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REPORT

OF THE

COMMISSIONER OF FISHERIES.

DerARTMENT OF COMMERCE,
Buoreau or FisHERIES,
Washington, September 15, 1920.

Sir: I have the honor to present lLerewith a report which gives

an outline of the major operations of the Bureau of Fisheries during
the fiscal year ending June 30, 1920. The Bureau’s functions are
comprehended under eight captions, namely, relations with the fishery
industries, biological investigations, propagation and distribution of
food fishes, artificial propagation of fresh-water mussels, Alaska
fishery service, Alaska fur-seal service, minor fur-bearing animals
of Alaska, and general administration considerations, for each of
which there follows a brief discussion. A number of special reports
covering the Bureau’s various activities have been issued and may be
consulted by those who desire details.
. It may be noted that the Burcau has reached the fiftieth year of
its existence, having been established in February, 1871. Its growth
from a mere commission charged with investigatory functions has
been phenomenal, and the half century closes with the Bureau oc-
cupying a larger sphere of usefulness than ever before and prepared
to render a more important service to the fishing industry and to the
general public, but with its powers curtailed by a grossly underpaid
stafﬁ and by inadequate appropriations for essential features of the
work.

FISHERY INDUSTRIES.

GENERAL CONSIDERATIONS.

. The general condition of the American fisheries may be character-
1zed as unsettled. While the world-wide cry has been for increased
food production, and the fisheries have responded to the cry, there has
been an underconsumption of fish in the country at large, and mil-
lions of pounds of food fish have been wasted ‘or put to economic
uses of lesser importance. While the prices of foodstuffs almost
without exception were rising during the past year, in at least one
of the great fisheries, namely, the New England vessel fisheries, there
was a falling off in prices received by the fishermen as compared with
the {)revious year.

The Bureau, through its division of fishery industries, has ren-
dered meritorious service in reducing waste, in effecting improvements
In methods of preservation and distribution, in securing larger pro-
duction of aquatic products, and in increasing the public apprecia-
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6 REPORT OF THE COMMISSIONER OF FISHERIES.

tior of and ‘demand for fish as food. The Bureau is in’ position to
render still further and much-needed service in various fields. It
has the equipment, the directing personnel, the conception of the
problems, and the knowledge of the best ways of approach. The
chief requirement is an adequate appropriation.

The past year has been noteworthy for the increasing attention
given to the commercial possibilities of the fishery industries, to pro-
viding means for increasing production, to effecting improvements
in preparation of the products for market, and to the saving of the
by-products of the fisheries for use in the arts and industries. This
widespread interest has resulted in increasing the demands upon the
Bureau for trustworthy and detailed information regarding the fish-
eries, products, and processes; for the conduct of technological in-
vestigations which properly come within its sphere of operations;
and for guidance and assistance in the upbuilding of certain fisheries
without endangering the harvests of the future. Because of its
limited appropriations it has been unable to meet many of these
demands in the manner they deserve. This is especially true of the
calls for various technological investigations to solve difficulties
encountered in the preservation or utilization of certain fishery prod-
ucts and for 'educatinﬁnthe public as to the merits of fish as food,
particularly the little-known varieties. For lack of such work large
quantities of valuable protein food, the high-priced element of our
diet, are being wasted at a time when there is particular need for the
practice of economy and saving.

The Bureau has conducted a number of important investigations,
as, for example, a study of the basic principles governing the pres-
ervation of fish with salt, experiments in the recovery of old brine
and salt for reuse, development of methods of canning the Pacific
mackerel and other abundant but neglected fishes of the west coast,
preliminur}r studies of some features of freezing fish in brine, and
the possibility of producing pearl essence from the scales of native
fishes. Practical application of the results of its investigation in
the salting of fish have been made and canners have been supplied
with information gained in its temporary canning laboratory at San
Pedro, Calif. Material aid has been given in the development of
certain fisheries, such as those for sharks and porpoises; in increasing
the use of by-products of the fisheries; in extending the production .
of fish oil, scrap, meal, leather, etc.; in determining to what uses
various products are best suited; and in supplying information re-
garding sources of supply and possible markets for the finished
products. A study of foreign methods of preserving nets has been
made and a paper has been prepared for publication for the use of
our fishermen in effecting economies in their expenditures for nets.
Encouragement has been given to determining the practicability of
using seaplanes in locating schools of fish, and arrangements have
been made through the Navy Department for sending out planes for
this purpose to enable those in the industry to detérmine their value
as a commercial undertaking. o

Tn the collection and dissemination of statistical information
regarding the fisheries more has been accomplished than in any
recent year. The Bureau has completed a canvass of the coastal
fisheries of the South Atlantic and Gulf States for the calendar year
1918 and has prepared for publication detailed statistics of fisheries
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of the Gulf States for that year and of the fisheries of the Great
Lakes for 1917, together with the results of canvasses of the shad
fishery of the Hudson River and of the shad and herring fisheries of
the Potomac River for 1919, completed during the year. The
monthly returns of the quantities and values of the fish landed at
‘Boston and Gloucester, Mass., Portland, Me., and Seattle, Wash., by
American and Canadian vessels have been collected by local agents,
tabulated, and published as monthly and annual bulletins for the use .
of the trade and to serve as a permanent record of the condition and
trend of these important fisheries. Through the courtesy of the
Health Department of the District of Columbia the Bureau has con-
tinued to receive daily reports of the quantity of fishery products
received at the municipal fish wharf and market at Washington, D. C.
These have been tabulated for the calendar year 1919 for publication.
In addition a canvass of the fisheries of the New England States
for 1919 has been begun.

A report of the work of this division for the calendar year 1919
containing a detailed account of investigations, the relations of the
Bureau with the fisheries, and full statistical tables and discussions,
has been prepared by the assistant in charge and issued as a_public
document entitled ¢ Fishery Industries of t%le United States: Report
of the Division of Statistics and Methods of the Fisheries for 1919.”
Persons desirous of obtaining such detailed information should con-
sult this report. .

UTILIZATION OF BY-PRODUCTS OF THE FISHERIES.

Inadequacy of supply of various nonfishery products has mate-
rially increased the demand for by-products of the fisheries possessin
simif;pqualities. To this class belong fish oils for admixture wit
other dryin% oils in the manufacture of paints and varnishes, for
purposes of hydrogenation and the like; fish scrap for use as an in-
%re ient in fertilizer; meal for use as an animal feed; leather made

rom fish hides; and poultry grit from ground oyster shells. To meet
these demands the Bureau has given a larger measure of attention
to encouraging the saving of the by-products of the fisheries, to the
solution of problems arising from efforts to put these products to
new and more important economic uses, and to supplying informa-
tion kregarding sources of supply, methods of manufacture, uses, and
markets.

Analyses have been made of the body and liver oils of various spe-
cies of sharks and skates, albacore or tuna, and yellow-tail oils to
determine more definitely their properties and possi{)le uses. Samples
of these oils were also furnished the educational bureau of the Paint
Manufacturers’ Association of the United States to determine their
suitability for use in the manufacture of paints and varnishes. From
drying tests of tuna oil made by the director of that association, it
appears that this oil dries even more rapidly than linseed oil. The
yl£d of oil from the tuna fisheries in southern California in 1919 is
estimated at slightly in excess of 100,000 gallons. The oil of the yel-
low-tail (Seriola dorsalis) proved as satisfactory as menhaden oil
but was not the equal of tuna oil for drying purposes. )

Persons employed in the fisheries have been urged to convert unutil-
ized stocks of fish waste into scrap for fertilizer, or preferably into
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fish meal, with the result that provision is being made for the more
extended saving of this material. For example, until recently not
more than half of the waste from the shrimp industry of the South
Atlantic and Gulf States was saved, being converted into fertilizer
which commanded a relatively low price. @ eeding tests made by the
Bureau of Animal Industry of the Department of Agriculture in
cooperation with the Bureau of Fisheries indicate that shrimp bran,
. %roperly prepared, is fully the equal of fish meal for feeding hogs.

his information has been brought directly to the attention of per-
sons in the shrimp industry, and improved methods for the prepara-
tion of shrimp bran are being perfected, resulting in the saving of
much larger quantities of this valuable material than formerly.
From analyses it appears that shrimp meal may be expected to con-
tain from 43 to 47 per cent of protein. There are indications that as
feed it possesses other properties which tend to increase its valie for
such pur gmses.L o '

As'a direct result of these activities, in excess of 2,500 tons of men-
haden meal and shrimp meal were produced in'1919, with prospects
for a rapid annual increase in the output of these commodities in
regions where heretofore they were unknown. In this field the
Bureau has continued to receive effective cooperation from the Bu-
reau of Animal Industry in the conduct of feeding tests of various
kinds of fish meals, in deciding their suitability for feeding purposes,
and in bringing to the attention of ho%lgrowers the value of these pro-
tein feeds. To properly safeguard the industry a number of addi-
tional feeding tests Eave been arranged for and will be started in the
near future. These will in¢lude shrimp meal from drying platforms,
shark meal, meal made from fish cuttings, and meals containing high
percentages of oil or made from decomposed fish.

Satisfactory progress in the production of leather from fishskins
and the establisﬁment of fisheries for sharks and other unused aquatic

" animals are to be recorded, and provision has been made for determin-

ing more definitely the special properties of such leathers for the use
of the trade. It is to be noted that the demand for dried shark fins,
which the Bureau has stimulated, now exceeds the supply. The re-
ceipt of this commodity at San Francisco, the center of the industry
on the Pacific coast, amounts to about 5 tons per month, much the
larger portion being imported from the west coast of Mexico. Per-
sons engaged in fisheries for sharks or fisheries in which sharks are
incidentally taken are being urged to save all parts of these fishes
and are furnished with detailed information on tﬁe subject

INVESTIGA'I‘JON CONCERNING PRESERVATION OF FISH WITH SALT.

The preliminary investigation of the principles of preserving fish
with salt has been completed and the results have been published (as
Bureau of Fisheries Document No. 884) and made available to all

ersons interested in the subf'ect. This work has been of material
Eeneﬁt in clarifying our knowledge of the factors influencing salting
processes, and therefore in pointing the way to possible improve-
ments in existing practices. Among other things it has shown that
the purer salts, which contain only a fractional percent of impurities
such as lime and magnesium, penetrate the tissues of the fish more
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rapidly than salts containing a higher percentage of such impuri-
ties; and that salt penetrates fish packed in dry salt faster than
if packed in brine, and through the flesh faster than through the
skin, thus revealing the value of cutting or splitting the fish. As
the blood spoils at a lower temperature than the flesh, it is impor-
tant to thoroughly wash out the blood if the salting is-attempted at
high temperatures. The investigation was conducte%l on a laborato
scale, and did not include studies of the factors determining the Iengtrlz
of time salted fish will keep or other important lines of research, such
as determinations of the fat content of fish, the practicability of
improving the general quality of salt fish, and means for increas-
ing the demand for such products by the consuming public. Such
investigations may be exFected to reveal means for preventing or
safeguarding against spoilage and in other ways render the industry
material service. .

One of the objects of the original investigation was to determine
the practicability of salting fish at high temperatures, and therefore
in warm climates. To give practical apglica.tion to the results, the
Bureau gave demonstrations of its methods to fishermen at points in
Florida, where previous attempts at salting by the usual practices had
resulted in failure through the spoilage of the product. For this
work it employed a practical salter, with many years’ experience in
salting river herrinﬁ, gave him careful training in its methods and
objects, and detailed him to Florida to instruct fishermen desirous
of sa.ltin% river herring in this manner. As a result 80,000 fish were
successfully salted, and brokers and dealers handling the product
expressed themselves as highly pleased with its quality. As indica-
tive of the importance of adhering rigidly to the method prescribed,
it should be noted that every attempt of the packers to depart from
that method resulted in the loss of the fish. The salting of the fish
was so successful that the packers are preparing to engage in this
new branch of the industry on a large scale, so as to make possible
the shipment of fish in car lots.

PRESERVATION OF FISHERY PRODUCTS BY CANNING. .

Since May, 1919, the Bureau has been conducting at San Pédro,
Calif., experiments in the preservation of fishery products by canning.
Tt has devoted its attention particularly to little used fishery products
for which satisfactory canning methods have been lacking and to the
establishment of standard methods which will yield standard packs.
The mackerel (Scomber japonicus), an abundant fish but little
esteemed on the California. coast, has received more consideration
than other species. Over 80 different packs of this fish have been
put up and subjected to careful examination, with the result that a
number of promising methods have been develoged, several of which
have been released for the use of the trade. Other species experi-
mented with are bonito, barracuda, pilchard, sea bass, smelt, tunas,
and yellow-tail, severa]l hundred packs of the various species havin
been put up and held in storage for examination periodically.
number of special problems have been encountered in the course of
this work which may re(}uire rather extended study before a solution
is found, as, for example, the unpleasant odor and taste in canned
bonito and the detinning of cans In packs of such fish as the barra-
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cuda. A vital desideratum of the Bureau, if it is to fulfill its func-
tions and render the largest measure of service to the fisheries, is ade-
quate provision in the matter of personnel and funds to enable it to
render the canning industry of all sections aid in the preservation of
crabs, shrimps, turtles, and certain fishes, and determining more
~ definitely the possibility of applying newer methods in the case of

staple canned gshery products. The need for accurate data in these
fields is well shown by the large number of requests that the Bureau
receives.

PRESERVATION OF FISH NETS.

Outside of Norway very little investigation or experimentation has
been done on the preservation of fish nets. In that country consider-
able attention has been given to developing new methods and improv-
ing old ones. This important means of economizing in the expense
of nets seems to have been neglected in the United States, where the
only preservative employed to a considerable extent is tar, the use of
which is confined to the coarser kinds of nets. As a basis for future
investigative work and for the immediate benefit of the American
fisheries, one of the Bureau’s assistants has reviewed the literature
on the subject, assembling important scientific data and tests for pub-
lication. Some of the more common and efficacious preservatives
used for such purposes are catechu, quercitron, or other tanning ex-
tract, linseed oil, tar, and soap, followed by soaking in a solution of
copper sulphate. )

t may be pointed out that one of the important functions of the
Bureau 1s to make available to fishermen the scientific and practical
experiences of foreign countries. Through such studies of the for-
eign literature, results of great value may be obtained for direct use
in the industry or as the basis for additional experimental work in
our fishery products laboratory.

USE OF AEROPLANES IN THE FISHERIES.

The possibility of practical use of aeroplanes in various branches
of the gsheries’ 1s one of the most interesting developments in avia-
tion. The most obvious purpose that aeroplanes may serve is in
the offshore fisheries in determining the location of whales and
schools of surface-swimming fishes, like mackerel and menhaden, and
in promptly communicating this information to fishing vessels or to
shore stations. Other uses of aircraft in connection with the fishing
industry will doubtless arise.

In April, 1919, it was suggested to menhaden companies operating
in the ghesapeake Bay region and having vessels tgat frequent the
grounds off the Virginia capes that seaplanes might be used advan-
tageously in helping the fishermen find fish. Desirous of determin-
ing the practicability of the commercial use of aeroplanes in the
fisheries, the Bureau was instrumental in bringing about an arrange-
ment between the Naval Aviation Service and the menhaden fisher-
men whereby naval seaplanes were made available for observation
flights in quest of menhaden. Subsequently radio apparatus was
installed on two menhaden vessels and at a factory on Chesz;}penke
Bay, so as to be able to communicate with the seaplanes;, the offshore
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fishing grounds were blocked off in numbered squares on charts;
and two naval seaplanes, each with a fisherman-observer, have been
traversing the fishing areas and reporting the location of schools
of fish. The early results have been satisfactory, as the seaplanes
have readily found fish and acquainted the fishermen with their loca-
tion and abundance, thus saving much time and expense that would
ordinarily be required for cruising. - o ‘

If this'experiment continues to meet with the initial success, there
is reason to believe that aeroplanes may take a permanent place in
the menhaden fishery and doubtless in other branches. Inasmuch as
the investment in planes and radio apparatus and the salaries of
observers, pilots, and radio operators might be too burdensome for
a single company to assume, it may be to the advantage of the indus-
try for communities or groups of interests to provide for such service
in common.

MISCELLANEOUS INVESTIGATIONS,

In addition to the technological studies already mentioned, the
Bureau has supplied many inquirers with information and helpful
suggestions regarding technological methods and processes, thereby
rendering an important service in the upbuilding of the industry.
The Bureau also has given attention to the development of methods
for the recovery and reuse of salt and brine that have been employed
in preserving fish; to an examination of possibilities of certain for-
eign methods of freezing fish in brine; to the methods of producing
pearl essence from the silvery scales of native fishes, and to tests of
the practicability of putting noncommercial sponges to commercial
use. Pearl essence or liquid nacre (*essence d’orient”) which is
claimed to be superior tu the imported product, of which large quan-
tities are consumed in the United States, is now being made from the
scales of river herring. The prices received by the fishermen are
sufficiently high to induce them to save this hitherto waste product.

The equipment of the fishery-products laboratory in Washington
has served the needs not only of the Bureau’s own investigators but
of other branches of the Government service. For example, use has
. been made of its brine-freezing plant by representatives of the Bu-

reau of Plant Industry for freezing strawgerries and cherries for
comﬁarison with the air-frozen product, and its air-freezing plant by
the Bureau of Standards for the conduct of tests under various low-
temperature conditions.

NEW ENGLAND VESSEL FISHERIES.

Through its local agents at Boston, Gloucester, and Portland, the
Bureau has obtained and disseminated statistical and other informa-
tion regarding the great vessel fisheries centering at those ports.
These fisheries in 1919 were in a prosperous condition, although the
number of trips and catch were not so large as in the previous year.

During the calendar year 1919 this fleet numbered 523 sail, steam,
and gasoline screw vessels, including 25 American and 2 Canadian
steam trawlers. These vessels landed at Boston 2,754 trips, aggre-
gating 103,391,370 pounds of fish, valued at $4,713,350; at Gloucester
2,965 trips, aggregating 71,370,957 pounds, valued at $2,145,592; and
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at Portland 2,550 trips, aggregating 21,718,943 pounds, valued at
$689,441. The total for the three ports was 8,269 trips, aggregating
196,481,270 })o,unds of fresh and salted fish, ixaving a vsﬁue to the
fishermen of $7,548,383.

The foregoing total includes 39 trips, 26 at Boston and 13 at Port-
land, landed by nine Canadian fishing vessels, comprising 3,296,147
pounds of fresh fish, valued at $106,261. Of this quantity, 1,191,845
pounds, valued at $53,653, were landed at Boston, and 2,104,302
pounds, valued at $52,608, ati Portland. There was a decrease of 12
vessels, 21 trips, and 2,306,602 pounds in quantity and $112,364 in the
value of the products as compared with the previous year’s status of
this Canadian fishery. These fish were brought into our ports in ac-
cordance with an arrangement with the Canadian Government, as an
emergency war measure granting reciprocal privileges to fishin
vessels, by which Canadian fishing vessels were permitted to lan
their fares at American ports direct from the fishing grounds. Cana-
dian fishing vessels be%an to utilize this privilege in April, 1918, and
the arrangement is still in operation.

During the year 1919, 24 American fishing vessels made 29 trips
with 434,486 pounds of fish at Canadian ports on the Atlantic coast,
of which 8 trips by 8 vessels comprising 312,036 pounds were landed
at Halifax, Nova Scotia. Incidentally, it may be noted that under
the reciprocal arrangement 173 American fishing vessels landed 915
trips, amounting to 12,258,522 pounds, at Canadian ports on the
Pacific coast, of which 889 trips by 154 vessels, aggregating 10,804-
522 pounds, were discharged at Prince Rupert, British Columbia.

Compared with the previous year, there was a decrease of 481
trips, or 5.49 per cent, in the total number landed by the ﬁshmg fleet
at Boston, Gloucester, and Portland, and of 9,019,883 pounds, or
4.38 per cent, in the quantity, and $2,983,165, or 28.32 per cent, in
the value of the fish landed. The only important species showing
an increase in catch over the previous year were haddock and halibut.
The catch of haddock increased 16,044,644 pounds, or 24.06 per cent,
in quantity, but decreased $405,338, or 12.66 per cent, in value, while
the yield of halibut increased 333,657 pounds, or 18.73 per cent, in
quantity and $84,911, or 28.09 per cent, in value. The production of .
cod decreased 6,450,007 pounds, or 8.98 per cent, in quantity and
'$1,034,024, or 28.58 per cent, in value; hake, 941,353 pounds, or
17.82 per cent, in quantity and $92,032, or 33.70 per cent, in value;
pollock, 7,808,653 pounds, or 29.39 per cent, in quantity and $581,570,
or 60.44 per cent, in value; cusk, 595,062 pounds, or 22.38 per cent,
in quantity and $40,862, or 39.65 per cent, in value; mackerel,
4445271 pounds, or 43.75 per cent, in quantity and $641,682, or
53.97 per cent, in value; herring, 4,637,077 pounds, or 30.92 per
cent, in quantity and $220,894, or 47.94 per cent, in value; sword-
fish, 151,364 pounds, or 14.63 per cent, in quantity and $10,824, or
4.84 per cent, in vaiue; tileﬁsﬁ), 265,910 pounds, or 88.80 per cent,
in quantity and $18,772, or 92,71 per cent, in value; and the various
other species combined, 103,487 pounds, or 2.44 per cent, in quantity
and $22,078, or 12.16 é)er cent, in value. The catch of Newfoundland
herring decreased 2,885,047 pounds, or 45.17 per cent, in quantity
and $142,090, or 42.81 per cent, in value. The quantity of tilefish
landed at Boston was very smafl, amounting to only 33,510 pounds,
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valued at $1,474, as compared with 299,420 pounds, valued at $20,246,
the previous year. . -

The products landed at Boston and Gloucester, Mass., and Port-
land, Me., by fishing vessels each year are taken dprmcxpally from
fishing grounds lying off the coast of the United States. In the
calendar year 1919, 71.72 per cent of the quantity and 70.64 per
cent of the value of the catch discharged at these ports by American
and Canadian fishing vessels were taken from these grounds; 2.93
per cent of the quantity and 4.61 per cent of the value, consisting
largely of herring, were taken from grounds off the coast of New-
foundfand; and 25.83 per cent of the quantity and 24.74 per cent
of the value from grounds off the Canadian Provinces. Newfound-
land herring constituted 1.78 per cent of the ((i;ua.ntlty and 2.51 per
cent of the value of the products brought in during the year. The
herring were taken on the treaty coast of Newfoundland, and the
cod, haddock, hake, halibut, and other species from that region were
obtained from fishing banks on the high seas. All fish caught by
American fishing vessels off the coast of the Canadian Provinces were
from offshore fishing grounds. :

Supremacy in the New England fisheries is usually assumed by the
cod, with the haddock ranking second. In 1919, however, the had-
dock took first place, with 82.716,185 pounds, valued at $2,793,938.
The yield of cod was 65,374,420 pounds, valued at $2,583,181. The
next most important of the ground fish is the halibut, of which
2,114,661 pounds, valued at $387,191, were taken. Pollock showed
a marked decrease from 1918; only 18,21 51,967 pounds, valued at $380,-"
515, were secured, as against 26,560,620. pounds, worth $962,085, in
the previous year. .A noteworthy advance in production, indicating
a growing demand, was in the catch of flounders, the increase over
the previous year being over 77 per cent in quantity and 108 per cent
in value. The total catch of mackerel was 53,992 barrels, a decline
of more than 15,000 barrels from 1918. The catch of salt mackerel
was only 7,000 barrels compared with over 13,000 barrels the year
before. The total quantity of mackerel landed at the three ports
was 5,713,196 pounds, valued at $547,242, of which 4,314,770 pounds, -
worth $427,104, were fresh. Both purse-seine and gill-net vessels
in the southern mackerel fishery in 1920 had one of tﬁe best seasons
.on record. The fish caught weighed from 1} to 33 pounds, averaging
about 2 pounds, and sold from B to 22 cents per pound, according to
market conditions. In May there was a large body of mackerel off
South Shoal Lightship, and the receipts at Boston landed by vessels
were larger than for the same month in any recent year. The catch on
the Cape Shore was disappointing; the weather was foggy, and the
fish were well offshore, wild, and hard to catch. The total yield of
mackerel up to July 1 was 60,842 barrels fresh and 3,357 barrels
salted, compared with 88,787 barrels fresh and 6,452 barrels salted
the previous year. !

VESSEL FISHERIES OF SEATTLE,

. The fishing fleet at Seattle, Wash., landed 670 trig: during the
Year 1919, consisting of 138,651,020 pounds of fresh fish, having a
value to the fishermen of $1,530,284, from fishing grounds along the

51700°—21——2
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coast from Oregon to Alaska. The largest quantities were taken
from Grays Harbor grounds, Flattery Banks, west coast of Van-
couver Island, Hecate Strait, and Yagutat grounds. The products
included halibut, 11,110,720 pounds, valued at $1,422,519; sablefish,
1,553,600 pounds, valued at $74,290; “lingcod,” 723,000 pounds,
valued at $24,433; and rockfishes, 263,700 pounds, valued at $9,042.
Compared with the previous year there was a decrease of 164 trips
by fishing vessels, and of 20.13 per cent in the quantity and 18.93
per cent in the value of the products. The catch of halibut increased
8.46 per cent in quantity, but decreased 6.95 ﬁper cent in value. There
was a large falling off in the catch of sablefish, “ lingcod,” and rock-
fishes, owing chiefly to a smaller demand than in the previous year.

The fisher progucts taken in Puget Sound and tributarg waters
and landed by collecting vessels during the year amounted to 11,
809,450 pounds, valued at $983,819. This quantity included 10,
387,703 pounds of salmon, valued at $902,717, and the remainder
consisted of steelhead, piichard, smelt, rockfishes, cod, flounders,
crabs, and other species. Compared with the previous year, there
was an increase in the sroducts landed by collecting vessels of 11.35
per cent in quantity and 7.80 per cent in value.

SHAD FISHERY OF THE HUDSON RIVER.

According to a special canvass conducted by the Bureau, consid-
erable improvement in the shad fishery of the Hudson River in 1919
is to be reported. The number of fish taken in recent years was as
follows: 1915—15,855, value $8,643; 1916—9,287, value $5,465; 1917—
12,015, value $6,540; 1918—67,403, value $48,184; and 1919—90,301,
value $83,724. In 1919 there were 299 men engaged in the fishery,
employing 158 boats representing a value of $6,700; 373 gill nets with
a value of $15,269; 12 seines, valued at $1,700,and shore and accessory
property valued at $7,920; a total invegtment of $31,589.. The catch
of 90,301 fish weighed 374,974 pounds, of which 76,501 shad or 801,306
pounds, valued at $60,690, were taken on the New York side of the
river and 13,800 fish or 73,668 pounds, valued at $23,034, on the
New Jersey side.

The Bureau plans to continue taking a yearly canvass of this
fishery of the Hudson River where, in the absence of fish-cultural
operations, dependence for the rehabilitation of the fishery rests on
natural production and local protective measures.

SHAD AND ALEWIFE FISHERIES OF THE POTOMAC RIVER.

The Bureau has undertaken a yearly canvass of .the shad fishery
and the closely associated alewif}; or river-herring fishery of the
Potomac River, a river in which extensive shad-cultural operations
are being conducted. In 1919 the number of persons engaged was
789, employing 514 boats, valued at $80,685; using 306 pound nets,
valued at $159,810; and 267 gill nets and one haul seine, valued at
$26,761. The shore and accessory property was valued at $610, and
the total investment was $267,866. The number of shad taken was
544 469, or 2,040,473 pounds, valued at $382,397. The number of
alewives taken was 8,867,902, or 3,676,921 pounds, valued at $61,016.
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The number and value of shad taken in this river for various
years from 1896 to 1919 was as follows: 1896—684,063, $63,608;
1901—794,462, $119,366; 1904—372,647, $68,052; 1909—203,971,
$53,732; 1915182402, $72,127; and 1919—544,469, $332,397.. The
added protection afforded these fish in recent years by restricting
the distance from shore at which the fixed nets may be set, supple-
mented by active operations of the hatchery at Bryans Point, Md,,
has apparently been of direct benefit to the fishery, which is very
intense, owing to the prevailing high prices.

FISHERIES OF THE GREAT LAXKES STATES.

The Bureau’s complete statistical canvass of the commercial fish-
eries of the Great Lakes during 1917 was duly finished, and the re-
sults were published in a form to show the fisheries by lakes. A
regrouping of the figures has been made so as to set forth the fish-
eries by States. : .

The number of persons ascertained to be engaged in the fisheries
of the Great Lakes was 9,221, of whom 3,183 are credited to Michigan,
1,909 to Wisconsin, 1,761 to éhio, 688 to New York, 608 to Minnesota,
564 to Illinois, 446 to Pennsylvania, and 67 to Indiana. The invest-
ment in the fisheries in the different States arranged in order of im-

ortance was as follows: Michigan, $2,937,086; Ohio, $2,462,832;

isconsin, $1,668,529; Illinois, $1,265,664 ; enns%lvama, $919,9193
New York, $793,371; Minnesota, $428,443; and Indiang, $79,825;
total, $10,555,669. Arranged in the order of the value of the prod-
ucts, the States ranked as follows: Michigan, 29,737,355 pounds,
valued at $2,035,889; Ohio, 26,442,998 pounds, valued at $1,570.230;
Wisconsin, 24,042,103 pounds, valued at $1,320,162; Pennsylvania,
8,151,241 pounds, valued at $508,382; Minnesota, 10,041,846 pounds,
valued at $429,667; New York, 3,481,236 pounds, valued at $268,215;
Tllinois, 1,356,294 pounds, valued at $87,375; and Indiana, 1,016,155
pounds, valued at $75,099; total output, 103,759,223 pounds, valued
at $6,297.969. .

Detailed tables and discussions of the fisheries of the Great Lakes
~ and certain tributary waters and of Lake of the Woods and Rainy
i akfgare included in the report of the division of fishery industries

or 1919,

FISHERIES OF THE GULF BTATES.

A canvass of the coastal fisheries of western Florida, Alabama,

ississippi, Louisiana, and Texas for the calendar year 1918 was
completed during the past fiscal year, and the detailed tables and
discussions have been included in the divisional report.

In 1918 these fisheries gave employment to 14,388 persons, the total
amount of capital invested was $6,587,859, and the products ag-
gregated 130,923,583 pounds, valued at $6,510,310. Some of the more
important products taken were mullet, including roe, 28,641,364
Eounds, valued at $1,318,379; oysters, 23,754,465 pounds, or 3,393,495

ushels, valued at $1,106,725; shrimp, green and dried, 27,142,999
gounds, valued at $1,098,427; sponges, 452,188 pounds, valued at
725,155 red snapper, 9,429,802 pounds, valued at $609,312; sque-
teagues or “sen trout,” 4,960,738 pounds, valued at $414,593 ; Spanish
mackere], 3,494,845 pounds, valued at $251,197 ; groupers, 5,935,826
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pounds, valued at $235,406; redfish or red drum, 2,986,180 ounds, -
valued at $175,109; and menhaden 14,413,942 pounds, valued at
$110,608.

Compared with the Bureau’s returns for this region for 1902, there
has been a decrease of 17.42 per cent in the number of persons em-
ployed, but an increase of 38.88 per cent in the investment, an in-
crease of 15.15 per cent in the quantity of products, and an increase
of 86.31 per cent in the value of the fisheries, Compared with the
returns published by the Bureau of the Census for 1908, the increase
in the catch amounted to 10.69 per cent in quantity and 83.95 per cent
in value. :

Partly at least as a result of the Bureau’s efforts to extend the
use of fishery products in the Gulf region, particularly neglected
fishes or by-products, an increase in t%e catch and uses of such
products is to be noted. For example, the yield of black drum in
1890 amounted to, 136,058 pounds and in 1918 to 2,011,288 pounds;
of groupers in 1890 to 427,781 pounds and in 1918 to 5,935,825
pounds; and of Spanish mackerel in 1890 to 700,459 pounds and in
1918 to 3,494,845 pounds. The yield of the by-products of the
fisheries amounted to 17,409,496 f?ounds,‘ valued at $310,682. This
included more than 1,600 tons of fish scrap with a value of $119,384;
over 109,000 gallons of oil, valued at $106,618; more than 6,000 tons
of ground oyster shells for poultry grit, with a value of $61,177,
and several items of minor importance.

The quantities and values of the products by States were as fol-
lows: West coast of Florida, 54,753,639 pounds, valued at $8,420,363 ;
Alabama, 5,609,219 pounds, valued at $230,567; Mississippi, 20,592,
089 pounds, valued at $762,770; Louisiana, 24,953,876 pounds,
valued at $1,419367; and Texas, 25,014,760 pounds, valued at
$677,243. :

FLORIDA SPONGE FISHERY.

The Bureau has continued to maintain in Florida a sponge-inspec-
tion service to give effect to the law regulating the size of commer-
cial sponges from local waters that may be landed at American
ports. '

The Florida sponge fishery appears to be in a state of equilibrium be-
tween the natural supply and the catch, and if it can be so maintained
no concern need be felt for the future. There is perhaps some sur-
reptitious traffic in sponges of less than the legal minimum diameter
of 5 inches, but the open and flagrant sale of such sponges which
occurred some years ago has been suppressed. The cargoes of
sponges on sale at the sponge exchanges sometimes contain a large
Eroportion of sponges barely meeting legal requirements, and a num-

er of persons engaged in the business express themselves in favor
of an increase of the legr’al minimum to 5§ or even 6 inches. The
superabundance of small sponges is attributed to the gradually re-
turning productiveness of the beds in comparatively sﬁgllow water
which were depleted by the spongers a number of years ago. There
is no doubt that if the small sponges were permitted an additional
year’s growth these formerly exhausted beds would yield a larger
quantity and, owing to the higher value of the larger sizes, a much
greater financial return to the spongers.
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BIOLOGICAL INVESTIGATIONS,

GENERAL CONDITION OF THE WORK,

In the field occupied by the Bureau’s division of inquiry respect-
ing food fishes and the fishing grounds, the fiscal year 1920 was
marked by a reduction in activities as a necessary adjustment to the
decreased appropriation for such purposes. The general policy
adopted was to continue in progress the more important investiga-
tions, reducing the number of projects rather than the quality of
the work. .

During the preceding year several of the chief agencies of the
Bureau’s scientific activities were in the hands of the Navy Depart-
ment, so that provision was required neither for the maintenance of
certain stations or vessels nor for their normal activities. Just be-
fore the beginning of the fiscal year under report, or in the early
gart of that year, the Navy Department returned to the Bureau the

eaufort (N. C.) laboratory and the steamers Albatross and Figh-
Hawk, and withdrew from the Woods Hole (Mass.) laboratory. It
has been endeavored to put these agencies into effective operation
again as far as practicable, but, owing to the necessity for extensive
repairs to the Beaufort lai)omtory and its equipment, that station
maintained during the fiscal year 1920 a minimum degree of activity.

This branch of the service has labored under the severe handicap '
of inability to maintain a full working staff. For several years thec
scientific personnel has been kept fairly complete, partly as a result
of the reducing of entrance requirements ta tEe lowest possible limit,
and partly in consequence of the appeal of patriotic service during
a national emergency. In the past year, however, scientific employees
have gra’dually ut steadily drifted out of the service, and qualified
candidates for their places have failed to appear. Accordingly, the
year closed with 82 per cent of the scientific positions vacant, among
them some of high responsibility, and at the present date the num-
ber of vacancies Fas increased to 36 per cent, with other resignations
in prospect. Unless radical changes can be promptly made in the
salary scale and conditions of service, the efficient accomplishment of
one of the Bureau’s primary functions must depend upon the possi-
bility of enlisting the services of men of independent means, inspired !
by patriotic purpose or zeal for the work, a condition which is both |
repugnant and unpromising. 4

STUDIES OF SALMONS AND TROUTS.

Notwithstanding the great amount of attention that has been given,
over a long series of years, to the biology of the Pacific salmons, much
remains to be learned regarding essential features of their life,
growth, habits, etc., and the Bureau has continued -to have highly

ualified assistants devote themselves to these most important fishes.
Che efficiency of fish-culture operations and the intelligent ap){hca-
tion of protective measures require a secure foundation of knowledge
of the several species at maturity, the life histories, migrations, and
conditions favorable for existence, The studies necessary to_estab-
lish this base of kmowledge are highly technical, tedious, and time-

- consuming; nevertheless, material progress has been made in the

interpretation of the age, early history, and possible races of the
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chinook salmon in the Columbia and Sacramento Rivers., Further
consideration has been given to the capture of immature salmon in
the open ocean, a commercial practice which threatens the future
of the salmon industry, and a conclusive report may be expected
shortly. Investigators have made significant studies of salmon in
Alaska, the results of which will serve as a guide both in fish-cul-
tural practices and in the administration of the salmon fishery in
Alaskan waters.

There have been conducted anatomical studies and experiments
with members of the salmon family which have brought to light con-
ditions that bear directly upon the propriety and effect of certain
fish-cultural practices, and that with further study and experiments
at hatcheries are expected to lead to improvements in the manipu-
lation of brood fish, and thereby promote efficiency and economy in
the operation of trout stations.

The Bureau is also endeavoring by a series of studies, unavoidably
technical in nature, to clear up the confusion existing as regards the
relationships of the several members of the salmon family, a con-
fusion which is not of theoretical interest alone, but which 1mpedes
the efficiency of practical work in the distribution of fishes, which
should be based upon definite knowledge of the species propagated
and distributed and of the natural range of these and related species.
It is sometimes difficult to determine the results of the introduction
of species of trout in new waters (as, for instance, the many disputes
regarding rainbow and steelhead trouts) because definite criteria are
wanting to identify the species propagated on different occasions, or
the species found to have become established in the planted waters.

STUDIES OF OTHER FISHES.

A similar sort of obscurity with reference to the species of white-
fishes and ciscoes, or so-called lake herrings, of the &reat Lakes has
been attacked, and there was brought to completion during the year
the report of a thorough study of the whitefishes and related species
in Lake Huron. The investigation will be extended to Lake Michi-
gan in the course of the present year.

The investigations of smelts which have been pursued during a
eriod of years are nearing completion, and the results will afford
ong-desired information regarding fishes that are esteemed for their

value as human food and that are of even greater value as food of
the larger food and game fishes. '

The investigation of the paddlefish has been continued, but the

species still baffles the most careful inquiry into its habits of breed-
ing. The life histories of marine fishes are receiving persistent atten-
tion, and it is expected that substantial contributions in this field
may be made at an early time.

n response to many inquiries regarding the possibilities for a
sardine-packing industry on the northwest coast, the Bureau con-
ducted a further inquiry into the occurrence of pilchards, or sardines,
off the coasts of Washington and. Oregon. It was ascertained that
sardines occur in these waters irregularly, though abundantly at
times,. but, in view of the uncertainty of the runs, the difficulties of
the fishery, and the general situation in the canning industry, the
establishment of sardine canneries in the northwestern States at the
present time is not recommended.
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FISH-CULTURAL EXPERIMENT WORK,

The experimental work in the interest of fish culture, both public
and private, which is pursued primarily in connection with the
fisheries biological station at Fairport, Iowa, has been continued as
far as permitted by the available means and personnel. The in-
vestigations of previous years have yielded results which it has been
possi%le to apply in practice at several of the Bureau’s fish-cultural
~ stations, and the advantages to accrue from a more aﬁgressive pur-

suit of fish-cultural experiment work are undoubted. It is therefore
to be regretted that provision has not been made for the special per-
sonnel without which it is impossible to make adequate progress.

The experiments at Fairport, which relate to the propagation of
bass, suné)sh, catfish, and buffalofich in ponds, are supglemeniged by
investigations of the plants and lower animals which live in the
gonds and contribute directly or indirectly to the food supply of
fish and to the yield of fish from the ponds. Results of special
interest and value are regularly obtained, and if the observations
could be more widely extended the Bureau would rapidly gain in
ability to furnish just the sort of helpful information desired by the
amateur fish-culturists in all parts of the country who are seeking
to improve the conditions of home life on the farm by developing
the fishpond as a source of food and a means of recreation.

MOSQUITQO CONTROL BY THE USE OF FISH.

Previous reports have stressed the public service rendered by the

ureau in conducting investigations and practical operations in the
employment of fish as a means of exterminating mosquito larve
under conditions where other means of control are either imprac-
ticable or unnecessarily expensive. Renewed assurance of the value
of this work was gained during the past year when the Bureau of
Public Health Service urgently requested this Bureau to detail an
assistant for full time in advising with Federal, State, and local
health officers in the proper use of gsh in the broad antimalaria cam-
paign in the Southern States. There have also been several freely
offered expressions of appreciation for the value of this service from
State health officials. '

The studies of fishes and other aquatic animals in relation to mos-
quito control have not been restricted to southern waters, but addi-
tional experiments have been conducted in Northern States, notably
in the Interstate Palisades Park of New York and New Jersey.

STUDY OF FISH DISEASES.

‘While the Bureau was without a regular fish pathologist during
the first half of the fiscal year, the study of the parasites and dis-
eases of fishes was continued during most of that period by the aid
of temporary employees. Diseases of fish in the St. Lawrence

1ver and in certain fish hatcheries were investigated, and appro-
Priate remedies were suggested when practicable. Later in the year
Systematic researches were directed at such si;a]cial problems as the
widely prevalent “white-spot” disease in salmonoid eggs and the
mortality of pike-perch eggs which substantially lowers the efficiency
of all pike-perch hatching operations.
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SHELLFISH INVESTIGATIONS.

Oysters—The problems of the oyster industry in some sections
are critical and have received the fullest possible measure of atten-
tion. The problem of first importance is the failure of set during a
period of years in Long Island Sound, and this has been attacked
%y methods of both bio ogy and chemistry (in cooperation with the

ureau of Chemistry.) foundation of facts is steadily being con-
structed, and some tentative conclusions as to the causes of trouble
and the methods of alleviation are now possible. No claim can,
however, be laid to a complete solution of the problem until further
observations and experiments have  been made. The inquiries have
centered principally about Milford, Conn., and Sayville, N. Y,

Tt ‘seems fairly clear that one of ‘the disturbing factors, and pos-
sibly the chief cause of the failure of set, is the extensive pollution of
inshore waters by sewage or industrial wastes, and proper attention
is therefore being focused upon this aspect of the question.

Oyster studies have also been made in the Chesapeake Bay and in
some waters of the State of Virginia. In the vicinity of Norfolk
attention has been given to the damages to oysters resulting from the
unlawful dischar%? of oil upon the waters of Hampton Roads. In
the York River, Va., the investigation of conditions affecting un-
favorably the growth of oysters has been brought to a close.

Fresh-water mussels—In the propagation of fresh-water mussels
the number of glochidia infected upon fish and .liberated in the
public waters was conspicuously greater than in the preceding year,
and the unit cost was correspondingly lower. The results of arti-
ficial propagation are detailed elsewhere. In the experiments di-
rected at the rearing of young mussels until they have attained a
size (say half an inch in len %1) ermitting of their being handled
with convenience and planted deliberately upon suitable bottoms, -
notable results have been secured during the year. Before the past
year a measurable degree of success had been attained with one
species of mussel (the Lake Pepin mucket), but during the summer
of 1919 two additional species (yellow sand-shell and river mucket)
were reared in considerable quantities in small troughs. «

"At a conference in La Crosse, Wis., in January, 1920, participated
in by representatives of the States of Wisconsin and Minnesota and
by other interested persons as well as by assistants of the Bureau,
consideration was given to the protection of mussel resources, and,
acting upon authority provided by recent concurrent legislation in
several States, it was determined to close against commercial shell-
ing for a period of five years certain sections of the Mississippi River
bordering the two Stafes represented in the conference. he pur-
pose is to allow opportunity for natural recuperation of the beds and
to create favorab?e conditions for the artificial propagation of mus-
sels. The proposed action, when taken, will represent the culmina-
tion of several years of earnest effort by various persons and agencies,
in which the Bureau of Fisheries has played a leading part, to bring
about, the éffective protection of the valuable mussel resources of the
Mississippi Bagin. ~ Up to the present time, only four States which
control tEe principal mussel-producing portions of the Mississippi
River have enacted appropriate legislation. It is greatly to be de-
gired that other States having jurisdiction over important shell-pzo-
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ducing streams will join in this movement before the resources be-
come too seriously depleted.

