound nets are also
used, but are very much less important.

The meal manufactured from menhaden was formerly used
only for fertilizer and the oil only for industrial purposes, but
research by the U. S. Fish and Wildlife Service resulted in
improvement of both products so that they may now be used
in animal and poultry feeds. Menhaden roe is saved out and
prepared as a frozen, salted, or canned product.

AT LEAST THREE SPECIES OF MENHADEN INHABIT
THE ATLANIC COAST; all are utilized without differentia-
tion by the fishery. They are pelagic, migratory fish which o
characteristically travel in schools. Their seasonal migrations
control the operations of the fishery. In the spring large
schools appear in coastal waters and even in the brackish )
waters of the bays, sounds, and larger rivers, where conditions
are favorable for their feeding and growth. The young fish,
about an inch long upon their arrival, attain an average size
during the first year of 5 to 6 inches and a weight of 1 to 1.5
ounces. During the second year they grow to a length of 8
to 10 inches, weigh approximately 7 ounces, and yield variable
quantities of oil, depending on latitude (more oil northward .
than southward) and on variable oceanographic conditions.
They are believed to mature during the third or fourth year.
They increase in oil content, therefore in value, with age and
size.

The mature fish are captured chiefly in the fall during their
southward migrations to unknown ocean spawning grounds,
where they remain until the following spring. Their food
consists almost wholly of microscopic plants, chiefly diatoms,
and small crustaceans, which swarm at the surface of the sea.
These the menhaden strains from the water that passes through
its sievelike gill structures.

LITTLE IS KNOWN ABOUT THE BIOLOGY OF THIS
FISH. In view of the increased intensity of fishing and expan-
sion of the fishery, more complete information is needed con-
cerning the biology of menhaden, including (1) the routes
followed by the three different species and various “races” of
menhaden in their annual migrations; (2) the location of the
ocean spawning and nursery areas; (3) the parasite which is
said to cause sterilization of male menhaden; (4) the food of
menhaden and its relation to growth, oil content, and availa-
bility; (5) the relation of the oceanic climate, and of the fish-
ing intensity to production and survival of the young and to
maintenance of an adequate brood stock.
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MAKING A SET ON A SCHOOL OF
MENHADEN:

When lookout in crow’s-nest (1) sights a school
of menhaden (2) the seine-setter uses striker boat
to follow fish, indicate their position, and finally
to support corkline after net is set. The purse
boats and crews (3) head for front of school, (4)
separate and quickly release seine, (5) encircle the
school, and (6) bring the ends of net together,
heave overboard tomweight for closing bottom and
guiding purseline as it is hauled in to purse the net.
The crews haul in ends and bottom of net, con-
centrate the fish in the center portion of seine,
which (7) is placed against the side of menhaden

steamer and the catch brailed into the hold.
12
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THE SHORE FISHES OF THE AREA FROM
CAPE COD TO CAPE HATTERAS comprise a natural
resource of approximately 60 species, including exclusively
marine fishes as well as those that enter fresh water to spawn.
A dozen or more of the shore fishes have considerable com-
mercial value; many others are popular with the salt-water
anglers.

Much of the shore-fish resource is composed of migratory
populations of fish that move from offshore, southern winter-
ing areas to inshore, northern grounds in the summer. For-
merly these fish were taken only during the summer in inshore
waters; since 1930, however, an intensive winter fishery by
otter trawls has been carried on in the offshore region éxtend-
ing from approximately 80 miles off New York City to the
latitude of Cape Hatteras. Croakers, scup, weakfish, and
summer flounder predominate in the catch of the winter trawl
fishery.

Principal types of gear used in the Middle Atlantic shore
fisheries are otter trawls (vessels fishing otter trawls usually
are called draggers in this area), pound nets, and seines. Most

of the catch is consumed in the coastal States—chief markets

being New York, Philadelphia, Baltimore, Washington, and
Richmond—but some species are shipped to interior sections,

Commercial landings run to about 750 million pounds a
year, bring fishermen about 814 million dollars. The quan-
tity of fish taken by salt-water anglers is unknown, but
undoubtedly of considerable magnitude, as is the monetary
and recreational value of the sport fisheries.

