REPORT UPON THE INQUIRY RESPECTING FOOD-FISHES AND
THE FISHING-GROUNDS.

BY RicHARD RATHBUN,
Assistant in charge.

INTRODUCTION.

During the two years covered by this report the field researches
assigned to this division have extended over a large part of both the
Atlantic and Pacific seacoasts, and have embraced a wide area of
fresh-water drainage. Most noteworthy from the novelty and import-
ance of their results have been the investigations by thesteamer Alba-
tross in Bering Sea and along the coasts of Washington, Oregon, and
Califoruia, )

A very thorough recounaissance has been made of the eastern or
shallow-water part of Bering Sea, including its fishing-grounds for cod,
the shore lines as far north as the Kuskokwim River, and the general
charaecteristics of the bottom to the western border of the continental
platform, whose position also was determined. The principal tishing-
bank in this region, which has been named after the late Prof, Baird,
was discovered to have a very large area, exceeding cven that of
Georges Bank, off the New England coast. The distribution of the fish
on this and on other grounds, as well as their abundance and averagoe
size in different places, has been ascertained for the swmmer séason,
and much further information of value to the fishermen has been
placed on record. The importance of a more thorough knowledge of
the physics and natural history of' Bering Sea, in view of the grave
questions conuected withits seal and other fisheries, suggests, Liow-
ever, many additional problems, for the study of which the Albatross
is well adapted, and which require carly attention.

The preliminary examination of the continental slope off the States
of Washington, Oregon, and California, from the Straits of Fuca to the
Mexican boundary line, was completed in the fall of 1890, The loca-
tion of all the fishing-grounds contained within these limits lias now
been determined, and suflicient material has been collected to illustrate
the different varicties of food-fishes, and their distribution throughout
the region, as well as the principal features of the bottom fauna, Very
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encouraging results have attended the observations made in San Fran-
cisco Bay with respect to the breeding of the Atlantic coast oyster, and
an important scientific investigation has been conducted off the west-
ern coast of Mexico and Central America, under the direction of Prof.
Alexander Agassiz.

The field operationson the Atlantic coast have been directed chiefly
to the study of the oyster-grounds of Long Island Sound, of Tangier
Sound in Maryland and Virginia, and of the coast of South Carolina.
Extensive surveys were made in Long Island Sound with respect,
mainly, to the conditions of the bottom, the natural enemies of the oy s-
ter, and the varying distribution ot the set of spat. Theabsence of any
pollution in the oyster-ground waters was also fully demonstrated by
careful physical and chemical observations. The extent and causes of
the deterioration of the oyster beds in Chesapeake Bay has been made
the subject of a specialinvestigation, which is still inprogress, Tangier
and Pocomoke sounds having been selected for the first examinations.,
The inquiries in South Carolina were conducted for the purpose of as-
certaining the character and distribution of the natural oyster-cultural
resources aud of determining the proper measures for their devcelop-
ment. The work was completed in the course of a single winter, and
has afforded very satisfactory results. Arrangements have also been
made for the preparation of a series of reports descriptive of the meth-
ods of oyster-culture practiced in Kuropean countries, which will, it is
hoped, be atleast suggestive to American oyster-growers,

The study of the physical characteristics of the coast waters off the
Northern Atlantic States, especially in the region traversed by the
mackerel during their seasonal migrations, has been taken up for the
first time in a thoroughly comprehensive manner, and has now been
actively prosecuted during two summers. While the priucipal part of
this work has been limited to the southern New England coast, a series
of observations has also been earried southward to Virginia, These
inquiries will have an equal bearing upon the habits of all other migra-
tory fishes which resort to this region during a greater or less part
of each year, and nearly all of the important ceonomic 8pecies which
enter into the fisherics there are of this eharacter. '

Among the investigations relating to the fresh waters the one of
most direct importance has probably been the study of the salinon
rivers of Alaska with respeet to the natural history of the salmon, the
threatened depletion of the schools by the destructive methods of cap-
ture now in use, and the measures necessary to preserve this extensive
food supply. The observations were made on Kadiak and Afognak
islands, and on Wood River at the head of Bristol Bay. The fresh-
water systems have also heen examined in eleven different States and
Territories, as follows: The Yellowstone National Park, Colorado, Utah,
Missouri, Arkansas, Iowa, Wisconsin, Indiana, Ohio, Kentucky, and



REPORT OF COMMISSIONER OF FISH AND FISHERIES. 99

Florida. The majority of these surveys have been very thorough, af-
fording much desired information regarding the natural features of
a large number of lakes and rivers, in respeet to which fish-cultural
operations have been undertaken or proposed.