In the course of the fiscal year there was issued a_document de-
scribing in detail the commercial fresh-water mussels, the implements -
and practices of the mussel fishery, and the machinery and methods
of manufacture of buttons from the shells. There has also been com-
pleted and submitted for publication a general account of the natural
history and propagation of the mussels. These papers are issued in
response to a general-demand for the varied information contained
in them, and with a view to disseminating such knowledge of the
resources and industries and of the conditions of their perpetuation
as will stimulate the adoption of measures and practices whereby un-
necessary waste may be avoided and the future as well as the present
may be served.

MISCELLANEOUS STTDIES.

Investigation of the reddening of salt fish, which causes large an-
nual losses 4o fish: packers, has been continued and some definite con-
clusions are now possible. It has been ascertained that the discolora-
tion is due to the growth of at least two organisms, one of which
under a’FErdpriate conditionsis characteristically red and the other
pink. e simultaneous growth of these organisms results in the
production of various shades of color. The organisms evidently have
their origin in the imported sea salt which is so extensively used in
the fishing industry. The conditions of growth of the -causative
agents have been pretty well determined, and experiments are under
wa§ to determine the means of eradication.

n response to solicitations from the trade that domestic sources
be found for a ve%etuble gelatin such as is required for the satis-
factory packing of certain fish products in cans, the Bureau has
conducted an inquiry into the properties of gelatin derived from the -
seaweeds of the New England coast. A gelatinous extract from the
common “Irish moss” of that coast, when properly prepared, was
found to meet the requirements. It has been thought advisable to
carry the investigation further and to ascertain the possibilities of
developin% domestic sources for.agar-agar and other valuable
gelatins of commerce now imported. :

SCIENTIFIC WORK OF THE VESSELS.

The steamers Albatross and Fish Hawk, which had been surren-
dered to the Navy Department for the period of the war, were re-
turned to service in tﬁe interests of the fisheries during the early
part of the fiscal year. | ,

For the present it is intended to retain the Alba¢ross in the Atlan-
tic, from which she has been absent for a period of more than 80
years. Her work up to the close of the fiscal year consisted in one
cruise to the south as far as the Yucatan Channel and another cruise
along the northeast coast and into the Gulf of Maine. Oceano-
graphic studies and fishery -trials were features of the cruises. The
Albatross is now better equipped than ever before for practical
fishing operations, and it is expected that as soon as the crew is
properly trained and a suitable scientific staff can be found the
vessel will :make.even more substantial contributions to the welfare
of the fisheries than it has in the past.
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The Fish Hawk has been engaged in an exploration of Chesapeake
Bay to discover and record the seasonal conditions of salinites, tem-
peratures, currents, and ultimate food supply of fishes, and to ascer-
tain within the limits of feasibility all otg;er conditions affecting
the migrations and abundance of fish and shellfish. All of these
data are essential for the most intelligent conservation and develop-
ment of the important fisheries of this bay.

THE BIOLOGICAL LABORATORIS.

For the first time since the early part of 1917 the Bureau has had
the full possession of all of its laboratories; but, while available
for use, it has not been possible to operate all of them actively.
The Woods Hole %Mass.) laboratory was rather fully engaged dur-
ing the summer of 1919 with investigations in progress concerning
oysters, the reddening of salt fish, gelatin from seaweed, and the
habits, food, and parasites of fishes. v

The Beaufort (N. C.) laboratory could not be put ig shape for
operation until late in the fiscal year, and deficiencies of funds and
of personnel have rendered the station relatively inactive.

t the Fairport (Iowa) laboratory, studies of fresh-water mussels
and experimental fish culture were pursued, with the use of the
limited space afforded in the old temporary laboratory building.
During tge year, however, the excellent new building, fireproof in
construction, pleasing in appearance, and admirable in design, was
brought nearly to completion and its occupancy was expected at an
early date in the following fiscal year.

Progress in the construction of the Key West (Fla.) biological
station consisted principally in the installation of the necessary units
of the pumping system and the construction of a concrete tank tower
with storage for both fresh and salt waters. The water system is,
therefore, complete and ready for use, and this is one of the most
essential features of equipment of the station. The available labora-
tory space and other accommodations which it has been possible to
supply from the appropriations hitherto made are inadequate for
scientific work in the interest of the fisheries, except such as may be
rendered by the permanent staff authorized. The station functioned
usefully for a portion of the fiscal year, but since the loss of its
scientific staff, about the middle of the year, it has remained idle and
in the charge of a single employee as caretaler. :

Too cordial an acknowledgment can scarcely be made of the loyal
and devoted service of the men who have still remained in the service
during these times when the most trying economic conditions have
been and are yet bearing heavily upon them. The Bureau expresses
also its appreciation of the services of those who have rendered their
contribution to the work of the year, and left only under the com-
pelling pressure of circumstances.

PROPAGATION AND DISTRIBUTION OF FOOD FISHES.

SUMMARY OF THE OPERATIONS,

The output of the hatcheries during the fiscal year 1920 fell short ‘
of the results in 1919, when a record was established. The aggregate
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production was 4,770,355,000, of which 3,872,218,000 were fry, 267,-
888,000 were fingerlings, yearlings, and adults, and 630,749,000 were
fertilized and viable eggs. Important species whose output was
larger than in the previous year were catfish, buffalofish whitefish,
chinook salmon, chum salmon, steelhead salmon, rainbow trout,
blackspotted trout, grayling, crappie, sunfish, and cod. There was a
reduction in the output of shad, cisco, pike perch, yellow perch, pol-
lock, and winter flounder. The net decrease in output was about
1,105,000,000, of which about 1,050,000,000 represented the winter
flounder. : '

Untoward conditions that ghfluenced the fish-cultural work were
the partial disorganization of the field force, the increased cost of
operations with no increase in available funds, and unfavorable
weather during the egg-laying periods. A very serious epidemic
among brook trout in New England hatcheries materially reduced
the output of that species. :

Following is a summarized statement by species showing the
number of eggs, fry, and adults, yearlings, and fingerlings distributed
during the fiscal year 1920:

SUMMARY, BY SPEOIES, OF THE DISTRIBUTION OF FISH AND F1siH IBaas DURLNG THE
I"1scar. YEAR EnpED JUNE 30, 1920.

Fingerlings,

Species. Eggs. Fry. -yearlings, | Total.
and adults.

Chinook 88lMQOM. . ceereenannnrasancanancs . y 50,038,
Sockeye S8lIMOD. ...raenncecns cnnernnen .. 50, 101, 807,615
Humpback salmon. .....cvvveeeiaeeiean 3200 |.oveaeiieneen 7,
Chum SAMIION . - ..reeneceansencaneaass 7,318,100 5,733,150 13,051, 250
Steelhead salmon. ... .. ,200 | 3,053,235 4,118,035
Atlanticsalmon....... 1,550, 26 1,650,226
Landlocked salmon 497,105 1,054, 525 90, 275 1,641,905
Rainbow trout... 2,607, 600 84, 200 4,200,015 6,871,816
Blackspotted trou 722, 600 2,021, 500 1,315,700 4, 059, 800
VO TTOUL . veeencncnronacacaasenocseslocassceasonsssloceaasnceananse 101, 985 101,
LaKe trout. ..ccvecnrenraneceacoasacniceacnaenes 800, 785 32,900,785
Brook trout.. eeesetecare e 6,034,270 10,015, 965
GIBYHNE. e noneseaerenenenscrseasneeernnonnocfornonanvennad]  L,160,000 ooioorn--se 5185,
Pikeand pickerel........ooviomaiaiiiiieiinen N P 510, 350 510,350
Freshwater A . .veeeeeenneeenencerranncnn cees . , 955 29,055
[ o3 - Y revecvevensses|seacionsenan. .| 35,897,805 35, 897, 805
Largemouth black bass. .. .. 588, 500 978,465 | . 1,564,065
Smallmouth black bass. 171,000 41,376 212,376
............. 61,035 61,
...... 14,650 14,850

"""184, 960,000
162, 690, 100

630,749,305 | 3,872,218,350 | 267,388,065 | 4,770,365, 720
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A gratifying feature of the year’s distributions was the increased
number of fishes planted as ﬁngerli%% . The advance over 1919 in
this respect exceeded 100,000,000. e most noteworthy factor in
this increase was the Pacific salmons, of which over 97,000,000 were
carried to the fingerling stages before being liberated as against
78,421,000 in the previous year.

HATCHING STATIONS OPERATED.

During 1920 the Bureau operated gbout 60 permanent hatcheries, -
5 temporary hatcheries, and a large Sumber of field, auxiliary, and
collecting stations. No new hatcheries have recently been authorized
by Congress, but the Bureau, in order to serve a public demand and
meet existing needs, has established auxiliary stations at several

oints, and 1n 1920 such auxiliaries were operated at Lewis River,
gVash., for chinook and chum salmons; Washougal River, Wash.,
for steelhead salmon; Paris, Idaho, for, whitefish; B%g City, Mich.,
for pike perch; Willamette River, Oreg., for shad; Weldon, N. C.,
for striped bass; La Crosse, Wis., for brook trout and pike perch;
and Atchafalaya, La., for buffalofish.

In the following list there are shown fish hatcheries, auxiliaries,
and rescue stations ogerated. in ‘1920, arranged alphabetically by
States, together with the species handled at each.

MAIN AND AUXILIARY FISH-CULTURAL STATIONS OPEBATED DURING THE FIscAL

Year 1920.
State and locality. Species handled,
Alaskn: ’
Afognak.....cooviiiiiinnannnns Bockeye salmon.
Yes Bay.,. Do.
érallf?mrm : oth Spring.......| Largemouth and smallmouth black bass, rock bass..
ornia: .
Balrd..........oenne ....| Chinook salmon.
Battle Creek.. . Do.
Mill Creek.... Do,
Colorado: Leadville............... Blackspotted, rainbow, Loch Leven, brook, and lake trouts.

dville
District of Columbia: Central sta-

Shad, whitefish, eisco,chinook salmon, pike perch, yellow perch,
Larféexgggth black ba’as, crapple, sunﬂ’sg, caa?sh. 24 pe

Rescued fishes
0,
Do.
Do. ’ .
Brook and ralnbow trouts, smalimouth black bass, rock bass. .
. Res%led fishes.
B 0.
Larg]emouth black bass, smallmouth black bass, rock bass, sunfish,
. yellow perch.
iﬁi-xl:dm: Atchafalays. Buflalofish.
H
Boothbay Harbor. ............ Haddock, pollock, winter flounder, alewife.
Cralg Brook Atlantic, landlocked, and humpback salmons, brook trout.
Qreen Lake . Lan%]oc ed salmon, ‘brook trout.
. 0.
Maryland: Bryans Point.. ..| 8had, yellow perch.
Masgaohusetts: &4 pe
Brook trout,
QGloucester............. Cod, haddock, pollock, winter flounder.

Woods Hole.......ccouvennnn.. Cod, winter flounder.
1 Auxiliary of 8pringville (Utah) hatchery. 2 Auxillary of Loulsv’me (Ky.) hatchery.
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MAIN AND AUXILIARY FISH-CULTURAL STATIONS OPERATED DURING THE FisvoAL

YeAr 1920—Continued.

State and locality. Speclos handled.
Michigan:
Northville.. o.cooevmuiennnee-n Brook and rainbow trouts, landlocked salmon, clsco, smallmouth
: black bass, sunfish.
Bay City ...| Pike perch.
Charlevolx. ........ .| Lake trout, whiteflsh.
Minnesota:
Duluth .| Lake and brook trouts, whitefish, pike pexch.
Homer. 1 Largemouth black bass, pike perch, resoued fishes.
Migsissippi:
TUPAO .+ eeereacacecconnnn ...|- Largemouth black bass, crapple, sunfish.
Friars Point.......... ..| Rescued fishos.
Missouri: Noosho....ccoevveeanenne. Largemouth black bass, smallmouth black bass, rock bass, crappie,
. sunfish, yellow perch, rainbow trout.
Montana: :
BOZOMAN .. cenreerncecosasnans Blackspotted, rainbow, and brook trouts, grayling.
Qlacier Park.......... .. D

New Hampshire: Nashua: .
New York: Cape Vincent..........
North Carolina:

Ohio:
Putin Bs

Apple; te
Rggueg%lver. .

0
South Carclina: Om?ﬁs
South Dakots: Spearfish..........
Tennesseo: Erwin. .ccoeeeienananc.

Texas: 8an Marcos......ccoeeevvnns
Utah: 8pringville. . cc.cvvvenen...n
Vermont:

Bt. Johnsbury...coevenenea.ols

‘Washington:
Baker lake...coeoeuanennannan
Bir

VIBW . vieccvececearaeaenen

‘Wost Vi a:

Springs.
‘Wisconsin: La Crosse......-....-..
‘Wyonning:
© BAratoOgB..eee. enannaaroaates

toga.
Yallowstone National Park?®...

. o,
Brook and rainbow trouts, smallmouth black bass.

Brook, lake, and ralnbow trouts, whitefish, clsco, yellow perch.

Shad, largemouth black bass, sunfish.
Striped bass. .

Whitefish, pike perch, yellow perch.
Carp.

Chinook, chum,

and steelhead salmons, brook, ralnbow, and black-
spotted trouts, _

.| Stiver and steelhead salmons.

Chinook and steelhead salmons, rainbow trout.

N g}t:hrl]ook and steelhoad salmons, brook trout.
.| Shad.
.1 Largemouth black bass, cmp)x{)(e, sunfish.

t

Blackspotted, ralnbow, brook, and Loch Leven trouts. .

Largemouth and smallmouth black bass, rock bass, sunfish, earp,
hrook and rainbow trouts.

Largemouth black bass, oradp{):lo, rock bass, sunfish.

Blackspotted, rainbow, and brook trouts.

Landlocked and steelhead salmons, brook and rainbow trouts, smail-
mouth black bass, yellow perch, white perch.

Brook and lake trouts, steclhead salmon.

Yellow and ptke perches. .

Largemouth and smallmouth black bass, rock bass, sunfish, crapple,
brook and rainbow trouts.

Sockeye and steclhead salmons. :

" umptback, silver, and steclhead salmons, blackspotted and rainbow
trouts.

Chum, humpback, silver, and steolhcad salmons,

.| Chum, silver, and stoelhead salmons.

.| Chinook, silver, and sockeyo salmons.

.1 Chinook, stiver, and steelhead salmons.
.} Chinook salmon.

Chinook and chum salmons

.| Chinook, chum, sflver, and éockeyo salmons.

Steothead salmon.
Smallmouth black bass, rock bass, sunfish, brook and ralnbow trouts.

Brook trout, pl}m peorch, rescued fishes.

Blackspotted, ralnbow, Loch Leven, and brook trouts.
Blackspotted trout. :

1 Auxiliary of Clackamas (Oreg.) hatchery.

2 Auxiliary of Bozeman (Mont,) hatchory.

DISTRIBUTION OF THE OUTPUT.

The output of the Bureau’s hatcheries and collecting stations has
reached every State, together with Alaska, District of Columbia, and
Hawaii. Individual applications, indorsed by Senators and Repre-
gentatives in Congress, for fish for public and private waters were
filled to the number of more than 8,000, in addition to which about
1,000 special plants of fish were made in public waters of the various
States on the initiative of the Bureau’s local representatives.
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In making distribution from the hatcheries and collecting stations
the Bureau’s cars traveled 91,525 miles, and detached messengers in
charge of baggage-car shipments of live fish and fish eggs covered ap-
proximately-400,000 miles.

Two new steel railway cars, especially constructed and equipped
for the transportation of live fishes, were put in commission during
the year. These cars were built by the American Car & Foundry Co.,
of Wilmington, Del., and cost, including boilers and pumps, $29,416
and $29,783, respectively. In each car is embodied the most ap-
proved methods of railway-car construction, and the equipment in-
cludes some specially designed aerating apparatus not previously
used, which has resulted in a material saving of fuel. The noteworthy
economy effected in the distribution of the Bureau’s output has been
brought about by the increased carrying capacity of the new cars,
which amounts to nearly 35 per cent over that of the other cars now
in use. Formerly the distribution cars were equipped with an inde-
pendent steam plant to supply the air needed for the safe conveyance
of live fishes. The new cars are provided with an apparatus whereby
- the necessary air is obtained from the “ train line,” thus resulting in
a material saving of fuel. A further saving in air has been accom-
blished by discarding the specially made hard-rubber air-liberator
Lolders formerly used, and substituting one-eighth inch galvanized
tees. The hard-rubber holders cost about $1 each and were subject
to frequent breakage. The tees cost 5 cents each and will wear in-
definitely, at the same time adequately meeting all requirements. The
size of tubing used in conveying air to the fish has also been reduced

from three-ellpghths to one-fourth inch.

RELATIONS WITH THE STATES.

Closer cooperative relations now exist between the Bureau and the
State fishery officials than at any previous time. Kach year adds to
the number of field stations operated jointly by the Bureau and the
States under an arrangement that reduces expense, increases the out-
put, and promotes the efficiency of the work of both parties.

Acknowledgment is made of the valuable assistance rendered to the
Bureau by various State fishery authorities during the year. In
some instances the material aid proffered by the States has made
possible the conduct of extensive fish-cultural enterprises that other-
wise would have been greatly curtailed. The ever-increasing cost of
labor and materials has taxed the Bureau’s appropriations to the
limit, but by means of State assistance it has been possible to carry
to a successful outcome several important projects.

In only comparatively few cases have the States failed to respond
to the Bureau’s desire to establish mutually helpful relations. In
one instance the Bureau has been constrained to abandon well-
matured plans for the extension of fish-cultural operations in behalf
of a State because of what appeared to be the intention of the local
authorities to set aside the essential provisions of a law that afforded
some protection during the spawning season to the fishes in whose
artifictal propagation and distribution the Bureau was spending
many thousands of dollars.

During the year 1920, 24 State fish commissions received from the
Bureau assignments of fish and fish eggs aggregating 232,137,000
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eggs, 3,016,000 fry, and 660,000 fingerlings. The eggs were mostly of
commercial fishes of the Great Lakes and Pacific coast, furnished to
State hatcheries for incubation, with the intention of having the re-
sulting young planted by the State officials in suitable local waters.
The fingerlings were for the most part fishes secured in rescue opera-
tions in the Mississippi Valley. The details of this State cooperative
work are as follows:

ALLOTMENT OF FisH AND, FisH Egas T0 STATE I'Isu COMMISSIONS DURING THE
Fi1gcarL YEAR 1920.

[All figures are for eggs unless otherwit}e inbdicated. Fingerlings are designated ¢ and
ry b.

State and species. Number. ’ State and species. Number.
Arkansas: Rock bass................ 63,000 || New Jersey:
California: Chinook salmon.......... 4,235,000 Pikeperch...................... 1,000, 000
Idaho: : Rainbow trout.................. 22,000

Blackspotted trout.............. 25,000 || New York:

Chinook salmon................. 30,000 Lakeherring.................... 87,700, 000
Illinois: Whitefish...o..o...ooooiiiii. ) 2,800, 000

Black bass.. 6000 Laketrout... .. 1,600, 000

Catfish. ... a281, 200 Landlocked sal 30, 000

Craﬁpie .. ¢14,300 | Ohlo: Whitefish........... 50, 000, 000

Pickerel..... 6270 || Oklahoma: Rainbow trout a4,380

Yellow perch............. e a450 (I Oregon:

Bunfish................. 6158, 500 lackspotted trout........ 105, 000

Brook trout.............. N 40'1%?) %}gn%o salmtzn ........... 7,%,%

, nbow trout....

Rainbow trout.................. { a3, 000 Sockeyesalmon......... 3, 000: 000
Iowa: Ralnbow trout............... 98, 400 Steelhead salmon.......... « 700,000
Malne: Landlocked salmon. 417,105 || South Dakota: Brook trout......... a2, 400
Maryland: tah:

Piko perch............. .. 1,500,000 Brook trout........ O, 410, 000

Ralnbow trout.............. .- { 3%;% Ver§33{?°w ot e 298,000
Massachusotts: Chinook salmon..... a7, 500 25,000

ichigan: . i Lake trout...................... 02: 000
1,000, 000 Landlocked salmon. 20, 000
w 20, 150, 000 Steclhead salmon.... 25,000
2,000,000 Pikeperch.......... .| 24,000,000
25,000 Yollow perche...coooovoeea..... b3, 000, 000

516,600 || Washington:

Pikoperch......cccivenennnn.... 55,125,000 Blackspotted trout.............. 150, 000"
Minnesota: Laketrout...................... 25,000

Black bass... .. a15, 550 Steclhead salmon................ 75,000

Catfish. ...... .. 620,405 | Wisconsin:

Crappie.. .. a2, Black bass. . a9, 550

Sunflsh....... - a@, 950 Catfish.. a16,750

Laketrout..........oo..o....... 200, 000 Crapple y

Stcethoad salmon................ 25,000 Sunfish........ 610,360
Montana: Yellow perch.. cee a700

Blackspotted trout.............. 247,600 | Whitefish....................... 13,680,000

Laketrout...................... 50,000 |{ Wyoming: .

Rainbow trout.................. 1,540,.000 Blackspotted trout 100, 000
Nevada: . 20, 000

Brook trout.. 78,400 48,000

Rainbow trout. 108,600 —
New Hampshire: | 232,137, 605

Laketrout.... 25,000 | N 0, 055

Whitefish............. .. 400, 000 b3, 016,600

Pikeperch............c.o.v..... 2,600, 000 ]

|

There appears to be no evidence that the State of Maryland intends
to meet the conditions imposed by Congress in the matter of the
reopening and operation of the hatchery at the head of Chesapeake
Bay, near Havre de Grace. This hatchery was closed by order of the
Secretary of Commerce on January 27, 1917. The condemnation and
sale of tKe property should be considered.

In making original plants of nonindigenous fishes in the waters of
any State, the general policy and practice of the Bureau are to defer
to the recommendations of the State fishery officials. Individual ap-
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plications are referred to the State commissioners, and no applica-
tions are filled without their consent. Being impressed with the im-
portance of safeguarding State waters from the damage that may
result from the introduction of unsuitable fishes, the Bureaun has, for
‘a number of years, in cooperation with the States concerned, sou ht
‘to discourage the planting of basses, perches, pikes, and other fishes
of known predatory habits in the Pacific States, because of the injury
that may be done to the young salmon and trout, which already
have enough natural enemies with which to contend. This policy
meets with some opposition from sportsmen and from persons who
wish to stock private or small public waters with fishes that are
different from those occurring locally. It is well known that there
exist in the Pacific States numerous waters not inhabited by salmon
and trout in which basses and other spiny-rayed fishes would thrive,
but it appears unwise to make exceptions, because there is always the

ossibility of the introduced fishes escaping at times of flood or

ecoming established by other means in trout or salmon waters.
The resuits that would be liable to follow are such that the Bureau
would not wish to share any responsibility therefor, and its_proper
course undoubtedly is to continue refusing to entertain applications
of that character even if State officials should be incline(f to yield
to strong importunities. :

PROPAGATION OF PACIFIC SALMONS.

While the egg collections at the Pacific salmon stations for the

year showed a decrease of approximately 7,000,000 as compared with
1919, the net results of the year’s work must be regarded as satisfac-
tory. There has been no abatement of the serious handicap imposed
on this work by the excessive cost of materials and the scarcity and
cost of labor. Increased appreciation of the Bureau’s work by the
extensive commercial interests in the salmon fishery is indicated by
their requests for its further extension and by the cooperative as-
sistance they have rendered.
At the Afognal station the spawning season of the socke}?re salmon
began July 26, and by August 22 e% s to the number of 73,133,000
had been laid down in the hatchery, filling all available space. A fur-
ther collection of approximately 6,000,000 eggs was made on Sep-
tember 8, and installed for incubation in boxes of gravel in accordance
with the method developed by A. Robertson, at the Harrison Hot
Springs hatchery in British Columbia, bringing the total egg collec-
tions to 79,178,000.

Unusualli" favorable conditions prevailed during the spawning
season, the Litnik River and its tributaries being at a stage to permit
of the easy ascent of fish and at the same time allow the installation
of the racks. The winter was also mild, with but little snow, and com-
munication between the station and the village was rendered simple
by the absence of ice in the bay and snow on the tramroad. The eg
collections exceeded those of the previous year, and it was estimates
that the fish taken for artificial propagation did not represent more
than 50 per cent of the spawning salmon that entered the lake, After
the completion of the egg collections, the racks were removed in order
that the remaining fish might have free access to the natural spawning
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beds, and as late as September 18 green fish in considerable numbers
were observed at the mouths of creeks tributary to the lake. The run
of salmon in Litnik River has shown a steady increase since the vol-
canic eruption in 1912, at which time it was practically destroyed.

_ During October 10,000,000 eyed sockeye eggs were forwarded to
Seattle, Wash., arriving there in excellent condition. From that
point 7,000,000 were diverted to the Quinault Lake hatchery and
3,000,000 were consigned to the State Fish and Game Commission’s
hatchery at- Bonneville, Oreg. In March a lot of 3,300,000 eggs
whose development had been retarded as much as possible was trans-
ferred by a steamer of the Pacific American Fisheries Co., to Ikatan,
Alaska, 1n charge of an employee of the Afognak station. The eggs
were incubated on trays in one of the buildings belonging to the com-
pany, and the resulting fry were liberated in May in tributaries of
Ikatan Lake. .

The total destruction of the retaining rack at Yes Bay by the
heavy drift brought down by the high water of September 17, the
sixth day of the spawning season, reczfuced the collection of sockeye-
salmon e%)gs at that station to the lowest point in its history, only
9,752,000 being secured, After the destruction of the rack, seining in
‘the river was continued up to September 24, but with unsatisfactor
results, as with no barrier to stop them the majority of the ﬁs}?:
passed upstream. The eggs obtained were of good quality and
hatched with a loss of less than 4 per cent. The output of the sta-
tion, including 8,628,000 fingerling fish carried over from the pre-
vious year, amounted to 12,678,000 sockeye-salmon fingerlings, and
at tg: close of the fiscal year 5,355,000 fish were still in the station

onds. :

P In addition to the fish-cultural operations outlined, a considerable
amount of construction and repair work essential to the proper main-
tenance of the station was undertaken. The importance of these re-
pairs has been apparent for several years, but because of their exten-
siveness it has not been possible to set aside from the appropriation
for salmon propagation a suflicient amount to meet the requirements
without curtailing seriously the fish-cultural part of the work. The
unsafe condition of the water-supply flume has long been the cause
of much worry, and as it appeared to have reached the full limit of
endurance at the end of the fiscal year 1919, it was decided to use the
regular allotment for installing a pipe line, a right of way having
already been surveyed, and thus give the station a water supply for
present needs, with ample reserve for future expansion of the hatch-
ery, and at the same time furnish power for a lighting plant. Six
thousand feet of woodstave pipe were obtained, and 2,300 feet of tres-
tle for carrying the pipe were constructed. The available funds were
not sufficient to carry the work to completion because of the prevail-
ing high prices of all material and labor, but the importance of fin-
ishing the project and of making other essential repairs at the
earliest possible date is indicated by the collapse during the winter
of more than 100 feet of the old flume. Because of the small number
of troughs required to accommodate the light collection of eggs, no
loss of eggs was occasioned, though the hatchery was without an ade-
quate supply of water for several hours. On account of the decayed
condition of floor timbers and foundation posts, a number of hatch-
51700°—21—3
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ing troughs were overturned earlier in the season by the support on
which they stood breaking through the floor. No loss occurred, but
had the hatchery been filled with eggs or fry, as would have been the
case in a normal season, either of these incidents could not have failed
to result in a large loss of stock. The trestle, constructed primarily
to carry the new pipe for water supply, is built to accommodate a
tramear, thus making available for the convenient use of the station
a large amount of timber suitable for fuel and also for lumber.
Other important work accomplished by the station employees, with
material already on hand and without additional expense, was the
replacing of 1,600 feet of plank walk about the station grounds, com-

leting new foundation for the superintendent’s residence, construct-
g 1,320 feet of tramway from the hatchery to the boathouse on the
lake shore, and equipping it with 12-pound iron rails. This com-
pletes the tramway, extending from tidewater to the hatchery, over
which all supplies reach the station.

From the stations in the Washington field, not including Quinault
the total output for the year amounted to 29,956,700 eggs, fry, and
fingerlings, these figures including 125,000 eyed steelhead-sajmon eggs
supplied to applicants. While this output was somewhat below the
previous season’s, the falling off is attributable to a series of untoward
circumstances rather than to a decrease in the run of salmon, and a
gratifying increase in the yield of sockeye and silver-salmon eggs is
to be recorded.

On July 21, 1919, all the buildings and equipment at the Baker
Lake station were destroyed by fire. As immediate action was neces-
sary to safeguard the eggs available from the sockeye salmon already
entrapped there, funds intended for use in other fields were diverted
for this more important purpose. As a consequence oierations had
to be discontinued for the year at Darrington, Day Creek, and Illabot
Creek, at each of which points traps, fiumes, and other equipment
had suffered damage from floods and ice during the winter, and
funds were not available for making repairs.

Low water in Grandy Creek and Skagit River during the spawn-
ing season of the humpback and chinook salmons curtailed egg
collections for the Birdsview station. The run of humpbacks was
light, but chinooks were in evidence in the river, though beyond the
reach of traps or seines and unable to attain the spawning grounds
in the tributaries. The number of eggs taken was 74,000 oﬁlump-
backs and 54,000 of chinooks. Conditions were better during the
silver-salmon run, and 2,198,000 eggs were secured. This stock was
augmented by the transfer of 2,418,000 eggs from the Baker Lake
collections. Steelhead-salmon eggs to the number of 255,000 also
were taken at Birdsview.

The largest run of sockeye salmon recorded during the past 10
years occurred at the Baker Lake-station. The first fish entered
the trap at the lake outlet on July 1, and the run continued until
August, during which period 7,800 fish were taken and transferred
to the retaining inclosure for ripening. At spawning time 3,835 of
the number on hand—about 49 per cent—were females, which
yielded 11,150,000 eggs of good qua}{ity. Approximately 200 of the
female brood fish escaped from the retaining inclosure during a
sudden rise in the lake, the racks at either end of the inclosure
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being somewhat out of repair; material for repairs to these racks
was destroyed by the fire alread{' mentioned and could not be re-
Elaced in time. A large run of silver salmon also occurred in Baker

ake, but, the river stages were low during the early part of the fall,.
and fish did not asceng to the lake until November, when the heavy
rains in progress caused a rise of 12} feet above normal, overflow-
ing the trap and permitting many of the fish to escape. The total
collection of 2,600,000 eggs was transferred to Birdsview imme-
diately after being eyed. The sockeye eggs passed through the
incubation period with only nominal losses, and 10,250,000 advanced
fry were returned to Baker Lake.

After the fire of July 21, which destroyed the hatchery, mess house,
blacksmith shop, oil house, foreman’s cottage, and other small build-
ings, with all tools and hatchery equipment, it required the most
energetic efforts on the part of the station personnel to complete ar-
rangements in advance of the spawning season in September for.
handling the large numbers of eggs it was expected to collect from the
brood fish on hand. The task was especially difficult be¢ause of the
location of the station.with regard to transportation facilities, the
nearest railroad station being 18 miles distant and accessible only by
pack horses. The first eggs were placed in eight troughs constructed
from lumber salvaged from the fire. By Octo%er 6 a new sawmill was
in operation, and 40 new troughs had been constructed from lumber
manufactured on the grounds. In equipping the troughs to receive
‘eggs and fry, more than a thousand trays of three-fourths inch
strips covered with wire mesh were required. Early in November the
special appropriation of $50,000 provided by Congress for the recon-
struction of the station became available, when the station force was
augmernted by the employment of temporary labor. The sawmill
machinery was housed by a buildin%l50 by 80 feet, o temporary shelter
was erected over the hatching troughs, and the work of cutting timber,
clearing the grounds of wreckage from the fire, and operating the
sawmill was pushed as rapidly as possible. The sawmill and con-
struction work had to be suspended during the winter, as ice in the
lake prevented the movement of logs to the mill, but it was resumed
by March 20, and at the close of the fiscal year the lower frame for
the new hatciling building had been completed. This building is 56
feet wide and 180 feet long, with 12-foot walls. It will contain 150
standard salmon troughs, and with the contemplated tray system it
will have a capacity for handling approximately 40,000,000 eggs and
fry to the feeding stage.

Although climatic and other conditions were unfavorable at the
Duckabusﬁl station, the egg collections exceeded those of several years
past. The summer run o% chum salmon was very good, and 5,450,000
eggs were obtained. The fish were taken in trap and seines at the
mouth of the river, and transported by autotruck a distance of 3
miles to the hatchery without washing, this method having proved
the most satisfactory in making transfers of green eggs of 51(5 chum
salmon. The ¢ water-hardening” process is delayed by permittin
the eggs to remain unwashed in the milt, and experiments conducte
last season indicate that eggs reaching the hatchery within an hour
after being taken suffer little loss, while those held for a longer period
invariably show a serious mortality. An excellent run of steelhead
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salmon occurred at this point, but because of high water the eg col-
lections were not large, aggregating only 405,000. Another unfavor-
able feature was the necessity of transferring male fish from the
Quilcene station, as the run in the Duckabush iver appeared to be
lax:gely made up of females. :

t the Quilcene station the numbers of all species of salmon reach-
ing the racks were small, and as a consequence the egg collections
were not as large as last season. This section of Hoods Canal is sub-
jected each year to active fishing by purse seines, and the high prices
of recent years have been an added incentive to such operations.
While the law prohibits the use of seines within a certain specified dis-
tance of the mouths of all salmon streams, a large number of spawn-
ing fish are taken directly in the mouths of certain streams entering
the canal, to the detriment of the Bureau’s work and the future sup-

ly. The eggs taken at Quilcene station during the year were
2,200,000 chum, 1,130,000 silver, and 460,000 steelhead. In addition,
2,402,000 chum-salmon eggs were transferred from the Brinnon col-
lecting station. At Sultan, where the year’s work in fish culture com-

ares favorably with that of other years, there were taken 3,167,000
silver, 185,000 chinook, and 92,000 steelhead eggs. Practically all of
the silver salmon were taken during the period between November 1
and December 15, when commercial fishing is restricted at the mouth
of the Snohomish River, and but few eggs were secured after the be-
ginning of commercial operations. .

The collection of sockeye-salmon eggs at the Quinault station—
8,035,000—exceeded the take of the preceding year by over 60 per
cent. During October this station was supplied with 7,000,000 sock-
eye eggs from the Afognak station. This shipment was made with
two objects in view, namely, to relieve the crowded condition of the
Afognak station, where more eggs had been taken than could be
cared for locally, and to maintain the sockeye salmon in Quinault
Lake, this lake and Baker Lake being the only places in the United
States outside of Alaska where important spawning grounds of the
sockeye salmon exist. When the first eggs were taken, on October
98, and up to November 14, spawning operations were rendered diffi-
cult by the low water, but on November 15 & rise of more than 13
feet occurred in Quinault Lake, overflowing the racks in all streams
and permitting many salmon to escape. Fishing was resumed
on November 19 and continued until December 16, when there was
a second rise, followed by the escape of many more spawning fish,
In connection with the sockeye operations, 750,000 silver-salmon
eggs were taken. Notwithstanding that the run of this species ap-
peared to be in excess of last season’s run, the egg collection was
much smaller, this being one consequence of the prevailing floods.
It is a characteristic of the silver salmon to enter spawning streams
in the largest numbers in times of high water, and many fish passed
the retaining racks while they were submerged. Chinook-salmon
eggs to the number of 40,000 were secured. During December the
station experienced a period of the coldest weather ever recorded in
that region, the thermometer registering for a time just above the
zero mark. This occasioned the loss of a number of sockeye-salmon
fry in the rearing ponds and necessitated the immediate liberation
of others in the lake.
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Experiments were conducted to ascertain the value of seal liver
as food for young salmon as compared with other foods in general
use. At the close of the year there was no appreciable difference in
the size or condition of the fish receiving the seal-liver diet, as com-
pared with other lots feeding on pork liver and fresh fish.

The usual work of rescuing salmon and trout fingerlings from pools
that become dry during the summer was taken up in July and
August, and upward of 10,000 fingerlings of the silver salmon and
blackspotted trout were taken and returned to deep waters. At the
close of the fiscal year there remained on hand at the station 1,500,000
sockeye fingerlings.

An outstanding feature of the salmon work in the Oregon field
was the successful rearing of an increased number of chinook salmon
to the fingerling stage. The output of chinook fingerlings from the
Columbia River stations, including 75,000 retained at the end of the
year for marking, exceeded 29,000,000, all of them being of Nos. 2,
23, and 3 fingerling size. Another interesting point in connection
with this work was the very satisfactory outcome of experiments in
the use of frozen salmon eggs for fish food. Approximately 13,000
pounds of the immature spawn of salmon taken by commercial fisher-
men were purchased from local canneries at 5 cents per pound and-
held in cold storage at Portland for use as needed. In preparing it
for feeding to the young salmon, the frost was extracted by sub-
merging it in cold water for a few hours, after which it was cooked
in a double boiler for two and one-half hours, being stirred at fre-
quent intervals while cooking. Salmon fry receiving a regular diet
of this material, with an occasional meal of beef spleen, made more
rapid growth, were more vigorous, and suffered less mortality than
any lot of fish previously reared in this region. The cost of the eggs
1s more than tﬁat of salted flesh of the spawned-out salmon, which
has been used so extensively at all of the Pacific coast stations, but its
demonstrated superiority as a food for young fish would seem to
warrant its purchase in larger quantities during the year 1921,

Notwithstanding that the very active commercial fishery conducted
in the Columbia River each year was augmented last season by an
increased number of drift-net and trap-net fishermen, chinook-sagnon
eggs in excess of 20,000,000 were taken at the Little White Salmon
station, the spawning season being from September 19 to October 15,
The operations were not altogether favorable, as both the Columbia
and Little White Salmon Rivers were at low stage throughout the
period the fish were running. The chum and silver salmons, until
recently practically ignored by Columbia River fishermen, were
sought during the past season as eagerly as the chinook. Collections
of eggs of these species amounted to 204,000 chum and 27,000 silver.
Transfers, of eyed chinook eggs were made to .provide room for the
feeding of fry and also for t%le urpose of improving the run of the
species at other points. The Clackamas station received 2,110,000,

pper Clackamas 800,000, and the State hatchery at Bonneville
4,000,000, With the exception of 750,000 advanced fry which were
retained in the wide water above the rack, all the fish resulting from
the e(i;rgs remaining at the station were reared to fingerling sizes Nos.
2 and 8, and more than 11,250,000 were returned to the river.



34 REPORT OF THE COMMISSIONER OF FISHERIES.

The operations at the Big White Salmon proved successful in
every respect, 16,000,000 chinook-salmon eggs being -collected durin
the spawning season, as against 10,665,000 last year. Nearly half o
the eggs collected were obtained from fish taken in Spring Creek,
thus seemingly furnishing direct evidence of the efficacy of the
hatchery anci; in support otg the “ parent-stream ” theory, as the natural

.conditions that existed at the mouth of this stream prior to the
Bureau’s work were such as to preclude the ascent of salmon; the
fishway provided to make this stream accessible to the fish proved
satisfactory in all respects. Fish entered the stream in such large
numbers that at one time it was feared the natural flow of water
would be insufficient to hold them without loss. To guard against
this, a flume of temporary construction was laid along the bank, with
spillways at frequent intervals to insure more thorough aeration of
the water. The advantages gained from this work are that Spring
Creek is adjacent to the %mtchery, and eggs taken therefrom are of
a much better quality than those secured.from the Big White Salmon
River. Eggs from gpring Creek are in the hatching baskets before
hardening has taken place, whereas several hours must elapse before
eggs taken from the river reach the hatchery. It is frequently neces-
sary to transport the eggs by boat in the rough water of the Columbia
which has a tendency to increase the loss. Of the eggs collecte
3,000,000 were shipped in the eyed stage to other stations, and from
the remainder 11,600,700 large vigorous fish were liberated in the Co-
lumbia River tributaries. The loss on eggs and fish throughout the
season was very light. ‘

The usual preparations were made for the collection of chinook-
salmon eggs at the Rogue River station, the only modification of the
work being the installation of the head rack early in AFril. By this
means some of the early-run fish were stoEped; The slight increase
in the egg collections from the river may be attributed to this cause,
as very few fish are able to reach the upper portions of the stream
after commercial fishing begins on April 15. It is ekpected that
favorable action will be taken by the next legislature on a bill to
shorten the fishing season, and it is believed that the results of this
action and of the new fishway in the Ament dam will bée manifested
in an increasing number of eggs taken another season. Chinook-
salmen eggs to the number of 1,362,000 were collected; these, with
1,020,000 received from the State hatchery, were successfully hatched,
resulting in an output of 2,306,700 No. 2 fingerlings. ‘ .

At the Applegate Creek station the destruction by flood, durin
the winter of 1918-19, of the irrigation dam by means of whic
the station secured its collection of eggs necessitated new construction.
As the principal egg collections occur during winter, frequently when
the river is at ﬂoo% stage, it was necessary to construct a barrier of a
permanent nature, and a fin rack anchored to cement piers, with
traps at the shore iine, was thrown across the stream. The structure
has operated successfully and withstood the floods of last winter
without damage. In undertaking this work it was necessary to wait
for low water, which occurred during October and November. It
was impossible to complete the structure in time to stop the run of
silver salmon, which was light, and lasted but two days. As at the
Rogue River station, low water prevented the main body of the fish
from reaching the spawning grounds, and the collection of steelhead-
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salmon eg%s was reduced full]?'h 50 per cent from this cause. The
season’s take was 2,086,000 steelhead eggs, of which 600,000 were for-
warded to the Rogue River station and 700,000 to the State hatchery
at Butte IFalls. The remainder were hatched and the resulting fry
liberated in Applegate Creek and other mnear-by tributaries of the
Rogue River.

cknowledgment is made of ths cordial assistance received from
the Oregon Fish and Game Commission and the local cannery inter-
ests. Vgithout their cooperation the extensive feeding of salmon
W&ich was conducted in the Oregon-field would not have been pos-
sible.

The drought, adverselfy affecting fish-cultural work in southern
Oregon, extended to California, the past winter being unusually mild
and almost without rain. The reduced egg collections in California
are attributed partly to that cause. The racks installed in the Mec-
Cloud River during the latter part of the fiscal year 1919 resulted in
the collection of 1,350,000 eggs of the spring-run chinook salmon.
These were incubated without undue loss, and the fry were reared to
fingerlings. During the incubation period the gravity flume was
without water, and the hatchery was supplied by pumping from the
McCloud River. The racks were removed after the spring run of
fish was over, as the fall run of fish at this point has never been suffi-
ciently large to warrant the expense involved in taking eggs. The
racks have again been installed for the 1920 season for the spring run
of salmon, but the indications are that the effort will meet with
failure. The conditions existing at the irrigation dam at Redding
have not been remedied, and this, in connection with the protracted
drought, has prevente;i salmon from ascending the Sacramento
River. Notice was served on the responsible persons by the Califor-
nia Fish and Game Commission to construct a fishway in accordance
with the laws of the State, and plans of a suitable structure were
furnished, but this notice was ignored. The matter is now in the -
hands of the legal authorities, who should take prompt action to com-
pel compliance with the law. i

At Battle Creek the collections totaled 4,078,000 eggs, as against
5,384,000 the preceding year. The usual shipments were made to the
State hatchery at Sisson, and from those kept at the station 3,619,000
No. 13 fingerlings were produced. Some further work was performed
on the pond system established last season, and the pipe line and
supply (fitch were completed. The decrease in the number of eggs col-
lected at the Mill Creek station js larger than at Battle Creek, 6,358,000
being the total for 1920, while 17,284,500 were secured last season.
Shipments to the number of 4,000,000 were transferred to the Sisson
State hatchery in the eyed stage, and 2,122,000 fingerlings were pro-
duced from the remaindeg.

The stack-tray system of handling eggs and fry was tried at sta-
tions in this field, with as satisfactory results as have been derived
from that form of apparatus at other salmon stations.

PROPAGATION OF COMMEROCIAL FISIIES OF THE GREAT LAKES.
Climatic conditions during the spawning seasons of the principal

fishes of the Great Lakes were extremely variable and on the whole
very unfavorable in 1920. The lakes in fall, early winter, and spring
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are subject to severe storms and sudden variation in temperature.
It is at the spawning season that the commercial fishermen obtain
their principal catch, and the Bureau is dependent almost entirely
on the results of their efforts for its supply of eggs for artificial
propagation. It follows that the outcome of any season’s work de-
pends largely upon the extent to which the fishermen are able to ply
their trade. There are, of course, other factors that make for the
success or failure of the work, but the weather conditions are the
governing factor.