The migratory habits of the Middle Atlantic shore fishes
demand Federal and interstate cooperation in conducting
basic studies of the resource and interstate cooperation in the
proper utilization of the supply. Joint exploitation of a
common stock of fish by commercial fishermen and anglers
also presents social and economic problems which require
cooperation and recognition of the legitimate rights of each
group of fishermen,

To protect and develop the shore fisheries of the area it is
important (1) to adjust fishing intensity to the size and poten-
tial productiveness of the stock, (2) to prevent production in
excess of market demand during periods of unusual abun-
dance, (3) to improve methods of refrigeration, transporta-
tion, processing, and marketing in order that the most effective
utilization may be made of this resource.

THE SPOT fisheries, centered in North Carolina
and Virginia, account for about 8 million pounds annually.
Most of this is taken with haul seines, gill nets, and pound
nets.

Little is known about the biology of this fish. It is believed
to spawn in late fall and early winter. Nursery grounds are
probably close to shore, as indicated by the fact that fish less
than 1 year old are frequently abundant in lower Chesapeake
Bay and in Pamlico Sound. The commercial catch generally
consists of fish ranging from 6 to 12 inches long and weighing
up.to three-quarters of a pound. Abundance of spot varies
widely from year to year, suggesting large variations in the
survival of the young, probably in response to fluctuating
environmental conditions. »

A detailed study of the population of spot should be mad
to determine whether the supply is being effectively sustained
and utilized under prevailing fishing conditions.
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SCUP OR PORGIES are caught in the summer in the
inshore waters of New Jersey, New York, and Rhode Island,
and during winter in the offshore waters from the Jersey Capes
southward to Cape Hatteras. The annual catch of the com-
mercial fisheries in recent years has been about 20 million
pounds, of which a little over half is normally taken in the
winter trawl fishery. About 75 percent of the catch is made
with otter trawls, the remainder with pound nets, floating
traps, and purse seines. The winter fishery is carried on
solely with otter trawls. Principal markets for scup are New
York City, Philadelphia, and Norfolk.

Sport-fishing activities for this species are concentrated dur-
ing the summer along the New Jersey beaches and the inshore
and bay regions of Long Island, N. Y.

Scup spawn in the inshore waters and bays of New Jersey,
Long Island, and southern New England from May to August,
but chiefly in June. The same coastal areas serve as nursery
grounds. Scup reach an average length of about 4 inches at
the end of the first summer, and by the fifth year have attained
an average length of 10 inches and an average weight of three-
fourths of a pound. The maximum length reported is 18
inches. Most of the commercial catch consists of fish ranging
from three-fourths to one and one-half pounds.

Scup move northward and toward shore in the spring,
southward and offshore in fall.

The yield of scup fluctuates widely. During the past 20
years the trend of the catch, especially in New Jersey and New
York, has been generally upward, as a result of (1) several
years of unusuaﬁy successful spawning; (2) increase.in the
number of otter trawlers and other types of vessels;

(3) improvements of fishing gear and development of the
balloon net.

For adequate conservation of this species, it must yet be
determined at what fishing intensity the resource will produce
the highest sustained yield. Because the catch of scup is so
unstable, it is highly desirable to improve methods of handling,
freezing, and storing, so that in periods of glut surpluses can be
properly cared for with a minimum of waste.

THE CROAKER OR HARDHEAD, close rela-
tive of the weakfish, is one of the principal food fishes of the
Middle Atlantic States, supports an average total annual yield
of about 52 million pounds. This catch is made with pound
nets, otter trawls, and haul seines. The fish are sold in fresh-
fish markets, often filleted. Large but unknown quantities
are caught by anglers.