The Woods Ioll laboratory has been open continuously during the
entire period, a competent scientific expert haviug been employed to
study the biological questions which aro coustantly arising in con-
neetion with the hatching work conducted at this station. During
both summers the facilities of the laboratory have also been extended,
ag in former years, to a large number of naturalists, some of whom
have given their attention exclusively to the Fish Commission work.
Many special observations have been made on the life history of the
seacoast fishes, and interesting experiments have been conducted rela-
tive to their artificial propagation. One result of these inquiries has
been to demonstrate conclusively that the attempts recently made to
increase the supply of cod on some parts of the Now England coast
have met with'complete success. Not only has the number of fish aug-
mented from year to year, but schools of this speeies are making their
appearance in many places where they had never been seen before.
Twelve other species of fishes have also been studied to a greater or
less extent, the greatest amounnt of progress baving been made with-
respect to the sea bass and Spanish mackerel. A thorough investiga-
tion into the life history of the lobster is likewise now being made.

PACIFIC COAST.

The steamer Albatross was at work on the coasts of Washington
and Oregon at the close of the fiscal year ending June 30, 1889, and
on July 8 following left Tacoma, Wash., with several members of
tlie U. S. Senate Committee on Lndian Affairs to visit the principal
Indian settlements in southeastern Alaska. The trip was made by
way of the inlund passages and extended as far as Sitka and Juneau.
It terminated July 28, and the Albafross then started for Bering Sea,
but when only a few days out the port engine became disabled, and she
was obliged to return to Seattle for repairs. When these had been
completed the season was too far advanced to warrant making the long
passage to Alaska, and the steamer again took up the investigations
off Washington, carrying them southward along the coasts of Oregon
and California as far as Cape Mendocino.  During the following winter
repairs were made at the Mare Island navy-yard, and during March
and April, 1890, the region between Point Arena and PPoint Coneeption
was examined, thereby nearly completing the preliminary survey of
the California coast.

On May 5, 1890, the Albatross left San Francisco and proceeded to
Alaska, where several monthis were spent in defining the fishing-grounds
and in determiuning the physical and natural-history features of the
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eastern part of Bering Sea. Subsequently some additional observa-
tions were made in regard to the fishing region south of the Alaska
Peninsula, which had been surveyed in1888; a short stop was made
on the coast of Washington, and the examination of the continental
platform was finished between Cape Mendocino and Poiut Arena, Cali-
fornia. The last of Jaunuary, 1891, the Albatross was dispatched on o
special expedition off the west coast of Mexico and Central America, and
to the region about the Galapagos Islands, under the scieutific direction
of Prof. Alexander Agassiz. This occupied about three mouths, and by
the end of June, 1891, the steamer had been refitted for a third cruise
to Alaska.

The conduct of these investigations was in charge of Lieut. Com-
mander 7. L. Tanner, U. S. Navy, commanding the Albatross, assisted
by an eflicient staff of naval officers in the management of the ship
and in connection with the physical observations, The civilian staff
has consisted of Mr. Charles 1I. Townsend, naturalist; Mr. A, B. Alex-
ander, fishery expert, and Mr. N. B. Miller, assistant naturalist, IProf.
Charles H. Gilbert, of Indiana University, was also attached to the
steamer as ichthyologist and chief naturalist from January to August,
1889, and during the Bering Sea cruise of 1890.

ALASKA.

During the summer of 1890 the Albatross was in Bering Sea, where
an examination was made of all the principal cod-fishing banks as well
as of the general features of the shallow-water area which ecomposes
the entire eastern part of this importantregion. The Albatross entered
Bering Sea by way of Uniwak Pass, in May, and carried a line of
soundings in a northerly and casterly direction a distance of about 80
miles, when stormy weather madle it necessary to proceed to Unalaska,
the dredgings and soundings being.continued, however, in that direc-
tion. Leaving the latter place on May 28, the vessel began a recon-
naissance of the shore line of Bristol Bay, which was conducted first
along the north side of the Alaska Peninsula as far as the Kvichak
River, and thence to the Kuskokwim River. During this cruise the
contour and topography of the coast were sufficiently well defined to
gerve as o basis for the snbsequent hydrographic observations. From
Cape Newenham a linc of stations was run in the direction of the Novth-
west Cape of Unimak, and the latter part of June investigations were
commenced on Slime Bank, being carried thence over Baird Bank to
the head of Bristol Bay and the Kulukak Ground. Two visits were paid
to Port Moller and Herendeen Bay, where a coal mine had recently been
opened, and partial surveys were made of each of these inlets, which
define their entraunce and the channel leading to the coal landing,

Duaring the first part of Angust a line of sonndings was made from
off Cape Cheerful, Unalaska, to Bogoslof Island and volcano, fron the
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latter locality in a westerly and northerly direction and subsequently
in a southerly direction, for the purpose of determining the western
boundary of the clevated platforin characterizing the eastern part of
Bering Sea. The remainder of the season was employed in the vieinity
of Unalaska, mainly in ascertaining the positions and value of the cod
banks lying off the northern side of that island, but on leaving Bering
Sea a few stops were made upon the fishing- grounds south of the Alaska
Peninsula.