Collections of whitefish eggs were made in each of the five Great
Lakes, and there were taken 420,425,000 eggs against 550,868,000 for
last season, the largest numbers, as usual, from Lake Erie. The de-
crease was not ascribable to any falling off in the number of fish on
the spawning grounds. On the contrary, there was an excellent run
of fish, fully equaling, if not exceeding, that of last season. The out-
come was due entirely to unfavorable weather that prevailed through-
out the egg-collecting period. p

The ﬁel§ work in Lake Erie yielded 817,360,000 whitefish eggs, the
most productive points being Port Clinton, Middle Bass Island, Put
in Bay, Monroe, and Isle St. George. While the collections were 25
per cent less than in the previous year, the eggs were of excellent
quality and the percentage of healthy fry was the highest ever
attained at the Put in Bay station. Transfers of eggs were made to
the Ohio, Michigan, and Minnesota fish commissions and to the
Bureau’s hatcheries at Duluth and Charlevoix. The eggs that were
retained produced 200,000,000 fry, which were planted in local
waters. T'he mean incubation period was 133} days, 10 days longer
than in the previous season, with the mean water temperature 2¢ F.
lower.

Acceding to the urgent requests of persons interested in the com-
mercial fishery for carp in tributaries of Lake Erie, the artificial

ropagation of this species was resumed in the spring of 1920. A
Eattery was set up at Port Clinton and the same methods of manipu-
lation that proved successful last season were employed. The results
were satisfactory, 47,250,000 eggs being obtained from fish taken in
seines by the commercial fishermen and 37,800,000 fry produced and
liberated. The first eggs were taken on June 2 and hatched on the
fifth day after being placed in the jars, the eye spots appearing on
the third day. Eggs taken later in the season eyed on the second
day and hatched on the third, in a mean temperature of TH4° F.
The collections of last season amounted to 28,500,000 eggs. The local
fishing interests are in the heartiest accord with this work and have
rendered valuable assistance by furnishing a building, men, and
equipment. ' :

The collection of whitefish eggs was undegtaken for the Charlevoix
hatchery at the usual points in Lakes Michigan and Huron. Rough
weather so interfered with fishing operations that the take of eggs
was reduced to approximately one-half of last season’s, only 17,-
680,000 being- obtained, but all were of unusually high quality and
produced healthy fry. Because of the widely separate points at
which the whitefish fishery is conducted, the establishment of a field
station, provided with suitable crates for holding the fish for ripen-
ing, located at some central point on the north shore of Lake Mich-
igan, should be considered.
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Just prior to the whitefish spawning season on Lake Ontario
arrangements were made with the Dominion and Ontario provincial
fishery authorities for the cooperative collection of eggs in the Cana-
dian waters of Lake Ontario. Under this arrangement it was agreed
that the first 30,000,000 eggs obtained by American spawn takers in
Canadian waters should be delivered to the provincial hatcheries, but
that all collections in excess of that number were to be sent to the
Cape Vincent station. It later developed that the provincial hatch-
ery required only 21,800,000 eggs, ancf that was the actual number
furnished. The plans outlined early in the season provided for
collecting stations at Deseronto, Bygotts Point, and along the shore
near South Bay, Ontario. A severe storm during the first week of
operations precluded any collections, and when the weather improved
the season was well advanced. At this time the market price of
whitefish dropped to 6 cents per pound, which resulted in the practi-
cal abandonment of the fishery at Deseronto. Still another incident
that had the effect of further handicapping the fish-cultural work at
this point was the opposition by fishermen to the recent action of
Dominion and provincial fishery authorities in closing certain sec-
tions of the upper reaches of the Bay of Quinte to commercial fishing.
This feeling was reflected in the failure of many of the fishermen to
lend assistance. Only 6,300,000 whitefish eggs were obtained in the
Deseronto field, but there is reason to believe that by establishing
better relations with the local fishermen, and with favorable weather,
this point can be extensively devel(;iped as a collecting station. At
Bygotts Point and South Bay the fishermen were in hearty accord
w1ti the ‘work and rendered valuable assistance. However, the
weather was a serious drawback, and egg collections at both points
suffered therefrom. At South Bay, for example, the total take of
whitefish eggs for the season was 39,805,000, of which number 25,-
000,000 were taken in two nights of favorable weather. Bygotts
Point station yielded 30,560,000 eggs. Each of these fields is com-
paratively new, being occupied for the second time only, but promises
to be very productive when fully developed. On the grounds near
Cape Vincent 8,800,000 eggs were secureﬁ, bringing the grand total
for the season to 83,665,000 eggs. In addition to those turned over
to the Province of Ontario, 2,800,000 eggs were shipped to the New
York Conservation Commission, 2,500,000 eyed eggs were planted in
Lake Ontario, and small lots of eyed eggs to the number of 1,900,000
were shi Ped to Central Station, the New York Aquarium, and
Warren, &)\ Y. The remainder were retained at the station and the
resulting fry returned to the waters of Lake Ontario.

In the lake herring or cisco work on Lake Ontario no new fields
were entered in 1920. Collections of eggs from the catches of the
fishermen were made at Sodus Point, Fairhaven, and Cape Vincent
to the number of 181,150,000. The eggs, which were of remarkably
good quality, were disposed of in various ways: Some lots were
sent to the Michigan Fish Commission, the New York Aquarium, and
Central Station, and 87,700,000 were consigned to the New York Con-
servation Commission. The remainder, approximately 90,000,000,
were retained at the Cape Vincent hatchery and yielded 73,505,000
fry, which were planted in suitable local waters.

. The hatching of lake trout in 1920 was on about the same scale as
in 1919. During the spawning season in Lake Superior the employees
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of the Duluth station collected eggs at points on the north shore of
the lake and at Isle Royale, Mich. A few eggs of the early run were
taken between September 23 and October 20, but the largest collec-
tions were secured later. The season closed 1n the last week of No-
vember with a total take of 21,079,000 eggs. The results were disap-
pointing, as from the number of fish on the grounds where commer-
cial fishing is conducted along the north shore there was reason to be-
lieve that a very successful season from a fish-cultural standpoint
was assured. Because of the destruction of nets by storms, the collec-
tions exceeded those of last year by only a small margin. Conditions
on the south shore were even more unfavorable, and this field was.
abandoned shortly after November 1.

For the Michigan stations lake-trout eges were obtained at the usual
points in Lakes Michigan and Huron. g large body of fish appeared
during the spawning season, but the fishermen were able to operate
their nets only at irregular intervals. A total of 31,733,000 eggs were
secured, most of which were of an average quality, though at certain
points where on(liy inexperienced help was available the quality was
mferior. As indicative of the changing condition of the lake fish-
eries, it is interesting to note that while %or a number of seasons past
enough lake-trout eggs were not obtainable to justify the expense of
operations at the Afpena hatchery on Lake Huron, more e%gs of that
species were taken during 1920 in the vicinity of Alpenu than at any
other point on the lakes. If this situation continues, the advisability
of resuming regular operations at this point may be worthy of con-
sideration. Practically all of the lake-trout eggs collected 1n Michi-
gii:n waters in recent years have been obtained from the fisheries in
the vicinity of Charlevoix and Beaver Island, Lake Michigan.

‘As in other parts of the Great Lakes region, the work of the Cape
Vincent station in Lake Ontario suffered from stormy weather. Lake-
trout eggs were sought at Pigeon and Stony Islands, but only a few
days were suitable for fishing during the time the fish were on the
spawning beds. While the run did not appear to be as large as last
season’s, the total number of eggs taken from both points—941,000—
was more than 200,000 in excess of last year’s collection.

The season’s pike-perch operations on the Great Lakes and on Lake
Champlain were on a mucg less extensive scale than in 1919, The
winter of 1919-20 was severe, and very heavy ice formed on Lake
Erie; nevertheless by the end of March the lake was free of ice and
the pike-perch fishermen were able to set their nets earlier than usual.
During the first days of the season the take of fish was very large, and
a successful season in pike-perch hatching was anticipated. There
followed a period of cold weather, with snow and heavy winds, that
had the effect of destroying many nets and of breaking up the schools
of spawning fish. Operations for this species were continued longer
than usual in the belief that a change in the weather would bring a
return of the fish, but the season closed on May 10 with a total collec-
tion of only 116,950,000 eggs. With the exception of 1,000,000 shipped
to Central Station, all the eggs were incubated at Put in i?va.y and the
fry liberated in Lake Erie.

%‘he success attending the experiments in connection with the
propagation of pike perch in Saginaw Bay last season made it advis-
able to resume the work this year. Some difficulty was experienced in
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finding a suitable location for the establishment of a battery where
a water supply free from chlorine was available. Such a place was
eventually found at Bay City, and a battery of 100 jars was installed.
Last season the sterilized water from the city suppfy roved entirely
unsuitable for fish-cultural purposes, and practically all the eggs
retained at Bay City were lost from this cause. In the sprin of
1920 large numbers of spawning pike perch entered Saginaw Bay,
but because of certain difficulties in transportation the express com-
pany at Bay City on several occasions placed an embargo on ship-
ments of fresh fish. As suitable storage facilities were not available,
the fishermen were forced to suspend operations during the time the
embargo was in force. Under tﬁese conditions only 95,700,000 eggs
were obtained, and because of the intermittent operations they were
not of the best quality. Of the number taken, 40,575,000 were placed
in the jars at Bay City for incubation, and the remainder were deliv-
ered to the Detroit hatchery of the Michigan Fish Commission. The
excellent facilities for pike-perch work in Saginaw Bay would seem.
to justify the establishment of a permanent station equipped to
handle the large numbers of eggs that seem to be obtainable under
favorable conditions. There is a strong public sentiment in favor of
such an establishment. ' S

In continuance of the arrangement made last season for the collect-
ing of pike-perch eggs in Turtle River in cooperation with the Minne-
sota Game and Fish Department, 32,000,000 eggs were obtained as
the Bureau’s share and were hatched under the direction of the
Duluth station. At the hatchery on Lake Champlain 171,450,000
pike-perch eggs were secured, as against 245,350,000 in 1919. The
quality of both eggs and fry was superior in 1920, as a result of
improved facilities and methods. Although the eggs were taken
during a period of 15 days, yet within 48 hours after hatching
began the incubation of all eggs on hand was completed. One-third
of the eyed eggs were delivered to the Vermont Department of Fish-
eries and Game under an agreement whereby a part of the expense
of the Swanton hatchery is borne by the State.

In order to meet a demand and also to take advantage of oppor-
tunities for increasing the supply of food ﬁs‘hes; the Bureau has
continued to hatch yellow perch at Put in Bay, Cape Vincent, and
Swanton, the last-named station having the iargest output. At
that place 30,000,000 eggs were collected, and 27,800,000 fry were
hatched therefrom. After a suitable number of fry had been re-
turned to local waters, the remainder were distributed to applicants
in New York and New England.

The value of the Bureau’s fish-cultural work addressed to the com-
mercial species of the Great Lakes is very generally recognized, and
that it should be extended as fully as possible is t%e opinion of all
persons having an interest in the important industry. The Bureau
1s constantly being urged to undertake the further expansion of its
activities, but is prevented from doing so by lack of the necessary
funds. There are points in various sections of the Great Lakes region
where profitable collecting stations may be developed that will pro-
duce many millions of ripe eggs that at present are a total loss be-
cause they are sent to market in the fish. There is little reason to
doubt that the annual output of whitefish, cisco, lake trout, pike
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perch, and yellow perch can be very materially increased in all the
Great Lakes if sufficient funds for the establishment and operation
of new field stations can be obtained. '

CULTIVATION OF FISHES OF MINOR INTERIOR WATERS,

The active and increasing demand for fishes for lakes, ponds, and
interior streams has in general been met by the various stations de-
voted to the trouts, landlocked salmon, basses, crappies, sunfishes,
etc. As a rule, the applications for such fishes can be promptly filled,
but the production of smallmouth black bass has never been equal to
the demand, and the regular output of brook trout has had to be sup-

lemented by the purchase of large numbers of eggs from private
fish-culturists.

The stations in the Rocky Mountain region in Montana, Wyo-
ming, Utah, Colorado, and South Dakota have handled the native
trouts and two introduced trouts, together with grayling, and the
season’s output was of average volume.

In the Montana field, with the Bozeman station as headquarters
and with hatcheries in Yellowstone National Park and Glacier Na-
tional Park as auxiliaries, the varied operations have been success-
ful. The collections of rainbow-trout eggs in Madison Valley, aggre-
gating 3,812,000, were only a little below the record take of the pre-
vious year, and grayling eggs to the number of 700,000 were obtained
in the same ﬁelg.

At the hatchery on Yellowstone Lake, in Yellowstone National
Park, some of the eggs of the blackspotted trout taken from wild fish
are incubated and the resulting young are deposited in park waters,
while limited consignments of eyed eggs ure made to the Bozeman
hatchery and to the fish commissions of the States of Montana,
Wyoming, Idaho, Oregon, and Washington. During the season of
1920, which involves the end of the fiscal year 1920 and the beginning
of the fiscal year 1921, about 6,500,000 eggs were taken. In the sum-
mer of 1919 the Commissioner ‘made a personal inspection of the
fish-cultural work in the park, and made arrangements for extend-
ing and augmenting the hatching operations in view of the very
heavy drain on the fish life occasioned by the greatly increased
number of anglers now resorting to the park. The superintendent
of the park has extended every facility for making the hatchery
effective and for enabling the Bureau to maintain and improve the
supply of fish in the park waters.

he auxiliary hatchery in Glacier National Park, constructed for
the National Park Service, but operated by the f?)urea_u of Fish-
eries, has already justified its establishment. Encouraging reports
are being received as to the results of this pioneer work, and it is
believed that in a short time noteworthy collections of eggs may be
obtainable from waters entirely devoid of fish life E;evmus to the
Bureau’s entry into this field. The fiscal year’s hatching operations
in the park extended from July 1 to September 30, 1919, and from
April 29 to June 30, 1920. The eggs handled consisted of 300,000
brook trout from the Leadville station, 310,000 rainbow trout from
the field station in Madison Valley, 500,000 grayling obtained through
the courtesy of the Montana Fish and Game Commission, and 200,000
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blackspotted trout from Yellowstone National Park. From these
eggs 1,369,000 fry and fingerlings were hatched and planted in se-
lected waters in Iglacier Park.

Until funds become available for the development of a number
of promising outlying fields, the output of the Saratoga station
in &yoxning must be somewhat limited. Brood fish on %and pro-
duced during the last fiscal year 96,000 eggs of brook trout and 297,000
egas of rainbow trout, while collections from wild fish, made under
difficult conditions, yielded 31,000 eggs of brook trout and 408,750
eggs of rainbow trout. The hatchery supply was augmented by
430,000 eggs of blackspotted trout and 406,000 egge of brook trout
from other stations. '

At the Springville (Utah) hatchery the brook rainbow and black-
spotted trout have remained in excellent condition, but the eastern
brook trout have deteriorated. Fish Lake continues to be the most
prolific source of eggs. The lake is operated jointly by the Bureau
and the State game and fish department, and the Bureau’s share of
the collections in 1920 was 1,085,000 brook-trout eggs and 1,330,000
rainbow-trout eggs. Special attention is being givén to the main-
tenance of the fish supply in Fish Lake, as its value as a source of
eg!i:s is recognized.

he work of the Leadville hatchery and its field stations in Colo-
rado was quite successful, especially as regards the propagation of
eastern brook trout, of which 5,909,900 eggs were obtained by parties
stationed on eight lakes. In an attempt to develop a new field station
for collecting eggs of rainbow and blackspotted trouts at Antero
Reservoir, two apprentice fish-culturists detailed to make investiga-
tions and locate spawning grounds were mysteriously drowned.

Owing to lack of suitable help and to the abnormally large expense
that would have been required, no attempt was made at the Spear-
fish (S. Dak.) station to obtain e%gs from wild fish as hereto-
fore. Brood stock held at the hatchery produced 107,000 eggs of
eastern brook trout and 130,000 eggs of rainbow trout, which were
supplemented by 947,000 eggs of brook trout purchased from dealers
and by the transfer from other fields of 419,000 eggs of blackspot-
ted trout and 25,000 eggs of lake trout. The water supply at this
station has long been unsatisfactory and at times precarious. During
the protracted winter of 1919-20, the flow of water was at one
time reduced to 22 gallons per minute for all hatchery purposes, and
three 12-foot troughs each containing from 25,000 to 40,000 eyed trout
eggs were given only 2} gallons per minute, which amount was not
increased and the numbers of eggs and fry were not reduced until
the feeding stage was reached. By an agreement recently made
" with the municipal authorities of Spearfish, the Bureau is to have the
use ‘of the overflow from the newly constructed city reservoir. By
means of a separate pipe line, water of desirable quality will become
available without cost, and for the first time the hatchery and ponds
will have an adequate supply for present and prospective needs.

In the New England trout hatcheries there was a serious epidemic,
which greatly curtailed the production of brook trout. At the Berk-
shire hatchery the malady, known as the “ white-spot ” disease, was
particularly severe and reduced the output to insignificant propor-
tions, Even under favorable conditions the yield of brook trout at
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the Bureau’s hatcheries is unequal to the denand, and resort must
be had to private hatcheries for some millions of eyed eggs that are
required each season. The price paid for these eggs has risen from
30 to 40 cents per thousand in 1912 to 75 and 80 cents per thousand
in 1920, with every indication that it will advance still further. This
supply is uncertain and frequently of inferior quality, owing to the
fact that many commercial trout breeders engage in the work with
the main object of suppiyin fish for the market, the production of
eggs being incidental. In tiese establishments the fish are put on
the market after their first spawning, and it is well known that eggs
taken from young fish are never equal in quality to those obtained
from 3 to 5 year olds. From every standpoint it is highly de-
sirable that the Bureau should have a source from Whicﬁ brook-
trout eggs in sufficient numbers may be obtained to meet all re%uire-
ments and relieve it of dependence on the high prices and inferior
stock of the commercial dealers. After a consideration of this sub-
];act York Pond, in the White Mountain National Forest Reserve,
N. h., was selected as a site for the development of a source of
supply for brook-trout eggs. A camp was established and. prelim-
inary work on the project undertaken during June, 1920, and allot-
ments of fingerling trout were planted in the pond: during that
month. With the cooperation of the State of New Hampshire by
the enactment of legislation giving the Bureau control of the pond,
which is approximately 19 acres 1n area, and of the Forest Service
in maintaining roads, it is expected that the full development of
this body of water will enable the Bureau to produce large numbers
of brook-trout eggs of a high quality and at reasonable cost.
Landlocked-salmon pro%gation conducted principally from the
e, and its subsidiary at Grand Lake
Stream, was. rather more successful than in the previous year. The
output was 1,641,905 eggs, fry, and fingerlings. Green Lake, one
of the sources of eggs, was at an unusually low level, and the fish
were unable to ascend the tributary streams for spawning. The eggs
secured at this point were from fish caught in pound nets in the
lake. Of the eggs distributed 417,105 went to the State of Maine, in
fulfillment of the agreement by which the eggs taken by the Bureau
on the Fish River Lakes are to be eyed at the Caribou State hatch-
ery, and one-half the net collections become the property of the State.
The work in this field suffered from lack of competent employees.
The group of stations at which both salmonoid and pond fishes are
handled includes those at Wytheville (Va.), White Sulphur Springs
(W. Va.), Erwin (Tenn.), Neosho (Mo.), and Manchester ( owa%,
where the output is derivable almost entirely from brood fish main-
tained from year to year in artificial ponds. The aggregate produc-
tion of these stations in 1920 was, in round numbers, 3,225,000 brook
and rainbow trout and 240,000 bass, while there remained on hand
at the close of the year 234,000 fingerlings available for distribution
and for increasing the breeding stock. hile a number of untoward
conditions have tended to curtail the yield of these stations, consid-
erable progress has been made in improving their physical condition
and in securing a better quality of brood fish. The output of both
brook and rainbow trout at White Sulphur Springs was the largest
in the history of the station ; the Manchester station largely increased
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its production of rainbow-trout eggs; and by improved methods of
handling the fertility of rainbow-trout eggs at the Neosho station
increased 40 per cent.

The 1920 output of smallmouth black bass was slightly less than
in 1919. At nearly every station where this species is propagated
the same adverse weather conditions prevailed, resulting in a retarded
spawning, the loss of many of the e %;s in the first spawning, the
abandonment of nests by the parent fish, and the killi% of eggs in
later layings by sudden fluctuations in temperature. e only sta-
tion at which an increased production of smallmouth black bass
occurred is Louisville, which distributed over 100,000 fry and finger-
lin%s, and had its most successful season.

he propagation of largemouth black bass was adversely influ-
enced by the same conditions that affected the smallmouth species,
although the aggregate output was larger than in the Tevious year.
Both the Orangeburg (S. C.) and the San Marcos (Tex.) stations
had an especially successful season, and the latter had the best year
in its history. From Orangeburg the production of largemouth
bass was 241,765, notwithstanding a considerable loss of fingerlings
from cannibalism, owing to the inability to secure capable assistance
in promptly removing the young fish from the ponds containing
adults. As an innovation in the distribution of pond fishes, 5,400
sunfish were held through the winter at Orangeburg without undue
loss, made an excellent growth, and were planted in spring. In re-
“sponse to the large demand for sunfish in the Southern States, an
effort is being made to increase the output of this species as fast as
possible. The bluegill—the largest, and in many localities and in
many respects the most desirab%e of the sunfishes—is being substi-
tuted as brood stock for the other and smaller species.

In Texas there has been a call for pond fishes in excess of the
production of the one station operated in the State. To meet this
demand, plans were made to increase the production of fish of the
species most called for. With this in view, the lease of a parcel of
land, desirable for pond construction and conveniently located for
the distribution of the output, was secured from the city of New
Braunfels. The lease included a supply of water from the. cit
reservoir. About two years ago, following a period during whicK
the San Marcos station was closed, the Texas Legislature enacted a
law giving suitable protection to bass, crappie, and other food and

ame fishes during their spawning period. The absence of such a
aw in the State was the important consideration in connection with
the closing of the station. By a ruling of the attorney general of the
State this law was practically annulled during 1920, and the fishes
propagated by the Bureau are again left without adequate protection
at a time when such protection is most urgently needed, viz, their
period of mating, nesting, egg laying, and guarding the young. Any
effort to increase the output of artlécially reared fishes uncﬁar these
circumstances seems ill advised.

The value and importance of vegetation in pond culture have long
been recognized, and much time and effort have been devoted to the
production of luxuriant growths of atﬁuatic plants in fish ponds. The
intelligent control of this growth is also of importance, and this can
not be successfully accomplished without more exact imowledge of
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the natural food of young bass and other warm-water species. It is
of the utmost importance in connection with the subject to know what
plants enter directly into the dietary of the fish or contribute indi-
rectly to the support of the smaller animal forms that furnish food
for fish. In order that information might be gained on this subject,
which appears to have been generally neglected by fish-culturists, a
sgecial assistant was employed to make a study of the conditions as
they existed at the Neosho station during the winter of 1919-20.
More extensive work along similar lines has been done by the same
specialist nnder the supervision of the division of scientific inquiry,
and much information of value and interest to fish culture has been
gathered. When this is assembled and made available for practical
application to the work of the stations, there is reason to believe that
beneficial results will follow. The natural food supply for pond
fishes is of particular importance, since it is very difficul¢ to induce
these fish to accept the various artificial foods that are taken readily
by the trouts and salmons. .

The Bureau has continued its experiments looking to the develop-
ment of a satisfactory food for young silmonoid fish at a reasonable
cost for replacing the meat produets in general use, the price of which
has advanced in proportion with all other commodities. Perhaps
the most notable results have been from the use of salmon eggs as
food for young salmon. These are the immature eggs taken from
salmon secured in commercial fishing operations, and are held in cold
storage until needed. Canned seal liver, 2 by-product of the fur-seal
islangs, gave satisfactory results at a western station, the test indi-
cating that it compares favorably with pork liver. A product sold
under the name of “dried flies,” the exact nature of which has not
been learned, was obtained from a New York importing firm and
tried as a food for trout at a number of stations, with unsatisfactory
results in every instance. Fishotein, a slaughterhouse preparation,
and clam meal have been used with some success, but neit‘iler of these
products appears suitable unless employed in conjunction with meat.
The results of all experiments thus far made, with the exception of
frozen salmon eggs, leave beef heart and beef liver at the top of the
list as the most desirable foods for young salmonoid fish. Not only
do they produce a more rapid growth, but the mortality is much less.
Of these two foods, the heart seems more desirable for the early feed-
ing stages, while the liver is better for the more advanced fingerling
sizes.

PROPAGATION OF RIVER FISHES OF THE ATLANTIC SEABOARD.

Fishes of the Atlantic coast streams which receive attention at the
Bureau’s hatcheries are the salmon, the shad, the yellow perch, and
the striped bass. '

For a long period of years the Bureau has been conducting, at its
hatchery at Craig Brook, Me., operations addressed to the Atlantic
salmon. The scene of this work 1s the Penobscot River, which is the
only New England stream that now has a run of salmon, and even
the Penobscot maintains its salmon in the face of serious physical
and other handicaps. It seems to be well established that the per-
petuation of the salmon fishery in Maine depends largely, if not
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.chiefly, on artificial propagation. The work, however, meets with
scant local supf)ort, and the fishermen, who are the principal bene-
ficiaries, show little disposition to cooperate. They have demanded
full market price for the brood salmon collected by the Bureau and
held for the ripening of their eggs, and, in addition, they have asked
for a bonus for delivering the ﬁgssh in good condition. The cost of
the brood salmon some seasons has ranged from $6-to $7 apiece, and
other features of the work have also been expensive. The fishermen
have of late shown a tendency to ask higher and higher prices for
fish and a larger premium for careful handling. A proper spirit of
cooperation would seem to impel the fishermen, in their own interests,
to supply brood salmon to the hatchery at a nominal price and to
waive the charge they have been making for proper handling. The
wisdom of continuing this work under existing conditions is ques-
tionable. :

From the Atlantic salmon obtained during the last fiscal year there
remained on hand at the spawning time in October 227 fish, which
yielded 797,610 eggs. This number was supplemented by 1,000,000
eggs obtained from the fishery authorities of Canada in exchange
for trout eggs. Both of these Jots of eggs were incubated with normal
loss, and the resulting young, to tﬁe number of 1,550,000, were
planted in the Penobscot and other important streams of Maine.

Shad hatching has been conducted as usual at the stations on the
Potomac River and Albemarle Sound. At both points the work was
prosecuted under very trying weather conditions. The spawning
season at Bryans Point began April 18 and continued until May 18
during which 42,570,000 eggs were obtained from the fishermen, an
38,161,000 fry of excellent quality were hatched and planted. The
run of shad into Chesapgake Bay 1n the spring of 1920 was said to be
the largest in a number of years, and specially good catches were
made on both sides of the lower bay, but the number of fish reaching
the spawning grounds was limited.

At the Egenton station the first spawning fish were found on
April 1, and the season ended on May 12 with.a collection of 21,667,
000 eggs. The incubation geriod was marked by sudden and ex-
treme fluctuations in air and water temperatures, and rather heavy
losses of egﬁgand fry resulted. The output of young shad was
16,286,000. The shad catch in the section of Albemarle Sound ac-
cessible to the hatchery was the smallest for many years, the effects
of the light run being augmented, by inclement weather, embargo on
express shipments, and low prices, which caused many of the fisher-
men to withdraw their nets early in the season. The fullest coopera-
tion was accorded by the fishermen to the hatchery, and main y to
this fact must be attributed the degree of success that was attalned
under most discouraging circumstances. :

At the striped-bass hatchery, operated on the Roanoke River in
North Carolina as an auxiliary of the Edenton station, the 1920
season was successful. Between May 1 and 15, fish. caught for market
by the commercial fishermen yielded 19,358,000 eggs, which produced
16,474,000 fry, all of which were planted in local waters..

] ;1"_he Bryans Point hatchery has continued to render efficient serv-

lce in keeping up the supply of yellow perch in the Potomac River.

From March 15 to 24, during which very wintry weather at times
61700°—21——4 e
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prevailed and ice formed about the nets, brood fish to the number
of 13,411 were obtained from the fishermen. Spawning occurred
from March 25 to April 5, after which the 12,811 adult fish on hand
were released. The eggs aeposited naturally by the fish while being
held in live cars numbered 129,544,000. Azout 2,500,000 eggs were
sent to another station; the remainder produced 119,240,100 fry that
were deposited on the local spawning grounds.

The recently established field hatchery on the Atchafalaya River in
Louisiana was operated for buffalofish in the spring of 1920, and had
its most successful season. The hatchery had been enlarged in antici-
pation of an increased take of eggs, and additional hatching jars to
the number of 260 were installeg, making 440 jars in all. ﬁ‘he first
eggs were secured on February 23 and the last on April 4. The col-
lections from the fishermen’s nets aggregated 236,420,000 eggs, or
more than 100,000,000 in excess of the previous year’s production.
The plants numbered 174,585,000,

MARINE FISH HATCHING.

Four species of marine food fishes, are hatched at the Bureau’s
three seaside stations in Maine and Massachusetts, namely, the winter
flounder, the cod, the haddock, and the pollock. The extreme severity
of the winter interfered with all branches of the work and reduced
the egg collections by about 800,000,000. :

The winter flounder, which now supports extensive shore fisheries
that annually contribute many million pounds of excellent food to
the markets of the New England and Middle Atlantic States, is
handled at the three hatcheries and is the species produced in largest
numbers. At the Boothbay Harbor station 792,853,000 eggs were
secured and Incubated without undue loss, the fry being deposited in
the local bays. At the Gloucester hatchery 155,810,000 eggs were ob-
tained. The season’s output for the Woods Hole station was the
smallest for five years, owing to weather conditions. In the Waquoit
field 611,570,000 eggs were obtained under great difficulty, and
16,616,000 eggs came from Hadley Harbor and Quisset Harbor.
Later operations in Narragansett Bay yielded 238,318,000 eggs. The
aggregate collections for the Woods Hole station in all fields were
866,504,000 eggs of fair quality. With the exception of 85,000,000
eyed eggs ang fry consigned to Jamaica Bay, N. Y., the local waters
received the plants of fry. The total deposits of flounder fry from
the three hatcheries were 1,603,080,000. . :

Cod eggs for hatching purposes, obtained from the fishermen’s
catches in the case of the Gloucester station and from brood fish in
the case of the Woods Hole station, numbered 570,740,000 and 223,-
465,000, respectively, the latter number being produced by 2,825
adult fish held in the cistern under the hatchery. The boats of the
Gloucester haddock fishermen, visited by spawn takers from the local
hatchery, yielded 308,800,000 eggs during the period from January
14 to April 30. In a similar way, during November, December, and
January, 954,800,000 pollock eggs were gathered from fish on their
way to market. The quality of tie eg%‘s was 1Eﬁoor and a rather heavy
mortality occurred in hatching; 557,685,000 fry were planted.

" The Bureau has taken up in g tentative way the matter of salvag-
ing the enormous numbers of ripe eggs of cod, haddock, and other
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&r‘round fish that are annually wasted in the New: England fisheries.
The experiment, first tried in 1919, of placing spawn takers on fish-
ing vessels for the purpose of taking, fertilizing, and planting .the
eggs contained in fish caught for market, was continued in 1920.
ive spawn takers between February 26 and April 26 made 14 trips,
8 on otter-trawl vessels and 6 on trawl-line vessels, and afforded fur-
ther information as to the feasibility of attempting this work on a
sufficiently lar%e scale to make it worth while. pward of 220,-
000,000 eggs, about equally divided between cod and haddock, were
thus obtained and deposited in the natural spawning grounds, under
conditions that closely simulate nature. The experience gained in
the two seasons’ trials indicates that it is entirely practicable to con-
duct these opexations on a ﬁigantic scale at a comparatively low cost,
and it is the belief of the Bureau that it may be gesirable to-initiate
the work in cooperation with the owners, masters, and crews of fish-
ing vessels. The saving of a few hundred millions of eggs might not
mean a great deal in view of the magnitude -of the fisheries and tho
extent of natural spawning, but the annual saving of some thousands
of millions of eggs might. be expected to produce an appreciable
effect on the supply of marketable fishes. :

RESCUE OF STRANDED FOOD FISHES,

No feature of the Bureau’s work in fish conservation has had a
more rapid development in recent years than the rescue of fishes
from the overflowed lands along the Mississippi River. The fishes
that are salvaged comprise practically every useful s ecies of the
region. The importance of and pecessity for the work arise from
the fact that when the floods come many of the fishes are in spawning
condition and deposit their eggs far from the river. On the recession
of the flood waters the resulting gour{l? are left behind and eventually
become permanently landlocked. nder such conditions the fish
inevitably perish as the cut-off ponds and sloughs gradually become
dry during summer or are quickly frozen on the advent of winter.
The toll of valuable food fishes that is thus taken is enormous, and the
opportunity to prevent a part of the annual waste and add to the
food supply is most a;ilpealing. ‘ .

The simplicity of the operations, the low cost, and the certain
results of great magnitude are the outstanding features. In 1920,'as
heretofore, headquarters were established at avorable points in the
Mississippl Valley, from which seining crews visited the landlocked
watérs, removed the fish, and planted them in the open waters of
the river. The principal centers of the work were Homer and
La Crosse, Wis.; Bellevue and North McGregor, Towa; Quincy and
Cairo, I11.; Clarksville and Canton, Mo.; and Friars Point, Miss. .
~ During the year ending June 30, 1920, but princigally- in ‘the
summer and early autumn of the calendar Year 1919, the aggre dte
number of fish salvaged was 156,659,500. This output exceeded by
about 100,000,000, the record that was established in the previous
fiscal year. ‘ s

From Homer, Minn., the work began on August 1 and continued
until cold weather and ice made further operations impracticable,
From this point five seining crews were employed throughout the
season, collecting 87,078,812 miscellaneous fishes, of which 37,007,590
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werg retupdt:to the river. The season at La Crosse extended from
upust 13 N6vember 8. This field includes the territory extending
dm - Dyéach:/Miridt; to McDonald Dam, below Lynxville, Wis,,
and sei Wiien’ worked from La Crosse, Genoa, Ferryville, and

Lynxville . 'The territory about Lynxville is one of the most
prolific and is capable of much greater development and productivity,
whenever funds for the purpose are available,

The crews with headquarters at North McGregor were engaged
from August 4 to November 10, operating from North McGregor
and Guttenberg. The . collections amounted to 27,565,287 fish. is
field is also capable of further development, a promisiné territory
existing between Clayton and Dubuque, Iowa. From Guttenberg
gouthward no rescue operations have ever been attempted, and reports
from the chief game and fish warden of the State of Iowa indicate
that this field contains opportunities for rescue work not excelled at
an'% point on the river. )

he station at Bellevue, Iowa, produced 39,549,952 rescued fishes
during the season, the work extending from August 11 to November
13. Two crews were employed, one operating from Bellevue, and
the other from a houseboat, covering the territory from Dubuque to
within 7 miles of Bellevue. Further possibilities for rescue work
exist in this vicinity. From Savanna, Ill., and points farther south
seining crews could be Eroﬁtably employed.

The operations on the Ohio River, in the vicinity of Cairo, Ill.,
reached greater proportions than in any previous year. The number
of fish taken was.5,830,410, of which crappie and catfish predomi-
nated. There was a noticeable decrease in the number of black bass
this season, not only in. the Cairo field, but at all other points, the
cause being attributed:to the low stage of the river during the spawn-
ing season of the black bass in May and early June, the rise not oc-
curring until after the:fish had spawned. ,

~There was a satisfactory increase in the number of fish taken in the
rescue work in thevicinity of Friars Point, Miss., under the super-
vision of the supérintendent of the Tupelo station. The work in'that
section began July 16 and continued to November 14, during which
time 847,328 fish, chiefly buffalo fish, catfish, and sunfish, were taken
by the seining crews. Of these, 40,630 were distributed to appli-
cants, while the remainder were returned to their native waters..

The usual operations along the Illinois River, at Meredosia, Il
were conducted, continuing from July 1 to December 4, and resulted
in the conservation of 1,340,427 fish. "Similar work tried for the first
time at Clarksville and Canton, Mo., and other points of minor im-
portance, under the supervision of the director of the Fairport
(Iowa) station, produced 1,552,087 rescued fishes.

Tt is to be noted that the average cost per thousand fish rescued in
1920 was less than 20 cents; and while in certain fields where the out-
put was not-Jarge the cost was somewhat higher, more than 75 per
cent of the fish werd rescued and returned to-their native waters at a
cost of only 13 cents per thousand. ‘

. A small percentage of basses, catfishes, and other species rescued
is used in suepl{ing applicants, most of whom are in the States of the
Mississippi Valley. is diverted output serves a very useful purpose
but.is not so great as to constitute a depletion of the Mississippi. In
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1920 the rescued fishes that were not restored to the Mississippi but
were sent to other waters numbered 983,784, or less than seven-tenths
of 1 per cent of the entire number handled.

This public service in immediate aid of the local States but ind1.
rectly of value to the entire country has been voluntarily assumed by
the Bureau because there has been a strong local demand for it and
because of the conviction that it is vastly more important and pro-
ductive of direct results than are the combined operations of many
fish-cultural stations. The work is receiving the approbation of State
fish commissioners, commercial fishermen, and the general public.
The possibilities of greatly extending its scope and magnitude are
believed to be almost unlimited, and the only obstacle that presents
itself is lack of funds. In the estimates of appropriations for the
Bureau for the fiscal year 1922, there is provision-for a very modest
increase in the generaf funds for fish cultupess order that the rescue
work, among other branches, may receive. fulleri gonsideration: No
money appropriated by Congress for:any: pu. ;0an be relied: gn
to yield more certain and more direct:sconomss

ACCLIMATIZAON,

. “Noteworthy enrichment of the aquatic’ food ‘resources of various
parts of the country has resulted from the acclimatization of desirable
animals from othér sections. Among the well-known "instances of
successful acclimatization are the transfer of the Atlantic shad and
striped bass to the Pacific coast ; the Pacific steelhead salmon to-the
Great Lakes and to minor lakes in New England and elsewhere; the
western rainbow trout, the eastern brook trout,.and other trouts to
numerous States in which they were not indigenous. :

The most recent success of this kind is the case of the Pacific hump-
back or pink salmon in Maine. Following plants of young salmon
in streams in the gastern part of the State, runs of adult fish appeared
during a number of years. The fish occurred in greatest abundance
in the early autumn of 1919, when there were large runs in Denny:
and Pembroke Rivers, and smaller runs in Penobscot, Machias, St.
Croix, and M%%aguadavic Rivers, the last-named stream being in New
Brunswick. Weirs in Passamaquoddy and Cobscook Bays took con-
siderable numbers.of the new fish which were disposed of locally or
shipped to Boston and New York. Accurate information regarding
the amount of the catch was difficult to obtain, as the fishermen were
in fear of the local law which prohibits the taking of salmon at the
only time when the humpback is available, this law having been en-
acted with sole reference to the Atlantic salmon; but it is- within
bounds to state that several thousand adult humpbacks were-caught
and either shipped to market or consumed locally.

The most interesting feature of this case is that the Bureau’s: fish:
culturists, sent to Dennys and Pembroke Rivers during the period 6f -
the migration, took and fertilized 499,800 humpback-salmon eggs.that -
were sent to the Craig Brook hatchery. '

From the evidence at hand there seems no reason to doubt that the
humpback salmon can maintain itself in certain New England rivers
and will prove a valuable addition tc the local fish supply. Theonly
condition of success that should be safeguarded is that a profier pro-
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ortion of the run of adult fish should be allowed to reach the stretches
in the lower parts of the streams, where suitable spawning grounds
exist. The matter is wholly in the hands of the State authorities
and involves the maintenance of adequate fishways over the relatively
low dams that cross almost every stream of importance.

The introduction of the eastern brook trout into Colorado and other
Western States has been a conspicuous success. The establishment
of brook trout, rainbow trout, la]li)e trout, European brown trout, and
Loch Leven trout in selected waters of the Yellowstone National
Park has been a noteworthy accomplishment, and similar service in
the Glacier National Park is now in progress.

One of the best, most adaptable, and most widely transplanted of
the native trouts is the rainbow, which now affords excellent fishing
in practically every State having waters of suitable temperature.
As with the eastern brook trout in Colorado and elsewhere, the ac-
climatized wild rainbow is now supporting extensive fish-cultural
operations in various States. Field stations for the collection of rain-
bow trout eggs in Montana and Wyoming have proved very N})ro-
ductive. Meadow Creek, a tributary of the Madison River in
tana, operated as an adjunct of the Bozeman station, has yielded
nearly 4,000,000 rainbow trout eggs of the best quality during each
of the last two seasons. Sage Creek, a tributary of the North Platte
River in Wyoming, has afforded the éaratoga station excellent oppor-
tunities for taking large numbers of eggs, even with the crude equip-
ment that has been available; and the superintendent estimates that
with proper appliances this field will yiel 10,000,000 eggs annually.

ARTIFICIAL PROPAGATION OF FRESH-WATER MUSSELS.

The usual work in mussel propagation was conducted in the field in
suitable sections, as heretofore, under the general direction of the
fisheries biological station at Fairport, Iowa. A tqtal of 183,021,720
glochidia in a condition of parasitism on fishes were liberated in pub-
lic waters as compared with 136,907,365 liberated last year, an in-
crease of 46,114,355,

" Infection of rescued fishes in the vicinity of Minneiska, Minn., on
the Mississippi River and at various points as far south as Dakota,
Minn., was accom lished in éooperation with the rescue work of one
of the fish-cultural crews operating under the direction of the Homer,
Minn., station. The number of fishes rescued in connection with the

ropagation of mussels was 907,995, of which 36,442 were adults.

£ ‘the total number of fishes rescued, 22,567 were infected with
glochidia before being restored to the rivers.

Three species of commercial mussels were propagated, the leading
one being Lampsilis luteola, commonly known as the Lake Pepin
mucket. The infected fish hosts were liberated in the Mississippi
River off Fairport, Jowa; in Lake Keokuk, Iowa and Ill.; in
the Mississippi River at New Boston and Oquawka, Iil.; in the Mis-
sissi%II)i River at Lake Pepin, Minn, and Wis. ; at various points along
the Mississippi River, between Minneiska and Dakota, Minn.; in
Lake. Pokégama, Minn.; and in the White River in the vicinity of
Newport, Ark. '

Small numbers of mussels reared. at the Fairport station were
planted in public waters at the following places: Lake Keokuk, Iowa

on- -
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and I1l.; Roanoke River at Salem, Va.; Shenandoah River at Elk-
ton, Va.; and Potomac River at Harpers Ferry, W. Va. :

The cost of mussel distribution during the fiscal year 1920 was
considerably less than in the previous year, being at. the rate of
$0.0562 per thousand as compared with $0.0689 per thousand in 1919.
The decreased cost was due to the larger output of glochidia, notwith-
standing the fact that the cost of labor, equipment, and material was
greater than in the preceding year. This computed cost of mussel
propagation includes overhead charges and depreciation of build-
ings, boats, and nets calculated at $0.0198 per thousand.

T'RESH-WATER MUSSEL, PROPAGATION IN 1920, SHOWING NUMBER OF EACH SPECIES
PLANTED AND POINTS OF DEPOSLT.

- Lako Pepin| Pocket-
Locality. Mucket. mucket. book. Total.