Little is known about the biology of the croaker. It is
believed to spawn from August to November, and possibly
later in southern waters. There is no information about the
growth rate, age at spawning, or longevity. Market sizes range
from a half to 115 pounds.

In Chesapeake Bay croakers are caught in greatest numbers
during a spring and fall migration to and from the bay.
Winter fishing is done offshore.

The catch of croakers has increased tremendously in recent
years owing to development of the winter trawl fishery off the
Virginia and North Carolina Capes and to increased summer
fishing. Nevertheless, there are no obvious signs that fishing
intensity has exceeded the capacity of the resource. Old fish
seem to be well represented in the catch even after 2 to 6
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yvears of exposure to commercial and sport fishing activities.
To insure preserving this resource at maximum productivity,
however, a fund of knowledge about it should be developed
and observations on the population in relation to the fishery
should be continuously maintained.
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B

THE STRIPED BASS of the Atlantic coast is
both a commercial and a recreational resource, yielding about
3 million pounds annually to market fishermen and an
unknown but possibly equivalent amount to sport fishermen in
the Chesapeake Bay and many other coastal points from New
Jersey to Massachusetts.

Most of the commercial catch is taken in pound nets; smaller
quantities are taken by haul seines, gill nets, handlines, purse
seines, fyke nets, and otter trawls. The striped bass is sold
only in the fresh-fish markets; none is frozen or otherwise
processed.

The striped bass is a fish of the inshore waters and coastal
rivers, seldom being found offshore more than a mile or two,
and at times it ascends streams for several hundred miles. Its
principal spawning and nursery areas along the Atlantic coast
are in Chesapeake Bay, which is the source of most of the
striped bass taken elsewhere along the coast. The fish spawns
also in the upper part of Delaware Bay and in the lower Hud-
son River. The spawning season is in the spring or early
summer, the exact time varying with latitude and temperature.
Females usually spawn for the first time when 4 years old and
about 20 inches long; males often mature at 2 years (approxi-
mately 12 inches).

Part of the stock spawned in Chesapeake Bay (probably no
more than 10 percent of it) migrates to northern coastal
regions. However, this migrating segment of the population
represents 90 percent or more of the supply available to fisher-
men in northern coastal States. The other 10 percent prob-
ably originates from less productive spawning areas in north-
ern States.

STRIPED BASS MIGRATE EXTENSIVELY in the spring
and fall. In the spring they move from wintering areas in
Chesapeake Bay, Delaware Bay, Hudson River, and other
coastal rivers and small bays in New Jersey, Long Island, and
even southern New England, to more northerly sections of the
coast, especially to New England. 1In the fall, beginning about
September, a return migration occurs, in the course of which
“pods” of bass break off from the main run and winter at vari-
ous spots along the coast from southern New England to New
Jersey. The main part of the run appears to continue south
to Chesapeake Bay.

Striped bass grow rather rapidly. They attain a length of
4 to 5 inches and a weight of about 1 ounce by the end of the
first year. Thereafter they increase in weight rapidly: At 2
years the weight is one-half pound; at 4 years, 214 pounds; at
8 years, 12 pounds. Fish weighing 40 pounds or more are
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often caught by commercial fishermen and sometimes by sport
fishermen.

The catch of striped bass fluctuates widely, owing to lack of
an adequate reserve stock. These fluctuations reflect varia-
tions in the survival of the young. To stabilize the yield of
this species at its highest sustained productivity, a minimum-
size limit should be devised to protect the juvenile striped bass
during their years of rapid growth, until they/ are old enough
to have spawned. Because the striped bass migrates widely
along the coast, such a measure cannot be fully effective
unless it becomes adopted by all the States that share this
resource. Several of the States have already adopted such a
size limit. » .

WEAKFISH OR GRAY SEA TROUT is one of
the chief market fishes of the Middle Atlantic region, yielding
an annual catch of some 25 million poundsi It is also a popu-
lar sport fish from Long Island to Chesapeake Bay. Known
as squeteague in southern New England, weakfish in New
Jersey, and sea trout in Chesapeake Bay and farther south, this
species is closely related to the spotted sea trout of the South.