Slime Bank.—This is the first of the large fishing-banks which is
reached after entering Bering Sea through Unimak Pass. As defined
by the surveys of the Albatross, it begius directly off the Northwest
Cape of Unimak Island, is clongate in shape and follows approxi-
mately the trend of the adjacent coast to within a few miles of Amak
Island. It measures about 85 miles in length by about 17 imiles in
average width, and thus has a total area of about 1,445 square miles.
The inner margin of the bank lies only a short distance off' the land
and the depths range from 20 to 50 fathoms, although some cod were
talen in deeper water. The bottom consists chiefly of sand, gravel, and
pebbles, changing to mud on the offshore limits.

The bank derives its name from the occurrence of immense numbers
ot a large jelly-fish, brownish or rusty in color, and provided with long
slender tentacles, having great stinging powers. These jelly-fishes, it
is said, have never been observed at the surface, but seem to occeupy
an intermediate zone toward the bottom, where they occasion much
annoyance to the fishermen by becoming entangled about their fishing
gear, and in this way are often brought on board the vessels, It is
also reported that sometimes they even interfere with the hooks reach-
ing bottom, and, by covering the bait and lines with a prickly slime,
render the former unattractive to the fish and the latter very uncom-
fortable to handle. In the early part of the season not much trouble
is experienced from this cause, but by July 1 the jelly-fishes become so
thick that it is almost useless to remain longer upon the bank, and
other localities farther north are then resorted to. Exeept for this
unusual phenomenon, however, the advantages for fishingon Slime Bank
are excellent. The largest and most thrifty looking cod were taken
by the Albatross some G or 8 miles from shore, but fish of fair size and
good quality were plentiful over nearly the entire bank. Small gpeci-
mens of halibut were also secured occasionally, and the beam trawl
disclosed a rich bottom fauna. Attempts have been made to use cod
trawls upon this bank, but without success, owing to the obstacles
which the jelly-fishes interpose. The depths of water, however, are
everywhere so moderate that hand lines can be employed convéniently,
and that is the only method of fishing now followed.

There are, unfortunately, no available harbors for fishing vessels along
the coast adjacent to Slime Bauk, although Shaw Bay offers some pro-
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tection from southeast to southwest winds. Winter fishing would,
therefore, be attended with much danger {ffom the heavy storws which
prevail during that season, and operations are chiefly limited to the
summer months. According to Capt. Tanner, a well-found schooner
could anchor anywhere on the bank between May and September, with
an even chance of being able to ride out any gale she might encounter.

Baird Bank, so named by Capt. Tanner in honor of the late Prof.
Spencer T. Baird, is the largest and most important fishing-ground yet
discovered in Bering Sea. Having a total area of about 9,200 square
miles, it exceeds in size Portlock Bank, the largest bank south of the
Alaska Peninsula, by 2,400 miles, and Georges Bank, the second largest
fishing-ground in the North Atlantic, by 800 miles. Commencing o few
miles east of Amak Island, it extends castward, just off’ the northern
coast of the Alaska Peninsula, to the vicinity ot Cape Chigagof, at
the mouth of the Ugaguk River, a distance of about 230 miles, and
has an average width of about 40 miles. The depth of water ranges
from 15 to 50 fathoms, and the bottom corresponds both in character
and in the richness of its faunw with that of Slime Bank. The adja-
cent mainland affords a weather shore during southeast winds, and
Amak Island offers fairly good protection on its southeast and south-
westsides. Port Moller and Herendeen Bay, which were partly charted
by the Albatross, will be ports of call when they are better known, and
Port Haiden may also become available for shelter atter it has been
surveyed. '

The cxamination was begun at the western end of the bank, and was
carried thence northeastward, the conditions immproving with cach line
of stations until off Port Miller, where the best fishing was obtained.
Cod were taken at nearly cvery trial, but their abundance and quality
varied with the locality, the Jargest and finest, specimens having been
secured from 15 to 20 miles from shore, in depths of 25 to 40 fathoms,
Beyond the Port Moller yegion they continued abundant and of good
size to near the northern end of the bank. The extreme head of Bristol
Bay bas no value as a cod-fishing ground, and only a few specimens in
poor condition were captured here and there. The water is not only
too fresh for this species, hut owing to the strong currents produced by
the immense discharge from several rivers and by the tides an unusual
amount of sand and mnd is constantly held in suspension.