Lake Pokegama, Minn............... S UTUSTRRUUUUN AT URPN 60,604,250 60, 694, 250
Mississippl River at Lake Popin...........c.ooveee-anlioenacneens 82,044,350 82,044, 350
Mississippi River between Minneiska and Dakota, Minn.|.......c.ocofieeenciennss 11,234,095
Mississippi River at Fairport, Tows........coceieeennnes 1,878,100 (............ 1,878,100
Mississippi River at New Boston, Ill............ J T 5,000,250 5,000, 250
Mississippi River at quunwkn B | 5,000 795, 3
Mlsslssiﬁi)l River at Lake Keolulk, Towa and 1i-.-22 0 |.......0 ... 19,807,875 19,807,875
White Rlver at Newport, Ark............oeonene 1,501,600 }............ 1,501,600

POLAY . o emeeeieeneenrenrocaaneasaannransaanans 3,384,700 (168,402,025 (11,234,905 | 183,021,720

ALASKA FISHERIES SERVICE.
GENERAL CHARACTER OF WORK,

Enforcement of the fisheries laws and regulations constitutes the
chief feature of the Bureau’s work in connection with the general
fisheries of Alaska. Other important duties include the collection
and dissemination of statistical information, the marking of stream
mouths, inquiries and investigations as to aquatic resources, the study
of conditions with respect to proposed fisheries legislation, the in-
spection of private salmon hatcheries, and the hol%ing of hearings
to determine the advisability of further restrictions upon fishing
operations. '

Details in respect to the work of this service are published in an
annual docurnent issued under the title “ Alaska Fisheries and Fur
Industries.” This comprehensive report, will give full.details in
regard to all important phases of the matter involved. a

EXTENT AND CONDITION OF THE FISHERIES,

The salmon fishery of Alaska, which reached such enormous pro-
portions in 1918, showed a marked decline in 1919. - So serious was
the falling off that a prediction may be freely made that, unless most
drastic steps are taken to further curtail operations, tho industry
may suffer almost irreparable damage and. may before many years
cease to be of paramount commercial importance. As compared with
1918, there were declines in 1919 of 16 per cent in' value and 42 per
cent in the catch of salmon.
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The remedy lies in more adequate legislation, and there is urgent
need for revision of the salmon laws now operative. The laws were
good enough when passed 14 years ago, the industry then being com-
paratively undeveloped, but the laws $ail to meet the present situa-
tion. Last winter much time and effort were devoted to the drafting
of a new fishery bill by a committee representing the Bureau, the
Governor of Alaska, and the commercial interests. The bill as
drafted was not submitted to Congress for the reason that there were
certain fundamental differences of opinion as to several important
features.  The Governor of Alaska desired that practically all money
derived from taxation of the fisheries should revert to Territorial uses
not connected with the fisheries. There was disagreement also as to
rates of taxation and other features. The difficulty in securing
proper legislation for the fisheries of Alaska arises chiefly from the
divergent views among different interests and the apparent inability
to appreciate the seriousness of the situation. This lack of harmony
seems to have impressed Congress, which has for many years refused -
to pass bills that have received approval of committees. Not only
is a new fishery law demanded, but there is grave need for increased
appropriations, added personnel, more vessels, more hatcheries to
ﬁabll(e the Bureau to do its part in safeguarding the fisheries of

aska. .

General statistics collected by the Bureau show that in the calendar
year 1919 the total investment in the Alaska fisheries was $74,181,560
an increase of $430,771 over 1918. The salmon industry absorbe
approximately 92 per cent of this amount. Employment was given
to 28,534 persons, or 2,679 less than in 1918. The total value of the
products in 1919 was $50,282,067, a decrease of $8,872,792 from 1918,
or approximately 15 per cent. The reduction in the pack of salmon
caused nearly the whole of this decrease.

The salmon-canning industry gave employment to 25,499 persons
and produced 4,583,688 cases, valued at $43,265,349. There were
134 canneries in operation. The salmon mild-cure industry gave
employment to 133 persons and produced 4,490,600 pounds, valued
at $916,800. The fresh-salmon trade emlplo ed 34 persons and
handled a product of 5,208,327 pounds, valued at $356,688. Other
products of the salmon industry were pickled salmon, 1,622,000
pounds, valued at $195,447; frozen salmon, 1,552,480 pounds, valued
at $130,355; dry-salted salmon, 212,244 pounds, valued at é17,601;
dried and smoked salmon, 415,000 pounds, valued at $43,000; oil, 966
vallons, valued at $966; and fertilizer, 724,000 pouncis, valued at
518,680. ! -

The halibut industry produced 7,783,179 pounds of fresh halibut,
valued at $880,433; 6,495,372 pounds of frozen halibut, valued at
$670,147; and 240 pounds of canned halibut, valued at $25. The
herring industry yielded 6,357 cases of one-half pound cans and
95,448 cases of one-pound cans, valued at $40,395 and $811,366, re-
spectively; 7,718,985 pounds of pickled herring, Scotch cure, valued
at $451,240; 2,216,120 pounds of pickled herring. Norwegian cure
valued at $147,634; 169,374 gallons of oil, valued at $110,800; an
~ miscellaneous products, valued at $114,785. The cod industry had
products valued at $825,990, the chief output being 9,829,343 pounds
of dry-salted cod, valued at $778,297. The whaling industry yielded
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miscellaneous products to the value of $1,027,200. Other fishery out-
puts were as follows: Clams, $184,363 ; trout, $13,155 ; sablefish, $35,-
485; red rockfish, $1,414; crabs, $160; shrimps, $21,000; and mis-
cellaneous fresh, fish, $1,639. :

ENFORCEMENT OF FISHERY LAWS.

The patrol for the enforcement of the fishery laws and regulations
was actively carried on in the season of 1919 and was renewed for
the season of 1920. Six of the patrol vessels were owned by the
Bureau, and a like number was chartered. The work was made more
effective by the employment of & number of temporary assistants as
strearh watchmen. Their chief function is to prevent violations of
the law by their Eresence‘at points where extensive ﬁshinﬁ in the
streams is more-likely to occur. The success of this work has been
clearly demonstrated during the current season. Owing to limited
appropriations, it has not been possible to carry on this phase of the
work to the extent that it is desirable, but more active operations are
contemplated another year. It is the purpose to employ a larger
number of vessels and increase the number of stream watchmen at the
more important fishery centers in all sections of Alaska. v

It is hoped that the active cooperation of the Navy Department
may. be secured through the detail of at least 10 subchasers to be at
the disposal of the Bureau of Fisheries for the enforcement of the
fishery laws and regulations during the active salmon-fishing season
extending from about the first of June until approximately the en
of September. Two subchasers were on duty in southeastern Alaska
in the season of 1920. One of these rendered’ excellent service._

The closizf to salmon fishing of practically all of the salmon
streams of Alaska, to%ether with certain areas outside their mouths,
resulted in requests that the Bureau indicate the closed waters by
suitable markers. The erection of markers was accordingly begun in
the season of 1919, and the work was carried on more extensively in
1920. It will be continued as rapidly as possible, but several seasons
will probably be required to complete the work.

The stealing of salmon that have been caught in traps, which has
been referred to locally as piracy, developed to.a consicﬁarable extent
in 1919, and in 1920 was again the source of serious loss and annoy-
ance to cannery operators in southeastern Alaska. Several naval
vessels in the district had instructions to aid in suppressing this law-
lessness, but it was not entirely stamped out. I% would seem that
there has been some exaggeration at times of losses thus sustained,
and the practice would soon come to an end if purchasers of salmon
made certain of the source of fish offered for sale and refused to
accept stolen fish. The Bureau’s agents have cooperated in efforts to
suppress this traffic. - :

As a result of activities of the Bureau’s representatives there were
ilumerous convictions for violation of the fishery laws and regu-

lations.

SCIENTIFIC INVESTIGATION OF THE ALASKA FISHERIES.

In the summer season of 1919 an investig;.tion of t;he spawning
grounds of the Copper River was made by Dr. Henry B. Ward,
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who spent about seven weeks studying conditions in that field. His
report has been published in “Alaska Fisheries and Fur Industries
in 1919.” Another investigation was made by Dr. C. H. Gilbert and
Mr. Henry O’Malley of fishery conditions 1n central and western
Alaska. ith the exception of Chignik, visits were made to all the
most important fishing districts. Their report also is incorporated
in the general report referred to.

The controversy which arose as a result of salmon-canning opera-
tions at the Yukon River led to the Bureau’s undertaking in 1920 g
special investigation of the whole fishery situation on the Yukon.

he work was assigned to Dr. C. H. Gilbert and Mr. Henry O’Malley,
who proceeded to the Yukon region early in the season of 1920. The
results of the investigation will determine the future course of the
Bureau in regulating the salmon fishery in that stream..

FISHERY RESERVATIONS.

In accordance with the regulations issued jointly under the terms
of the Executive order of March 3, 1913, two additional permits were
issued for fishing operations in the Aleutian Islands Reservation. At
the end of the fiscal year 1920 there were 26 such permits in force.
Fishery matters in the Afognak Reservation have received proper at-
tention. The usual patrol of the fishing grounds was maintained,
and permits were granted to natives to take salmon in the reserva-
tion. In order to prevent drain upon the supply of salmon for the
Afognak hatchery, Litnik Bay was closed at all times to commercial
fishing except for silver salmon, which species runs late in the season.
The commercial catch of salmon in the reservation was 113,168, a
slight decrease from the previous season.

PRIVATE SALMON HATCHERIES,

The private salmon hatcheries operated in Alaska have been in-
spected, as required by law. In 1920 only two such hatcheries were
in operation. One of these, on Naha Stream, in the fiscal year 1920
liberated 17,070,0CO red-salmon fry. The other hatchery, on Hugh
Smith Lake, planted 11,357,000 red-salmon fry in the same year.
Upon the basis of the output of these hatcheries the operators thereof
were entitled under the law to a remission of taxes upon canned
salmon at the rate of 40 cents a case to the amount of $11,370.80.
The Territorial Fish Commission also did fish-cultural work chiefly
at Juneau, where a small hatchery is maintained.

‘WOOD RIVER SALMON CENSUS.

As the result of an investigation made in 1919, Dr. C. H. Gilbert, a
recognized authority on the Pacific salmons, recommended the dis-
continuance of the -counting of red salmon at Wood River, which
has been carried on each season from its inception in 1908 through
1919, with the exception of the year 1914. Dr. Gilbert felt that
the work could be more advantageously conducted elsewhere in
Alaska, preferably at Chignik or at Karluk, where the runs would
represent distinct races. The determination of the direct ratio be-
tween the catch of salmon and the escapement ds tallied in either of
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these streams would be much more important and conclusive than at
Wood River, for the reason that the commercial catch on Bristol
Bay below the mouth of Wood River is made up of salmon headed
for several streams.

REVISION OF REGULATIONS FOR SALMON FISHERIES.

The need of further restrictions upon salmon-fishing operations
enerally in Alaska being apparent, two hearings were held at
ieattle in November, 1919, for the purpose of eliciting information

for use in guiding the Department’s action in the matter. Following
these hearings an order was promulgated by the Secretary of Com-
merce under date of December 23, 1919, effective January 1, 1920,

which had application to a large portion of all the streams flowing
into the Pacific Ocean and Bering gea between Cape Dixon, in south-
east Alaska, and Cape Newenham, Bering Sea. The text of the order
is as follows:

Hearings having been given at Seattle, Wash.,, November 20, 1919, and
November 25, 1919, respectively, after due notice in accordance with law, for the
purpose of determining the advisability of limiting or prohibiting fishing
in certain waters in Alaska, and to amend or modify the order of December 21,
1918, and all persons having had full opportunity to be heard, it is hereby
ordered, by virtue of the authority vested in me by section 6 of *“ An act for the
protection and regulation of the fisheries of Alaska,” approved June. 26, 1908,
that until further notice all fishing for salmon, or other fishing in the prose-
cution of which salmon are taken or injured, in all hereinafter-described waters
of Alaska be and is hereby made subject to the following limitations and pro-
hibitions in addition to the general restrictions already applicable. by virtue
of existing laws and regulations: )

1. Waters east of the longitude of Cape Spencer:

(a) All fishing is prohibited in all salmon streams and their tributaries and
lakes.

(b) All fishing, except with purse seines and drift gill nets, is prohibited
within 500 yards of the mouths of all salmon streams. '

(¢) All fishing with purse seines and drift gill nets is prohibited within 200
yards of the mouths of all salmon streams, and all fishing with purse seines and
drift gill nets as well as with all other apparatus is prohibited within 500 yards
of the mouths of Chilkat River, Chilkoot River, Anan Creek, Hetta Creek,
Sockeye Creek, and Naha Stream.

2. All fishing is prohibited in all salmon streams, thelr tributaries and lakes,
and within 500 yards of the mouths of such streams flowing into the Pacific
Ocean or Bering Sea between Cape Spencer and Cape Newenham, except as
follows:

(@) Fishing is permitted in Bering River below a line extending at right
angles across Bering River from a point approximately 800 feet northwesterly
from the mouth of Gandil River. .

(b) Tishing is permitted in Copper River and its tributaries in accordance
with the terms of the order promulgated December 20, 1918, which order is
continued in full force. .

(¢) Fishing is permitted at Karluk beyond the zone 100 yards outside the
mouth of Karluk River where it breaks through Karluk Spit Into Shelikof
Strait.

(d) Fishing is permitted in Ugashik River below a line extending at right
angles across the Ugashik 500 yards below the mouth of King Salmon River.

8. .The driving of salmon downstream and the causing of salmon to go
outside the protected area at the mouth of any salmon stream are expressly
prohibited. : '

4. This order does not apply to persons taking salmon with rod, hand line,
or spear for their personal or family use and not for sale or barter.

5. The waters of the Afognak Reservation are covered by presidential procla-
mation of December 24, 1892, und the regulations promulgated by authority
thereof are not modified or affected by this order but remain in full force.
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6. All previous orders of the Secretary of Commerce imposing limitations or
prohibitions upon fishing in the waters covered by this order, except as herein-
before indicated, are hereby superseded. .

7. This order became effective January 1, 1920,

On May 22, 1920, announcement was made of a hearing to be held
at Seattle on November 23, 1920, at which it is proposed to elicit in-
formation in respect to what further restrictions, 1f any, should be
placed on salmon fishing in the Yukon River.

Under date of May 25, 1920, announcement was made of a hearing
to be held at Seattle on November 30, 1920, for the purpose of secur-
ing information as to whether restrictions in addition to those already
iﬁl}posed by law should be placed upon fishing in the Kuskokwim

iver. ,

Request having been made for a reconsideration of the existing
salmon-fishery regulations for the Copper River, announcement has
been made of two hearings, one at Cordova, Alaska, October 5, and
one at Seattle, Wash., November 18, 1920.

ALASKA FUR-SEAL SERVICE.

GENERAL ACTIVITIES.

The scope of the Bureau’s work in connection with the Pribilof
Islands is far more extensive than is generally realized. Major ac-
tivities include the administration of affairs pertaining to the fur-
seal and fox herds, with annual products now averaging between
$2,000,000 and $3,000,000, and the welfare of the native inhabitants,
numbering upward of 300 persons, who in a sense are wards of the
Government. The work thus not only covers the management of a
large commercial enterprise but involves civic and municipal duties
under conditions unlike those existing elsewhere in the world.

The natives of the Pribilof Islands are essential for carrying on
the fur-seal industry. Without them it would be practically im-
possible under present conditions to conduct the laborious operations
connected with the killing and skinning of seals and the curing and
shipping of the pelts. The natives perform their work faithfully
for the most part and take a keen interest in securing the best results.
In return for their efforts, the natives are allowed certain cash' com-
pensation for fur-seal and fox skins talken, and in addition are sup- -
plied with food, clothing, fuel, shelter, and medical attention. e
distribution of supplies 1s prorated in accordance with the size of
families. Suitable schools are maintained for the native children.
Housing conditions are unsatisfactory, but this situation is bein
remedied as rapidly as possible with tfxe funds available. Most o
the dwellings were built 40 or 50 years ago and are badly in need of
replacement. Recently a model concrete house was completed for
native use. If after a season’s occupancy this type proves satisfac-
tory, as it is believed it will, fu-rther}i)uil ings of the same kind may
be constructed. On March 31, 1920, the number of natives resident
-on St. Paul Island was 188 and on St. George Island 128, a total
of 316. :

On December 31, 1919, the Commissioner of Fisheries had in his
custody, as trustee for certain of the natives, the sum of $3,093.57.
These funds are kept on deposit with the Washington Loan &
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Trust Co., Washington, D. C., and draw interest at the rate of 3 per
cent per annum, calculated on monthly balances. Liberty bonds pur-
chaséd by: the natives through the Bureau of Fisheries had, at the
end ot eﬁ' .fiscal year 1920, been forwarded to their owners or dis-
posed of in’ accordance with their wishes. '
TheLL{?rchase ‘of supplies for the Pribilof Islands has been a large
yndertaking. ~In 1919 the goods were assembled at Seattle, Wash.,
whence transportation was afforded to the Pribilof Islands chiefly
by the U. S. S! Nanshan, through the cooperation of the Navy De-

artment. Certain supplies in excess of the Nanshan’s capacity were

Eorwarded by commercial steamer to Unalasks. In 1920 the Na
Department again cooperated by shipping supplies on the the U. S. S.
Saturn, which vessel also acts as tender for the Alaska naval-radio
stations. : :

" “The Coast Guard, through its vessels detailed for Alaska service,

- ha§drom time to time rendered valuable assistance in the transporta-
tion '(')if‘supglies and persons in connection with the Bureau’s work at
- the Pribilof Islands. '

The Eider, a vessel with carrying capacity of from 40 to 50 tons,
purchased last year by the Bureau for use as local tender at the Pribi-
Tofs and for trips between there and Unalaska, the nearest port, 250
miles distant, has proved of great value. It is noteworthy that the
Eider made a trip from Unalaska to the islands in the middle of
winter. No vessel had ever before visited the islands at that time.

Among more notable improvements at the islands in the past year
have been the construction of two new salt houses for curing seal-
skins, the erection of a garage to house the four tractors and two
trucks in use on St. Paul Island, the construction of two new native
dwellings, one of concrete, and improvements to the landings both on
St. George and St. Paul Tslands. The four tractors sent to St. Paul
Island in the fall of 1919 have been of great value in hauling seal:
skins from killing fields to the salt houses, and in moving seal car-
c¢asses from the fields to the by-products plant.

" The Navy Department has continued the maintenance of radio
stations on St. Paul and St. George Islands. They have been of in-
calculable value in affording communication with the outside world

_at all times of the year.

Attention is invited to the necessity of augmenting the personnel
of the Pribilof Islands. The best interests of the Government re-
quire that the present staff be increased by a biologist or naturalist to

ive sustained consideration to the scientific problems involved in the

r seals, foxes, and other life on the islands, and by several technical
assistants.

THE FUR-SEAL HERD,

The census of the seal herd as of August 10, 1919, showed 524,235
animals of all ages in the herd, an increase of 27,803 over the corre-
sponding figure for 1918. The tentative figures for the census of
1920 indicate 548,473 seals as of August 10, 1920, or an increase of
slightly over'24,000 in the year. The increases from year to year are
net, the seals killed in the period between the censuses having been
deducted. The census in 1920 was again taken under the immediate
supervision of Dr. G. Dallas Hanna. '
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In the calendar year 1919 there were taken on St. Paul Island
24,053 sealskins and on St. George Island 3,768, a total of 27,821. Of
these skins, 2,513 were from seals 6 years of age and 3,218 from seals
7 years of age and upward, in an e&,ort to reduce the number of old
surplus bulls. In 1920 there were taken through August 10, 21,936
skins on St. Paul Island and 4,042 on St. George Island, a total of
25,978. The take for 1920 will be increased somewhat by fall killings
to provide food for the natives.

'F he provisional quota of seals to be killed at the Pribilof Islands in
the calendar year 1920 was fixed at 35,000, of which 31,000 were to be
taken on St. Paul Island and 4,000 on St. George Island; but as the
sealing season progressed it became apparent that the surplus adult
males, which constituted about 25 per cent of the contemplated quota,
were not present in the expected numbers. On the recommendation
of the responsible agents of the islands telegraphic authority was
given to take, in addition to the numbers previously determined, 3,000
3-year-olds and 1,000 4-year-olds, these classes of seals being present
in sufficient abundance on St. Paul Island to fully warrant the in-
creased killings. .

The different elements of the fur-seal herd, as determined by re-
cent observations, now closely approximate the proper proportions
in respect to the various age classes. The efforts of the past two sea-
sons to reduce the excess of breeding males have been successful, as
indicated by the fact that the average number of cows per harem in-
creased from 30 in 1919 to 41 in 1920.

Experimental work in the season of 1920 may lead to the adoption
of marked changes in methods of handling fur-seal skins, but final
decision must await the outcome of the dressing and dyeing. The
experiments have included an improved method of salting the skins;
the washing of the pelts before salting, in order to remove blood and
dirt ; and, in addition, there have been extensive practical tests of the
advisability of removing blubber from the pelts before salting.

In the fiscal year 1920 three sales of Pribilof Islands fur-seal skins
were held at St. Louis. At the first sale, September 10, 1919, 9,055
skins were disposed of at the bid price of $827,112.50. At the sec-
ond sale, February 2, 1920, 9,100 skins were sold. for $1,282,905. At
the third sale, May 10, 1920, 5,752 skins brought $424,166. The total-
number of sealskins sold during the fiscal year was, therefore, 23,907,
at the aggregate price of $2,534,183.50. The high prices received are
indicative of the excellent quality of the skins, which prior to sale
are dressed, dyed, and machined at the modern plant located in St.
Louis. The output of this plant unquestionably surpasses anything
of the kind ever produced heretofore in Europe or elsewhere. _

As a net result of the sales of fur-seal skins in the fiscal year 1920
there was deposited in the Treasury of the United States the sum of
$1,457,790.57. This amount represents, in part, some of the skins
sold in previous fiscal years for which returns did not come in untii
1920. In addition to the amount stated the sum of $271,894.48 was
set aside for payment to Great Britain and JaIi;m of the shares to
which those nations are entitled under the North Pacific Sealing Con-
vention of 1911. ,

Pursuant to the provisions of the fur-seal convention, there have
been received by the United States 111 sealskins from the Japanese
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herd on Robben Island. This number represented the 10 per cent
share of the United States of the take of 555 skins in each of the
years 1918 and 1919. These skins, which had been taken and cured
in an excellent manner, were forwarded in March, 1920, to the De-
partment’s agents in St. Louis for sale.

BY-PRODUCTS OF THE SEAL INDUSTRY,

Shipments in the fiscal year 1920 of commodities prepared at the
by-products plant on St. Paul Island aggregated 20,568 pounds of
animal meal, or fertilizer, and 3,000 gallons of oil. The amount re-
ceived from the sale of fertilizer was $771.30, and for the oil $3,640.
An excellent grade of oil was produced. The plant was again oper-
ated in the season of 1920, but shortage of labor and fuel limited
operations, with the result that 29,000 -pounds of fertilizer and 1,800
gallons of oil were produced. An expert was employed for the op-
eration of the plant. It is expected that hereafter the work will be
conducted along more extensive lines.

FOXES AND REINDEER.

The blue-fox herds on the Pribilof Islands as a source of revenue
to the Government are largely dependent on the sealing industry.
Without the food provided from seal carcasses the fox herds would
disappear as a commercial proposition. St. George Island is a far
more prolific producer of fox pelts than St. Paul. On St. George
there has been developed a method of control that has not yet been
adopted on the other island. The animals are fed regularly through
the -winter with seal meat preserved from killings of the preceding
summer, and they are captured in specially constructed traps which
permits the release of an adequate and healthy breeding reserve. '

In the season of 1919-20 there were taken on St. Paul Island 155
blue-fox pelts and 33 white-fox pelts, and on St. George Island 746
blue-fox pelts and 4 white-fox pelts, a total of 901 blue pelts and
37 white pelts. This was the largest production in many years. The
yield of both islands in the preceding season was 667 blue skins and
30 white skins. The white fox on the islands represents a color
phase of the blue fox, and, as it is far less valuable, every effort is
made to eliminate it from.the herds. It is expected that over 1,000
blue-fox skins may be taken in the coming winter.

The blue and white fox skins taken at the Pribilof Islands in the.

winter of 1918-19, with the exception of two withheld for exhibition .
purposes, were sold at public auction at St. Louis on September 10,
1919. Six hundred and sixty-five blue pelts and 80 white pelts made
up the sale. - The blue pelts brought $130,274.50, an average of $195
each, and the white pelts $1,660, an average of $53.33 each.
. According to the best available figures, there were 164 reindeer on
St. Paul Island and 123 on St. George Island at the end of the year
1919. This is & net increase of 18 over the year before, During 1919,
86 reindeer were used for food, thus affording a welcome change in
diet. The herd is in a flourishing condition, having incrensed to
its present proportions from the original stock of 40 animals intro-
duced on the islands in 1911,
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MINOR FUR-BEARING ANIMALS OF ALASKA.
VALUE OF FURS PRODUCED.

The value of the furs shipped from' Alaska in the year ending
November 15, 1919, exclusive of those from the Pribilof Islands, was,
according to statistics compiled by the Bureau, $1,379,347.66. The
corresponding figures were $1,305421.16 for 1918 and $1,028,719.05 .
for 1917. The principal furs sﬁipped in the last year were 7,723 red-
fox pelts, valued at $270,305; 4,575 white-fox pelts, valued at
$210,450; 28,040 mink pelts, valued at $252,360; and 113,652 muskrat
pelts, valued at $215,988.80. The statistics of fur shipments were
collected as in previous years by requiring shippers to report all con-
signments of furs from Alaska. The Post 8 ce Department con-
tinued its cooperation in having postmasters report all shipments of
furs bK mail. As a check on reports of furs from Alaska made other-
wise than by mail, the records of the customshouse at Juneau are
available for examination.

REGULATIONS AND VIOLATIONS.

No change was made during the fischl year in the dexartmental
regulations for the protection of fur-bearing animals in Alaska, ex-
cept that the close season on sea otters was extended for an additional
period of five years, or until November 1, 1925. While it appears
that the numbers of sea otters in Alasks are increasing somewhat,
it seems highly desirable to continue in:the inshore waters the pro-
tection that is afforded offshore by international agreement.

A considerable number of seizures of unprime furs was made dur-
ing the year. The regulations forbid the taking of unprime furs
at all times. A very important seizure was that made in July, 1919,
of marten and beaver pelts, which had been mailed in Alaska, the
killing of beaver and marten being prohibited throughout the year
in Alaska. The seizure was made through search warrants acqui-
esced in by the Post Office Department and consisted of 714 marten
skins and 699 beaver skins. The right of the Government to seize,
and hold these skins was contested, and at the end of the year the
matter was still undecided by the courts. -

FUR FARMING IN ALASBKA.

On December 31, 1919, five islands were under lease to individuals
or firms for the propagation of foxes and other fur-bearing ani-
mals——viz, Chirikof, Eong, Marmot, Little Koniuji, and Middleton.
The annual rental received was $200 or $205 for each island. ,

Fur farming continues to be carried on by a number of persons
in Alaska. Operations are concerned chiefly with the breeding of
foxes. Whether intensive fox farming will prove in the end suc-
cessful can not be foreseen at present. In all probability the raising
of foxes on islands where the animals are permitted to run at large
will continue to be profitable to those who are so situated as to taﬁe
advantage of conditions.
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TRANSFER OF \JURISDICTION.

The act making appropriations for the Department of Agriculture
for the fiscal year 1921, approved May 81, 1920, contained a provision
that the jurisdiction heretofore exercised by the Secretary of Com-
merce over land fur-bearing animals in Alaska, the Prib;i}:)f Islands
excepted, be transferred to the Secretary of Agriculture. This trans-
fer has for several years been advocated by the Bureau of Fisheries.
The act further provides that jurisdiction in the matter of leasing
certain islands in Alaska for the propagation of foxes and other fur-
bearing animals be also transferred from the Secretary of Commerce
to the Secretary of Agriculture. At the same time the jurisdiction
over walruses and sea lions previously vested in the Secretary of
Agriculture was transferred to the Secretary of Commerce.

MISCELLANEOUS.
APPROPRIATIONS,
The regular appropriations for the support of the Bureau of Fish-
eries for the fiscal year 1920 aggregated $1,206,190. The specific

purposes for which the appropriations were made and the amount
thereunder were as follows: :

Salarles . _______ $434, 190
Miscellaneous ‘expenses : )
Administration _____ e e 11, 000
Propagation and distribution of food fishes_ . _____________ 400, 0600
Maintenance of vessels_ ... o 120, 000
Inquiry respecting food fishes_— o _______ 45, 000
Statistical inquiry 15, 000
Protecting sponge fisherfes . - oo 3, 000
Protecting seal and salmon fisheries of Alaska.___________.__.__.__ 125, 000
Officers and crew of vessels for Alaska fisheries service.._._..-__ 26, 000
Special appropriations:
Cape Vincent (N. Y.) fish hatchery, general repairs_ . _..____.__ 8, 000
Duluth (Minn.) fish hatchery, foreman’s cottage.. . ______ 4, 000
Wytheville (Va.) fish hatchery, general improvements to water
supply - — : 5, 000
Fairport (Iowa) biological station, additional amount for re-
building laboratory ____ e 10, 000

The following deficiency appropriations, amoﬁnting' to $132,500,
became available during the year:

Maintenance of vessels . ——— $5,000
Inquiry respecting food fishes_ . oo~ 500
Protecting seal and salmon fisheries of Alaska.- . 2, 000

Baker Lake (Wash.) hatchery, replacing buildings destroyed by fire._- 50,
Woods Hole (Mass.) station, replacing machine shop and power plant__ 70, 000
Falrport (Iowa) blological station, equipment________________________ 1, 000
Wytheville (Va.) station, improvement to water supply. ... ._____ 4, 000

In accordance with law, a detailed statement of the expenditures
under the regular and deficiency appropriations will be duly
submitted.

BUILDINGS AND IMPROVEMENTS.

The special appropriation for the construction of a foreman’s cot-
tage at the Duluth, Minn., station has not been used. Proposals were

61700°—21——5
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received from a number of contractors for the work, but none of a
satisfactory nature within the limits of the appropriation were
received.

At the Cape Vincent, N. Y., station there has been satisfactory

rogress in making the improvements contemplated. The most
important items are the general remodeling of the interior of the
hatchery building. This involves new windows, floors, and floor
joists, the reinforcing of the stone walls of the building, and the
general rearrangement of the hatching batteries, pumps and heating
plant, all making for economy in space and convenience in opera-
tion. A 10-inch suction pipe from the end of the dock to the pumps
has been laid and a new pump installed. Concrete piers, to serve as
a foundation for an 18,000-gallon wood-stave tank supported on a
steel tower, material for which has been ordered under contract, .
were in place at the close of the year, and the construction of a white-
fish battery of an improved type, together with a building to shelter
the fry tanks, was under way.

The special appropriation of $50,000 for the reconstruction of
buildings at the Baker Lake station, which were destroyed by fire
on July 21, 1919, became available in November and work was im-
mediately undertaken. A new frame hatchery 56 by 130 feet,
equipped with 150 standard salmon-hatching troughs with a. capacity
for at least 40,000,000 sockeye-salmon eggs and fry will be reagy “for
occupancy during the 1920 spawning season. In addition, a tem-
porary shelter containing 40 hatching troughs was completed in time
to successfully handle the large egg collections made in the fall of
1919. All the lumber used has been cut on the grounds by means
of a sawmill purchased and installed for the purpese. T¥1is mill
will be a valuable permanent adjunct to the station.

The special appropriation for the improvement of the water supply
at the $Vytheville Va.) station has been used in the installation
of approximately 4,000 feet of 14-inch wood-stave pipe. The work
involved the construction of a cement dam in Tates Run, from which
point the water is taken, the excavation of a ditch 3 feet deep by
9 feet wide-and 4,000 feet long, 500 feet of which were blasted from
solid rock, and tile construction of a dam and four bulkheads of
cement where the line crosses the creek. The complete installation
increases the water supply by approximately 1,500 gallons of water
per minute. The laying of this line necessitated the purchase of a
right of way across intervening land.

‘he new biological laboratory at Fairﬁ)ort, Towa, to take the place
of the one destroyed by fire, is practically completed and was ready
for occupancy in the summer of 1920. The building is of concrete,
stone, and brick construction, and is designed to be fireproof. The
outside dimensions are 101 feet 8 inches by 54 feet 6 inches. The
_main floor comprises two office rooms, four biological laboratories,
and a chemical laboratory, besides a room of two compartments for
embedding ‘and microtome work, a stock room and a museum with
adjoining work room. On the second floor are a large and well-
lighted fibrary 2 laboratories, 10 bedchambers, 3 bathrooms, and
linen closets. The third floor, which is completed only over the
center or main portion of the building, comprises 10 rooms which
may serve as required for bedchambers, storage, and other appro-
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priate purposes. In the basement there are a boiler room, a coal
vault, dynamo room, two stora%e rooms, packing room, dining room,
pantry, and kitchen, and finally two large rooms for tanks and an
aquarium. The floors are concrete except in the library. Marble
terrazzo is employed for floors in bathrooms, in first and second
story public halls and corridors, and on main stairways. The build-
ing is equipped with electric lights and with conduits for an inter-
communicating telephone system. It is steam heated, provided with
hot and cold water, and is piped for gas in the principal laboratories.

Plans for a botler and engine house and machine shop at the
Woods Hole (Mass.) station, to replace the wooden structure, which
was burned in March, are completed and the contract will be let at
an early date. .

VESSEL SERVICE.

At the beginning of the fiscal year the steamer Albatross was at
Baltimore fitting out and being put in order for the Bureau’s needs
after her use by the Navy. Considerable additions were made to her
equipment, including a powerful modern dredging winch and an
ofter trawl. She sailed October 27 for a cruise in Florida and Cuban
waters to initiate fishery investigations to serve as a basis for further
oEemtions by the ship during the next two years. Biological and
physical oceanographic stations were occupied on four sections dcross
the Gulf Stream between Cape Henry and Key West: Across Florida
Strait, between Key West and Habana; from Habana to Cape San
Antonio at the western end of Cuba; across the Yucatan Channel to
Cape Catoche; and from Cape Catoche to Dry Tortugas. The vessel
returned to Baltimore on January 1, 1920.

On February 16 the Albatross sailed for Boston, arriving there
February 24, and making this port headquarters for fishery and
oceanographic investigations in the Gulf of Maine. This was a con-
tinuation of investigations conducted in the same waters by the
Grampus, beginning in 1912. On the trip to Boston the vessel made
three hauls with a 60-foot otter trawl in the vicinity of the 100-
fathom curve, with the purpose of determining the occurrence of tile-
fish and other ground fish off the middle Atlantic coast; she also
occupied a series of hydrographic stations on a line across Georges
Bank. The work in the Gulf of Maine lasted until April 21.

On May 3 the Albatross started an inquiry regarding the spawn-
ing habits of the haddock in the Gulf o% Maine. This work Il)asted
until May 19, when the vessel returned to Baltimore, arriving May
20. A general survey of the ship was made on May 25. While she
was found to be in generally good condition, certain repairs and im-

rovements were authorized and were in progress at tge end of the
scal year. o

Owing to the inability of obtaining satisfactory scientific assist-
ants it was not possible to utilize the steamer /isk Hawk during the
first half of the fiscal year, but on January 10 active operations were
undertaken. A hydrographic and biological survey of Chesapeake’

ay was commenced, to be carried out by a series of cruises, each of
one to two weeks’ duration, at approximately monthly intervals. This
work is being continued with satisfactory results. The vessel is in
excellent condition. '
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During the summer and fall of 1919 the steamer Halcgon was at-
tached to the Gloucester (Mass.) station and assisted in fish-cultural
work during the season. In January, February, and March she per-
formed valuable service in keeping the channel in Gloucester Harbor
cleared of ice, so that fishing vessels could enter and depart.

When the Halcyon was turned over to the Navy at the beginnin
of the war, she was not entirely completed and equipped. This nee
has been met, and the vessel has been put in condition for the Bu-
reau’s purposes. Some desirable alterations in her interior have been
made, a heavy gun platform has been removed from the forward
deck, her engine and machinery have been overhauled, and bilge
keels have been built on. An electric-light plant has been installed,
and a dredging winch with appropriate gear and apparatus has been

rovided. . The work is practically completed, and the vessel is ready
or service.

The auxiliary schooner Eider, purchased during the last fiscal
year for service at the Pribilof Islands, left Seattle on October 26
for the islands with coal and other supplies and with several Gov-
ernment employees, reaching her destination on November 22.
Headquarters for the winter were established at Unalaska, there
being no harbor or suitable anchorage at the islands. During the
year the vessel has been almost constantly employed as a tender,
operating between the Pribilof Islands and Unalaska. Trips were
made as the weather permitted in January, April, May, and June.
The vessel has proved satisfactory for the service required.

The steamer Osprey was engaged as a fishery patrol boat in
southeastern Alaska waters until August 6, 1919. "She was then
reported to be in an unseaworthy condition, and for the remainder
of the year was laid up at Cordova. The Osprey, which is 25 years
old, was purchased by the Bureau in 1912 for $13,000, and has given
nearly eight years of hard service. She has now outlived her use-
fulness, and, as it was believed inadvisable to devote any large
‘amount of money to put her in first-class condition, she has been
condemned, and sale has been authorized.

The two small fishery patrol boats Murre and Aulklet have per-
formed excellent service, being constantly employed in southeastern
Alaska waters during the entire year. From November 1 to March
31 the Murre was loaned to the Bureau of the Census for the use
of census enumerators. This vessel has met with two accidents
during the year. She caught fire on December 3, 1919, with the
result of considerable damage to the vessel and loss of personal
property of the crew. On April 1 she struck a rock and was
beached in consequence. An investigation showed that both of these
accidents were unavoidable and no blame has been attached to the
personnel of the boat. She has already been repaired and is in active
service.

The Phalarope and the Gannet have been engaged as usual in fish-
cultural work, the former in connection with the Woods Hole
(Mass.) and l§ryans Point (Md.) stations, the latter at Boothbay
Harbor, Me. )

In addition to the vessels mentioned in the last annual report,
there have been transferred to the Bureau by the Nav% Department
the motor boats Paeo, Edithena, and Wachussetts, The Raeo has
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been rechristened the Aittiwake and assigned to the Gloucester
(Mass.) station for fish-cultural work, but no definite assignments
have been made of the other two. It is believed that they will
prove of value in some of the activities of the Bureau.

A new motor boat, the 7ern, was constructed in April for use on
the lower Yukon River and in the delta waters. The vessel is 38
feet long and is equipped with a 35-50-horsepower engine.

PUBLICATIONS AND LIBRARY.

The limitation imposed by Congress on the publications of the
Bureau is proving a considerable gmwback. ost of the Bureau’s
documents are intended to serve a definite public purpose,looking to
the conservation, maintenance, or proper utilization of aquatic
creatures. Such publications are therefore deserving of wide dis-
tribution within proper limits if their purpose is to be achieved.
Many of the printed reports are the result of protracted inquiry or
investigation and pertain to the welfare of important branches of
the fisheries and fish culture in extensive areas where it may be
desirable, if not necessary, to reach thousands of persons. In these
circumstances, to restrict editions to 1,000 copies, regardless of their
cost or regardless of the exigencies of the particular public fishery
situations intended to be met, and to prohibit the issuance of re-
Frints during the same Igear in which the original reports were Eub-
ished, may defeat the Bureau’s efforts to render a service for which
there 1s a great gublic demand. The major cost of publications is
not in paper and presswork and may be not even in composition,
but in the labors and expenses of investigators. It would, there-
fore, seem unwise in the case of many of the Bureau’s documents to
exercise economy only with regard to their least expensive feature.

The publications issued during the ysar have been carefully con-
sidered and designed in all cases to meet. a public need. The free
distribution of documents has been restricted and mailing lists have
been revised. The series of economic circulars has been added to
and continues to serve the useful purpose of supplying practical in-
formation on timely subjects at insignificant cost. ’%he limitation
on the size of editions acts as a special handicap in the case of these
documents.

A noteworthy work accomplished by the librarian is the comple-
tion of an analytical subject bibliography of the Bureau’s publica-
tions from 1871 to 1920. These pu%licatlons constitute a library in
themselves, and, without doubt, are the most complete and compre-
hensive collection extant on the fishery industries, fish culture, and
aquatic biology and physics. More than 6,700 titles occur, and, in
order to make the matter available for reference, intelligent compila-
tion and classification are necessary. It is proposed to print this
bibliography in convenient and inexpensive form, appsaring oppor-’
tunely at the close of the first half century of the Bureau’s existence.

DISINTEGRATION OF THE PERSONNEL.

.As the concluding section of this report, special attention is in-
vited to the matter of fair compensation for the loyal and efficient em-
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Eloyees of the Bureau in Washington, in the field, and afloat. It is
oped that affirmative action may be taken by Congress on pendin
relief measures that affect the force in the District of Colum%ia an
that there may also be a readjustment of salaries throughout the field
service. :

A very serious situation confronts the Bureau because of the dis-
integration of the trained corps of specialists in all branches of the
service, owing to the insufficient salaries allowed by Congress. With
the cost of living increased at least 100 per cent in the past 10 years,
the bonus provided by Conglzress, while most desirable and acceptable,
must be regarded as a wholly inadequate, purely palliative, and mani-
festly temporary expedient. No bonus and no salary increase have
been accorded an important part of the Bureau’s personnel respon-
sible for the wise planning and efficient direction of the work.

The Bureau has, therefore, been obliged to submit to the loss of
valuable employees and the crippling of its technical staff that rep-
resent years of special training in order to equip them for the peculiar
needs of the fishery service, because of the notoriously low compensa-
tion allowed by Congress and the much more attractive positions out-
side the Government. Unskilled laborers and low-grade mechanics
are receiving wages that in many cases far exceed tﬁe compensation
allowed by law for high-grade experts in the Bureau’s service,
while technical positions of responsibility and importance comparable
to those in the Bureau command salaries in private life that are from
two to four times those paid by the Government.

It is therefore not strange that the Bureau should have lost
through resignations one-third of its scientific force and that other
resignations therein are pending, resulting in the disorganization of
a staff that has taken years to build up, will require years to reestab-
lish under most favorable conditions, and can never be replaced so
long as the Government offers no financial inducements. In the fish-
cultural service, owing to low compensation, about two-thirds of the
statutory positions in the lower grades have been either vacant or
filled temporarily by old men and boys without qualifications, and
in many cases even incompetent persons have refused to accept em-
ployment at the meager rates of pay offered by the Government. At
one western station the superintendent and one other employee have -
been the only members of the statutory force for more than two
Kears, while 1n other fields the work of 1mportant auxiliary stations

as of necessity been put in charge of inexperienced, temporary men,
or mere apprentices.

No private establishment would be expected to function under the
conditions that have been confronting the Bureau for several years
and have become more acute each year. Prompt and radical
measures are now imperatively demanded if complete disorganiza-
tion of the force is to be obviated.

Respectfully submitted. :

- : H. M. Syrrs,
Commissioner of Fisheries.
To Hon. J. W, ALEXANDER,

Secretary of Commerce.
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THE FISHERIES BIOLOGICAL STATION AT FAIRPORT, IOWA.

By R. E. CokEr, Assistant in Charge of Scientific Inquiry
U. 8. Bureau. of Fisheries. ’

HISTORY AND FUNCTIONS.

The Fairport station was established by act of Congress in 1908.
Tts construction was begun in 1909, and with temporary equipment
it began operations in June, 1910. The old laboratory, a frame
structure of approximately the same dimensions as the present
ﬁr<:£roof building, was constructed in 1912 and 1913. At the formal
dedication of the building on August 4, 1914, unusual public interest
was manifested by the attendance of 5,000 persons and by the con-
gratulatory addresses delivered by men of prominence in public life
and by scientific men of established repute. This building. was
unfortunately destroyed by fire on December 20, 1917. The office
furniture and files and such scientific records as were retained in the
office in original or duplicate form were saved ; but records embodying
results of tedious investigations were lost, togﬁ;cher with the scientific
equipment. A chief loss was the library, which, though not large,
included & rare collection of separate papers and monographs, particu-
larly such as related to fresh-water mussels of America and Europe.

ortunately, the station comprised a great deal more than the
leboratory building. . The ponds and water system remained intact.
The personnel of the station adapted itself readily to the changed
conditions, and the im%ortant; scientific and administrative work of
the station was promptly resumed in the cramped quarters afforded
by the old ‘‘temporar fubomtory,” a small one-story building just
below the railroad, which had served a similar purpose in the first
yoars of the station’s history. TFor nearly three years valuable
scientific work was carried on in these poor quarters, both by the
permanent scientific staff and b%a limited number of specialists in
temporary association with the Bureau—men and women to whom
personal convenience or comfort was secondary to the achievement
of the objects to which the station was dedicated.

An appropriation of $80,000 was promptly made by Congress for
the erection of a new and fireproof building. This, supplemented by
two small additional appropriations, made it possible to build and
pertially to equip the present admirable building of brick, stone, and
concrete. Experience gained during the occupancy of the old
building, the resourcefulness and skill of the architect,’ and the good
sEirit manifested by the constructing company, all combined to make
the new building superior in available space, convenience, and
serviceability, and an exceptional value in proportion to cost.