Pound-net fisheries account for most of the catch in Chesa-
peake Bay, center of the commercial fishery; haul seines are
used more extensively in North Carolina. Rod and reel fisher-
men usually chum the weakfish with bait shrimp.

The weakfish is used almost entirely in the fresh-fish market
and is sometimes prepared as fresh fillets. Small amounts are

frozen, salted, or smoked, mostly for local use. *

WEAKFISH ARE BELIEVED TO MATURE DURING
THEIR THIRD SUMMER (when 2 years .old) and spawn
from mid-May to mid-June in bays from Hatteras to Cape
Cod, but most intensively in the Chesapeake Bay. They
migrate extensively each spring and fall, crossing State bound-
aries freely in the course of their travels. Many of the fish
spawned in northern waters (New York) move at the end of
their first summer to the region of Chesapeake Bay and tend to
remain in southern areas for about 2 years. In their third
summer they migrate northward and return to the South in
the fall. Beginning in the fourth summer, and annually there-
after, they return to about the same northern area where they
were spawned. These fish originating in the North are joined
in their summer migration by fish originating in southern
areas. The coastal runs of weakfish larger than 12 inches in
length are therefore composed of a mixture of fish spawned
in various parts of the coast. As a result of their migratory
habits, weakfish spawned in the North are subject to an inten-
sive fishery in southern areas during their second summer.
On the other hand, some of the fish spawned in the South are

SO ——
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later captured in northern fishing areas. This means that the
resource must be considered as an entire unit if it is to be effec-

tively conserved and utilized.

The commercial catch of weakfish in the Atlantic Coastal
States has undergone marked changes in various coastal
regions during the past 20 years: a downward trend in north-
ern States such as New York and southern Massachusetts, a
relatively stable and high yield in the Middle Atlantic area,
and an upward trend in the Chesapeake Bay. The explana-
tion for these differing trends is to be found in the migration
pattern previously described. The fishing intensity in the
South has increased, drawing alike from stocks spawned in the

‘North and those of local origin. Thus fewer fish have been o
left to return to northern fishing areas. New Jersey, in the - BOSTON ‘:‘t
center of the range, is able to draw on migrants from both "::::;::,.0
North and South and has maintained a relatively stable yield. NEW YORK g, o:o"’:, .’oo
The weakfish is an example of a resource which demands & :gi:::

high degree of interstate cooperation to maintain the popula- E:’
tion at its maximum productivity. Careful study of the bio- s 2
logical, economic, and social aspects of the problem is needed ‘:' ":tz"
before an effective conservation program for this species can QI =

LD

be developed.
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THE SUMMER FLOUNDER OR FLUKE
RESOURCE yields about 11 million pounds of commercially
caught fish annually and, in addition, supports an extensive
sport fishery in the bays and inshore waters of Long Island,
along the New Jersey coast, and in the lower Delaware Bay
and adjacent seacoasts. This is the only flounder taken in
large quantities in the winter trawl fishery off the Virginia
Capes and New Jersey. Summer fisheries for this species are
carried on chiefly along the southern shore of Long Island and
on the coasts of New Jersey and Delaware.

The populations of summer flounder available to the winter
fishery in the offshore area from the vicinity of New York
to Cape Hatteras are believed to be a mixture of fish that
summer at various points along the coast. Some tagging
has been done in an effort to trace the seasonal migrations of
these fish. Most of the larger fish appear to spend the summer
in northern regions—northern New Jersey, southern Long
Island, and southern New England—while the smaller fish
tend to distribute themselves from southern New Jersey to
the Virginia Capes. Flounders that have reached a len’gtfx of
12 inches or more appear to have a tendency to return year
after year to the same summer areas where they were tagged
and released.