Kulukal: Qround —Kulukak Bay occupies o large part of the region
included-between Cape Constantine and Cape Newenham, and contains
Hagemeister Island and the Walrus group. Within this area codfish
are found in various isolated spots, scarcely entitled to the name of
banks, but for convenience sake the name of Kulukak Ground has been
used to designate them. Extensive shoals oceur off 1iagemeister and
the Walrus Islands, a depth of 6 fathoms being found about 18 miles
to the southward of the latter. The principal fishing-spots are outside



REPORT OF COMMISSIONER OF FISH AND TISHERIES. 103

of these shoals, as well as to the eastward and westward of them, and
have depths of 12 to 15 futhoms. The bottom in this region consists
gencrally of sand, with some mud and gravel, and the fauna is essen-
tially the same as on Slime and Baird banks. Cod are plentiful at
times, but they are smaller than on the more southern grounds. An
exception in this particular, however, has been reported with respect
to a small spot called Gravel Bank, situated about 16 miles SSW. from
the southern end of Hagemeister Island, in depths of 16 to 20 fathoms,
but itd extent is incousiderable. Small fish predominate among the
islands of the Walrus group, but larger ones may be taken in some of
the indentations and on some of the rocky patches. The Kulukak
grounds were formerly resorted to by a few vessels, but they are not
vigited at present.

Cod were found to be abundant in the vicinity of Cape Peirce, but,
owing to the number of diseased fish among them, this ground has been
named Hospital Bank by the fishermen. Off Cape Newenham no cod
were taken, and it is supposed that their absence wmay be due to the
great volume of fresh water issuing from the Kuskokwim River.

Port Miller and Herendeen Bay.—The recent opening of a coal mine
near the head of IHerendeen Bay has called particular attention to
this Jocality, and it was visited twice by the steamer Albatross during
the summer of 1890. Althougl the first purpose in going there was
to obtain a supply of cual, partial surveys were made which now render
these inlets accessible to fishing vessels during stormy weather. Port
Moller and Herendeen Bay are closely adjacent to one another, and
open on the north side of the peninsula, the principal passage into the
latter being by way of Port Moller entrance. They are located, as
before explained, in the vicinity of the best tishing-grounds on Baird
Bank, and their availability for shelter is an important consideration
for the fishermen. Should this locality, moreover, become a coaling
center, it will increase the number of vessels resorting to the region,
and tend greatly to develop ity resources.

The entrance to the mine which has just been opened, aund from
which the Albatross received the first output of coal, is about 1} miles
from the water front, on the cast side of the head of Herendeen Bay,
the coal being transported to the landiug over a tramway operated by
a small steam motor. A small bight at this place has been called
Mine IHarbor. The survey made by the Albatross has defined the
entrance to Port Miller and the channel thence through Herendeeu
Bay to its extreme upper part, where there are good places for beaching
and repairing small vessels, the rise and fall of the tide amounting to
15 feot, and where fresh water and fuel can readily be procuréd in any
quantity. .

The Herendeen Bay coal was used on board the Albatross with sat-
isfactory results, but, owing to the lack of proper screening facilities,
much fine material and dirt was delivered with it, and it was found
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necessary to burn from 20 to 25 per cent more of it to obtain the same
results as with a fair quality of Wellington coal.  Capt. Tanner states,
hiowever, that considering that it was taken from a vein near the sur-
face, the extra amount required to furnish the same quantity of steam
will not seent excessive. It was shown that the coal possesses merit,
and it will doubtless improve with the development of the deeper veins.