1 Prof. James M. White, professor of architecture and supervﬁing architect of the University of Ilinois,
8
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After unavoidable delays arising from the conditions of national
emergency, the new laboratory was completed and occupied in
August, 1920. Again there was a demand upon the Bureau for the
observance of exercises of dedication, and these were set for October
7, in connection with a Conference Regarding the Application of
Science to the Utilization and Preservation of the Resources of our
Interior Waters (October 7 and 8). The occasion was made impres-
sive, helpful, and inspiring through the whole-hearted cooperation of
representatives of the Government, business men, and scientists from
the leading American universities. Recognition of the national
significance of this biological station for investigation of problems of
fresh waters was attested by the presence of delegates from 22 uni-
versities and colleges and from two independent scientific organiza-
tions, representing 14 States, from California on the west to Massa-
chusetts on the east, from Oklahoma and Florida on the south to
" Wisconsin and Michigan on the north. -

The station serves as a base of operations for a large part of the
scientific work of the Bureau of Fisheries in the Mississippi Basin.
A primary activity is the propagation of pearly fresh-water mussels;
but not less significant are its functions in experimental fish culture,
in investigations of various fresh-water fishery problems, and in
promoting both a fuller utilization of aquatic products and a broader
Interest In’ the protection of aquatic resources, in order that the
future, as well as the present, may be properly served.

Through field parties the activities of the station have been ex-
tended into most of the States of the Mississippi Basin, and the results
of work done go much further than the locaFit.ies in which operations
are conducted. The benefits of service to the mussel industries are
felt not only where mussel fishing, or clamming, is practiced, but
wherever mussels are manufactured into the finished products of
commerce—in New York and Massachusetts, as well as in Wisconsin
and Iowa; they are experienced, too, though unconsciously, by all
who are consumers or utilizers of buttons. The demonstration at
Fairport of the feasibility of propagating the channel catfish in ponds
can ge made useful for the increase of food supply in other parts of the
United States. The propagation and distribution of some hundreds
of millions of buffalofish fry in public waters each year is the direct
result of experiments originally conducted at the Fairport station.
The broader, utilization.of fishes' formerly considered “‘coarse’” or
useless is in part the result of practical experiments in smoking fish,
conducted during several years at this station. The varied services
of the station will be described and illustrated more fully in later

pages.
PERSONNEL AND EQUIPMENT.

Every station of the Bureau is regarded as an agency ﬁhrOUﬁh which
as complete a public service is to be rendered as conditions allow, but
it is evident that the Fairport station combines in a somewhat unique
way the functions of a fisheries biological station and a fish-cultural
experiment station. This it does because of the provisions of person-
nel and equipment authorized by the Congress and because of the
conditions of its location and origin.

There is attached to the station a small permanent staff of scien-
tists, fish-culturists, and other employees necessary for continuous
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o?eration and uninterrupted experimental work. During some parts

of the year, as may be desirable and practicable, the personnel

responsible to this ixboratory 1s much enlarged. The temporary

associates or employees, comprising investigators skilled in special

lines, scientific assistants, practical fishermen, or others, make it
ossible not only to increase the effectiveness of the station, but to
roaden the territory of its operations.

“About 60 acres of land, extending from the banks of the Mississippi,
on a two-fifths of a mile front, to the brow of a hill a quarter of a
mile back, afford ample space for the distribution of ponds and the
suitable location of buildings. The slope of the ground is such as
to assure proper drainage and to make 1t feasible to have a gravity
flow of water from the storage reservoirs, located on or beneath the
ground at suitable elevations, to the ponds and buildings.

There are in all 36 ponds, 14 of which are small and made of con-
crete, and 22 of which are dug out of the earth, simulating the condi-
tions of natural ponds and varying in area from one-tenth of an acre
to an acre or more. There are two water systems, the natural river
water, pumped into a large storage reservoir and flowing thence to
the several ponds, and filtered river water which is stored in low and
high pressure cisterns and used for domestic and laboratory purposes.
There is also a complete underground sewage and drainage system,

“which conveys the waste water and sewage Into the river well below
the source of supply. :

The buildings comprise & main laboratory building, a small tank
house, a boiler and pump house, a boat and seine shed, a storehouse
and carpenter shop, a small shell-testing shop, and other necessary
living houses and outbuildings. In some of these will be found
gumping machinery for the two water-supply systems, machinery

or cutting and finishing buttons in testing work, and such shop and
field tools as are necessary to make the station as nearly self-contained
as practicable. :

he principal building, of concrete, stone, and brick, with ground
dimensions of approximately 100 by 55 feet, has a fully finished
basement besides two full stories and a finished third storfr over the
center and larger portion of the building. The present laboratory
accommodations for 16 investigators cangbe extended by conversion
of other rooms into laboratories. A well-lighted library, chemical
laboratory, photographic room, museum, tank, and aquarium rooms
are features -of the building essential to the efficient accomplishment
of biological and chemical investigations of fishery problems. To
afford necessary accommodations for temf{?rary investigators at
certain seasons, there are provided also a kitchen, a dining room,
and a number of bed chambers which may be converted into labora-
tories as required. The building is lighted by electricity.

SERVICE RENDERED.

WHAT IS DONE FOR MUSSEL INDUBTRIES.

The services of the Fairport station to the pearly mussel industries
have consisted in the propagation of mussels, the survey of mussel
resources, the investigation of mussel problems, and the promotion
- of the protection of mussels. -
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F1a. 1.—The biological 1aboratory, ground floor-plan: D, ice box.
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F1G. 2.—The blologlcal laboratory, first floor plan; A, tank table; B, chemical hood; C, balance slab.
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¥F16. 3.—The biological laboratory, second floor plan: A, tank table; K, linen closet.
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F1g. 4.—The bioclogical laboratory: E, linen closet.
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The survey of resources has resulted in opening new fields, and it
helps also to furnish the necessary basis of information for estimate
of the perpetuity of the resources, for the adoption of intelligent

rotective measures, and for guidance in the work of propagation.

he special investigations and experimental studies have led to im-
Frovements in met%od of propagation and are pointing the way to
urther improvements. By investigations in the field and by con-
tinued observation' of the industries, the Bureau has arrived at a

better understanding of the measures necessary for effective con-
servation of mussels; and, by propaganda, correspondence, publica-
tions, and personal conferences, 1t %as been enabled to stimulate
more general interest in the subject and to cooperate with State
authorities and others in the framing of suitable protective measures.

The enactment and enforcement of such measures must be left
to the several States, but a commendable interest has been shown
in some States, and a beginning has been made, notably in Wisconsin
and Minnesota.

Mussel propagation is carried on by field parties engaged at various
laces on important rivers. Fishes are seined from the rivers or
rom overflow waters, are infected with the glochidia (the larval
forms of mussels) and then liberated again in the public waters.

The methods of propagation are based upon a peculiar feature of
the normal course ofp agevelopment of fresh-water mussels. The
very young fresh-water mussels, with rare exception, when first
liborated from the incubation pouches of the parent, must become
parasitic upon fish in order to pass throu h the next stage of their
existence. To this end, if the chance offers after liberation, the-
young mussels, or glochidia as they are called in this stage, attach
themselves to the gills, fins, or scales of a fish. The mussels of
economic importance attach themselves almost exclusively to the
gills. In attaching, or biting on the fish, a very slight wound seems
to be caused, which begins at once to heal over; but, in the process
of mending, the glochidium is over%rown and thus inclosed within.
the tissues of the fish. The mussel is now actually an internal
parasite, in which condition it remains for a period of two weeks,
more or less. It is thus conveyed wherever the fish goes, until,
when the proper stage of development is reached, it frees itself from
the host and falls to the bottom; if, through favorable fortune, it
finds ?uitable lodgment, it continues its growth to form an adult
mussel.

The glochidia are so small that the infection, if not excessive, has
nd apparent injurious effect upon the fish that serves as host. In-
vestigations by the station have shown that mussels do not attach
to fish indiscriminately, but that for each species of mussel there is
a limited number of species of fish which may serve as hosts.

The task of propagation is to bring together suitable fish and the
lochidip of mussels. Careful studies o% natural and artificial in-
ections show that a moderate-sized fish may successfully carry in
parasitism from 1,000 to 2,000 of the microscopic glochidia, but
that under the chance operation of nature few of the glochidia find

lodgment uﬁon the proper fish or upon any fish.

uring the fiscal year 1920, in round numbers, 183 million glo-
chidia were liberated in parasitic condition. A considerable pro-
portion of these glochidia undoubtedly fall upon unfavorable ground
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FIG. 1.—PONDS FOR EXPERIMENT WORK.

Tarth-walled ponds of various sizes and forms present natural conditions such as may be repro-
duced on the farm. Small concrete-lined ponds serve the needs of special experiments. Both
fish and mussels are reared here.

FIG. 2—TROUGHS FOR REARING MUSSELS.

In troughs supplied with naturally clarified water flowing from near the surface of one of the
ponds, the best conditions have been found for rearing several species of fresh-water mussels.
As is the fortune of experimental work, success has been variable, but a single trough may pro-
duce in one season more than 2,000 young mussels one-fourth to one-half inch in length.
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FIG. 1.—PONDS FOR FISH-CULTURAL EXPERIMENT WORK.

Part of the equipment used for fish-cultural experiment work. In these ponds we learn how
to rear buffalofish and catfish, and how to make ponds more productive of black bass, bream,
and other esteemed game fishes. Mussel culture, too, is practised in these ponds.

FIG. 2.—A SIMPLE FISHPOND.

This pond, a quarter of an acre in extent, simulates the natural conditions of a farm pond
recelving minimum attention. Being stocked with generally esteemed fishes, it is intended to
answer the question: What will a small pond yield without special attention?
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or fail from other causes to reach maturity. However, it is the
large number which can be infected on fish and liberated at small
expense that justifies a confidence in the accomplishment of com-
mensurate benefits. The average cost per 1,000 glochidia -artifi-
cially infected on fish in the fiscal year 1920 was less than 6 cents,
inclusive of overhead expenses. _

Some of the streams 1n which this work has been carried on are
the Mississippi River, at various points, the Ohio and Cumberland
Rivers, the %’abash River in Indiana, and the White and Black
Rivers of Arkansas. :

In connection with the propagation of mussels, many fishes are
rescued from land-locked ponds and restored to the rivers. In
this way, during the ﬁscalp ear 1920, 36,442 adult and 871,553
fingerling fish were preservec? from probable death by suffocation
with the drying up of the temporary ponds, and this benefit was
accomplished practically without expense additional to that neces-
sarily incurred for the propagation of mussels.*

WHAT IS DONE FOR FISH CULTURE.

The services of agricultural and experimental stations to the
farmer are so well understood that large appropriations are annually
made by the Federal Government an by every State in order that
there may be conducted the various sorts of investigations and ex-
periments that are necessary to assist the farmer in producing larger
and better crops with the greatest degree of economy. . It is like-
wise important that studies and experiments be carried on to in-
crease the productiveness of streams and lakes and ponds. The
grower of fishes is even more dependent than the land farmer upon
guidance from governmental experiments. A wheat grower or a
cattle raiser has some chance to try out various methods and ascer-
tain the effects by watching the growth of his crops or of his stock.
The fish farmer, on the other hand, may try different’ methods, but
he can not see how they work. Furthermore, nearly all of our
water areas are under public and not private ownership and control
a.ndkonly the public 1s justified in expenditures for experimentaj

“work. :

Nearly all that we know of fish culture in America has been learned
in connection with practical fish-cultural stations, where, since the
establishment of the United States Fish Commission 50 years ago,
many experiments have been carried out. The accumulsated experi-
ence of keen and observant fish-culturists is of inestimable value;
yet it should be pointed out that the function of a fish-cultural
station is to produce as large as possible an output of fry or fingerling
fish to be distributed in various waters where others must assume the
responsibility for bringing the fish fo maturity. It is not the pur-
pose of such stations to work out by tedious experimentation and
careful studies the conditions necessary to make individual ponds as
%roductive as possible for market fish. = As yet no other station of the
: ederal Government than Fairport has been designed to serve this
unction. .

! During the first half of the fiscal year 1921, thr({l;ﬁh tho coo%;mtlon of the National Assoclation of
Bytton Manufacturers, more than 5 million Ashes taken in the Bureau’s rescuo work along the Upper
i91ssippi River have been infected with mussely and liberated.
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A few g’ears ago no catfish except the small bultheads had been
successfully propagated, although attempts to breed them in ponds
had repeatedly been made. Having at Fairport the facilities and the
personnel for continuous fish-cultural experiments, the channel cat,
or common spotted catfish, the most favored of the tribe, was chosen
as one of the fishes for experiment. Success was not attained in the
first two or three years, but finally the right thing was done, and the
propagation of the fish was found to be practicable. The methods
may be and should be improved, but the results obtained can now be
mad% useful for the promotion of fish culture and increase of food
supply.

attempts at artificial propagation of the buffalofish yielded
most discouraging results until this station by properly conducted
experiment demonstrated its entire feasibility and thus made a par-
ticularly valuable contribution to fish culture. The buffalofish are
large species of commercial fish, in good esteem, formerly abundant in
the principal rivers of the Mississippi Basin, but of late years dimin-
ishing in numbers. The hatching of the eggs of buffalofish by arti-
ficial means with the subsequent %iberation of the fry or fingerling is
now shown to be practicable, and it has been put into practice on a
large scale through the fish-cultural stations of the Bureau. There
are in progress at Fairlport further experiments to determine if this
fish may be successfully grown in properly controlled ponds.

Other experiments at this station relate to the growing of game
fishes in_ponds. Incidental to the experiment work, a considerable
number of fish of several species are propagated each year and planted
in the Mississippi River.

The task ofp tgsh culture is only begun when the fry or ﬁngerling
fish are produced and placed in })onds. The success of the pont
depends upon the rate of growth of the fish and the proportion of the
original stock which survives. The poultry raiser does not overrate
his accomplishment when several thousand young chickens are
transferred from brooders to yards. His success or failure is meas-
ured when the chickens are ready for market, by their number,
weight, and quality. If fishes are to be grown successfully in tpondS,
it is necessary to inow upon what they feed and how this food is
maintained in the pond, and what other conditions are favorable or
unfavorable to the survival and growth of the fish. )

Let us again find a partial analogy in the rearing of farm animals.
Is the farmer concerned only With%x.is cattle, or does be in the selec-
tion, the pteparation, and the conduct of his farm, give thought to
the growing of pasture plants and hay grain foods? Can he ignore .
the parasites which cause disease or weakness among his animals;
Would he not be stupid to overlook the insects or plant rusts that may
sweep his a}iastures or crop fields bare? Evidently the stock farm is
a good deal more than an abiding place for large and useful animals;
it is a complex association of cattle, plants, insects, birds, worms, soi
bacteria, and what else, not to mention such inanimate things as soil
chemicals, water, and air. The fish pond or the fish stream 1s just as
much a complex—more of one, it must be thought, because, thiough the
air on theland farm is ever-present in unlimited quantities, the air in
the water farm is limited and variable. Suffocation of the cow in the
pasture is never feared, but partial or complete suffocation of fish is
a frequent reality. Furthermore, the movements of fish are often
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governed by distribution of air or waste %ases in the water, and the
quantity of animal life in the pond is limited by the supply of dissolved
ases. .

g Since the air supply of fish, without which they can not live, varies
both seasonably and irregularly, the investigators must study the
conditions of, occurrence and distribution of gases in ponds and
streams that we may learn what is favorable andg what is unfavorable
to the best conditions of gas content and thus to productivity of
useful animals.

Since the air and the chemicals of water and soil are brought to
the fish through the intermediation of small plants, small floating
animals, creeping insects, and other things, these must all be carefully
considered in their relation to fish culture. The relations are com-
plex and the investigators must: concentrate attention in different
studies upon particular animals or plants. Some of the investiga-
tions so far pursued at Fairport relate to the food of the fishes at
various stages of development, the kinds of plants that are most
suitable and necessary in fish ponds, the relations of certain insect
larvee as food or as enemies of fish, and the occurrence of parasites
that weaken the growing fishes and cause them to die or become an
easier prey to enemies.

OTHER BERVICES TO FISHERIES.

A good deal of valuable work which is not directly related to
mussels or to fish culture is done at and from the Fairport station.
A few typical forms of service may be cited.

The construction of the dam across the Mississippi River, about,
100 miles below Fairport, at Keokuk, Towa, gave opportunity for a
comprehensive investigation of the effects ofg water-%ower develop-
- ments upon the fisheries of large rivers, and considerable information
has been gained as the result of observations continued over a period
gf lseveraf; years at Keokuk and at various points both above and

elow.

Chemical studies pursued in the laboratory have been directed
toward ascertaining the food qualities of some aquatic products and
possible methods of improving them.

Studies of the diseases of fishes, the causes and remedies, have been
pursued. It has been learned that the slight injuries incidental to
the handling of fish in warm weather, particularly in rescuing fishes
from overflow waters, often lead to bacterial infections which cause
serious mortalities. Means of prophylaxis are being devised which
may be simple of application and effective in materially increasing
the effectiveness of rescue operations in warm weather.

Somewhat apart from the ordinary lines of activity of the station,
"but corresponding to an evident need existing along the Mississipp1
River, there were conducted during & period of years some simple
but immediately practical experiments in smoking the common
fishes of the Mississippi River which had no particular value in the
fresh state and which brought so little return to the fishermen that
they were often allowed to go to waste. Some of these were occa-
sionally smoked, but in many cases the smoking was so carelessly
or ignorantly done that the product was inferior in taste and in keeping
quality. Others were thrown away or sold for nearly nothing. I')l‘he

51700°—21—6
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result of the experiments at Fairport was to enable the Bureau in a
geriod of food emergency to issue a printed circular describing in

etail the construction of a simple portable smokehouse, the methods
of operation for different fishes, and the qualities of taste imparted
to the fish by several sorts of fuel. This was followed almost 1mme-
diately by sending out demonstration parties along principal rivers
and even along the seacoast, proving by actual test, both to fisher-
men and to housekeepers, that ““coarse’” or “‘useless” fishes could
be made palatable to the consumer and profitable to the fishermen.
This was a simple and practical thing to do, but it required some

ears, of experimental work, as opportunity offered, to try out various

hes by varied methods and to learn some things that were entirely
unexpected.

The Fairport station, then, as a special agency of the Bureau of
Fisheries, adapts its services within reasonab%e limits to the varying
needs arising within its sphere of action. It endeavors to bring about
a broader and better understanding of our inland waters as national
resources—that they may be viewed not only as channels of surface-
water drainage, as avenues of transportation, or as convenient and
economical sewers, but as fields for the continuous production of
necessities of food and raiment. It has set before it the task of dis-
covering by scientific study and by practical experiment the con-
ditions of preservation and mncrease of the useful life of inland waters.

Its work should tend to disclose what degree of protection is neces-
sary and what methods are feasible, what conditions of biological,
chemical, and physical environment are favorable for increased pro-
duction of fish and other aquatic animals, and what measures may
be taken to improve the environments in ponds, lakes, and streams.

* The objective, let us say, is the prevention of the continued deple-

tion of our aquatic resources, and the bringing of all interior waters
to a condition of greatest fruitfulness. TEe way may be long and
beset with obstacles, and success can be attained but gradually and
by means of persistent effort. and painstaking study. As we have
indicated, some small milestones of progress have been passed, but
it must be evident to all that the main task is for the future and that
it is big enough and sufficiently complex and offers a degree of promise
not only to justify the best efforts of the station, but to enlist the
cooperation of all those having opportunity and interest to render
public service through attention to the resources of interior waters, .
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PROGRESS IN BIOLOGICAL INQUIRIES.
REPORT OF THE DIVISION OF SCIENTIFIC INQUIRY FOR THE FISCAL YEAR 1920.

By R. E. COKER,
Assistant in Charge.

INTRODUCTION.

There are times when it is worth while to inquire somewhat search-
ingly into the value of the varied activities of the Federal Govern-
ment, to ask what good purposes are to be served through a particular

overnmental function. Clearly, such a time is upon us now, and it
18 agpropriat/e, therefore, to prefix this report of progress with a
brief statement suggestive of the purposes which the Bureau of Fish-
eries attempts to serve through the Division of Scientific Inquiry.

The direct and practical relation of scientific studies to the fishery
industries is not always clearly understood. A successful industrial
establishment depends no less upon the maintenance of the source of
supply than upon the marketing of its product. The Division of
Scientific Inquiry stands with reference to the fishery industries
somewhat in the same relation as the supply department to a manu-
facturing concern: It does not produce the raw materials? but it
concerns itself with the problems of ultimate sources, of judicious
exploitation, and of the means and conditions of maintenance or
possible increase of supplies.

To be more concrete, an oyster industry is impossible without
oysters, but it is now painfully evident to all concerned that, in
northern waters at least, the continuance of a supply of oysters de-
pends upon the solution of problems of scientific inquiryf the prob-
lem, for example, of the conditions of securing a set. The salmon
industry ranks among the very first in the fisheries of the United
States, yet in most waters we have witnessed a gradual decline in the
abundance of salmon, and where such a decline is not manifest, as in
the Columbia River, it is universally attributed to the measures of
artificial propagation. The Bureau 1s therefore urged to’investigate
the conditions of success in maintaining the desired runs by artifi-
cial propagation, and to furnish that knowledge of the life history
and migrations of salmon without which they can not be successfully
protected and conserved. *These are problems of scientific inquiry.
The stock of whitefishes in the Great Lakes has been gradually de-
pleted, but protective measures can not be most intelligently de-
vised and enforced without knowledge of the life history, habits,

a That in this case Is a function of nature as assisted by fish-cultural operations.

8
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and movements of the fish, and this can be gained only by the skill-
ful application of the methods of science. Nearly alf, persons_con-
cerned in the great shrimp fisheries recently developed off the South
Atlantic and Gulf Coasts view with concern the future maintenance
of the supply. Can the shrimp be wisely protected or most judi-
ciously exploited while we do not know when or where it breeds or
why it appears here or there in greater or lesser abundance? Clearly
scientific studies have a very practical relation to the perpetuation of
such a ﬁshexg. ‘ )

Beyond a doubt, there is no,one connected with the fishing industries
who believes, with referencé to the majority of the existing fisheries,
that any of them will maintain its present importance in future time,
except as the resources upon which it is based may be conserved b
sensible measures of protection. And certainly no one concerned wit
the determination ofp rotective measures would hesitate to say that
we must know the ﬁsﬁ) (or shellfish).and its manner and conditions
of life if we would successfully protect it. :

It is, then, of direct and not indirect importance, of practical and
not theoretical significance to the fisheries that we should study the
fish and attempt to solve some of the many problems upon which
depend the perpetuation of the resources and the development of the
industries. The industries are founded absolutely upon the resources.
The maintenance of the resources is conditioned upon the results of
scientific inquiry. How shall de%&:}fion be %revented? To what ex-
tent can utilization be carried? at are the possibilities of propa-

ation, the conditions, the results? What are the methods and con-

itions of protection? How can the natural environment be im-
proved? How can disease be combated or unfavorable conditions of
environment be changed? It is such questions as these that scientific
inquiry must answer. The very statement of the purposes to be
served renders unnecessary the presentation of argument for their
pursuit. The merit of the service performed can best be determined
from the report of its progress that follows, allowing, as one must,
for the varied geographic and industrial interests to be served.

The Bureau does not, of course, fulfill all of its functions in scien-
tific inquiry at any given time, but this report will serve to indicate
the present scope of work, as well as the progress that is being made.
It may be remarked finally that the activities of the fiscal year just
closed were reduced as compared with that of previous years, and
that further reduction will mark the year next to come, due to the
loss in course of the last year of not a few of the menm who con-
tributed to the accomplishment of the year’s work. What has been
done is due to the loyal and efficient services of men who have labored
without stint under conditions of discouragement. Acknowledg-
ment is due no less to those who have left only under the impulsion
of circumstances than to those who have found it possible to contirue
in service.

STUDIES OF FISHES.
ANATOMY OF THE SALMONS IN RELATION TO FISH CULTURE.

From time to time the Bureau has had reports of abnormal condi-
tions of brood fish at its trout stations, such as the sterility of brood
fish which have been used for several years. These conditions do not
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keep the hatcheries from having success in propagating fish, but they
do make the output less and the cost more. They involve waste, and
it will pay, therefore, to find and remove the cause. It has always
been supposed and was seemingly established by published descrip-
tions that the eggs of salmonidee are passed into the abdominal cavity
and thence discharged. Recently Dr. W. C. Kendall, scientific as-
sistant, as the resulrt of anatomical researches, discovered that the
published descriptions were wrong as referring to the several species
which have come under observation. He has found that the mem-
brane by which the ovary is suspended enfolds it in such a manner
that the mature eggs do not normally fall into the abdominal cavity
but pass along a sort of trough formed by a continuation of the sus-
pending and enfolding membrane of each ovary, which extends to a
point not far from the outlet, where the two unite into a single
trough attached to the upper surfice of the intestine. It is also ag-
Earent from the conditions discovered that eggs which escape into the

ody cavity could not in any conceivably normal way be subsequently
discharged. The escape of eggs into the abdominal chamber 1s then
abnormal, and the common observation of eggs in this space may be
presumed to result from the improper handling of fish in artificial
spawning operations or in preparation for dissection.

It was suspected that the bad condition of brood trout at some
fish-cultural stations ma}r:have been due to rough or careless handling
during spawn taking. Examination of specimens sent in from sev-
eral stations strengthened this suspicion. Dr. Kendall then pro-
ceeded to visit a fish-cultural station, observe carefully the operations
of spawn taking, and make immediate examinations of the fish. The
results of the observations made at one of the best stations, taken
in connection with the studies just mentioned, indicate that the
abnormal conditions referred to were probably .éue, not so much to
careless spawn takers as to wrong practices. Improvements in
method are required, though additional thought and study seem nec-.
essary before explicit directipns can be given.

ATLANTIC SMELTS.

Dr. W. C. Kendall, with the aid of D. R. Crawford, is completing
a monograph of the species of the smelts (Osmerus) of the Atlantic
coast of North America. The smelts are abundant and widely dis-
tributed fish of small size, which are of value not only in the markets,
but also in the water as a source of food for game and food fish
of larger size. The studies pertain to the geographical distribution,
Jife histoty, growth, habits, habitats, and importance, and to the
conditions of conservation both of the marine and the fresh-water
smelts. Particular attention is given to those of New England and
to the “ice fish ¥ of Lake Champlain. There are indications of local
races of marine smelts, and some fresh waters appear to be inhabited
each by a race or species, distinct not only from the marine smelt but
also from smelts of other fresh waters. The variation in size attained
in some of the fresh waters of Maine is remarkable. Some lakes are
inhabited by two distinct sizes of mature smelts, each having well-
defined breeding seasons and subsisting upon different kinds of food.
In one lake the minimum size of the small smelt when mature 1s
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about 13 inches and the maximum size of the large smelt 4 inches,
while in another the minimum size of the small form at maturity is
about 4 inches and the maximum size of the large form 15% inches.

- We have to do, it seems, either with different species or with distinct
races; that is to be determined later.

DETERMINATION OF SPECIES AND RELATIONSHIPS IN THE SALMON
FAMILY.

One of the obstacles to the best success in fish-cultural work is the
great difficulty of distinguishing positively the species of trouts and
salmon. To obtain the desired results in propagation and distribu-
tion of fish, it is necessary to know beyond a doubt what species is
being propagated and planted, as well as what kinds-are native to
certain waters, and what have previously been introduced. Never-
theless there still exist among sportsmen, fish-culturists, and scientists
varying and conflicting opinlons regarding the identity and relation-
ships of the species of Salmonide, notably in the case of the steel-
head and rainbow, fish which are extensively propagated by Federal
and State hatcheries. :

The difficulty lies solely in the fact that sufficient technical work
has not been done upon the structural examination and comparison
of such fish in numbers and from varying localities. The bureau
has, therefore, encouraged the prosecution of a thorough and critical
stuéy of the structure and relationships of the members. of the im-
portant salmon family.

‘Dr. W. C. Kendall, scientific assistant and ichthyologist, has given
much attention to the osteology (bony structure) of salmon, trout,
and related fishes, which, with studies of scales, proves of much value
in the determination of families, genera, and species. While verify-
ing many of the statements of others, some new facts have been
discovered.®

A paper which is in preparation, based upon a study of trout from
various regions of the West and upon geological considerations, pre-
sents a scheme of origin and distribution of the trouts which offers a
plausible explanation of their present distribution and throws light
upon hitherto obscure problems of classification.

Another report nearing completion is believed to settle the much-
discussed question of the specific identity or distinctness of the rain-
bow and steelhead trouts.?

oIt appears that the salmons, trouts, and chars form a family (Salmonidm) distinct
from the whiteflshes and ciscoes (Coregonide), the latter being based upon the characters
enunctated by Cope and given by later writers as the characters of a subfami?y. It has not
fet been decided whether or not the grayling should be regarded as a famlly (Thymal-
ide, Gi11) distinct from the whitefishes (Coregonidm), in which Regan includes them.
The separation of the Pacific coast salmons (Oncorhynchus) from the genus which
embraces the Atlantic salmon and rainbow and steelhead trouts is definitely confirmed.
The lake trout (Cristivomer) is found to be notably different from the brook trout
XSalvellnus). The smelt family (Osmerid®, Regan) should also stand as distinct from the

rgentinide. The pelvic bones of Argentina stlus are widely different from any other
isospondylous fish examined.

b After a careful study of the fish from taxonomical, anatomical, and distributional
evidence the conclusion is reached that there are at least two wild forms which have been
confused under the names of rainbow and steelhead trouts. One is predominantly migra-
'(ortye (ascending fresh waters from the sea), the other preddminantly a permanent fresh-
water inhabitant. The name Salmo irideus was originally bestowed upon n small steel-
bead form, as was also Selmo rivularis. There g absolubelﬁ no doubt concerning the
proger application of Salmo gairdnerii to the steelhead, as Richardson’s description is
that of a large Columbja River flsh and not a small blueback salmon (Onoorhynchus
nerka), a8 one writer has stated. Contrary to current descriptions, the steelhead bas
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PROGRESS IN BIOLOGICAL INQUIRIES.
THE WHITEFISHES AND THEIR RELATIVES,

For a long time the Bureau, the several State fishery authorities
concerned, and the trade have felt the serious need of knowledge re-
garding the habits of the whitefishes, ciscoes, and so-called lake her-
rings of the Great Lakes. Yet up to the present time we have not
had even that positive determination of the species which: is an essen-
tial basis of an inquiry into migrations, propagation, and other habits.
During the past two or three years Dr. Walter Koelz, general assist-
ant. has been detailed to a comprehensive study of the whitefishes and
their relatives in the Great Lakes, beginning in Lake Huron. During
fhﬁ past year he completed the field work and report based upon that

ake.

His report, which represents a substantial advance in knowledge of
these fishes, is based upon a collection of 3,000 specimens of Lalke
Huron Coregonines and on field data as to their breeding times and
breeding places, geographic and depth distribution, and migrations.
He has definitely distinguished and defined 10 forms—8 species and
2 subspecies—all of which are referred to the Linnaean genus Core-
gonus. Two new species are described and three subgenera are recog-
nized (Leucichthys, Coregonus, Prosopium). The forms of one sub-
genus (Leucichthys) fall into two ecological groups: (1) the lake
herrings (artedi, manitoulinus), and (2) the chubs (alpenae, reig-
hardi, johannae, nigripinnis) and bloaters (hoyi and its variant pro-

undus).

7 The lake herrings are taken in shallow water to a depth of 16
fathoms, rarely deeper. One of them (artedt) is known also to range
the surface waters to a considerable distance from shore. They
spawn in November in shallow water on sand and gravel. The chubs
and bloaters are taken near the bottom in water 30 to 80 fathoms or
deeper. They occur on mud or clay bottom and feed chiefly on species
of crustacea and mollusca. The spawning season for the five species
extends from late August to March.

The species of chubs and bloaters have definable but overlapping
ranges as regards depth. Each form has its greatest density of popu-
lation at the center of its bathymetric range, and this density dimin-
ishes toward the borders of its range.

The pilot, Coregonus (Prosopiwm) quadrilateralis, occurs usually
along the shores to a depth of 20 fathoms. Tt breeds in November in
shallow water on rock or gravel bottom. The whitefish, Coregonus
clupeiformis, is also shore-loving, seldom occurring deeper than 20
fathoms. It spawns in November in shallow water on rock or gravel.

-1t is not expected that the report will be offered for publication before
the investigations in other lakes are completed.

larger (fewer) scales than the rainbow, and there appear to be other though incon-
spicuous and concealed structural differences.

There is probably more than one gpectes or race of rainbow trout, and possibly also
of steelhead. However, the ralnbow trout of fish culture is largely from McCloud River
.(Calif.) stock and should bear the name, not Salmo irideus, but Saimo shasta. The fish-
cultural rainbow stock has been more or less affected by admixture of another form
principally from Klamath River, which may be another form or specles of rainbow or
perhaps a steclhead. This admixture is clearly percelved in the appearance and structure
of many specimens of the rainbow stock. of some_ of the hatcheries. The steelhead stock
has always, so far as known, been unadulterated Salmo gairdnerii, although in the dis-
tribution from hatcheries it s known that in some Instances the two forms have been
regarded as ldentical and dietributed &s rainbow trout. Pure Salmo shasta {8 distin-
gulshed from pure Selmo gairdnerit by the smaller scales of the former.
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BIOLOGY OF THE PACIFIC SALMONS. |

The salmon fisheries, very valuable in themselves, support a pack-
ing industry, the product of which is of still greater value. Speak-
ing in terms of appropriate correctness, we may say that the salmon
taken from the rivers and lakes of Pacific Coast States and Alaska
now yield each year 6 pounds of highly nutritious meat food for each
man, woman, and child in the United States and its possessions.
We enjoy and esteem these valuable economic resources now, but it
is a serious question if the generations to follow will derive like
benefits from the same waters. . :

It is true that the salmon are not necessarily exhaustible like a
mineral resource, but that they are by nature seﬂ?~per etuative, pro-
vided only that present and future utilization is rightly regulated
and that artificial propagation is intelligently directed. The de-
cline of the fishery in most of the waters of the Pacific coast is clear
evidence that we are not yet properly meeting the requirements in
propagation and regulation. The situation in Alaska waters, a rela-
tively new field of exploitation, has already reached a stage which
investigators assure us is critical and which may be but the begin-
ning of an era of decline.

It becomes a high responsibility, then, that we find out what must

be done, that we study the salmons until we know fully their life
histories and habits and the conditions of the maintenance of the
runs. .
The investigations conducted by Prof. C. H. Gilbert and Mr.
Henry O’Malley ‘in Bristol Bay and other Alaska waters, through
cooperation of the Divisions of Scientific Inquiry, Fish Cufture, and
Alaska Fisheries, are reported fully in “Alaska Fisheries and Fur
Industries in 1919,” ¢ and need not, therefore, be described in this
connection.

In Pacific Coast States studies of salmon have been conducted pri-
marily by Willis H. Rich, with particular attention to the life his-
tory of the chinook salmon of the Columbia River.

gonsiderable progress has been made in the study of the life histor
as based on scale analysis. The necessary foundation for this wor
was laid by studies conducted during previous years and published
recently under the title, “ The Early History and Seaward Migration
of the Chinook Salmon in the Columbia and Sacramento Rivers.”?
Even with the data at hand, the accurate interpretation of the adult
scales has proven an extremely difficult task, owing to the great di-
versity in the types of nuclear growth. As a result of the.study of
large series of scale photographs and the calculations of sizes at vari-
ous ages of several hundred individuals, it has now become possible to
interpret fairly accurately the age and early history from examina-
tion of the scales of adult fish. From investigations pursued in the
various tributaries of the Columbia River, it is found that many con-
tain distinguishable races, just,as had previously been shown in the
case of the sockeye. The study of the chinook salmon taken in the

o Bower, Ward T.: Alaska Fisheries and Fur Industries in 1919. Appendix IX, Report,
U. 8, Commissloner of Fisheries, 1918. Washington, 1920.

*Rich, Willis H.: Early History and Seaward Migration of Chinook Salmon in the
Columbia and Sacramento Rivers.  Bulletin, U. 8. Bureau of Fisheries, Vol, XXXVII,
1919-20, pp. 1-78. Washington, 1920.
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oien.ocean by trollers and purse seiners has progressed to the point
where a preliminary report 1s in course of preparation.

Satisfactory returns are being obtained this year from one of the
experiments 1n marking young chinook salmon at the hatcheries of
the Columbia River. Some returns have been obtained from three
other experiments, and it is possible that additional results may be
obtained later this year. : '

Additional marking experiments have been started during the past
year with particylar reference to chinook fry and yearlings and year-
ling sockeyes. At the same time, and in cooperation with the State
Fish and Game Commission of Oregon, a representative .of the
Bureau began last spring the tagging of adult steelhead in the Rogue
River. A proposed study of the steelhead and chinooks in this stream
has, for various reasons, been delayed.

HABITS OF FRESH-WATER FISHES.

Perhaps no papers published by the Bureau are of more service to
fish culture, to angling, and to the utilization and conservation of
fresh-water fishes than those which comprise the results of careful
studies into the habits of useful fishes. The works of Dr. W. C.
Kendall, Dr. A. S. Pearse, and Dr. Jacob Reighard fall naturally
into this class. Recent studies by Dr. Kendal% are referred to in
another glace. The results of Dr. Reighard’s observations are to be
given publication in other places.

Some results of Dr. Pearse’s recent studies are embodied in two
useful reports, of which one was published last year and the other
of which'is in press. They are entitled, respectively, “ Habits of the
Black Crappie in Inland Lakes of Wisconsin ” ¢ and “ Habits of Yel-
low Perch in Wisconsin Lakes.”?® The observations, which have
been extended to several lakes, are based upon numerous collections
at various seasons, places, and depths, the tagging and recovery of-
_ individual fishes, studies of food and parasites, and various other
considerations.

BREEDING HABITS OF THE PADDLEFISH,

During a considerable portion of the past two years Dr. A, D.
Howard, field assistant, has conducted an inquiry into the breeding
habits of the paddlefish, Polyodon spathula, a food fish of the Missis-
sippi Basin, which attains a large size and which is of particular
value because its eggs make a grade of caviar scarcely inferior to
that of the sturgeon. This important fish is diminishing in numbers,
but all attempts at artificial propagation and all previous investiga-
tions of the breeding habits of the species have been barren of practi-
cal results. The present investigation, which began in January, 1919,
was made possible through the cooperation of the Conservation De-
partment of Louisiana.

s Pearse, A, 8.: Habits of the Black Crappie in Inland Lakes of Wisconsin. Appendix
II1, Report, U. 8. Commissioner of Fisherles, 1918, 16 })p. Washington, 1819.

b Pearge, A, S.. and Henrletta Achtenberg: I'lgbits of Yellow Perch in Wisconsin Lakes.
?&}})etm, U. §. Bureau of Fisherles, Vol. XXXVI, 1917-18, pp. 2908-868. Washington,
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Observations were first undertaken in White Lake, near the Gulf,
where the Superintendent of Fisheries had previously conducted in-
vestigations of the spawning of paddlefish. Owing, however, to
changes having occurred in the lake due, it was believed, in part to
drought and removal of water from the lake for irrigation of rice
fields and in part to overfishing, no paddlefish were obtained. The
investigator then proceeded to Natchitoches and Red River Parishes,
where better conditions were encountered both in the Red River and
in the Oxbow Lakes adjacent to it. Here over 300 paddlefish were
taken, of which 17 were mature females with eggs and 3 were mature
males. No females with eggs free or running were found, but one
spent female was taken April 2 and another April 11.

An experiment was made in retaining large paddlefish in a good-
sized inclosure formed by placing fine-meshed wire netting across the
mouth of an arm of a bayou. Although no results in propagation
were obtained, it was demonstrated that paddlefish could be kept in
such an inclosure for two or three months at least. It was found also
that by tethering a paddlefish by a line 5 or 6 feet long to an em(f)ty
gallon jug the fish could be kept in good condition and recovered at
will.

It was observed that while large mature fish may be found in iso-
lated lakes, young paddlefish are found only in those lakes or bayous
which have a connection with the river. Nevertheless, it may be that
paddlefish propagate successfully in isolated lakes of very large size,
such as White Lake (in former years), where the chance of avoiding
enemies is better. Fish retained in small pens or tied with a line were
frequently attacked and killed by turtles, principally the soft-shell
tur::]les. The turtle evidently sought the eggs, since this was the first
part of the fish to be devoured, and turtles taken in the vicinity were
observed with paddlefish eggs in mouths and stomachs.

In the spring of 1920 more attention was given to river fish than to
those landlocked in lakes, but on account of flood conditions only a
very small number were secured and none of these were mature males.
While awaiting more favorable conditions, experiments were con-
tinued upon the lake fish, the eggs being treated by the artificial fecun-
dation method successfully used with sturgeon. Eggs in sand re-
mained free of fungus, but no development was observed in any of
them. It is believed that success depends upon securing river fish
(among which only have spent females been found), but a favorable
season without too much high water is necessary for this.

LIFE HISTORIES OF MARINE I'ISHES.

One of the most important conditions of intelligent exploitation
or protection of the great fisheries of the seas is a knowledge of the
life histories of the-species. Such knowledge is difficult to obtain,
since it is manifestly impossible to observe directly the daily and sea-
sonal movements of individual fish that possess the freedom of the
sea. The desired knowledge can be accumulated but slowly through
the pursuit of oceanograi)hic studies and the continual collection of
fishes under conditions of accurate record, with especial reference to
eggs and larvee. The material and the data accumulated at any one
time may tell no useful story, but when there has been gradually
gathered together a great store of materials, many of the several
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elements will be found to fall into series; a patchwork quilt is eventu-
ally formed which depicts in accurate form and in more or less com-
plete detail the interesting and long-desired story of the migration
and feeding and breeding %mbits of one or more species of fish. The
studies of life histories of fishes of the sea are, therefore, linked with
the oceanographic studies to receive brief reference in another place.
W. W. Welsh, scientific assistant, has been engaged in the study and
identification of the large collections of larval fishes now in the
Bureau’s possession. Collections rwere also made while he was
engaged upon the Albatross, and just before the fiscal Jyear closed
his field studies were extended to a point on the New Jersey coast
offering unusual facilities for the daily observation of fishes taken
alongshore, for experiments in the hatching of such eggs as might be
obtained, and for rearing the larval fishes to an advanced stage. Mr,
Welsh has devised an ingenious automatic apparatus for holding
pelggi& fish eggs during incubation so that their development may be
studied.

SARDINE OF NORTHWEST COAST.

A further inquiry into the occurrence of the pilchard or sardine,
Sardinia coerulea, off the coasts of Washington and Oregon was con-
ducted during the past summer by C. L. Anderson, assistant in the
Bureau. Observations and inquiries were made near the mouths of
the Columbia, Siuslaw, Umpqua, and Coquille Rivers, and at
Yaquina, Alsea, and Coos Bays. 1t is reported that some sardines
enter the inside waters every summer, but that the run is extremely
variable as to abundance. ﬁr. Anderson suggests that the presence
of sardines in the bays is largely controlled by the proportion of
fresh water brought into the bays by the rivers, the run being light
or wanting when the salinity of the bay water is lowered. Practi-
cally none entered these bays during the past summer. While sardines
may be present in the ocean beyond the bars at practically all times, -
as evidenced by statements of trollers and halibut fishermen and by
study of the stomach contents of troll-caught salmon, yet the nature
of the bars over which access to the harbors must be had and the
severity of weather conditions would make it difficult to operate a
regular sardine fishery. The evidence now in hand is not favorable
to the establishment of an important sardine-packing industry in
Northwest States.

FISHES IN RELATION TO PUBLIC HEALTH

It is doubtful if any function of the Bureau is worthy of higher
public esteem than one which brinFs it into direct relation with im-
provement of the conditions of public health and makes it an effective
and indispensable servant in the progressive elimination of a disease
that not only produces vast economic losses by disability of laborers
and employers, but year by year robs thousands of men, women, and
children of energy, ambition, and happiness. The investigations of
previous years not only bore abundant fruit when the Bureau could
render a substantial service during war times in the protection of the
health of soldiers in cantonments, but they have placed the Bureau
in ﬁ:os_ltion to play an active and continuing part in the extensive anti-
malarial campaign in Southern States.
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PARTICIPATION IN ANTIMALARIAL CAMPAIGN.

Responding to a request from the Surgeon General of the United
States Public Health Service, Scientific Assistant S. F. Hildebrand
was detailed in February to cooperate with that Service in making
inspections in the Southern States and in conferring and advising
with: the various public health officers, Federal, State, and munici-
pal, in the use of minnows for the destruction of the immature mos-
quito. As the work was extended to various points in 12 States, it
was found that public health officers generally, when properly ac-
quainted with the conditions of success of mosquito control by the
use of fish, were glad to make use of a method which in many cases
was both practicable and inexpensive. Many favorable reports,
showing considerable savings accomplished by the use of fish under
favorable conditions, have been given by sanitary engineers and
others. As compared with control by oiling, the elimination of mos-

uitoes by the use of minnows is not only inexpensive but also rela-
tively enduring in effect, if the bodies of water are permanent.