Information on the spawning of fluke is meager. It is
believed that the fish spawn in the late fall or early winter,
when they are moving offshore or have reached the offshore
winter area. In the early spring and summer more young fish
(less than 1 year old) are found in the inshore waters of Vir-
ginia, including the lower region of Chesapeake Bay, than in
more northern coastal areas. From this it is assumed that
the southern range of the species may be the most productive
spawning and nursery region, from which migrations take
place in later years to northern fishing grounds. Tagging ex-
periments recently begun should be continued to test the
accuracy of this assumption.

Because of its habits and the efficiency of the gear used in
its capture, the summer flounder is in t{anger of being over-
fished. Continued observations of the resource are needed so
that excessive withdrawals from the stock may be detected
quickly and proper steps taken to avoid commercial depletion
of the supply. Adoption by the various States of a minimum-
size limit, drawn with a view to biological and market consid-
erations, should afford a degree of protection and improve the
“utilization of the supply.

THE BUTTERFISH is exclusively a commer-

cial species which supports an annual catch averaging about
1214 million pounds. Important markets are Boston, New
York City, Philadelphia, Baltimore, and Norfolk.

Butterfish spawn in June and July in the bays, sounds, and

other inshore waters from Chesapeake Bay to southern New

- England. By the end of the summer the young are about 4
inches long. Market sizes range from 8 to 11 inches and from
a quarter of a pound to a pound. Like most other shorefishes,
butterfish have fluctuated sharply in abundance during the
past 15 years.

To sustain the productivity of this resource, and to reduce
unnecessary waste, it is necessary to minimize the destruction
of immature fish. An effective releasing device for returnin
captured small butterfish back into the sea has been develope
for the pound net and floating-trap fisheries. This device is
used in some localities, should be adopted universally among
those fishing for this species.

Summer Flounder
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MULLETS, of which there are many species, are
found throughout the world, mostly in tropical waters and in
some regions are cultivated in seaside ponds. In the United
States the striped mullet is the most important food fish of the
southern seaboard. About 37 million pounds are caught an-
nually, a quantity valued at something over a million dollars.
It is a low-priced fish, usually sold fresh, and too often with a
minimum of care in handling.

Close to two million pounds are cured annually. About
three-fourth of it is dry-salted in Florida, the balance brine
cured in North Carolina. Some mullet is now being filleted
and packaged. A small amount of mullet roe is lightly salted
and sun dried, producing a product comparable to caviar.
Experiments indicate that a smoked fish of high quality may
be prepared. No doubt further technological research would
develop other food products from this abundant resource.

The mullet fishery is carried on chiefly in bays and inside
waters, with gill nets, haul seines, and trammel nets. The
center of the fishery is on the west coast of Florida, where
more than three-fourths of the catch is made. North Caro-
lina and Alabama also have important mullet fisheries.

In North Carolina these fish usually spend the summer in
the bays and sounds, feeding on the vegetation of the bottom.
In the fall, apparently when the spawn is maturing, the fish
begin a mass exodus from these inside waters, passing out
through the inlets and moving southward along the coast,
presumably out to sea. At this time of year enormous
catches—sometimes as much as 62,000 pounds in a single haul
of the net—are made by the mullet fishermen.

Little is known about the biology of this resource. In this
country the limited investigations that have been made have
centered in North Carolina. There the early fall runs, begin-
ning in August, usually are composed of fish less than a year
old. In September the runs are composed of 2-year-olds, and
in October come the still older fish or roe mullet which then
dominate thé fishery. Virtually all the mullet leave the sounds
by early November, and it is believed they spawn then in the
mouths of estuaries and in the open sea. The schools are
observed traveling southward and entering the inlets again
following their seaward migration. The seaward and coast-
wise migrations, which probably do not invelve great distances,
seem to be characteristic of the mullet throughout its range.
The production varies according to these runs or migrations.
During certain months production is very heavy and market-
ing the catch then becomes difficult.