South of the Alaska Peninsula.—While on the way south from Bering
Seq in September, 1890, a line of dredgings and soundings was earried
along the line of islands lying oft the Pacific coast of this peniﬁsula.
From off the Trinity Islands the soundings were continued in deep
water as far south as the Queen Charlotte Islands. The deep ocean
trough described in former reports as lying south of the Alentian
Islands and the peninsula, and trending in the same general divection,
was traced as far west as latitude 560 02/ N., longitude 1510 12/ w.,
which is to the southeastward of Kadiank Island,

Southeastern Alaska.—Practically nothing has yet been done toward
investigating the fishery resources of sontheastern Alaska, all of the
time suitable and available for work in northern latitudes since the
Aldatross arrived in the North Pacific having been spent ofl’ the south-
ern coast of the Alaska Peninsula and in Bering Sea. During July,
1889, however, a trip was made through the inland passages of the
southeastern part of the Territory as far as Juneau, with several mem-
bers of the Senate Committee on Indian Affairs, who were desirous of
inspecting the principal Indian settlements, The steamer left Tacoma
on July 8, and returned on the 28th of the same month, Stops were
made at Fort Tongass, Port Chester, Karta Bay, Port Wrangall, Sitka,
Pavloft Harbor, Hoonyah Bay, Portage Bay, Chilkat, and Juneau.
Several important fishing stations and canneries were visited, and
some investigations were made by means of the beam trawl, and other
kinds of fishing apparatus, Good photographic views were also ob-
tained of Patterson, Muir, and Davidson glaciers.

WASHINGTON, OREGON, AND CALIFORNIA.

Puget Sound to Cape Mendocino, California.—The investigations begun
in this region in 1888 were continued as far south as Cape Mendocino
during the latter part of the summer and the fall of 1889, and again for
a short time in the fall of 1890, This completed the preliminary exam-
ination regarding the general features of the continental platform within
these limits, and the location and principal resources of the fishing-
grounds. Very few soundings had been made ou this coast previous
to the surveys of tho steamer Albatross, in 1888, and none outside of the
50-fathom curve. The hydrographic work thus far accomplished by the
Albatross atfords the necessary information to define the contour of the
bottom into depths of at least 200 fathoms, and as the fisheries for a
considerable time to come will not be carried beyond the 100-fathom
curve, the characteristics of the bottom observed within those limits
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are sufficient for all itnmediate considerations in connection with fishely
matters, The distance ot the 100-fathom curve from shore varies in
different places from 7 to 40 miles, averaging broadest at the north,
and becoming reduced to from 7 to 9 miles oft Cape Ovford; Trinidad
Head, and Cape Mendocino. The superficial area of the submelged
platform within this depth is computed at 3,700 square miles for the
outer coast of Washington, 4,750 square miles for the coast of Oregon,
and 1,160 square miles for the coast of California north of Cape Men-
docmo, a total of 9,610 square miles,

The soundings oﬁ‘ Cape Tiattery are irregular and suggest the emst-
ence of submarine ridges trending parallel with the coast. A semi-
circular depression, with depths of 100 to nearly 200 fathoms, was found
between Cape Flattery and Flattery Rocks, at a distance of about 10
miles from shore. TFrom the latter place to Yaquina lHead the depths
increased regularly toward the sea, except upon the rocky bauk off
Grays Harbor and Willapa Bay, where eclevations of a few fathoms
occur. A triangular platform having depths under 100 fathoms lies
between Yaquina Head and Umpqua River, Heceta Bank being located
upon its southwestern extremity. Thence to Cape Mendocino the sound-
ings are regular.

Distincet fishing-grounds in this region are few in number and of
small extent, the principal ones being the following: Ilattery Bank has
an area of about 1,100 square miles, with a least depth of 27 fathoms.
Halibut and other fishes have been taken upon it in considerable
numbers for some years past. The former speeies occurs in greatest
abundance on a very rough, rocky bottom, having an extent of about
356 square miles near the southeastern end of the main bank. A small
bank covering about 110 square miles and with a least depth of 42
fathoms lies 23 miles W. by 8. (magnetic) from Toke Point light-house,
Willapa Bay. The bottom consists of sand and mud with rocky patches,
Another bank having an arca of only about 40 square miles, with the
same minimum depth as the preceding, and with a bottom of clay, mud,
and rock, is located 19 miles SSW. 3 W. from Yaquina light-house.
Heceta Bank, the largest fishing-ground south of Cape Flattery on this
part of the coast, is situated 35 miles SW. 3 W. from Ileceta Head,
Oregon, and has an area of about 600 square miles. The least depth, 41
fathoms, has been found near its southern end, where the bottom is
rocky and rough.

Only occasional specimens of halibut were taken oft Flattery Rocks
and Tillamook Rock and on Heceta Bank. Several species of rock-cod
were geuerally distributed along the coast, as well as on the, banks,
and flounders were found everywhere, being especially abundant in
depths of 50 to 100 fathoms. The flat surface of the plateau is partie-
ularly rich in the latter group of fishes, and is destined to Lecome a
favorite ground for the beam trawl when that method of fishing is intro-
duced. Cultus-cod occur on all tho banks and on Orford Reef, while