There appears at this time to be no other mode of mosquito control
inexpensive enough to be widely applicable in rural communities
where measures of drainage and oiling could be emﬁloyed only at a
per capita cost that renders them impracticable. The principal fish
used is the common southern top minnow (Gambusia affinis), al-
though the star-headed minnows (Fundulus notatus and Fundulus
nottit) are being used to a limited extent. Many observations in
various localities give positive demonstration of the effectiveness of
Gambusia in eradication of mosquito breeding under appropriate
conditions. .

It is not to be inferred that mosquito control by fish is attained
automatically ; rather is the exercise of intelligence, knowledge, and-
care essential for success. It must be borne in mind, too, that as yet
there have been discovered only some of the conditions of successful
control. Much remains to be learned by repeated observations and
experiments before the broadest use of fish as an agency for the
prevention of malaria will be possible. Therefore advice and demon-
stration of what is now known must not be allowed to displace the
" plans for further investigational work. The same assistant will
continue to prosecute investigations and extend praoctical services
with particular reference to the conditions in Southern States.

FISH AND MOSQUITO S8TUDIES AT MOUND, LA.

Previous reports have mentioned the cooperative investigations
which were being pursued with the Bureau of Entomology at the
field laboratory of that Bureau at Mound, La., R. L. Barney being
the Bureau’s resident agent in charge. The observational and ex-
perimental work at that station was brought to a close about the
middle of the fiscal year in order that the accumulated data might
be compiled and 2 report prepared. Reports on certain -phases of
this investigation have been prepared, but the completion of a final
report has been delayed by tI})1e oss of an assistant and by the un-
avoidable exactions of other duties.
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MOSQUITO CONTROL IN NORTHERN WATERS.

While malaria is not prevalent in Northern States, the mosquito
problem persists and exerts its ill effect upon property values, in-
dustrial productiveness, and personal efficiency. This was well illus-
trated when large sums of money were expended in the effort to ex-
terminate mosquitoes in the vicinity of a large shipyard.

Prof. J. Percy Moore, of the University of Pennsylvania, as a tem-
porary investigator for the Bureau, has been charged with certain
experiments conducted in the vicinity of Philadelphia. He has also
‘participated in investigations in the Palisades Interstate Park with
reference to the control of mosquitos by the use of fish and other
aquatic animals. A very grati%ying degree of cooperation is ex-
tended by the officials of the park, and experiments have been started
which are producing results of scientific and practical interest. Im-
provement of the shore conditions around one of the principal ponds
of the park has already resulted in giving small fish better access to
shallow coves and little cut-off pools, and this in turn has effected
a material reduction in the abundance of mosquito larvee. Subse-
quent examinations of the stomachs of young fishes admitted to
such waters formerly teeming with mosquito Jarvee have shown a
large proportion of mosquito eggs, larvee, or pupe in the food. Other
experiments are in progress.

his work is being done in connection with the cooperative investi-
ation between the Bureau of Fisheries and the New York State Col-
ﬁage of Forestry at Syracuse, having to do with the control of mos-
quitoes, the elimination of blood-sucking leeches, and the develop-
ment of the fish-cultural possibilities of the park. The general ob-
ject is to promote favorable conditions in the park for fishing, bath-
ing, and other forms of recreation.

EXPERIMENTAL FISH CULTURE.

Previous reports have stressed the need for fish-cultural experi-
ment work; yet this field of endeavor remains in a condition of de-
.velopment that offers relatively small promise until circumstances
may be changed. This is not for lack of possibilities of service to
Government, State, and private fish culture, or for deficiency in
facilities; the opportunity is there, but the special personnel is want-
ing. Fish-cultuyal work demands the service of specialists—those
who can study systematically and continuously the functions and re-
lations of plants,.insects, crustacea, bottom conditions, fertility, form
-and depth of pond, etc., with reference to methods of fish culture and
the productiveness of fishponds. The most the Bureau has been able
to do during the year just closed has been to keep the flame of experi-
mental fish culture burning, with the hope that provision may yet be
made for its adequate conduct. .

Some further results of importance have been gained in the experi-
ments conducted at the Fisheries Biological Station, Fairport, Iowa,
with catfish, buffalofish, bass, and sunfishes. Certain experiments are
under way to determine the value of the use of manure or commercial
fertilizers for increasing the fertility and productiveness of fishponds.
Prof. C. B. Wilson at that station also continued his investigations
of aquatic insects in relation to fish culture in ponds. There are
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shortly to be published two papers by this author on the life history
and fish-cultural significance of some of the insects most commonly
present in fishponds. ,

A paper consisting largely of compilation and analysis of published
European and American data concerning the culture of fresh-water
crustaceans (“shrimp,” etc.) as food for fishes in hatcheries and in

" ponds was completed during the year by Dr. W. C. Kendall and
submitted for publication. {it is believeg that the culture of some
kinds of crustacea- as food for fish would be economically feasible
under certain conditions, depending much upon locality and the
immediate surroundings of a particular fish-cultural plant.

A service of no little importance was rendered when Dr. Emmeline
Moore, who has conducted several investigations for the Bureau, wds
detailed to visit some of the fish-cultural stations and advise with
superintendents regarding the best use of plants in fishponds.
Against what might have been assumed to be obvious handicaps,
the advice of this investigator quickly established itself in the con-
fidence and esteem of practical fish-culturists. Her work commanded
such attention that her services were drafted by a State Government
which could offer more favorable conditions of employment than this
Bureau.

The greatest need in the fish-cultural experiment work of the
Bureau is continuity and the application of persistence, skill, and
judgment, and this need can be met only by the making of the special
provision of personnel which the conditions may be found to warrant.

STUDIES OF DISEASES OF FISH.

Closely related to fish-cultural experimental work is the study of
the diseases of fish and the conditions which occasion mortality or
diminished vitality of fishes. The parasites of fishes also demand
attention, not only because of their unfavorable effect upon the
vitality of the fish but because the presence of parasites, even such
as are not injurious. renders fish less attractive to the consumer and
accordingly diminighes the market value of the fish. Diseases of fish
are of real concern from an economic point of view, not only for the-
resulting direct losses to food supply but for the mortality of eggs,
fry, or fingerling in hatcheries, which causes serious losses in effi-
ciency and entails a substantial loss of public funds expended in fish-
cultural operations. As a matter of fact, fish pathology is a broad
subject, for the studies of pathological and other unfavorable condi-
tions throw light upon the various fish-cultural practices and espe-
cially upon the propriety of use and the value of the several sorts
of foods employed in artificial feeding.

The routine work of the fish pathologist, Dr. Franz Schrader, in-
cluded investigation into reports of fish mortalities in various parts
of the country, examination of specimens sent to the Bureau for the
determination of the cause of disease or death, and trips to the sta-
tions in cennection with epidemics among fish or unsatisfactory con-
ditions among fry.

An analysis of the so-called white-spot disease in fish eggs has
been virtually completed. It is apparent that the ordinary occurrence
of this disease finds its cause in careless handling of the eggs, be it in
the course of stripping or during transportation. Bacteria] agency
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is not primarily responsible in causing white spot as it is commonly
seen during hatching operations, and European observers who have
reported it seem to have had exceptional cases. Mention may be
made of a still different form of the disease in Alaska, of which only
superficial investigation has been made. ,

Work was started on the study of ovarial conditions in various
fishes, especially at time of spawning. It is this phase in the various
activities of fishes which bears directly on the problems of sterility,
production of % glassy ” ova, hardening of ovaries when retained in-
pens or crates, and effect of stripping. The nature of the problem
“makes the work on it more or less sporadic. _

The troublesome question of the great mortality in hatching pike-
gerch eggs is under investigation at present. A visit was made to

wanton, Vt., at the time of spawnjng, to observe conditions in the
field. In spite of the fact that the problem is an old one, it seems
that no definite analysis 6f the morphological features of affected
eggs has ever been made. Consequently the few remedial measures
employed have been of little or no advantage. The essential studies
are now in progress. ‘

FISH DISEASE IN ST. LAWRENCE RIVER.

While mortality of fish in natural waters as a result of disease is
not usually conspicuous, nevertheless there are occasions when such
occurrences demand attention. An investigation of an epidemic
among the fish in the St. Lawrence River at 8 densburg, N. Y., was
made during the first week in July, by Prof. H. S. Davis, temporar
investigator. The superintendent of & New York fish hatchery ha
reported that large numbers of fish were dying in the ponds and
also in the river. : .
 The epidemic was at its height during the first two weeks in June
and then decreased rapidly in severity. At the time of the investiga-
tion the disease had entirely disappeared from the ponds and on}Iy a
few diseased fish were taken in the river. None of these appeared to
be seriously affected. :

The fish taken in the river showed two distinct types of lesions on
the skin. On the bullheads and catfish the infected areas were very
distinct, about one-half to 1 inch in diameter and bright red in
color, due to the complete destruction of the epidermis, thus expos-
ing the inflamed dermis beneath. v ,

ﬁ‘he diseased areas in the skin of bass and suckers had a very dif-
ferent appearance. They were irregular in shape and so indistinet
as to attract attention only on close examination. The most marked
characteristic was a faint reddish border around the scales, due to a
slight extravasation of blood into the epidermis, '

i microscopic examination of sections of skin from the infected
areas indicates that the disease in bullheads and catfish is probably
distinct from that in the bass and suckers. In the former the disease
is a%parently due to bacteria, which are present in enormous numbers
in the disintegrating epidermis. These bacteria are not present in
the lesions on bass and suckers, and the cause of this affection is at
present problematic. A further report may be made.

51700°—21——7
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LINSEED MEAL A CAUSE OF TROUT DISEASE.

Some time ago a peculjar disease appeared at a commercial trout
hatchery in Rhode Island among yearling and 2-year-old brook trout.
The fish turned black, many became blind, and large numbers died.
Just previous to death an affected fish would dart rapidly about,
sometimes jumping entirely out of the water. After swimming
nervously in this way for a few seconds, the fish would usually turn

artly on its side, remain quiescent for an instant, and then resume
its former unnaturally sluggish swimming. In most cases the fish
would repeat this performance several times before finally succumb-

ing.

%)r. L. H. Almy, then fish pathologist in this Bureau, was detailed
to an investigation of the trouble. It was learned that the disease
had manifested itself a few. weeks after the superintendent had
begun feeding with a mixture of linseed mreal, wheat middlings, and
meat scraps, the linseed meal having been substituted for cottonseed
meal previously used. When the meat scrap, with flour and salt,
was used without the linseed meal, the disease was definitely checked
in both adult fish and fry. Experiments planned by the fish pathol-
ogist were then undertaken at the same hatchery to ascertain which,
if either, of the two meals had brought on the disease. The results,
which were but recently completed for publication, proved that lin-
seed meal was responsible for the pigment change, blindness, and
death ; that linseed oil in the food of trout has a slightly injurious
effect; and that fish affected with linseed-meal poisoning can be
brought back to a healthy condition, except for the pigment change
and glindness, by a diet of some fresh-meat product.

Further experiments conducted at the ite Sulphur Sprin
}(Y)V . Va.) hatchery of the Bureau, with the cooperation of Supt. R. K.

binson, gave clear evidence that the pigment change, excitability,
and weakened eyesight or blindness, were due primarily to the
prussic-acid constituent of linseed meal. The experiments indicated
also that a food mixture consisting of wheat middlings and meat
meal, although not injurious and apparently an acceptable food for
the fish, does not compare with fresh hog lungs as a.food for yearling

trout.

SERIOUS DISEASE OF BUFFALOFISH.

A new bacterial disease of fresh-water fishes has been under investi-
gation during the last two summers by Prof. H. 8. Davis, temporary
Tnvestigator. This disease seems to attack nearly all species of fresh-
water fishes, but is especially destructive to the buffalofishes, crap-

ies, and bluegills. It is preeminently a warm-weather disease and
is apparently of little importance during the colder seasons of the

ear.
Y The disease is caused by an undescribed species of bacterium which
develops only on the surface of the body and on the ills. On the
body it destroys the skin, but never penetrates into the underlying
muscles, while on the gills it destroys all the soft tissues. In either
case the fish usually succumb within 48 to 72 hours after the appear-
ance of the disease.
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The disease does not ordinarily attack healthy or uninjured fish,
but even a slight injury or the lowering of the vitality in any way
renders the fish susceptible to infection. Fish are especially liable
to contract the disease within a day or two after bein Eandled. .

It has been found that the disease can ordinarily be controlled by-
treatinfg the fish after they have been handled with a 1 to 1000 solu-
tion of copper sulphate for two- to three minutes. When properly:
used it has been found possible to reduce the loss from this disease
from about 50 per cent to 5 per cent or less. :

- Studies on protozoan parasites of fishes have been continued and a
paper is nearly readgr or publication describing the development
of the cysts and the formation of spores in a species of Myxobolus
which is abundant on the gills of the buffalofishes. The earfy devel-
opment of the myxosporigilan cysts has not previously been worked
out. It has been found that the young parasites reach the gills in the
blood stream and become permanently fixed in the capillaries of the
gills, where they develop into large, saclike cysts, which may cause
considerable injury to the gills. The results of studies on several
other species of myxosporidian parasites, several of them new, are
also nearly ready for publication. '

BLACK-SPOT DISEASE OF THE BULLHEAD.

A conspicuous and unsightly disease of the common bullhead or
hornpout (Ameturus nebulosus) became ver evident in a pond near
Falmouth, Mass., in the summer of 1917. The matter having been
brought to the attention of the Bureau, and no information regarding:
a disease of this description being available, Prof. Raymond C.
gsburn was engaged as a temporary investigator for a study of the

isease.

The disease takes the form of swollen, rough, tumerous, intensely
black areas, affecting the skin externally or inari}g but sometimes
entering the mouth cavity and the gill chamber. The subcutaneous
tissues are but little affected, the disease being confined almost en-
tirely to the skin, and there is no evidence of spread to other parts of
the body. The tumors appear to grow very slowly, but there is
evidence that they are infectious, for in 1919 the Eercentage of in-
fected fish taken in the pond was much greater than in 1917, and
nearly all the bullheads taken showed the isease.

Careful study and experimentation proves the disease to be of
bacterial origin, the causative organism being a very minute coccus,
or bacterium of that general class, probably undescribed. The dis-
ease appears to be unknown to science and a widespread inquiry has
brought out only the information that no one has ever observed it.-
The one exception in the literature is found in Thoreau’s Journal,
where he twice makes mention of observing such black tumors on
bullheads in the Concord River and one of its branches. :

With the cooperation of Dr. W. W. Browne, bacteriologist, cul-
tures of the bacteria were made on ag‘ar mixed with the juices of the
fish to produce a proper medium. hough the bacteria grow very
slowly, a number of colonies were developed to a diameter of one-
eighth of an inch or more in from 12 days to 2 weeks. These had
the same intensely black color as the tumors. The color is produced
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endogenously, and the color of the tumors is due entirely to the mass
of black bacferia. In older tumors a slight pressure causes the libera-
tion of an inky black fluid, formed by t}ge bacteria in suspension, and
microscopic sections show the presence of the bacteria throughout
the substance of the tumor.

Inoculations of unaffected fish from another pond were made in
three ways: (1) by subcutaneous injection, (2) by abrading the skin
and rubbing in the fluid taken from a tumor, and (33 by graftin
portions of the tumor into the skin. Several of these developed an
showed some growth in the two months that the fish were kept under
observation.

It seems probable that natural infection takes place through abra-
sions of the skin, as the tumors are usually located on the fins and
lips where such abrasions would more naturally occur accidentally.
Tge habits of the bullheads in schooling together render this mode
of transfer easy. ‘

As to the fatality of the disease we have no information. Cer-
tainly it is not rapidly fatal, for specimens with well developed
tumors were kept alive in aquaria in the laboratory for six weeks
without showing any appreciable change other than some slight
growth in area and thicEness of the tumor. It would thus appear
that no active systemic poison or toxin is formed by the bacteria.
There is, however, a tendency for the tumors to become fungused
with Saprolegnia, a water mold, which would no doubt cause death
in time 1f the tumor did not. While dead catfish have not been ob-
served about the pond, the shores are such that they would not readily
be noticed. No other species of fish in the pond showed any indi-
cation of the tumors, and the probability is that the disease is specific
for the bullhead. :

GENERAL STUDY OF PARASITES OF FISHES.

Systematic studies of the parasites of fishes are important for
several reasons. While the presence of some parasites 18 a normal
condition in fishes as well as in domestic animals, such as cattle,
sheep, and poultry, they may upon occasion become so numerous as
to cause the weakening or death of the animal infected. When not
leading to death they may yet so affect the condition or appearance
of the fish as to render them unacceptable to the housekeeper, which
means the loss of the fish as a possible article of food. In cases of
this kind, and they occur not infrequently, one can not approach
the question of cause or remedy or give proper advice to the public
unless there is a background of knowledge concerning the normal
degree of prevalence of different kinds of parasites in the several
species of fish. It is economically necessary, then, that observations
of parasites should be made systematically and a large body of evi-
dence obtained. Dr. Edwin Linton’s studies in recent seasons have
covered: about 40 species of fish in the region of Woods Hole, Mass.
Attention is being devoted now particularly to the round worms
(nematodes). The fear has been felt that round worms, which
occur on the viscera of certain fish and not normally in the edible
parts of the fish, might during storage of the dead fish burrow into
the flesh of the fish and thereby become objectionable. The experi-
ments conducted indicate that the worms do not penetrate the flesh
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or become attached to it in such a way as not to be removable by the
ordinary process of washing. - . :

In this connection reference may be made to the studies of the food
of young fishes conducted by the same investigator and applying
to 18 species of fish of the Woods Hole region. '

THE OYSTER.

The eastern oyster supports the most valuable fishery possessed by
any country and based upon a single species; but, important as the
oyster industry is in contribution to food supply as well as in its
part in the economic life of the Nation, its future can be viewed only
with keen anxiety. For some years the industry has been manifestly
_ declininﬁ. In past times its chief seats have been on the south shores

of New England and New York and in the Chesapeake Bay. During
a long period the yield of the Chesapeake has gradually fallen awa
because of the depletion of natural beds and the misfortunes whic
have attended all attempts to establish a proper legal basis for the de-
velopment of a great oyster farming industry. In waters of the
vicinity of Long Island oyster farming has long been established on
a large scale, but in recent years, and because of conditions which are
. not yet fully understood, there has been a notable failure of the setting
of seed. The planting industry now depends to a very considerable
extent upon the importation of seed oysters from distant points; and
the expense and the uncertainties are such that leases of oyster bot-
toms are continually being given up, with consequent loss of revenue
to States, as well as diminution in the production of a valuable article
of food. The problem of the failure of set has therefore become one
of great concern to State Governments as well as to the Nation. It
is, however, one of great complexity and may well receive the best
attention of all concerned.

There are oyster industries in Pacific Coast States which are now
of no little importance and which may have much greater signifi-
cance in future. It is, therefore, a cause for regret that the limita-
tions of personnel and appropriations have prevented the Bureau
from giving to these the attention which they merit. :

OYSTER INVESTIGATIONS IN LONG ISLAND SOUND.

At the temporaxs'y field laboratory at Milford, Conn., Dr. E. P.
Churchill and J. S. Gutsell, scientific assistants, continued the in-
vestigations relative to the propagation of oysters. R. V. Truitt,
temporary assistant in oyster studies, was engaged in that laboratory
for a part of the summer, but spent the greater part of the season in
a preliminary reconnoissance of the Chesapeake Bay with reference
to ovster culture. The conditions prevailing in the vicinity of Mil-
ford were in contrast to those in Great South Bay, Long Island,
mentioned on another page. Water samples (usually 50 gallons at a
time) were collected in various localities from June 16 to September
10, and, although 215 such samples were examined, only 303 oyster
larvee in all were encountered. Four of the samples yielded 250 of
these larves, 23 other samples gave small numbers (from 1 to 8), and
188 were barren. (In Great South Bay, on the other hand, several
thousand larvs were sometimes found in one sample.) There being
no larve, there was, of course, no set.
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The virtual absence of free-swimming oyster larves from the Mil-
ford region is believed to be due to the low temperature of the water,
which may have prevented either the fertilization of the eggs or the
development of those that were fertilized. The larvee found were
all of the smallest sizes. The bottom temperature, where the water
was 20 feet or more in depth, registered as high as 70° F. on only one
occasion. For the remainder o% the time during the usual spawning
season of oysters, it ranged from 65 to 69.5° F., being usually about
68. Opysters in this region are found to begin spawning at a tem-
perature between 68 and 70°. It was observed that oysters in the
deeper water did not spawn until about the middle of August, the
process continuing slowly and in patches over the beds during the
rest of the month. Some of the oysters apparently gave out no
spawn at all.

‘While the shallower water of the coves and harbors warmed up
earlier than that outside, and the oysters there spawned earlier, the
incoming tide was so cold this season-as materially to affect the inside
waters, and oyster eggs or larve carried from the shallow waters
doubtless perished in the cold water outside. In any event, and ¢or-
responding with the absence of free-swimming larvee, as noted, no
set of oysters was found or reported anywhere in Long Tsland Sound.

As emphasized in the report covering the season of 1918, the best
evidence obtainable indicates that in former years the set was pro-
duced in favorable seasons by natural inshore beds of oysters in warm
waters where spawning occurred relatively early. All are agreed
that such beds are largely exhausted. The result of the Bureau’s
investigations tends to.substantiate the view that the securing of set
in commercial quantities on planted beds, even during favorable
seasons, is contingent upon the restoration of the natural beds in
inshore waters. Acting upon suggestions to this effect previously
offered by the Bureau, the State of Connecticut has a;lﬁ)ropriated
$10,000 for building up the spawning beds, and the results of this
practical experiment may be awaited with interest.

WATER POLLUTION A8 AFFEOTING GROWTH AND BREEDING OF OYBTERS.

It is the inshore waters which are most directly affected by pollu-
tion from sewage and industrial wastes, but indirectly the pollution
may have a stﬁl more significant economic effect on offshore beds
even though none of the polluting substances actually touch these
beds. It must be remembered that oyster larvee are free-swimming and
may be borne by currents for some distances. The beds in deeper
waters are not necessarily self-perpetuative, but may well have been
reseeded in former times by set arising from larvee borne in the waters
from breeding oysters in shallow waters. Our observations have in-
dicated, first, that successful propagation of oysters in the Long
Island region is dependent upon early spawning, which allows time
for development to an advanced and resistant stage before cool
weather ;- second, that this in normal years may occur only in the
warmer waters; and thirdly, that spawning beds in shallow waters
have virtually disappeared, partly in consequence of excessive fishery,
but principally because the excessive pollutions have led to the
general abandonment of such areas for oyster planting.
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Consequently, in approaching the vital problems of the oyster in-
dustry of this region it is impossible to escape attack upon the ques-
. tion of pollutions. Here botﬁ chemical and biological problems are
involved. The analytical chemist ascertains what substances of
possible toxic nature are discharged into the waters; the biologist
must determine by experiment the effects of such substances upon
the existence and growth of oysters and their efficiency in breeding,
and must find the precise degree of concentration whicK is injurious;
finally, the engineering chemist must discover how such substances
may be either eliminated altogether from effluents or at least kept
within the bounds of safety as indicated by the biologist.
Such investigations by analysis and experiment are now being
grosecuted by the Bureau of Fisheries' in cooperation with the
ureau of Chemistry, and probably something of a more definite and
satisfactory nature may be embraced in a subsequent report.

EFFECTS OF LOWERED OXYGEN SUPPLY UPON OYSTERS.

While the investigation of the subject of pollution as affecting
oysters is one of some complexity, it is known that one of the most
immediate effects of pollution, generally speaking, is the reduction
of the oxygen content in water. During the summer of 1919 an
investigation was conducted by Dr. P. H. Mitchell, director of the
Fisheries Biological Station at Woods Hole, Mass., to determine the
effects of lowered oxygen content on the survival of oysters, the work
being done in both ﬁe%d and laboratory.

Observations in the field were baselg upon a series of small plants
of oysters in Seekonk River, a tidal estuary at Providence, R. I,
and in Providence River, bélow the mouth of Seekonk River. De-
terminations of the dissolved oxygen in the water at the locations
selected were made at various times and under various tidal and
weather conditions.. The results indicated a substantial mortality of
oysters where the average dissolved oxygen content was 26 per cent
of saturation or less and nearly all oysters died within a period of
50 days where the percentage of saturation was less than 12. '

-Observations in the laboratory were conducted by keeping oysters
in small containers furnished with sea water of varying oxygen
content and subject to as definite control as possible. The results
indicated that the minimum oxygen content of water that will sus-
tain oysters during a period of one month is between 25 and 33
per cent of saturation. Further experiments are planned to deter-
mine the effect of lowered oxygen supply upon the propagation of
the surviving oysters.

Another series of experiments has substantiated the earlier find-
ings of copper storage as the explanation of the apgearance of a
bluish-green color, and recent results point to a possible significant
relation between the development of the undesirable blue-green spots
and the deprivation of oxygen. , :

OYSTER INVESTIGATIONS IN GREAT SOUTH BAY.

_ Dr. Churchill and Mr. Gutsell completed a report upon the spawn-
mF of oysters and setting of oyster larvee in Great South Bay, Long
Island. ~“The conditions in this shallow bay offer a contrast to those
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of the deeper water of Long Island Sound, where low temperatures
had prevailed and a failure of set occurred. '

In Great South Bay the spawning season extended from about
June 5 to July 17, the heaviest spawning occurring July 2 to 6, and
the greatest abundance of larvee being found from July 7 to 11.
Spawning began about the time the water temperature reached 70°
¥., and proceeded briskly while it ranged from 70 to 76°, but slowed
down or ceased when the temperature fell to 70 and 68°. When the
water temperature rose to 75° and above, about July 2 to 6,the bulk
of the spawn was thrown out within the course of two or three days.
The approximate length of the free-swimming period was 12 to 14 .
days. - Considerable mortality of the free-swimming larve followed
a sudden lowering of water temperature or the severe agitation of
the water by storms. '

The investigation served to throw considerable light on the proper
time of planting cultch and the best location of plants for catching
a set. ’ ‘

OYSTER INVESTIGATIONS IN LITTLE EGG HARBOR, N. J.

Dr. T. C. Nelson, assistant biologist of the New Jersey Agricultural
Experiment Station, completed urivx‘lg1 1919 a six months’ study of
the food and feeding of oysters. ile this work, carried on at
Edge Cove, Tuckerton, N. J., was primarily State work, yet, since
its beginning and continuity were made possible by the cooperation
of this Bureau, a summarized account of the results attained is not
out of place in this connection.

- Studies of the food of oysters were conducted from a floating lab-
oratory anchored directly over the oysters, making it possible to keep
-a continuous record of the temperature, densit , and rate of flow of
water, parallel with examination of the food content of oysters.

The results of the microscopic analyses indicate that minute ani-
mals may play an important part in the oyster’s nutrition. Copepods
nauplius larvee, ostracods, gastropod and bivalve veligers, roun
worms, rotifers, and protozoa were found in great numbers. Asa
typical case, the contents of the stomach of one oyster showed over
4,000 nauplius larvse and 60 large copepods, besides many protozoans.
That these crustaceans are digested was shown by the large number
of skeletal parts found in the stomach and intestine.

To study the rate of growth, 1,000 oysters were tagged, weighed,
measured, and put out on a fixed platform 1 foot above the bottom.
In 130 days these oysters grew in some instances as much as 3 centi-
meters (1.2 inches), while the increase in weight for oysters 1 and 2
years old was from 40 to 60 per cent. The duration of feeding in the
oyster was determined by levers led from the shell of an oyster lyin
on the bottom to an electrical recording instrument (ch1mograph§
above. The oyster, under natural conditions, continued to feed from
19 to 20 hours out of every 24.

One result of the investigation of the oyster’s food has been the
demonstration of the large part played by organisms growing on the
oyster’s shell. On the shell of one oyster 5 inches long were found
diatoms in number computed to be over 56,000,000. Oysters covered
with external growths may be partly independent of the actual food
content of the water flowing over them.
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OYSTERS IN VIRGINIA ‘'WATERS ENDANGERED BY FUEL OIL.

In the early part of 1919 the escapement of fuel oil upon the
waters of Hampton Roads so affected the condition and flavor of
planted oysters as to make them unmarketable for a time and to
cause substantial financial losses. In the latter part of 1919, in
response to reports that fuel oil, presumably discharged from oil
tankers, was again threatening the oyster beds in Hampton Roads,
the Bureau detailed an assistant to cooperate with the Navy Depart-
ment in an investigation of the matter. After consultation with the
captain of the port and several oyster planters, and after inspection
of the water OF Hampton Roads, it was found that at that time oil
was not being discharged into the waters in sufficient quantities to
menace the oysters. Strict orders forbidding the practice had been
issued some time previous by the captain of the port, and these were
apparently being enforced in such a way as to o viate injury to the
oysters.

yThere have, however, been several subsequent complaints, and,
after repeated attempts to render assistance through investigation,
the Bureau found it advisable to refer the matter to the Department
of Justice, which has taken appropriate action for the institution of
legal proceedings upon complaints properly filed with the local
United States attorney. It is understood that some convictions have

been secured.
OYSTER INVESTIGATION IN THE YORK RIVER.

The investigation of the poor condition of oysters prevailing in a
section of the York River, Va., since 1914, was brought to a conclusion
during the year. The oysters have been consistently %oor and watery
and very generally affected with blue-green spots. xamination of
the food content of the water revealed a condition of relative sterility.
A special endeavor was made to determine the validity of the local
belief that the trouble originated from toxic chemicals discharged
from an industrial plant located on the banks of the river. With the
cooperation of the Bureau of Chemistry, observations were made at
intervals over a period of nearly a gear, yet nothing was found in the
effluents from the mill which could materially affect the oyster beds
in any direct Wa%. The trouble appears to rest upon the deficiency
of food supply, but neither the biological nor the chemical studies
served to fix a specific cause for the lack of food. The condition is
presumed to result from natural causes which are at present obscure
and therefore beyond control.

REPORT ON THE OYSTER INDUSTRY.

In, the course of the year there was completed and sent to press a
report comprising for public information a full account of the present
condition and practices of the eastern oyster industry, both as it is
based upon the exploitation of public oyster beds and as it manifests
itself in the various phases of commercial oyster culture.® The report

a Churchill, B, P., jr.: The Oyster and the Oyster Industry of the Atlant! d Gulf
g]%tg. 19.A%pendlx VIJII. Report, U. 8. Commissioner of Flshgries, 1918, %1 ;p:m Wash-
) .\
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is published in response to the frequent demands upon the Bureau
for information of the character furnished by it.

FRESH-WATER MUSSELS.

The Bureau continued the propagation of fresh-water mussels and
investigation of problems affecting the mussel industries. The num-
ber of %lochidia infected upon fish and liberated in the ppblic waters
was substantially greater than in the preceding year, and the unit
cost per thousand correspondingly lower. The results of artificial
propagation are detailed in another report.s

EXPERIMENTAL WORK.,

. Notable results were obtained in the experiments conducted at the
Fairport station in rearing young mussels. The methods of arti-
ficial propagation, as regularly practiced, consist in liberating.the
fish immediately after infection, so that cultural operations are not
involved. In tﬁe effort to improve upon the established practices,
experiments have been conducted during several seasons in retaining
infected fish during a period of two or three weeks, until the juvenile
mussels are liberated, and then holding the young mussels, which at
first are of microscopic dimensions, until they have attained a size
(say one-half an inch in len%th permitting of their being handled
with convenience and planted deliberately upon bottoms which are
known to be suitable. Simple as the task is in the stating, peculiar
difficulties are encountered, and its accomplishment had baffled all
previous attem]i}:s in this country and elsewhere. Before the past
year a measurable degree of success had been attained at Fairport
with one species of mussel (the Liake Pepin mucket). During the
summer of 1919, the experiments conducted by Dr. F. H. Reuling led
to the rearing of two.additional species (yellow sand-shell and river
muckei]:i in considerable quantities in small troughs supplied with
¥

naturally clarified river water. . .

Experiments having a somewhat similar object were conducted in
Lake Pepin by Roy S. Corwin, scientific assistant. Here young mus-
sels originating from artificial infections were reared in considerable

uantities within inclosures on the bottom of the lake in relatively
shallow water. Other experiments conducted at this place gave indi-
cation that glochidia carried over in the marsupia from the preceding
year endured a shorter period of parasitism than those taken from
the marsupia in the same season in which the eggs were deposited.

Dr. L. B. Arey, of Northwestern University Medical School, investi-
gated the relations of glochidia to host as regards attachment and
encystment, and the results of his investigations have been submitted
for publication in another place.

PROTECTION OF MUSSELS.

In Jamiary, 1920, at La Crosse, Wis., the Bureau participated
with officers of the Wisconsin Conservation Commission and the
Minnesota Fish and Game Commission and other interested persons

& 8§mith, Hugh M.: Report, U. 8. Commissioner of Fisheries, 1820. Washington, 1920;
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in a conference relative to the protection of fresh-water mussels.
Acting upon the authority provided by recent concurrent legisla-
tion, 1t was determined to close against commercial shelling for a
period of five years certain sections of the Mississippi River border-
mF the two States represented in the conference. The purpose is to
allow opportunity for natural recuperation of the beds and to create
favorable conditions for the artificial propagation of mussels.

After several years of earnest effort by various persons and agencies,
in which the Bureau of Fisheries has played a leading part, concurrent
legislation for the protection' of fresh-water mussels has been enacted
in the four States which control the principal mussel-producing por-
tions of the Mississippi River. It is hoped that the practical steps
now being taken to give effect to that legislation will result in a
marked recuperation of mussel beds which have been exhausted or
seriously depleted. :

PUBLICATION OF REPORTS.

In the course of the fiscal 1year there has appeared a document of the
Bureau describing in detail the commercial fresh-water mussels, the
. implements and practices of the mussel fishery, and the machinery
and methods of manufacture of buttons from the shellse There has
- also been completed and submitted for publication a general account

of the natural history and propa.%ation of the mussels.”? These papers
are issued in response to a regular demand for the varied informa-
tion contained in them, and with a view to disseminating such knowl-
edge of the resources and industries and the conditions of their per-
petuation as will stimulate the adoption of measures and practices
whereby unnecessary wagte may be avoided and the future, as well as
the present, may be served.

OCEANOGRAPHIC AND LIMNOLOGICAL STUDIES.

WORK OF THE ALBATROSS.

The oceanographic and fishery work of the steamer Albatross had
been entirely abandoned for the period of the war, and the vessel
was engaged exclusively in the service of the Navy Department.
Some changes in the vessel had naturally been made to adapt her
to military service, but, before the return of the vessel, that depart-
ment restored such features of plan and equipment as were desired
by the Bureau. At the same time the Bureau, at its own expense,
developed the fixed equipment of the vessel, so that she is now better
fitted than ever before for fishing trials. The new equipment con-
sists principally of a more powerful steam winch and other necessary
fixtures for operating ﬁshin% trawls. There have also been pur-
chased and placed upon the boat a series of otter trawls and other

fishing gear.

a Coker, R. B.: Fresh-Water Mussels and Mussel Industries of the United States.
131;111})“111’ U. 8. Bureau of Bisherfes, Vol. XXXVI, 1817-18, pp. 11-89. Washington,

°éoker, R. E. Bhira, A. F,, Clark, H, Walton, and Howard, A. D.: Natural Histor
and Prop%ntion of Fresh-Water Mussels. Bulletln, U, 8. Bureau of Fisherles, Vol.
XXXVII, 1919-20, In press,
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The greatest obstacle to the oceanographic work of the vessel has
been the impossibility up to the present time of maintaining an
adequate supply of dependable reversing thermometers for taking
temperatures at varying depths. No American manufdcturer is yet
in position to furnish thermometers that meet the precise require-
ments for deep-sea work, and it is only after considerable delay that
a limited number of satisfactory instruments have been obtained in
London and Copenhagen. :

The operations of the Albatross during the fiscal year covered two
principal cruises. The first, beginning oft Cape Henry at the close of
October, 1919, extended as far as the Yucatan Channel in the south.
The investigations aboard the vessel were directed by Mr. W. W.
Welsh, scientific assistant. Biological and physical oceanographic
stations were occupied on four sections across tﬁe Gulf Stream between
Cage Henry and eIYIWest; across Florida Strait, between Key West
and Habana ; from Habana to Cape San Antonio, at the western end
of Cuba; across the Yucatan Channel to Caﬁe Catoche; and from Cape
Catoche to Dry Tortugas. Considering that the ship had been but
recently placed in commission in the Fisheries Service, after having
done duty in the Navy for two years, that much of her gear was new,
and that practically Ker entire personnel was inexperienced in work
of this character, her performance was regarded as satisfactory.
The work is intended as a contribution to a scientific basis for fishery"
investigations by the ship during the next two years. '

On February 18, after having undergone repairs at Baltimore, the
Albatross sailed from Norfolk for Boston, to make headquarters for
fishery and oceanographic investigations in the Gulf of Maine. On
the trip to Boston she made three hauls with a 60-foot otter trawl
in the vicinity of the 100-fathom curve, with the purpose of deter-
mining the occurrence of tilefish and other ground fish off the middle
Atlantic coast. The results were negative. She also occupied a series
of hydrographic stations on a line across Georges Bank.” The vessel
was engaged in the investigation of the Gulf of Maine until the latter
part of April, after which she prosecuted a search for spawning had-
dock in Massachusetts Bay and returned to Baltimore to lay up for
necessary repairs. This work was in continuation of investigations
begun in the same waters by the Grampus in 1912, and is under the
direction of Dr. H. B. Bigelow, of the Museum of Comparative
Zoology, Cambridge.

The hydrographic and dredging records obtained on those cruises
with all previous unpublished records of the vessel have been pre-
pared for printing and will a}i)pear at an early time. The recent
work of the Albatross in the Atlantic Ocean and Gulf of Mexico has
been guided by the deputy commissioner, Dr. H. F. Moore, who will
be able to coordinate many of the activities of this vessel with the
observational work done under the International Ice Patrol Board,
of which he is a member. Prior to the fall of 1919 the Albatross
had not worked in the Atlantic since 1887,

SURVEY IN CHESAPEAKE BAY.

The biological and physical examination of the Chesapeake Bay,
begun some years ago and interrupted by the conditions of war, has
been resumed under the immediate supervision of Dr. R. P. Cowles
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as temporary investigator. The chief purpose is to determine the
normal biological and physical conditions throughout the year. This
done, there would then be‘normal data at hand from which to deter-
mine the abnormal conditions which bring about such serious mor-
talities of fish or oysters as have occurred in previous years. The’
survey should reveal all that is possible regarding the movements
of layers of water of different densities, different temperatures, and.
different fish-food values, and should indirectly throw ight upon the
migrations of fish and crabs into or about the Bay. Special attention
will be given to the “ deep holes” and to the alleged barren bottoms
at the mouths of rivers, and, through the collection of bottom de-
posits and the collaboration of the nited States Geological Survey,
Information of value to geologists will be secured. In general the
purpose is to gather as much as possible of the data which are essen-
tial for the conservation and development of the fisheries of this
important body of water.

BIOLOGICAL AND PHYSICAL SBTUDIES OF INLAﬁD LAKES,

The Bureau has continued to cooperate with the Wisconsin Bio-
logical and Natural History Survey in the studies of the fundamental
conditions of inland lakes. The principal burden of these investi-
gations is borne by the State, but it is not out of place to present here
a brief statement of the status of the work, based upon a progress
report submitted by President E. A. Birge and Mr. Chancey Juday.
Bulletins on the plankton algs, on gravimetric and chemical analg'-'
ses of the plankton of the lakes in the vicinity of Madison, and ont
bottom fauna in deeper water of Lake Mendota are now substantially
or entirely completed. These reports comprise descriptions of many
of the plankton elements and other units of fish-food supply, data
regarding chemical composition (the basis of food value), and meas-
ures and computations of the quantities of the crops of organisms -
which maintain the productiveness of lakes in fish. Studies of the
bacteria of Lake Mendota are in progress.

MISCELLANEOUS STUDIES. -
REDDENING OF BALT FISH.

The salt-fish industry of the United States suffers a large annual
loss as & result of the salt fish developing a red coloration when stored
under moist conditions. Investigations conducted for the Bureau by
. Dr. W. W. Browne indicate that the development of the red colora-
tion is due to the growth of two microorganisms, whose probable
origin is the sea salt in which the fish are cured. This coloration
may vary from a pale pink to a deep crimson. The pale pink colora-
tion is produced as a result of the growth of a spirochete and the
deep red by a bacillus form; these two organisms may, however,
grow in such close harmony that the pigmentation may vary from
a pale pink to red. It was formerly thought that the varied pig-
mentation was due to varied dilutions of the red pigment. The sepa-
ration.of the two organisms is very difficult owing to this close union.

The optimum concentration of salt for the growth of these micro-
organisms seems to be saturation. They grow. well on heavily salted
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fish, brine, salt piles, and fish agar saturated with salt. No growth
appears on media containing less than 15 per cent salt, by weight.

ue to their sensitiveness to changes in density, stainingrof these bac-
teria for microscopical examination is very'difficult. The morphol-
ogy or shape of the organisms depends upon the concentration of salt
in the medium, varying from the largest form (14-16 micra), found
in heavily saturated media, to the spherical form (2 micra diameter)
in media of 16 per cent concentration. Likewise all intermediate
forms are 'Fresent in the concentrations between 15 per cent and sat-
uration. The amount, character, and pigmentation of the colonial
does not seem to be affected by the varying changes in the concen-
tration of salt.. :

The most favorable temperature for the growth of both the spiro-
chete and the bacillus is between 50 and 60° C., indicating the salt
lagoons of the Tropics as the probable source of the infection. Sun-
light is not §ermjcidal to these organisms, and this also points to
their tropical origin, where the pigmentation is required as a pro-
tection against the bright sunlight; ordinary bacteria are killed by
10 minutes’ exposure to bright suniight. Influenced by age, by the
accumulation of their own metabolic products, and particularly by
low temperatures, both organisms suffer a temporary loss of Pigmen-
tation. During this loss the formation of the so-called “ coccoid
bodies ” is noted in the pink spirochete. No change in the shape of
the bacillus during the absence of pigment has been noted. After
transplantation, both pigmentation and the regular vegetative form
is resumed. :

All results indicate that the causative agents of this troublesome
and costly coloration have been discovered and that their original
source is the solar evaporated sea salt in which the fish are cured.
Both European and American sea salts are infected. Mined or do-
mestic salt seems to be free of their presence. Any method devised
for the elimination of this reddening of salted fish must be based
upon either the proper disinfection of the sea salt before use or the
substitution of mined or domestic salt which is free of infection. In
either case a thorough disinfection of the salt fish plants and equip-
ment is essential, since at the present time all are highly infected.
It would be useless to dump sterilized salt or even mined salt into a
highly infected plant or to bring unsterilized salt into a thoroughly
disinfected plant. .

‘With this knowledge of the life history of the organisms, the con-
ditions essential for their growth, and the sources of infection, the
Bureau already has under way experiments to determine the best
and most practical means of eradicating a most troublesome factor:
from the salt-fish industry. During the entire series of experiments
the Bureau has had the hearty cooperation of the salt-fish industries.

LOCATION OF FISH FROM AIRCRAFT,

In J%%’v, 1919, in cooperation with the Naval Aviation Service,
'W. W. Welsh, a scientific assistant in this Bureau with naval experi-
ence, made a flight at Cape May, N. J., to determine the possibilities
of scouting for schooling fish with the aid of aircraft. The results
of this trial were very favorable, but, since the development of the -
method and its application to the fisheries lies properly within the -
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sphere of'activity of another office of the Bureau, the further history
of the matter does not pertain to this report.

JELLY FROM SEAWEEDS.

During last summer Prof. Irving A. Field conducted for the
Bureau, In connection with the Woods Hole laboratory, investiga-
tions concerning the feasibility of deriving from marine algs a
gelatin suitable %or use in the preservation of fish, The experiments
of commercial packers have previously indicated that animal gelatins
liquefied at such low temperatures that they could not be employed
for this purpose. The jelly is not ordinari?y used as a preservative
in a strict sense, but as a medium in which the preserved fish are
held and prevented from breaking to pieces in shipment.