THE REDFISH OR RED DRUM is one of the
more important food fishes of the Gulf and South Atlantic
coasts. About a million and a half pounds are caught an-
nually, mostly with haul seines, gill nets, trammel nets, and
hook and line, and it is sold in the fresh-fish markets. A large
import fishery for redfish operates from Brownsville, Tex., in
the Laguna Madre area of Mexico. As a sport fish, known as
channel bass, the redfish is one of the most important of the
South. In some regions sportsmen may take as much as com-
mercial fishermen.

The Fish and Wildlife Service, studying redfish on the south-
ern Texas coast, found that the fish spawn in that area mainly
in the fall about the mouths of the coastal channels or passes.
The newly hatched young then drift with the tides and cur-
rents into the bays and lagoons. In these protected waters
they develop rapidly and soon reach a stage where they can
swim under their own power. They scatter widely, usually
seeking protection on quiet, grassy bottoms. Abnormally low
tides may occasionally drain the water out of these shallow
flats and leave the young fish stranded by the thousand.

With the coming of the cold weather of their first winter,
the young redfish, now 2 to 6 inches long, find their way into

the deeper bayous. There they remain until spring, when
some of them leave the inland waters for the first time, going
out through the passes to the open waters of the Gulf; others
remain to wander through the inland bays and lagoons.

After their first year most redfish winter in the deeper bays
or in the Gulf, returning to inside waters in the spring. The
fall exodus is not especially noticeable, but the spring migra-
tion is undertaken by large bodies of fish moving together
through the various passes, where many are taken by hook-
and-line fishing. They feed mostly on shrimp and crabs, also
on other invertebrates which they meet in their wanderings,
and small fish. They grow rapidly, averaging about 1314

‘inches when a year old and 21 inches when two.

Mullet 2
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Mullet’s range extends to
southern South America
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THE SPANISH MACKEREL resource
yields an annual catch of 614 to 8 million pounds. - Almost
the entire catch is handled in the fresh-fish markets, although
small quantities are salted and smoked. Recent experiments
indicate interesting canning possibilities. Additional tech-
nical studies may develop still other products. In Florida the
Spanish mackerel fishery is carried on chiefly with gill nets,
although small catches are made also with trammel nets, haul
seines, and hand and troll lines. The Spanish mackerel is
one of the most important sport fishes of the South, is taken
mostly by trolling with artificial lures.

Since no studies have been made of this resource, little is
known about it. Spanish mackerel are schooling in habit, and
migratory. They seem to be concentrated along the east coast
of Florida in the winter. Beginning in spring and continuing
through the summer, the population expands its distribution,
spreading northward and westward along the Atlantic and
Gulf coasts. Beginning in early fall, they return to their
wintering grounds.

—= SHADING SHOWS DISTRIBUTION OF
) SOUTHERN MARKET AND GAME FISHES

Spanish Mackerel

It is known that on the Atlantic coast the Spanish mackerel
spawns during its summer migrations. Eggs have been taken
at various points from the Carolinas to Long Island, usually
in the open ocean.

THE POMPANGO is one of the choicest of salt-
water fishes. Although less than a million pounds are caught
annually, it is especially sought after; for fishermen receive
several times as much for it, per pound, as they do for most
other fishes. Pompano are taken with trammel nets, run-
around gill nets, haul seines, and hook and line, mostly from
January to April. The entire catch is marketed fresh, and
large shipments are made to northern markets. A consider-
able quantity is caught by anglers, fishing from small row-
boats and surf fishing with clams or sand fleas as bait.

Little is known about the life history of pompano. It seems
to prefer sandy bottom near shore where it feeds. Schools
of pompano are abundant about inlets, where they play in
and out with the tides. In North Carolina small ones, from
half an inch to 2 inches long, are often seen in the surf on

Pompano
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the outer beaches, the waves repeatedly casting them out on
the wet sand, from which they jump back into the next
breaker. The young seem to migrate northward rather
extensively; the adults are relatively nonmigratory. Pom-
pano feed on mollusks and crustaceans. They grow to be 8 or
10 pounds, average around 2 to 3 pounds.

THE KINGFISH OR KING MACKEREL, a
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