Of all the.algs of the New England coast employed in the investi-
gation only the Irish moss (Chondrus crispus) yielded gelatin—or,
more correctly, gelose—in commercial quantities. It was found that
Irish moss contained 79 per cent water and that the desiccated mate-
rial was approximately 65 per cent gelose. The gelatinous extract
from Irish moss is commonly known as “ caragenin,” but Dr. Field’s
experiments indicate that 1t is closely comparable to agar-agar.
Agar-agar is made in Japan from another seaweed, Gelidium cor-
newm, which is found ‘to some extent on our Pacific coast and, in
limited quantities, on the Atlantic coast. : '

The investigation develoged provisional methods of preparation
of caragenin, and a series of tests showed that 1} grams of the dried
extract added to a 14-ounce can of fish was sufficient to form a firm
jelly that.prevented such soft fish as whiting and herring from break-
Ing, to pieces when subjected to the rough treatment of being trans-

orted 400 miles in the back of an automobile. The jelly in no way
impaired the condition or the flavor of the fish. The preparation
of the jelly in a form satisfactory for commercial uses remains to be
investigated to a further stage. Other problems arising from the
investigation relate to the decolorizing and purification of the jelly
to adapt it for other possible uses. Kxperiments will also be made
with other seaweeds from both coasts of the United States.

. UTILIZATION OF ]!'RESH-WATER TURTLES.

A relatively unutilized food resource is found in the several species.
‘of turtles of our fresh-water streams and lakes, notwithstanding that
their near relative, the diamond-back terrapin of the sea coast (not
to mention the highly prized green turtle of the ocean) is the greatest
delicacy of the fish markets. In the endeavor to direct proper atten-
tion to this source of meat supply and to furnish the information
requested by many correspondents, assistants were designated to in-
vestigate market and fishery conditions, particulaily in the Missis-
sippi Basin. The report by H. Walton Clark, scientific assistant,
amf J. B. Southall, shell expert, comprises information regarding the
~ distribution and habits of the most useful species, an account of the
" seasons and methods of capture and marketing, and data concernin%

the preparation of the meats for use as food The report wil

e Clark, H. Walton, and John B. Southall. Fresh-Water Turtles: A Source of Meai
181;1‘1;21;'. ; 9A2%pendix vii, Report, U. 8. Commissioner of Fisheries, 1619, 20 pp. Wash-
n, .
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undoubtedly serve a useful purpose in promoﬁng the utilization of
an available source of food and thereby will contribute to the pre-
vention of waste of the Nation’s food supply.

UTILIZATION OF FROGS.

The daily correspondence of the Bureau has indicated for a long
time the widespread interest in frogs, their utilization and prop-
agation, and their elimination from localities where they are not
desired. Nevertheless the Bureau has not yet felt justified in divert-
ing to experiments in frog culture facilities which are required for
other useful purposes, especially in view of the extensive natural
resources in frogs which are not now fully availed of. It has been
deemed distinctly worth while, however, to acquire as full knowledge
as possible of the useful species, their habits, conditions of life, breed-
ing, life history, food, and enemies, as well as of the methods of
capture employed. The report by Dr."A. H. Wright, temporary in-
vestigator, went to press during the year.5, With this handbook the
frog fisher or the prospective frog-culturist may readily identify the
frogs in any stage—eggs, larvee, tadpoles, or adults—and may be
guided in the selection of environments for fishing or propagation.

THE BIOLOGICAL LABORATORIES.

‘The Navy Department having withdrawn from the Woods Hole
Mass.) station, the laboratory was re(()ipened at the beginning of the
scal year, with Dr. P. H. Mitchell as director. With a limited staff,

investigations were pursued with reference to oysters (p. 213, gelatin
from seaweeds (p. 29), the reddening of salt fish (p. 27), and the
food and the parasites of fishes (pp. 19 and 18), the results of which
have greviousl been indicated. Some experiments were also con-
ducted by Dr. . E. Chidester to determine some of the factors which
influence the migrations of fishes and the behavior of fish in presence
of certain chemicals. A miniature river system was employed, in
which the fish were given a choice between two tributaries having
water supply of different nature or current of different rates. It was
found that the behavior of the fish varied according to season or con-
dition of the animal, and particularly according to the rate of flow
of the water; but—given a proper condition of stream flow, the first
were repelled by some salts and attracted by others. The results will
be published after further experiments are made.

The Beaufort (N. C.) laboratory, after occupancy by the Navy,
since January, 1918, was turned over to the Bureau of Fisheries
shortly after the beginning of the fiscal year. Since that time many
necessary repairs and renewals have been made both by the Navy
Department and by this Bureau. The date of the station’s return pre-
vented its opening on the usual scale for investigational work during
the summer and fall. Small salaries have tended to making the
personnel ¢hangeable and have prohibited the beginning of any broad
investigational project. O. W. Hyman served as acting director
during the summer and until the director, R. L. Barney, who was still

e Wright, A. H. Frogs: Thelr Natural and Utilization. Appendix. VI, Report,
U. 8. Commissioner of F‘i)gharles. 1919, 44 pp. Washington, 1920. P
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absent on detail, could be returned to duty at the station. The di-
rector and three assistants, each of the latter for short periods, have
devoted themselves to the preparation of a comprehensive report of
the results of the experimental work on the propagation of the
diamond-back terrapin. Attention has been given also to a study of
a bacterial disease of the winter-fed yearling terrapin of the experi-
mental broods. One temporary investigator has béen engaged in the
study of the life histories of crabs of the Beaufort region.

At the Fairport (Iowa) biological station (A. F. Shira, director) a
notable event of the year was the construction of the new laboratory
authorized by the Congress to replace the former building destroyed
Ly fire in December, 1917. The building which was nearly ready for
occupancy at the close of the fiscal yéar 1s virtually fireproof, credit-
able in appearance, and admirably adapted for the purposes to be
served. 1t contains laboratory space for all needs that are expected
to develop in the near future. In all, $95,000 has been appropriated
for construction and equipment, and, as the building cost about
$88,000, there remained approximately $12,000 available for furniture
and equipment, including the purchase of the necessary scientific
apparatus and books. Before the close of the year sufficient equip-
ment had been ordered to make it possible to occupy and use the build-
in% as soon as it could be accepted from the contractors.

he experimental work of the Fairport station in relation to
fish culture (p. 13) and mussels (p. 24), the service in promoting
the protection of mussels (p. 24), and the investigation of the utili-
zation of turtles (p. 29) have been referred to. Field investigations
were conducted in western Montana, where scattering mussels were
found in the Musselshell River, though not in quantities permitting of
commercial exploitation. Experiments were made in transplanting
mussels to eastern waters. Progress was made in reporting upon the
biological survey of Andalusia Chute, and an examination of portions
of Lake Keokuk was undertaken. Studies, which were conducted at
the station and not hitherto mentioned in this report, relate to the
food of mussels (by H. W. Clark) and the acanthocephalid parasites
of fishes (by Dr. H. J. Van Cleave).

At Key West, Fla. (S. F. Hildebrand, director), attention was
devoted to construction and equipment of the biological station pro-
vided for that place. Owing to the lack of funds and the high cost
and scarcity of material and labor only one permanent structure, a
concrete water tower containing three tanks, was built. A small
electric-light plant and two pumping units, one for salt and one for
fresh water, were installed. Nets, glassware, and microscopes were
added to the station’s equipment for conducting investigations. The
grounds were graded in part and jmproved by planting, and a metal
flag staff was erected at a central and prominent point on the reser-
vation.

The station was visited by a severe hurricane on September 9 and
10 which worked some damage to buildings and grounds and occa-
sioned some expense in repairs to buildings and in regrading of
grounds. It was not noticed that the storm had any effect upon the
local fisheries, except that so many of the boats in the vicinity were
wrecked that few fishermen were able to continue their occupation
for some time; those that were able to go out obtained the usual
catches. ‘

51700°—21-——38



32 U. S. BUREAU OF FISHERIES.

Many collecting trips were made and observations gathered re-
garding the life histories and habits of fishes. An attempt was
made to build up a representative series of the local fish fauna for
future reference. Several species were obtained which had not
hitherto been recorded from the vicinity of Key West. Observations
of the markets were regularly made and reported, and it was found
that, regardless of the handicap occasione by the hurricane which
destroyed or damaged many ﬁshin%1 boats, the catch of fish during
the fiscal year 1920 was grester than during the preceding year,
the increase applying particularly to kingfish and Spanish mackerel.

Investigation of the spawning of the mullet, Mugil cephalus, was
made in the vicinity of the Ten Thousand Islands in December and
January, but, although both nearly ripe and spent fish were found
in course of the investigation, definite information of the time, place,
and manner of spawning was not forthcoming. Obseryations upon
the spiny lobster were continued as long as was practicable.

Examination was made of the quahiaug or hard-clam beds in the
vicinity of the Ten Thousand Islands ang many data were obtained
in regard to the abundance of clams, the manner and methods of
catching them, and their commercial utilization. The investigation
revealed the presence of such extensive resources in clams in this
vicinity that an economic circular was prepared and issued by the
‘Bureau to the trade.

All positions connected with the Key West station, except that of
engineer, became vacant in the course of the year, and the scientific
work was therefore brought to a close in February. Since that time
the station has remained inactive and in the charge of the engineer
_as caretaker. Regular incumbents for the positions at this station,
including that of superintendent, have been unobtainable through the
Civil Service Commission. :

- aClam Resources of the Ten Thousand Islands, Fla. Economic Circular 48, & bp.
Waghington, 1920.
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DREDGING AND HYDROGRAPHIC RECORDS OF THE U. S.
FISHERIES STEAMER <“ALBATROSS,” 1911-1920.

INTRODUCTION.

On October 16, 1907, the U. S. Fisheries steamer Albatross left San
Francisco, Calif., en route to the Philippine Islands on a cruise which
covered a period of over two and one-half years of scientific investi-
gation, during which stops were made at M%,dwa , Guam, the Philip-

ines, Borneo, Pratas Reef, China Sea, Dutch East Indies, and

ormosa. The ship returned to San Francisco on May 4, 1910. The
dredﬁing and hydrographic records of this expedition have been pub-
lished in the Bureau of Fisheries document No. 741, 1910,

On July 9, 1910, after two months’ overhauling and %‘e%aration,
the Albatross, under the command of Commander Guy H. Burrage,
U. S. N, left San Francisco, Calif., for Alaska on a cruise of inspec-
tion, carrying on board the Secretary of Commerce and Labor and
the Attorney General. The trip ended on September 20, 1910, when
the ship reached San Francisco Bay.

No active work was engaged in until February 23, 1911, when a
biological investigation was made along the coast of southern and
Lower California, the Gulf of California, and the Guadaloupe Islands
under the direction of Dr. C. H. Townsend, acting director of the Amer-
ican Museum of Natural History of New York City. An important
result of this investigation was the rediscovery of the northern ele-
phant seal, Macrorhinus angustirostris Gill, which was supposed to be
extinct, and the capture alive of six yearlings, some of which lived for

_ a considerable time at the New York A?uarlum. The vessel returned
to San Francisco on April 29, 1911, after making a series of dredge
hauls along the California coast.

With but two weeks of preparation the Albatross was sent to Alaska
to investigate the halibut and cod banks lying along the coast. A. B.
Alexander, assistant in charge of the division of statistics and methods,
directed the work, and Capt. J. B. Joyce had charge of the fishing
operations. The cruise was completed about the middle of Septem-
ber, at which time the ship reached San Francisco.

Owing to the fact that the Albatross was found to be in an unsea-
worthy condition, no work was attempted outside of San Francisco
Bayuntil April12,1914 ; but meanwhile,from January 30, 1912, to April
22, 1913, a biological survey of San Francisco Bay was carried out. A

reliminary report on the physical conditions of the bay was published
In 1914.¢ "The direction of the work was vested in a board composed
of three members—the commanding officer of the Albatross, the natur-
alist, and Dr. C. A. Kofoid, representing the University of California.

After being thoroughly repaired and overhauled under a special
appropriation the Albatross left San Francisco on April 12, 1914, to
investigate the waters off the coast of Washington and Oregon, with
the object of determining their extent and value as fishing grounds.
Edward Driscoll was in charge of the fishing operations, which were

a A Report upon the Physical Conditions in San Francisco Bay, based upon the Operations of the U. 8.
Fisheries Steamer Albatross durln%the Years 1912 and 1913; by Franeis B. Sumner, George D. Louderback,
Waldo L. Schmitt, and Edward C. Johnston. University of California Publications in Zoology, vol. 14,
No. 1, pp. 1-168, pls. 1-13, 20text figs. Berkeley, 1914. 3
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conducted by practical fishermen employed for the purpose. On June
12 the Albatross was sent to Alaska on a tour of inspection by Dr.
E. Lester Jones, deputy commissioner, U. S. Bureau of Fisheries.
The halibut investigation in the meantime was continued from the
coast cities of Washington and Oregon by the naturalist, assistant,
fishery expert, and the temporarily employed fishermen. The ship re-
turned from Alaska on August 27, and from that time until the middle
of September the investigations off the coast of Washingtonand Oregon
were continued, after ngich the Albatross went to San Francisco.

On July 1, 1915, the Albatross left San Francisco Bay for Seattle to
continue the halibut investigations off the coast of Washington and
Oregon started during the summer of 1914. This work was discon-
tinued September 9 on account of adverse weather conditions, the ship
returning to San Francisco Bay.

From October 11, 1915, to April 4, 1916, the vessel was laid up in
San Francisco Bay for lack of t}:mds for operation, bein t,horouglhly
overhauled and repainted by the crew <£1ring the enforced delay
From April 4 to November, 1916, she was engaged in an investi ation
of the tuna fisheries off the coasts of southern and Lower California.
On May 2, 1917, she underwent repairs at Mare Island Navy Yard,
and on their completion in November she was transferred to the Navy
for the period of the war. She continued in naval service, principally
in the Gulf of Mexico and the Caribbean Sea, until June 23,1919, when
she was returned to the Bureau. '

After being refitted at Baltimore for fisheries investigations, includ-
ing the installation of a new double winch, gallows, and other necessary
a;l)]pliances for using otter trawls, she proceeded from the capes of the
Chesapeake on October 30, 1919, for oceanographic research under the
direction of W..W. Welsh, on the South Atlantic coast and in the Gulf
of Mexico, returning to Baltimore about the middle of December. On
February 16, 1920, she sailed for Boston to take u investigations in
the Gulf of Maine under the direction of Dr. H. B. Bigelow. In addi-
tion to the work in that region the vessel occupied several stations
between Cape Henry and Cape Cod en route to Boston, and again on
ber return to Baltimore, where she arrived May 20, 1920.

F. M. Chamberlain, naturalist on the Albatross, was transferred
and appointed agent, Alaska salmon fisheries, on August 23, 1911.
L. M. Tongue, fishery expert, was fransferred and appointed store-
keeper, St. Paul Island, Alaska, in September. He was replaced by
E. C. Johnston. Dr. F. B. Sumner was appointed naturalist on De-
cember 16, 1911, and R. A. Coleman, captain’s clerk, in January, 1912.

Commander Guy H. Burrage, U. 8. N., was detached from the
Albaiross on May 25, 1912, leaving Lieut. L. B. Porterfield senior
officer on board. Lieut. Commander H. B. Soule, U. 8. N,, took
commeand on June 10, 1912, and remained until April 4, 1914. Waldo
L. Schmitt was appointed naturalist on December 13, 1913, Dr. F. B.
Sumner having resigned on October 31, and E. P. Rankin was
%})pointegl assistant.  On April 4, 1914, Lieut. L. B. Porterfield,

. S. N, relieved Lieut. Commander H. B. Soule, U. S. N., as
commanding officer. ‘

The %?smon of naturalist was made vacant %v the resignation of
Waldo L. Schmitt on December 31, 1914. E. C. Johnston received
the appointment as naturalist on Aé)ril 1, 1915, leaving the position
of fishery expert vacant. F. P. Shafer became fishery expert in
October, 1915. Lieut. L. B. Porterfield, U. S. N., was detached and
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Lieut. Commander J. J.. Hannigan, U. S. N., made comma‘ndi.n,%
officer on July 1, 1915. Mr. Johnston resigned from the position o
naturalist October 18, 1917, to enter military service and was suc-
ceeded by E. P. Rankin December 1, 1917. :

On the return of the vessel to the Bureau of Fisheries, June 23,
1919, Lieut. Commander C. D. Cochran, C. G. S., was in command,
and he was succeeded on October 24, 1919, by Commander L. J.
Wallace, U.S.N. Mr. Rankin resigned from the position of naturalist

July 15, 1920. . :
EXPLANATION OF TABLES.

In Bureau of Fisheries document No. 741 the last Albatross
dredging station was D. 5672 and the last hydrographicstation H. 4937.
The accompanying list gives the station numbers and the various
investigations conducted by the Albatross from that point to the
present time. :

Lower California (Gulf of California) cruise...........cooooieaiaann {Iﬁ gggg:g Zggg
Alaska, 191). . . L. i iieiiieei ittt H. 4954-H. 4955
Biological survey of San Francisco Bay ¢ (1912-18)................ {g %%ﬁ gggg
Biological survey of San Francisco Bay (March, 1914)..... S H. 6351-H. 5365
Halibut investigation, 1914......coiin it H. 65366-H. 5774
Halibut investigation, 1915.......coovenaieiaiiii i H. 5775-H. 6408
Atlantic cruise south from Norfolk, 1919 ... ... ... .. ... . ooo.. C20001 to C20040
Atlantic cruise north from Norfolk, 1920.........ciiiunneeiieennn.n C20041 to C20130

Atlantic cruises surface temperatures while under way, 1919-20...............io..--

Prior to 1919 those stations at which the main object was the col-
lection of specimens by dredging or trawling were designated as ‘D’
stations and those where hydrographic and plankton collection was
the object as “H". stations. Beginning in 1919 a single series of
numbers is used and the stations at which collections are made are
designated by the prefix letter ‘‘C,” as ‘‘C20001.”

Tlﬁg “Position” of a station is that point occupied by the vessel
at the beginning of a haul or set of observations as determined by
the navigator and plotted by him on the chart. On the halibut
cruises of 1914 and 1915 the bearings and distances were worked out
from the chart after the stations, indicated by small circles, had been
plotted in by the navigator. In view of the fact that a large per
cent of the stations on these two trips were within sight of land and
that runs inshore were frequently made to check up the bearings,
the percentage of error is very small. All bearings are ‘‘true’’ unless
otherwise indicated. The charts used were either U. S. Hydro-
graphic Office or U. 8. Coast and Geodetic Survey, as indicated.

ere two figures are given under the heading ‘‘Time of day,”
“Depth,” and ‘‘Temperature,” the first represents the beginning and
the second the end of the series of observations. Where one figure
is given, it represents the beginning of the series of observations. In
the case of the halibut fishing trials the time at which the dories left
and returned to the ship is given in the ‘‘Remarks’ column.

Temperatures are recorded in degrees Fahrenheit. The air and
surface temperatures, except where indicated by an asterisk, have
been taken from the ship’s log. Their accuracy is not to be relied
uﬁ)on to any great extent owing to the unfortunate t‘Ela,cing; of the
thermometer casing near the stack and the fact that the ship’s ther-

8 Loo. oit. in foot note on p. 3.
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mometers have not been standardized. The bottom temperatures
and those marked by an asterisk represent the corrected readings of
tested Negretti-Zambra thermometers used in appropriate trip cases.

On the Lower California cruise, 1911, ‘‘Density’’ was determined
by salinometer tests. ‘‘Salinity’’ determinations have all been made
Iéy titration with the standardy outfit supplied by the International

ouncil for the Exploration of the Sea.

The ‘‘Depth” of the ‘‘Trial” is that at which the gear was used,
and under “‘Drift” are given the ‘‘Direction” and ‘‘Distance”
through which the dredge was hauled. These are approximations.
The ‘‘Duration’ is the length of time consumed in towing the appa-
ratus or the length of time allotted to a ‘‘set.” ‘

The current velocities given for stations H. 5351-H. 5365, inclusive,
represent the readings of a Price current meter, which has been tested
by the U. S. Bureau of Standards.

ABBREVIATIONS AND SYMBOLS.

The abbreviations and symbols used in the tables are listed below.
For convenience the abbreviations used in describing the character
of the bottom are listed separately.

YAg.ooa 9-foot Agassiz beam trawl, including one tail weight and two wing

weights; three glass floats; and a 150-pound sinker above the
bridle, unless otherwise stated.

127 Ag...........12-foot Agassiz beam trawl, rigged as above.

Alb. emp......... Albatross’ bottom-sampling ag aratus. (Described on pp. 16-18,
University of California Publications in Zoology, vol. 14, No. 1,
pls. 12, 13. Berkeley, 1914.)

botm............. bottom.

botm. net........ frame, Welsh-Helgoland; net, strainer top, No. 10 silk bottom.

[0 collecting station. )

clsg.net......... Bigelow frame, meter net, No. 000 top, No. 0 bottom.

80 cod........... 80-foot cod trawl, otter rigged.

CoSuneeenent U. 8. Coast and Geodetic Survey.

Docecveiinnn.. dredgin%)or trawling etation.

19/dr... ..., 19-inch boat dredge. A fine-meshed net bag covered with a canvas

bag, the mouth of which is held open by an iron frame 19 inches
long by about 6 inches wide.
dynamite.
Ekman reversing water bottle.
Ekman current meter.
Ekman bottom-sampling apparatus.
...electric (Weule) sounding machine.
. -30-foot flounder traw], otter rigged.
75-foot flounder trawl, otter rigged.

GBbot.......... Greene-Bigelow water bottle..

] hydrographic station. v

Helgo. net....... square frame of Helgoland; net, strainer top, No. 10 silk bottom;
used as surface net.

HOo..... U. 8. Hydrograghic Office. .

Hvg.In......... heaving line and lead.

4inter.......... townet mede of No. 000 silk, mounted on 48-inch metal ring.

Inter.sal......... intermediate ealinity. '

Inter. temp...... intermediate temperature.

Levoveeannaaa.. left thermometer (looking toward the instrument).

26-1b. lead......

28-1b. lead......

30-1b. lead...... cone-shaped sounding lead armed with soft soap.

32-1b.lead......

85-1b. lead......

Ltooovieaenenans light.

Luc.sdr......... Lucassounding machine, including a 35-pound detachable iron shot,

unless otherwise stated.



DREDGING AND HYDROGRAPHIC RECORDS. 7

mbo.ieel mud bag (‘‘boat dredge’’) usually fastened to tail of net or trawl.

mtr.net......... 1 meter diameter, 000-X top, 0-x bottom.

NZ...oooivnannn Negretti & Zambrs reversing thermometer.

o.p.dre....-.... regular commercial orange-peel bucket dredge.

oys.dr........... oyster dredge. :

P.N.bot........ Pettorsson-Nansen insulating water bottle.

Prom..coooan...- Price current meter.

P.S.#9.......... Plotting sheet No. 9.

gc ............. or standard compass, magnetic variation not having been applied.

.............. (in tables 1911-1915), right thermometer (looking toward instrument);

(in tables 1919-20), ichter thermometer.

sdg ............. soundini.r1

357 shr. trl....... 36-foot shrimp trawl, otter rigged.

Sigs. bot........ Sigsbee water bottle.

Sigs.rod........ Sigsbee sounding (bottom-sampling) rod.

58ldg.......... 5-foot Tanner beam trawl improved by attaching a broad wooden
“shfoe " to each runner to prevent the frame from sinking in mud
too Iar.

gnap. Id......... spapper-jawed sounding lead.

Sp.Gecveeennnnn specific gravity.

subm.lt......... submarine light.

surf............- surface. _

SV.ociiiaeaae Schmidt-Vossberg thermometer.

tang. .. .....eens tangent.

therm....co...... thermometer.

8 Thnreeeeeennne- 3-foot Tanner beam trawl, including float, tail weight, and sinker
above the bridle.

5 TOrececeennnnn- 5-foot Tanner beam trawl, rigged as above.

¥ Tor....cooeeeen 9-foot Tanner trawl on Agassiz trawl frame.

Tor.-Blish edr. . . . Tanner-Blish sounding machine.

Tor. cge.....een.- Tanner reversing thermometer case. :

Tycos....cvennu-n Tycos Instrument Co. Fehrénheit thermometer, used 1 surface work.

vert. net......... 3 meter diameter, No. 6 silk, used for vertical hauls except where
otherwise stated.

L4 TN weight.

- R % meter diameter, No. 6 silk, surface tow net.

810 .. ... } meter diameter, No. 10 silk, surface net.

#12. ... lankton net, No. 12 bolting silk, mounted on 14-inch metal ring.

-2 | N in tables 1911-1915), plankton net, No. 20 bolting silk, mounted

on 14-inch metal Ting. (Lohmann, 1911, states that this num-
ber waas chanlged by the manufpcturers in 1907 to ‘‘No. 25 bolt-
ingsilk.”) (In tables 1919-20), 12/ diameter, No. 20 silk, surface
net.

¢ CHARACTER-OF-BOTTOM '’ ABBREVIATIONS.

ntinued.

Material
. Clay. broken.
[ T, Coral, coral.
E.G....oooeettn Fel grass. COBI8O.
For....coeeeann. Foraminifera. dark
Grave fine

Globigerina.
Lava.

Descriptive adjectives: sticky..
.............. black. white.
|+ PR blue. yellow




U. S. BUREAU OF FISHERIES.

DrepaiNG AND HYDROGRAPHIC RECORDS SECURED

’,

Station
num-

Position.

Date.

Time of
day.

Depth.

Character of
bottom.

D, 5673

H. 4938

H. 4939

H. 4940

H. 4944

H. 4045

H. 4046

Near boundary between Mezico | -
and Uni

ted States.
3, 782-ft Cone (32°18' 30"’ N.
! W.), N. 42°

4‘900-!t Cone’ (31° 3’ 307
N., 116° 14’ 30" W. 82°
E.(31°26'N., 117°£2'W)

Guadaloupe Id., east coast,
northern end.

Black Rk near North Pt. )
N. V(’ 1.5 miles %%9
10 20” N. 118° 15’ 45"

Black Rk., near North Pt.,
N. E.,

Elephant Rk 8. 2° W,;
. Cone on N. #ide of Id., §,
71° E, (29° 09’ 30'"N,, 118°
23''W,

E]ephan)t Rk, 8. 18° W.;
Cone on N. side of Id& N.
;5):"}: 29° 09’ N., 118° 23’

Elephant Rk.,8.1° W.; Cono
onN side of f1d., N. 65
29° 08’ 40 N., us°24' 10"

Elep ant Rk, 8. 40° E.;
Cone on N, side of Id. -5 N,
Iv‘lv(29 08’ N., 118° 24’

)

Elephant Rk, N 46° E.;
8 amer Pt. , 8. 11°E
(20°06' 50’ N. 118°25’

Eleé)hantRk ,N. 17°E

Xze 08’ 20°/ N f18° 2w 30"

Midway between point at
Elephant Rk, and 8teamer
Pt Elephant Rk., N, 8°

Rk, at Steamer Pt S
gioE (290041 50"’ N

East sidg ofId........oonnees
North of first party..........

Midway between point at
Irjllep ant Rk.and Steamer
t.

1008

1681

1681 |..

1681 §...

1881 |...

1881 |...

1681 |...

1681 |...

1681 §...

1011,
Mar. 1

Mar.’

L]

6.55 8. m,

7.66 8. m
9.108. m.
9.25 8.
9.50 a.

10.05 a.

10.25 a.

11.00 8.

BH

110

31

25
12

bl.and gy. M., few
Gl




DREDGING AND HYDROGRAPHIC RECORDS. 9

DurinG THE Lower CarirorN1A CRUISE, 1911.

Teraperature, Density. Trial. Drift.

Apparatus. Remarks.

Surf. | Botm. Depth. lt)i“’);‘f' Direction,

Air,
Suarf.
Botm.
Distance.

°F.|°F.| °F. . Min. | Mi.
581 56 |aeceni]oooreroasferanannns Lueo.sdr.; Slgs botm... 28 | NE....... 0.2 | NZ §104814, Cable
58| 58 rod. Es {fms.

bot.; N . 8
Tnr, cse.; 2.2 at 16°C,
12' Ag.;m.b. (botm.) 25.0 at

therm, failed to
trip. One bridle
stop parted

e =}
=1
& or
o
[X3
o

[ 3T I TN S P Tor.-Blishsdr| 300tms.|......fccceceeennnd]o.. .. Guadalou;l)’e 1d.
ortht t. ap-

pears to extend
about 1 mile
too far eastward
from tangent
bearing of east
coast and patent
log run on north
side of Id. Ref-
erence made to
osition of North
t. a8 given on
chart 26° 10 50"
{i’., 118° 17 80!

8l ) B9 .. ... feeeeeaidenileall, do........ L1677 -+ SN D FR N PN
63| 69 [... .. fieeiieiiieennaiiaaaa do........ . 1 T FUUUR IO IR
83 59 [ deeiiiiiieeiiii e do........ cee@0en e
64| 59 B B ARRIETEES FEPR do...,.‘......do.... ........................
64} B9 ...l do........ JROR . T O N SRR

84| B9 ) .ciiii]iinieieiefeenennaiifonnas do........ R [ TR PRN SR e

{3 I I DO RPN N I do........ JRPN 1. X P PR I From this posi-
tlon groups of
seals on the
beach -bore 8,

66| 60 [......feeeceiii]enniannns handlead-line|...do....|. ..o femeinaiieei]ennns Rook at Steamer

83| 61 Pt. and Rt

’ ) Tang. Inner Id.
. in line,

................................. Shore party ool-
lectecfJ various
land and marine
. fauna and flora.
................................. Shore edparty col-
lect elephant

R P TN AR FOUTTUP subm. I¢...... 131 ¢ SN SRR FRPPUPURPRN AU Worms, eels, and
R fish were taken.
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DrEDGING AND HYDROGRAPHIC RECORDS SECURED

Station .
. Time of Character of
nbeumr. Position. Chart. Date. day. Depth. bottom.

Guadaloupe Id., east coast,
northern end—Continued.
HO 1911. Fme.

H.4047 | R, at Steamer Pt. 8.21°E.; 1681 | Mar. 4| 4.08p.m.] 80| hrd....e...oo.....
R t. Tang. Inner Id., 8. 23
(29°30”N 1ot b4 a7

Wv.).
H. 4948 Ele hant Rk. and Rk, at 1681 |...do..... 4,12 p.m. 0
8 eamer I‘t in line, N, 2° 350
t. . Inner Id :

8.%° E, g 59' 30" N,,
118° 25° 50’ V
H. 4949 Elephant Rk. and Steamer 1681 |...do..... 420 p.m. 228 | fne. gy. 8.........

t. in line, N. 4° W.;

ng Inner Id 8. 21°E
(29° 01’ 15”N 118" 23' W.). ‘
H. 4950 Sbeamer Pt., N, 26° W.; Rt 1681 |...do..... 4,43 p.m, 138 {.-... do..eenn......
. Tang. Inn 8 21°
gg" 01/ 15/ N 118° 22’ 50"

..... [ (- ST PPN PN« I JUUUON -3 ) s t:) SRR R PR

Between San Diego, Callf,,
and San Benito Id., "Mezica.

H.4951 | 3,782t. Cone, N. 22° E.; 1149 | Mar. 8| 6.04a.m. 540 | gn. M., fne. 8,
D. 5674 hluﬂ Peak(l450ft ), N. 78% to Glob,
, 467N, 117° 00 8.37a.m.
........ W, San Benito Id. 8. side |.............| Mar. 9|a.m....... 13]8,G,R..........
........ SE(‘ Pt. W San Benitold RPN PR . [ SO I + 15 « | DR, b & I PO

8.62° W,; NE.

Ww.

Cerros Id.

........ South Bay (anch.); Promi- teerpeceeceae| Mar, 10 | 8llABY. ... . ieiiiiieriiiniiaiiiiaaas

nent Black Rk., N. 58° W.;
Rk}? mile E. o!lattor, N,

........ 8.partof E. side(snch),E reeeeeecsnees Mar, 11| d0uecee e fooneccaee]earaninaiiaiiiaian,
ng. CerrosId., N. 26° E.;
Mo‘r{,ow Redondo pt., 8.

“1ose
........ Middle of E. side (anch.); E. {..cc.coeooe..f Mar 12 [Loidoaeeeifieaneenes B, R.,G..........
of 1,808-ft. Peak, Lat. 28°
13’ N,
Lower California.
........ PortSanBartolome(anch vesrerenee...| Mar, 13 | alldBy....|eeennnnt M,8,0..........

Coffin Rk, 8, Tang., 8
w Entrance Rk,, N. 68

........ 0 Mar. 14 Lo e o
San Cristobal Bay.
........ 8an Cristobal Ba{) (anchgs ceeeereeen...] Mar. 15 a.m....... I P,
Morro Hermoso Pt
Y Sen’ Pablo Biuﬂ .
D, 5675 | 8an Pablo Pt 33° E.; 1310 |...do..... 2.08 p. m. 284 | gn. M., tne, 8......
Asuncion N 87° E, to
%7°07'08"N 114° 33’ 10" 3.28p.m., .
Lower California.,
........ SanRo?ueId (anch})s NE teeeeeennee. Mar, 15| 8lldaY...fiieniaieciiiiiicinaiiainenn
' end of Id., '8.10° W.
........ Abreojos ganch) Abreojos |.............[ Mar. 18 |...do...... [ P

73 ; 312-1¢, Hill,
08



DREDGING AND HYDROGRAPHIC RECORDS.

DURING THE LOWER CaLFORNIA CruUIsi, 1911—Continued.

11

87

hand line; 19"
dr,; 8’ ’I‘m.;
seine.

3’ Tar.; selne.
3’ Tor.; seine;
sub. it.

Luo. sdr.; Sigs.
bot.; 12’ Ag.;
m. b.

surf., 10
ft.

botm.,
10 1t.

botm.,
5 ft.
surf., 4

botm.

-~

Temperature. Density. Trial. Drift.
. Appsaratus. g Remarks.
. Dura- E\
. B | surf. | Botm. Depth. Direction.
CAR-E tion. 3
< | q Mm (=]
°F.[°F.{ °F. Min. Mi.
60 ] B0 |-eeecefermoncccc]oaerenens Tar. Blishsdr.| botm...[..c..oooeeiiiaiiago..
L I P B ! AR do........ 250fms. [, evienn ittt
P I ) TN IR IOURURIN PPt do........ e VU0 PO ORI I
BO | B0 [eeeece|ocramiaae]ecemenanagoaane do........|.. I 1+ T O PR
.............................................................................. Sealing party.
60| 58 [39.4 |..ccocu|ieennann Lue. sdr.; 8igs.| botm...| 24§ | N.49°W_ [ 2.4 | 8dg. re%ister read
61| &9 rod; Sgﬁz —50at arrival of
bot.; H wt. at machine,
Tor. cse.; Sigs. bot. failed
12/ Ag.;m.b. to work. Cable
out 1,300 fms.
4. (surl)
2 3at15.3°C.
Shore collecting.
nlnﬁparty.
Shore collecting.

Shore collecting.

Shore oollecting.
Seining.

Shore colleoting.
Seining.
Do.
Sealing party.

Sigs bot. used in
unding. Cable
out 600 {ms.

Shore collecting.

allenas Bay.
Shore collecting.
Beining.
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Station ’
. Time of Character of
nblglf Position. Chart. Date. day. Depth. bottom.
Between Ballenas Bay and
Sante Maria Bay.
H. O. 1911. Fms.
H.4052 | 25°31716” N,, 113°29' 30"’ W . 1493 | Mar. 17 | 8,00a.m. 645 | gn. M., fne 8,
D, 5676 to Glob.
9.58 a. m,
H. 4953 | 25° 23’ 45"’ N,, 113° 16’ W.... 1493 |...do..... 1,05 p.m. 736 1..... (s [ S
D, 5677 to
2.57 p.m.
........ Santa Maria Bay (&nch) veervineene.. Mar. 18] allday... e Bacaaiiiiiaaen
Hughes Pt.,8.10° W.; Mt.
8an Lazaro,N 70° W.
Magdalena Bay.
........ OﬂNsideoISantaM eeireecee.. Mar, 19| p.m...... 22 T P
1d. " (an f“a P
Deerin, Bluﬂ
NW. Tang. 1’d N. 88°
........ Mercy Channel (anch) eeeeeee ] Man 20 allday .o e
Clsne Pt., 8. 70° W,; E,
Tan Sail;ta Mm'garita
D, 5678 Sai},f{lielantrgds Pt., S853" 1636 | Mar, 21 9586 m. 134 | 8., brk.8h........
;})’ 24°35'20"N '111° 59 10258 m, )
........ OﬂMa.gdaIena(anch) oo pm M e
dalena Wh,, 82° W -
Cove Pt., 8. b
Between Mugdalena Bay and
San Lucas Bay.
D.5679 | 23°47/45” N, 111°28° W .., 1664 | Mar, 22 6.310. m. 325 | dk.gn. M., For...
0
7.678. m.
D. 5680 | 23°40’30"’ N.,111°12"45""W.. 1664 |...do..... 10.05ta.m. 389 |..... do............
“to
11.524a. m.
D, 5681 | 23°33’15/N.,111°02/10” W .. 1664 |...do..... 205pm. 405 |..... d0..ennnn.....
3. 26p m.
San Lucas Bay.
........ San Lucas Bay (anch) .| Mar. 23 { allday.... 134 | crs. 8 eeeaeny
Cape 8an Lucas E
Customhouse, N. 77
D. 5682 | Cabo Falso, N éx-w Cof o 1666 | Mar, 24| 7.27a.m 401 | S,
8an Lucas é to
48'20"N 109° 2’40" 9.06 8, m.
________ 8an Lucas_Bay anch) e do s alday . e e
Cape 8an Lucsas, 8.3° W
Customhouse, 8, 88° W,




DREDGING AND HYDROGRAPHIC RECORDS.

Durine TaE Lower CaLirorNiA Cruisg, 1911—Continued.

13

Temperature, Density. Trial. Drift.

. Apparatus, 8 Remarks,

< | 8 | surt. | Botm. Depth. | DU | Direction. g

=i 5 2 tion. 5

< | & =, a

°SF|°F | °F. Min., Mi,

65| 66 30.0| 1.02440 | 1.02483 | Luc.sdr.; 8igs.| botm...] 20 | NW.byW.| 0.2?| Cable “out 1000

70| 65 rod.; é{&s fms, S%.
bot., 5 (surf, 3 at
Tar.cse,; 12’ 18.3°C., (botm.)

. Ag.; m. b, 24.6 at 16°C.

70 66 38.6 | 1.02402 | 1.02888 Luc.sdr.;Sjgs., ...do....)] 20 | WNW....] .2} Cableout 950 fms.
rod.; 8111&2' Townets towed
bot.; ; astern  for
Tnar.cse.; 12 min. during
Ag.; m. b,; dredging.  Sp.
#12, $20. Q. (surf.) 23.2at

10.1°C., (botm.)
at 18°C
........................ 197dr....oeecfeei@0iiaeeeeenndiiiiieia i foo oo .| Bhore collecting.
About 13 haul
with dr

SN FRUUIN SUUUTIN SOUTRUTUIN APUUURPTEE SUINPRIAPNY RO AR PPN PO Shore collecting,

............................... geln8. .. coveesfeennnnen]ieiiii]oeiiii.. il ol L | Shore collecting.
Mangrove snd
?gntaMargadta

1] 68 |eeeeiifeecreeicfeniannnns 12' Ag;m.b.; | botm...] 20 | N.81°W .6 | Cableout 50 fms,
hand lead
line; 14-lb.
lead. °

............................... setne; 19" dr...|.. . do....].......[.eeeeeiaaeoldoo. .| Bhore collecting.
Selning.

851 067|441 f.oiuiiiieean Luec. sdr.;Sigs.| botm...| 16 | N.68°W..| .2 | Cableout 600fms. .
rod; ébi&s Botm. water
bot.; ; specimen lost in
Tar.cse.; 12’ I?:I(J: through
Ag.; 111at,2 oversight.
round m. b,

B8 681 43.8 |eccecarai]ocnnn., Luc. sdr.;8igs.|...do....] 213 | N.68°W..} .2 Aooumulator reg-

71 rod.; Bigs. istered 3 or
bot.; tons on haul
Tnr.cse.; 17 in, Cable ou
Ag.; 1m.b 650fms. Towed

]6 min at 600
&. Q.
&’urr) .6 at
°C, 3tm)

70 68| 43.3 |reeeicifieeniiai]onnnn do.......- «.-do....] 20 | N.@es°W.. .2 Sigs bot failedto

* work. Cable out
fms.

[ PPN PN PR e seine; s! :10% & (U PURUUIN PO R Shore collecting.
1t.; 10” dr botm. Selning.

69 69 ] 40.8 ). ... ieennnn, Luc sdr botm...| 20 | S,18°W..| .6 | Sigs. bot. defec-

é}&s ive., Sp. G.
(surf.) 24.2 at
cee 12 25°C." Acoumu-
Ag.; m. b lator istered
3 tons tow-
. Cable out
. fms.
P Y P eoee .| BoIDE; BUDM; [oeeenieacferrinifeneiaiaeninifennn 8hore collecting.
1t. S8eining, At
night El.lt.nsed.
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Station
. Time of Character of
n& Position. Chert. Date. day. Depth bottom.
San Jose del Cabo Bay.
o 1911. Fms.
........ (mch) Semaphore, S, 83°|.............| Mar. 25 |allday....l.......ofooiiil,
; Customhouse, N. 42° Mar. 26
Gulfof Calgomia, Western
oast
........ PichﬂinqueHarbor(anchg eiiieeeees Mar, 27} allday.. oo
ang San Juan Id Mar, 28
14°W.,; 8W. ’I‘ang N side Mar. 29
otI‘alseBaty;
........ Amortajada Bay San Josel e I Mar, 30 poma.i
Id. (an ch) 8. 'i‘ang Cago Mar. 31
1d., 8. 81°W.; Cayote I
8. 12°E.
........ A Verde Bay (anch [N V. ¥ . D N SO T T )
anPasquelPt N.10°V Apr. 2|a.m......
Opposite Pt., N.83°E.
........ Salenas Bay, Carmen 1d. do J0R ¢+ S S
anch.): Perico Pt., 8. 63° Apr. 3| allday
5.: lite Pt. 8, 20° W,
........ Mulege, mouth of Concepefon |.............[ Apr. 4 [...do . ...fieiiicdiii
Bay (anch): S8ombrerito
gt54§ ; Gallito Pt.,
........ 8. part of Concepelon Bay |.............| Apr. (8
Sm(:hi:Conce fon Peak‘ Apr. 6 all day
k, 8. 27
........ 8. part of Concepcion Bay |............. Apr. Tl do....o|ooeiiiifiiiiiiiiiii.
anch.): Ranada Pt., 8.83° Apr. 8
SV3 Rt. Tang. Ricasonld
........ San Francl uito Bay|............] Apr. 9] .do..ifieiiiiiidiiiiiiiiiiiiiiii
gnch ' N sql‘agog N.11°
........ Ane]delaguardmld SE.|.cecicueee ] ADL 10| PaMeceaeennnreno]ininniieiiiiiieas
side (anch.): E ’I‘ané
ond Id., N.
Tang. Islsl’artida,s 28°E.
........ Tiburon Id,, 8. si eganch) FUUUUUTUIN .S .* T § N PR« o PO P
Red Bluff Pt., 8. 86° W Apr. 12 |6l day
Tang, Tumers 1d., Apr, 13| a. m......
47°E.
Gulfof California,
........ San Estaban Id anch.); FUUUUUURURRINR B Y S S5 T 2D « 5 - | B P s
ang, Apr. 14 |8 m......
R 8. 54°
........ Santa’ Catalina 1d. (anch.): |.............] Apr. 18 do
SantaCruzld, | | _|p. M......
........ Pichll!nqueﬂarbor(anch) reeeeeeeeea..| Apr. 17 ellday
Off Coaling 8
........ DspirltuSantoId 88D GB- ievvennnnnnnfodoaloidoe e el
briel Bay (anch) Apr 18{8.m......
........ [ol2: 1 13 (s FUUUDDUDIN PR 1. > S [ I 5 T . . AP Fp B
W est coast, Lower California.
D. 5683 | Of Cape 8an Lucas: Cabo 1664 | Apr, 20 | 1241 p.m. 630 | crs. B,,gn. M., G..
Falso, N. 63° W.; Cabeza to
Bellans N. (22° 46" 45” N., 2,49 p. m.
109° 50’ 15" W.).
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DREDGING AND HYDROGRAPHIC RECORDS.

LowER CALIFORNIA Crulsg, 1911—Continued.
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Tempearature. Density. Trial. Drift.
i Apparatus. . g Remarks.
| B | sut | Botm. Depth. | I | Direction. §
3|8 ‘
@ | A a
°F|°F.| °F. Min Mi
U PN FUDIIN PPN R P73 1 -V PO PSRN PRI P Shore collecting.
............................. sugm.lt.;m" weeeereneneenee e cii 211 ] Bhore colleoting.
T.

............................. subm.1t.;19" | surf., fooo..o it Shore oollecting.
dr,; seine; botm. Four dredge
dyn. hauls.

........................... seine; 19" dr..|....do...] oo infiiieie et Shore ocollecting.
Dredge hauls
along the beach

............................ 175 seine; |...do..c.|oeeeeifoeeniieaa]iiaan Shore collecting.
dyn.;19'!dr.

........................... 100 seime; [...do..c|ieeiene]ieiiiniannefias Do.

dyn.; 19"’ dr.

P P PO e R TR setne; 107/ dr.; | surf.,foceeieenieeeeaefiies Do.
dyn.;subm.} botm.
1t.

U PN FURIIN PPN PR 175’ selno; |...Q0 e eeeees]onaiaiaiii]ianns Do.
dyn.;19" dr.

PO PR PO AU PORPPRe dyn.: subm. | surf... oo ]oeiiin el Shoro colleoting.
St EL It. used st

night.

............................. dyn.; 19" dr..] botm..f.ooiiifeeeeeiae) e Shore collecting.

........................... subm., lt.;|surf....|occcciifeeiiiaiinne]eenen Do.

seine; dyn.
............................................................................ Shore collecting.
Do.
Do. ;
Shore collecting.
EL 1t. used at
night.
............................ L W P e B T ALER R Shore collecting.
70| 73130.1| 1.02511 | 1.02320 | Luc. sdr.; Sigs.| botm.. 15| 8.26°W..| 1.5 | One bridle stop
60 H s{§s. carried away.
bot.; zZ Runnors twist-
. ese,; ed. Sp.G.(surl)
12" Ag. . 232 at 23.5°C.,
(botm.)21at25°C.
Cable out 1,200
fms.

51700°—21——9
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DREDGING AND HYDROGRAPHIC RECORDS SECURED

Station !
: . Time of Character of
nl;leT- Position. Chart. Date. day. Depth. bottom.
i
West coast, Lower California— I
Continued. ;
. . 0. 1911. Fms,
D.5684 | 8. of Magdsleuanaz'v (23°23" 1684 | Apr. 21| 6.008. 1. 1,760 [coveenaceceonnncenan
30’ N, 112° 30’ W.) to
11.26 8. m.
D. 5885 | 8. of Abreojos Pt. (25° 42 1493 | Apr. 22| 8.08a.m. 645 | bk.8.,Co.........
45" N., 113° 38’ 30" W.) to
10.26 8. m.
D. 5088 | BW. of Abreojos Pt. (26° 14’ 1493 |...do....| 3.07 p.m. 930 | gn. M., Glob......
N., 114° W.) to
: 5.22 p. m.
........ PortSanBartolome(nnch) FUURUURRRN 1§ 2 A~ TN I -0 - AN RPN P
Entrance Rk., N. 70° W.;
1\3‘ Tang. Coffin Id S 528
Coast of California.
D. 5687 | 8. of Cerros Id.: W. Tung. 1310 | Apr. 23 | 12, 37 p m. 480 | gn. M., Glob......
Natividad 1d., N. 10° E.;
Breaker Pt., Lower Calif 2, 23 p. m.
N.72°E, (27°3¢ 157 N.,
115°16' W, )
D. 5688 | W. Tang. Natividad Id., N. 1310 |...do..... 2.30 p. m. 173 R [ T
15° E.; Breaker Pt. N. )72° ) to
E. (27’ 38’45 N., 115" 17 i 4.23 p.m.
407 W.) .
D.5688 | E of Guada]oupe 1d.: Hat - 1193 | Apr. 4| 6. 11 a. m. 879 | gy. M., fne, 8., G.,
N.§9° E.; 8t. Vincent Glob.
Peai; YaE, (20° 23 5499, m.
1i6° 1 W)
D. 5690 | East of Guadalou&g I1d. (29° 1193 |...do..... 10.07 8. m. 1,101 | gn. M., Glob.......
20’ N to
12.67 p. m.
D, 5691 of San_ Diego, Callf, 1006 | Apr. 26| 6.08a. m. 868 gy. M.............
%1’08’20”N , 118° 29 30" to
8.458. m,
D.5692 | BW. of San Die%o, Calif, (31° 1006 |...do.....| 11.21 8. m. 1,076 |.....d0............
, 23’ 45/ N., 118° 31’ 30"’ W.). to
2.17 p. m.
C.8.
D. 5603 | W. gf San NicolasId. Qg’ 13’ 5002 | Apr. 26 | 6.066.m. 451 |....... ceeenaaeeeans
’ N., 120° 04’ 30" ). to
7.528, m.




DREDGING AND HYDROGRAPHIC RECORDS. 17

DuriNg THE LowER CALIFORNIA CRUISE, 1911—Continued.

Temperature. Density. . Tdm. Drift.

Apparatus. Romarks.
Surl. | Botm. Depth. | Dure-

tion. Direction.

Air,

Surf.
Botm.
Distance.|

oF| oK Min, Mi.
{720 R SO PO Luc. sar.; Sigs.| botm... 30 | NW.byW.[..... 250-1b. welight
rod SNgs laced above
ridle instead of
’I‘nr cse.; 140-1b. Sound-
12’ Ag. ' ing wire carried
away losing Sigs.
bot., sounding
cup ’and therm.
Glass fioats car-
rled away. Ac-
cumulator regls-
' : tered over §
) tons. Cable out
3,016 fms.
601 61 [...ooileenninen]ionneeeecforenn do........ ...do.... 30 W.byS8..l..... Sigs. bot, failed
61 to work Nz
fn replac-
g #104014 did
not register.

bleout1, 2:)0fms
60| 61]37.3 |.cveiniii]oeeieneii]ennns do........ ...do.... 20 |...do...oolfLL Water speclmon
61 thrown out b
oistake, Cable

out 1,250 fms.

28wy

61! 60 41.11.02379 | 1.0248 | Luc.sdr.;8igs. botm... 30 | 8.72° W..| 1.5 | Cable out 750 fms.
62 rod; Sigs. f surf.)
bot.; Z 24 at 15.7 °C:
Tar. cse.; (botm ) 24.8 at

621 60| 39.9]1.02424 1.02482 |..... do........ ...do.... 30| 8.8°W..| 2.0 Cableouwoolms

61 . G (surt)
5P at 155

(botm.) 26.3 a£

58} 58 1[...... 1,02398 | 1.02664 |.....dO........ ...do.... 30 | N.B7°W..l..... Botm. therm.
{ailed to regis-
ter. Cable out

’ 282 at 11.6°C.
60| 58 38.1(1.02385 | 1.02476 |..... do........ ...do.... 18§ B.82°W. l..... Cable out 1600

Surt) B0 b
145°C (botm.)
at 11. a“c.

laoeﬁg #108018

67| 59137.2|1.02307 | 1.02563 Luo. sdr.; 8igs.j botm... 20| S.82°W..|..... Ca lo out 1,450
68 \ rod; Bigs. g G.
hot.; NZ; (sur!) 4 at
Tar. cse.; 14.6°C., (botm.)
12’ Ag. 26.27 at 11.8°C.
58| 59| 37.1]1.02362 { 1.02534 |..... do........ ...do.... 20 [...do......|eun-- Cable out 1,500
611 60 . fms. S&. Q.
(surf.) .6 at
: 15°C., (botm.)
25.8a1 12.2°C,
(7 I T 3 P PN P eeeeadOunannn ...do.... 30 | N.86° W..l..... Cable out 800
53| 54 fms. Stray line
carried away
with all instru-
ments.




18 U. S. BUREAU OF FISHERIES,

DREDGING AND HypROGRAPHIC RECORDS SECURED

Station o
nu- Position. Chart. | Dste. | Tine®f | Depth. Character of
er. . )
Coast of Cualifornic—Contd.
C. 8. 1911. Fms.
D. 5604 {| NW, of 8an Nicolas Id. (33° 5002 | Apr. 26 9.09a. m. 640 | gn. M. ..ol
24’36 N.,120° 12 30" W.). to
11.28a. m,
D. 5695 | (33° 33’ N., 120° 17 30"’ W.). 5002 |...do..... 1. 08p. m. 534 | gn. 8,, Glob.......
3. 22 p.m.
D.5896 | W. of Pt. Buchon, Calif: 5002 | Apr. 27 ) 6.15a.m. 440 Lo iiviinnniiannans
PineMt N. 42° E! (35° 18’ to
30 N 121 28’ W.). 7.45a. m.
D. 5607 | W. of Piedras Blancs, Call! 5002 |...do..... 10.02 8. m. 485 | gon. M., bk, S.._...
Silver Peak N. 40° E, 2 to
Pine Mt 75" E. (36°35 1142a.m,
N, 121° W ).
D. 5608 Oﬂ Pt Sur Cali! Pt. Sur, 5002 |...do..... 2.02 p.m. 476 eeimiionmennennnen,
580" ‘ to
N 47" S N, 121 3.48 p.m.
49 307 W '
D. 5699 | Pt. Sur Lt N 12° E. (36° 5002 {...do..... 6.07 p. m. 650 [gn. M.............
30 ° W.). to
8.11p. m,
DREDGING AND’ HYDROGRAPHIC RECIORI)S
Station Time of Character of
num.- Position. Chart. Date. day. | Depth. bottom.
Off Coronation Id., Alaska.
1911, Fmes.
H.4954 | 5milesEB.,18. rrom the PO Jeceeecenonnnn Aug. 21| 9.058. m. 134 1Coeeiiia
szi’tl(‘)‘ily 56° 57’ 30’ N., 138°
H.4955 | 38_miles SSW. X W. from |............. Aug. 22| 9498 m, 1,368 [ bn. M.............
Kergurat Id lwks (61° .
2¢/ N., 131° 48’




DREDGING AND HYDROGRAPHIC RECORDS.

DuRING THE Lower CaLirorNia Cruise, 1911-—Continued.
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Temperature.

Density.

Surf.
Botm.

| Afr.

Surf. | Botm.

Apparatus.

Trial.

Drift.

Depth.

Dura-
tion.

Direction.

Remarks.

°F.
57

£3y

38.9
57

60} 54(39.9

62

39.8

39.9

51 317.9

52

52

1.02374 | 1.02483

1.02389 | 1.02466

1.02346 | 1.02438

1.0236 | 1.02478
1.02451

1. 02460

1.02373 | 1.02471

Lue.sdr.; Sigs.
rod; 8igs.
bot.; IfZ;
Tnr. cse.;
12’ Ag.

botm,..

..do....

..do....

...do....

...do....

...do....

Min.,
30

30

133

31

30

8.63°W..

8.85°W..

N.63° W..

N.72°W..

8.8°W...

Cable out 1,200
fme. NZ 108154
reﬁlaclng $#08244
fafled to trip.
One bridle stop

carried avlc;:r.

)

P
rived at surf,
Cable out 1,200
fms. 8p. G,
isurf.) 242 at

Cable out 750
{ms, SE. G.
Ssurf.) 4 at
2.6°C., (botm.)
25.3 at 11.8°C.
Cable out
fms. Sg. [¢X
gurf.) 4 at

fms. p. G.
gsurl.) 24.2 at
2°C., (botm.)
24.9at 13.9°C.

SECURED IN ALASEKA, 1911.

Temperature.-

Density.

Afr.
Surf.

Surface. | Bottom.

Apparatus.

Trial.

Drift.

Depth.

Dura-
tion.

Direction.

Distance.

Remarks.

.| botm...

...do....
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U. S. BUREAU OF FISHERIES.

DrEDGING AND HYDROGRAPHIC RECORDS SECURED IN SAN

Station .
. Time of Character of
n&!ﬁ Position. Chart. Date. day. Depth. bottom.
Middle section of bay.
. C. 8. 1812, Fms.
D.5700 | AngelId. Lt., N. 241" E.... 5532 | Jan, 30 | 10.00 &. m. 19 crs,, fne. G.,
H.4956 | Aleatraz Lt., 8. 78¢° AR ETS,
Tang. Lime Pt 8. 68§°W.
D.5701 | Aleatraz Lt., 8. X¢ G TP 5632 |...do-.... 1.20 p. m. 13 | S.,fne. G., brk. Sh,
H. 4957 Rt Tang. Angell N 433° 17
Mile Rk. Lt., 1
D.5702 | Aleatraz Lt., S BI°E....... 5532 |...do..... 2.54 p.m. 13 | Sh,8t............
H. 4958 LfIt; Tang. AngelI N. 20%° 123
Tang. Lime Pt., S. 53{" w.
D.5703 | Rt. Tang. Angelld.,S.42° W. 5532 [ Feb. 1| 10.108. m. 83 dk. gy. stk. M.....
H. 49059 | Bouthampton Lt., $. 83° . 8
Rt. Tang. Rode N.7°W.
D. 5704 | Center Red Rk., N. 13° W... 5532 §...do..... 2.09 p. m. 7% |--.-- [+ - Y
H. 4960 | Southampton Lt 8.51°E, 7
Rt. Tang Angel Id‘,S 32° W,
D. 5705 | SBouthampton Lt., N. 70° 5. 5532 | Feb. 6| 9.50a.m. ¢ |gy-M....ooia...
H.4901 | Quarry Pt., 8. 15K, 9
t. Chauncey,N 56° W.
D. 5706 | Lft. Tang. Goat Id., 8. 31° 5532 |...do..... 1.00 p. m. 9 ..... [ [ O,
H.4962 | Rt. Tang. AngelId. 8. 80°W - 7
Southampton Lt., N. 13°E
D. 5707 | Lit. Tang San Quentln, N. 5532 |...do..... 2,15 p. m. [ S PN
L4063 | 881° W, 9%
Brothers Lt., N, 2° W,
Bluf Pt. s 4° W, .
D. 5708 BrothersLt., N, 1§°E....... 5532 |...do..... 2,37 p.m. 104 | 8. Moo ieeannes .
H.4964 Ltt ’I‘ang Jan Quentin, 8. 12;
Bluﬂ Pt 8. §° Ww.
D. 5709 | Brothers Lt, B ... ... 5532 [...do..... 3.13 p.m 123 | M, 8. .iiian....
H.4965 | Lit, Tane. don” Quentin, 8, 10
Rt. ang. Castro Pt., 8. 653°
H.4966 | Alcatraz Lt.,S.628° E....... 5532 | Feb. 13 | 10.24 a. m. 7 |bBLM ...,
AngelId. Lt., N. 734° E, :
Yellow Bluft, ’I‘ang S 13§° L.
H.4967 | Alcatraz Lt., 8. 51°E._...._.. 5532 )...do..... 11.06 &. m. 13 | M...... PO .
Angel Id. Lt N 14 °L
Lime Pt. Lt., 8. 553° W -
H.4968,| Southam ton Lt. N 10° 12, 5532 |...do..... 12,30 p. m. 20 |8Y.Beiiiiiannnn
Alcatraz Lt., 8. 27°
Lit. Tang. Angelld N.78°E.
H.4969 | Southampton Lt., N. 16° E. 5532 {...do..... 12.58 p. m. MM
Alcatraz Lt., 8. 1 1%° W,
L{‘LNTang Red Rk., N. 17}°
H.4970 | Rt. Tang. Bed Rk., N 12°¥V 5632 {...do..... 2.15 p. m. 8 leeseedOinnan. ...
Southampton Lt. ° E.
Pt. Campbell, 8 52 -
H.4971 SouthamptonLt 8. 69°E... 5532 |...do.-.... 2.47 p.m. 12% |eeeeedon oo,
Rt. Tang. Red RE.,N.4° W.
Pr. smm 8.27° W,
H,4972 Tang. de N.13°E. 5632 |...do..... 3.16 p. m. 7 {hrd...aiial..
Blad Pt., 8.1 w’.
Southampton t., 8.62° E.
H.4973 | Southampton Lt., 848“13... 5532 {...do..... 3.47 p.m. 7 I Maeeivieeeaaanes
Rt. Tang. Red Rk. 58°E.
Bluff Pt. B 17° E.
H.4974 | Brothers Lt.,N.30°E.__.._. 5532 |...do.....| 4.22p.m. 8 |.....do............

L{t. Tang. Red Rk.,8.62°E,
Ltt. T‘%ng. 8an Quontln 8.




DREDGING AND HYDROGRAPHIC RECORDS.

Prancisco Bay, OaLiF., 1012-13, AND MarcH, 1914.
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1

Temperature. | Salinity. Trial. Drift. i

Apparatus. . $ Remarks
| w | g | st | Botm. Depth. | &% | Direction. é,

L] * -t -

12| R : &

°F.|°F.|-°F. Min, Mi.,

56 |51.83(53.13 [...cccefenrnnnn 9’ Ag.; 19" dr.| botm...| 18 |327°....... 0.3 | Bridle stgPs parted

i frame tripped, an
N net torn,

57 |50.83|.cceci]eanieneforneei]onnnn do........uf.- .do....| 17 |358°....... .4 | Net carried away.

57 150083[ccccie)eniiiii]iiieicforann [ 1 SO .do....|] 16h|61°....... .4 | Trawl contained
chiefly shells, few
falr-sized stones in
:.ix;awl; dr, t}ld not

roperly.

57 149.83/562.93 |....... .. ...t ¢’ Tnr.; 19/ dr.|...do.... 154 | 353°....... .8 OmaBgrPdle sto’;) had
I)aned;onhotsun
nboard netpuwg
close to frame;
frame was bent,
boom likewise.

68 [52.83(62.98 |......ofeeenenn 9’ Ag.; 19dr..f...do....} 11 179°........ .3 | Accumulator * rogis-

. tered nearly 7 tons;
net gave way on
haul in; was be-

. yond ro(iumption.
51 |B1.83|..ccci]eeeiea]eeinas 5 Tnr.; 19"/ dr. |...do.... 5 | 117°....... .4 | Mud filled with worm
§12. tubes and ophiu-

rians, .

55 |51.83[..cccefceiiane]ercnenifonenen [ T T P .do.... 6 | 2%.cennne- .4 | Fower worm tubes
thanr upreoomg;
ow, if any, ophiu-
rihns, b?:)' com-
lete examination
or inventory was
made of contents of
haul.

54.5151.83]....c | cienifoeeiensfeeeen [+ 1 TR Ao do.... 8 | 31°....... .4 | Boat dr. was not

, tied, hence botm.
not accurately de-
termined.

55 |B1.83leeccce]eiianiafiiinnn 9’ Ag.; 19”dr.; |...do.... 14} | 338°....... .8

#12, :
56 [61.83.cc.iifoceeece]erncene 6’;1;1211'.; 197dr. |...do....] 133 | 212°....... .b
55 |54.23(53.93 | 28.10 | 30.48 Slﬁ;bbot.;#m; surf.and] 10 | Against|..... Strong ebb,
; Tor. cse, botm. tlde.
55 |53.83(63.93 | 20.53 { 31.01 |..... do.eeeennn- o.do...] 10 [...do.e...ilfeenee Do.
53.83(63.93 { 27.69 1 26.10 |..... [+ 1 SR codool 10 e.idoee.iieenen Strong ebb; lost
townet; was fouled
in propeller strut.
54.03'65.78 | 26.49 | 28.40 | Bigs. bot.; Tnr. ..do....t 10 [...doe..ioleeees 8trong ebb.
cso.; $12,

57 153.83|63.83 | 26.90 | 28.46 |-..-. [ 1 TN ...do...] 10 Je..doeiioof..... Do.

56 |63.83[63.73 | 26.10 | 26.82 |-.--. do...ocenns veedooes| 10 [codooilill Do.

58 |[53.73(63.83 | 23.01 | 25.39 |..... d0..ceunnnn ...do....l 10 |..do.....f.-... Ebb.

|
57. 5/53.73(63.73 | 18.23 | 22.76 {..... d0veuennens .do...] 10 [o..doeeeeoe..nt Do.
53 (53.7353.63 | 17.47 | 21.74 |..... d0ureeeenes sodo] 10 [doeiiileees " Do.




U. S. BUREAU OF FISHERIES.

DrEDGING AND HYDROGRAPHIC RECORDS SECURED IN SAN

Station
num-
ber.

Position.

Chart.

Date.

Time of

day.

Depth.

Character of
bottom.

H. 4975

H. 4976

H. 4977
H.4978
H. 4979
H. 4980

H. 4981

D. 5710
H.4982
D.5711
H. 4083

D.5112
H. 4984

D. 5713
H. 4985
H. 4988
H. 4987

H. 4988

H. 4989
H. 4090
H. 4991

H. 4992

Upper section of bay.

Tang. Crockett Whi., S 74°E.
Carquinez Lt., N. 60

Tang. Selby Wh,, 5 09° w.
Tang. Crockett \Vh! S 76°E.
Carquinez Lt. Ly o8 .
Mare Id. Lt., k oW,

Carquinez Lt., N.7TI°E.....
Lone Tree Pt. Wh! 8. 36°E
Pinole Pt. ’I‘agf S 639
MareId. L;

Lone Tree P{. wnr S
Pinole Pt., 8. 41° W,
Mare I1d. Lt N.83°E.......
Brothers Lt S.32°W.

LAt. Tang. PinolePt 8.54°E.
PinolePt. Lit.Tang. 'N. 76 E
Lft. Tang. Slstorc d. 58
Brothers 8. 28° W
Brothers Lt 8 7° E ........
Lft. Tang. Sisters, N.22° W,
Lft Tang PlnolefPt N. 68°

Middle section of bay.

Lime Pt., N.77°E..........
Alcatraz, Ltt. ’I‘an% 4N 705 E
Angel 1d. Lt.

Lime Pt., N. BW ...,
Angel Id, Lt N.6°E.
Alcatraz Lt., 'N.83°E.
Lime Pt., N.8T°W....u....
Angel Id. 'Lt. N
Alcatraz Lt.,
Aleatraz Lt
Angel 1d. Lt
Lime Pt., 8&

Upper section of bay.

Tang. Crockett Wh.,8.74°E.
Carquinez Lt., N. 53° W,
Tang. Selby Whr 8. 80°'W.
Tang Crockett\Vhf S 70§°E
Carquinez Lt.

Mare Id. Lt. N 50"
Carquinez Lf ° B ...
Lone Tree Pt. th 8 38°E.
Pinole Pt., 8. 65° W,
MareId. Lt., N.65° E.......
Lone TreePt Wht., 8.82°E,
Pinole Pt., 8. 42° W.

Lft. Tang.
Brothers °Ww.

Lft. Tang. PlnolePt B.73°E.
Rt. Tang. Slsters&S 63" Ww..
Pinole Pt., N. 74° E.
Brothers Lt 8. 25°
Brothers Lt.,8.4°E.._......
Lit. Tang, Bisters, N. 36° W
Lift. Tang. Pinole Bt., N. 60° E.

Middle section of bay.

Lft. ’I‘angLRed Rk. S 81°E.
Brothers
L!t ’I‘ang San Quentin N.

Brothers Lt.,N.14°E..
Bluff Pt., 8. '16° E.
Rt. Tang Red Rk.,N.44°E.

C. S,
5533

1912,
Feb. 15

1.10 p.

143 p.

2.20 p.
2.48 p.
3.20 p.
3.48 p.

417 p.

9.38 8.
10.00 a.
11.04 a.

1.47 p.

11.39 a.
12.45 p.

1.35p.

2.13 p.
2.59 p.
3.24 p.

10.26a.

11.00 a.

11.358.

m.

Fms.
143

104

61

13

18

i
14}

17
10

12

123




DREDGING AND HYDROGRAPHIC RECORDS. . 28

Francisco Bay, Caurr., 1912-13, AND MARrcH, 1914—Continued.

Temperature. Balinity. Trial. Drift.
. Apparatus. b 4 Remarks. .
o E ‘E Surf. | Botm. Depth. “‘;ﬁf' Direction. 1?-
4d|la | a
°F|°F.( °F. Min, Mi.
55 |53.83153.63 | 13.91 | 18.56 | Sigs.bot.; Tnr.| surf, 10 Aialnst ..... Strong ebb.
cse,; #12, #20. g 1; da tide.
otm.
53.83|53.63 | 13.94 | 17.68 |..... do......... ...do...i 10 |...do......fe.oes Btrong obb; as botm,
therm. was tripped
before 10-min.
gerlod had elapsed,
otm. temp. was
taken again.
58 |53.73[53.83 | 15.10 | 19.86 |..... do......... ...do....l 10 |...do......0..... Strong ebb.
54. 5/53.63/53.93 | 14,19 | 21.47 |..... do......... ...do....] 10 [...do......[|..... Do.
58 (54.03/53.93 | 21.54 | 22.11 [..... do......... ...do....l 10 |...do......l..... Do.
58. 6|53, 83(53.93 | 10.02 [ 21.28 [..... d0..nnn.... cdoo.| 10 [...do...f.... Do.
Ld
59 [63.33[54.03 | 21.41 | 22.51 |..... do........ Joovdod 10 |l..do....ld..... Do.
68.5|51.83].cceceferacencfoneenn 5 Tnr.; 19" | botm... 4 | 90°........ 0.4 | Flood.
dr.; #12, #20.
50 151.83), . .oeee oot do......... ...do.... 4 J100°....... .25 Do.
68 |[51.83|... .. eeeiiii]nnnnns § Tor.; 197 |...do.... 6 [107°....... .3 Do.
i ,
55 |61.83]. ..oni|eenneee]emannni]ennne do......... ...do...| 28y | 2m0e....... 1.2 | Ebb.
56 [54.03(64.13 | 7.0l | 12.67 | Tnr. cse.; Sigs. (surf. 10 { Against|..... Flood.
bot.;4'inter.;; and tide. .
12, 420, botm,
63 |54.23}54.53 | 13.33 | 17.40 }... . doe........ ...do. 10 J...do........... Flood; net touched
bottom.
62. 5/565.33|54.73 | 11.35 | 19.57 |..... d0..iqennen ...do.... 8 1...d0.....i]eeens Flood; full of mud;
. most of cateh of.
: townet let go -
R l cause of mud.
82 [65.23|64.83 | 21.42 | 21.12}..... do......... ...do.... 7 |...do......".....| Slight flood.
62 |565.13[54.73 | 24.22 | 24.19 |..... do......... ...do...l 12 f..do....olbll, Do.
62 [64.83(54.83 | 24.08 | 24.77 {..... do......... doolll 12 fll.do........... 8lack water changing
: t%b fairly strong
ebb.
68 |64.13[54.63 | 18.95 | 23.95 |..... do.....ee.. PR 1. J RO T PR T Flood; slow stream.
58 154.33/54.63 | 22.35 | 24.49 | Tor. cse.; Bigs.)sur (. 10 | Against}..... Flood.
bot.;4'Inter.;| and tide.
#12, $20, botm. i
66. 5154.03154.43 | 23.77 | 25.35 |..... d0cccaeecee .e.80.... 7 [-..do...lllleeel Do.
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U. S. BUREAU OF FISHERIES,

DrEDGING AND HYDROGRAPHIC RECORDS SECURED IN SAN

Station
num-

Position.

Chart.

Date.

Time of
day.

Depth,

Character of
bottom.

H. 4905
H. 4996
H. 4997
H. 4998
H.49% | Pt

H, 5000

H. 5001
H. 5002
H. 5003
H. 5004
H. 5005

H. 5006

H. 5007
H. 5008

H. 5009

H.5010

H. 5011

H.5013
H.5014

H. 5016

Middle section of bay—Con.

thampton Lt.,B8.47°E
e W,

Rt. ’I‘ang Red Rk N.7°E.
Bluft Pt., 8. 42°

t. Blunt, 8 . 32°
Pt Slmpton N.56°W.

t, N.80° W... ...
Southam jton Lt., N. 145 E.
Alcatraz Lt.,8. 21° W.
Alcatraz Lt S 56°E........
Fort Pt., 8. 40° W,

Angel Id' Lt.,N.10° E.

ZLower section of bay.

No. 2 Beacon, 8.36°E.......
8an Bruno Lt., N. 60° W
Pt. San Mateo, 8. 23°
Candlestick_Pf., N. 43° W_.
8an Bruno Lt., 5. 88° W.
Pt. Avisadero, N. 23° W.
Candlestick P’: N.47

3

LS

E

3
".zsn
SR8
H

W
R_t“. g Pt Avisadero, 8
Goat Td, Lt., N.21°W.

Rt. .
it 'l‘anf Goat Id N 7°W
Ferry Bldg., N

Pt. Avisadero, S.22° W.....
Goat Id. Lt., N. 20° W.
Ferry Bldg.,N. 57° W,

Ferry Bldg., N. 54° W.

Rg ’I‘%gg Pt. Avisadero, 8
Goat Id. Lt S 55’ W.
Stk
Candlestick Pt N.B°W..
Shag Rk.,N. 40° W
San Bruno Lt.,S. 18° W,
Candlestick Pt., N.5S°W_..
8an Bruno Lt., 8.43° W.
Pt. Avisadero, N, 26° W.
Candlestick Pf., N.40° W...
8an Bruno Lt., 8. 66° W.
Pt. Avisadero, N.223° W.

-

11.556 8. m.
1.25 p.m.
1.50 p. m.
2.10 p. m.
2,35 p.m.

3.10 p. m.

11.30 8. m.
12.50 p. m.
1.20 p. m.
1.50 p. m.
2.15p.m

2.50 p.m

3.20 p.m.
4.00 p.m

1030 a, m.

11.15a. m.

11.35a. m.

1250 p.m

1.25 p. m.
1.65 p. m.

2158 p.m.

Fma,

143
18)

14

12%

11

7.

10

73




DREDGING AND HYDROGRAPHIC RECORDS. 25

FraNcisco Bay, CALIF., 1912-13, AND MARCE, 1914—Continued.

Temperature. Salinity. Trial. Drift.

. Apparatus. . 8 Remarks.
< | B | surt. | Botm Depth Durs-| pyireetion. 5;
s 5 2 . y * | tion. B

4| 4@ <] =]

°F.|°F.| °F. Min, Mi.

55  |64.63]54.23 | 25.20 | 27.58 | Tar. cse.: Bigs. surf. 3 | Against |..... Flood.

bot.; 4’ inter.;| and tide.
$12, $#20. botm.}| -

54 |..... 54.93 | 26.78 | 20.14 |..... (S ...do....] 13 [...do......|..... Flood; slow stream.

56.23(64.23 |......- 28.74 |..... do......... ...do.... 6 |...do......)oeeee Do.

55 |54.69|54.03 | 28,40 28.92 |..... do......... ...do.... 109 |...d0...ouufaeeen Do.

54.53(64.03 | 28.23 | 28.14 |.....do......... codo] 8 ledoeei]ens ‘Do.
57 153.93/563.93 | 31.00 | 31.18 |..... do...ceuen. PR« [+ T PP, U U TP PN Slack.
54.23/64.33 | 28.53 | 27.30 | Tnor. cse.; Bigs. surf. 9 | Agalnst |....- Flood; moderate cur-
ot 4’(nter, and tide. rent, nearly slack
botm. atend. -

55 |54.73]54.63 | 28.86 | 28.40 ... I S voudoell 7 feeddocifennt. Do.

57 |54.83(54.63 | 28,20 28.‘33 ..... do..eeann-e- ...do.... 9 J...dO....onfenees Do.

57 |54.83(64.03 | 28.14 | 28.02 |..... do.......n- ...do.... b A PO [ YO PO Do.

57 i54.83|64.63 | 27.87 | 27.83 |..... [+ 7 TR ...do.... 6 l...do.....cf]eeees ’ Do.

57 164.53|65.13 | 27.48 | 27.52 |..... do...ceun-n ...do.... 6 [...do......]..... Flood; moderate cur-
rent, nearly slack
atend, Mud haul,
townets emptied,
mugd in bag of one

64.43(53.93 | 20.84 | 27.17 |..... [ 1 TN ...do.... 8 [...do......]eeees Flood; moderate cur-
rent, nearly slack
at end.

56 [64.73|63.73 | 27.68 | 27.856 |..... do......... ...do.... 7 [...d0ee .. feeees Do.

40 [62.63|51.53 | 27.37 | 28.84 |..... do.......-- co.doe..] o 7 leodoeaiiieeees Swift ebb at outset.
‘Water very much
clearer than on last

. few working days

50 |52.88(52.53 | 27.01 [ 27.72 |..... do..ceennen ...do....] 10 [...do......|..... Ebb. Passed abru %
ly into muddy
water,

51 |50.33(52.48 | 27.40 | 27.11 |..... do.......-. ...do.... 4 {...do......]ecuee Ebb. Return was

. made to blue water
a few hundr edx‘

from line of vi-

: Ho e e

ng opeller

the Sur!. al?ew&a

51 [53.33)52.93 | 27.81 | 27.65 [.....d0..cceuuet ...do.... 7 [...000ccecfecnns Ebb

51.5(63.13(53.13 | 27.79 | 27.75 |..... do....oeeee JRU: U YO B (I PR [ RPN PR Do.

53 152.83/562.83 { 28.11 | 28.12 |..... do.......es ...do.... 9 _...do...... . Do.: '

53 |63.03]62.03 | 28.23 | 28.28 |..... [ . TS R« {- PN [ I PR . T AP PR Do.
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U. S. BUREAU OF FISHERIES,

DrEDGING AND HYDROGRAPHEIC RECORDS SECURED IN SAN

Station Tim
e of Character of
num- Position. Chart. Date. day. Depth. k bottom.
- Lower 2ection of bday—Con.
C. 8. 1912, Fma.
H.5016 | Candlestick Pt., N 4l° 5531 | Feb, 27 | 2.30 p.m. L 31D SO
San Bruno Lt., S, 89° W. ’
Pt. Avisadero,N 21°'W.
H.5017 | 8an Bruno Lt., N, 57° W _, 5631 |...do..... 3.00 p.m. 5% ]..-.. do...coenannnn
§an Mateo Pt., S. 13° W. )
No. 2 Beacon, 5. 41°E,
Middle gection of bay.
D.5714 | Brothers Lt.,, N.40°E....... 5632 | Feb. 28 | 10.15a. m. 15 | bk, 8., M., Sh.....
H:5018 | Rt. Tang. Red Rk., S. 27° E. 9
*| San Pedro Pt., N. 2° E. :
Upper scction of bay.
D.5N15 Brothers Lt.,8.11°W....... 5533 {...do..... 11.07 8. m. Dz gy.- B, gy. M......
H.5019 ;i Lsters‘ N.86° W, 13
Pt Pinole, N.64° E.
D.5716 | Pt. Pinole, N 80°E ......... 5533 [...do..... 1,10 p. m. 6 |sft.M.............
H.5020 | Brothers I:t 8. 28°W. 9
Tang, 8; Sters, S. 56° W
D 5717 | MareId. Lt,, N.84°E..... . 5533 |...do....., 2.05p.m. 7 Jeeens d0...........,
H.5021 | Pt. Pinole S 77°E 63
Brothers ﬁt °W.
Middle section of bay.
D, 5718 81] ................ 5532 | Feb. 28| 3.19p.m. T8y Meeevninaaanen
H. 5022 auncey Pt N W . 9
Southampton Lt 76° E.”
Upper section of bay.
D.5719 | Pinole Pt,,8.52°E.......... 5533 | Mar. 1| 10.45a. m. 6 | Moveireioaoennnnnn
H.5023 | Mare Id. Lt N M" E. ]
Brothers Lt ° W, .
D.5720 | Lit. Tang. Crockett Wht., 6533 |...do..... 113 p.m. 143 | sft. M., m. 8.......
H. 5024 8. 11
Rt. ’I‘ang Selby Wh,, 8, 74°
Carqulnez Lt., N.87° W.
D. 5721 | Carquinez Lt N. 41°E..... 5533 |...do..... 1.49 p.m. 8% | M, 8,8t.........
H.5025 | Mare Id. Lt., N. 32° W. 8
L% .'I‘Eng Crockett Whi., 8.
D. 8722 | Carquinez Lt., N, 74°F ..... 8633 |...do..... 2.44 p.m. 6i M,8h............
H.5026 | Lit. Tang. Selby Whi. 4
Lone Tree Pt., B. 42° k
Lower section of day.
D.5723 | Rt. ’l‘ang Mission Rk., N. 5531 | Mar. 6 | 10.09 a, m. 8% | bk. M, 8h........
H. 5027 81° W 11
Goat Id, Lt,N.1°E.
Ferry Bldg., 'N. 46“ W.
D.5724 | GoatId. Lt., N.204° W .. ... 8531 |...do..... 1.21 p. m. 83 sft. M., 8h.........
H.5028 Rés Tang, Mission Rk., N. 8,
8h Rk 8.45° W
D.5725 | Goat Id. Lt., N. 215° W. ._.. 5531 |...do..... 1.50 p. m. 75 | st M. ...l
H.5029 | 8hag Rk., 8. '61° [ 7
8an Bruno Lt., 8. 20° W.
D. 5728 RE, W. . ieirieiannnn. 5531 | Mar. 8| 10.38a8. m. Gi bk. 8, M..........
H.5030 | Goat Id. Lt., N\ 175 W, 7
San Bruno Lt., 8, 234° W
D, 8727 Shn% Rk, N.63°W......... 8531 |...do..... 12.40 p. m. 63} | stk. bk. M........
H.5031 | Goat Id. Lt., N, 13°'W. 5
8an Bruno l:t., B.271° W,
D.5728 | 8hag Rk., N, 36° W......... 5531 |...do..... 119 p. m. 5 {8.,bk.M,,8h......
H.5032 | Candlestick Pt., N. §7° W &
S8an Bruno Lt., 8
D. 5729 Bhbﬁle WJN.28°W........ 8531 {...do..... 237 p.m. 43 { bk. M,,Bh........
H.5033 | Candlestick Pt., N. 43° W, . 4
8an Bruno Lt., ‘8. 59° W.
D. 5730 | Shag Rk., N. 284° W ........ 8531 |...do...... 3.11 p.m. 5 |bk.M.............
H.5034 | 8an Bruno Lt., 8, 77¢ 5%.
Candlestiok Pt., N.803* W




DREDGING AND HYDROGRAPHIC RECORDS;

FraNncisco Bay, CALfF., 1912-13, AND MarcH, 1914—Continued.

27

Temperature. Salinity. Trial. Drift.
~A -
B Apperatus. 8 Remarks.
.|| B |sut. |Botm. Depth. | D% | pirection. | 3
i 3 ° 4
w [} a
°F|°F | °F. Min. Mi.
53. 5/52.83(62.93 | 28.28 | 28.25 | Tnr. cse.; 8igs. | Surfand 7 | Against |..... Ebb.
blo;.; 4’ inter.; botm., tide.

54.552.33/652.73 | 28.38 | 28.33 |.. .. d0......... ~do....| 8 |...do......|.... Do.

60 [50.00{......0.cccciifeneenns § Tor.; 19/ dr.| botm...] 18 [172°....... 0.8 | Ebb.

64 [50.000s.....0ceeeifeniaiss 5’ Tar.; 1¢’/dr.| botm. . 154 | 199°....... 1.0 | Ebb.

A 78 [61.00]..cc.cfeaeaiifeannnns & Tnr......... ..do....] 15 [22°....... 1.0 Do.

78 151.00].....eeinaec]eennanafienan [ 1. T ...do.... 13 f224°....... 1.0 Do.

63 [51.00[.cccenfecncmcafaoncnne & Tar.; 19” dr.{ botm.. 22 1124°....... .9} Ebb. Qmintlﬁea of
worm tubes and
ophuurians.

55 151.00|.cccec]eacconefoanaaaa 5 Taor,;19” dr.| botm..| 20 | 44°........ .7 Fllood. Boat dr. net
ost.

»

54 152,00 .0coafeeicacafiaianis 5 Tar,; m.b...[...do....] 11 }258°....... .4 | Ebb.

54 {52.00{....cfeccrea]ieiaas ¢ Ag.; m.b.... ...do.... 283 | 2685°....... 1.0 Do.

63 (52,00 ..o emeiicc)iieanddeaias d0.cenennn. .. do.... 253 | 246°....... 1.0 Do.

54 150.00(.c.co]eneinnifiananns & Tur.; m.b...| botm.. 3 | 121°....... .3 | Flood. Abundsnt
ophiurians.

80 {60.00(.cc.cfeeencacfonannns 9’ Ag.; m.b...|...do....| 10 |172°....... .4 | Flood.

82 [60.00)....e foreunni]oennnn & Tnr.; m.b..|...do....| 14 |8 ... 4! Do

51561, 80)cccceafonccancfoncanns ¥ Ag.; m.b....|...do.... 17 | 340°....... .3} Ebb.

(729,115 PR DR MR AP L s DO ...do.... 15 [ 154°....... .7 | Flood.

62 452,000, ... feenceiifenians 5 Tnr.; m.b...|...do....] 35 |162°....... .7 Do,

62 152.00/...... [ A ¢ Ag.; m.b....]...do....| 13 ] 168°....... .6 Do,

64, 6/52.00.0cccafecncecsfoneenca]oanen [ (o odoea 12 | 140% .e.ellf o8 Do,



28 U. S. BUREAU OF FISHERIES,

DrepGING AND HYDROGRAPHIC RECORDS SECURED IN SAN

Statlon Tim. chara
: e of ctar of
- Position. Chart. Date. day. | Depth. bottom.
Quiaide Golden Gate.
: C.8. 1912.
D.5731 | MileRk. Lt., N. 71°E....... 5532 | Mar, 11| 9.47a.m.|/ms.16 | crs. 8, P, 8h.....
H.5035 | Bonita Pt. Tk, N. 9 E. fmes. 0% X
. Lime Pt. Lt., N. 40° E. .
D.5732 { Mile Rk. Lt,, N, 76°E....... 5632 {...do..... 10.31 8. m. /mo.u; ers. 8.,CG.........
H, 5036 | Bonita Pt. Lt,, N. 37° E. Jme. 8
Lime Pt Lt., N, 564° E.
D.5733 | Bonita Bt. Lt, N. 46°E..... 5532 |...do..... 11.06 8. m. /ma.9 fne, dk. 8...,.....
H.5037 | Lime Pt. Lt., N, 68° E. fms. 8
Mile Rk. Lt., N, 72° E, .
D, 5734 | Bonita Pt. 1t,N.67°E..... 5532 |...do..-.. 12.40 p.m. | fma. i fne. gy. 8.eeeeenn..
H,5038 | Lime Pt. Lt., N. 71° E. fma. 9
Mile Rk. Lt., N, 87° E.
D.5735 | Bonits Pt, Lt., N. 67’E ..... 5532 |...do..... 1.27 p.m. 03 foerre@Oervnnnnnnn...
H.5039 | Lime Pt. Lt., iv . ) /ma 10
Mile Rk, Lt., E,
D. 5736 | Bonita Pt, Lt., N.67° E..... . 5532 |...dO.-... 211 p.m. | fme, 98 L.... A0rrenrrnnnnnn.
"5040 | Lime Pt. Lt., N. 72° E. Tme0'. )
Mile Rk, Lt., 8. 853° E. :
D.5737 | Bonita Pt. Lt., N.634° E.... 6632 |...do..... 246 p.m. | fma10} |..... 30eveenennnnn.
H 5041 | Fort Pt. Lt., N.81° &, fms13
Mile Rk. Lt., 8. 83°E
Midadle section of bay.
D.5738 | Mile Rk. Lt., 8. 83‘W..‘ ..... 5632 | Mar. 13} 9308. m.|fme60 [ R, sh.8...... ...
H.5042 | Bonita Lt., 8. 87° W. fme.23
Lime Pt. Lt., N. 47° E.
D.5739 | Aleatraz Lt,, 8. 243° W...... 5532 |...do..... 10,58 8. m. | fme.18 | B.,8.M..... voreans
H.5043 | Southampton Lt.,N.9° E Jma.22
Blunt Pt., 8. 713° W,
D. 5740 | Aleatraz Lt., 5. 60° W....... 5532 .. .do..... 1.21p.m. | fms. 7 | (ne. gy. 8., gy.-
H.5044 | Rt. Tang. Angelld N.33° W. Jma. 53 gn. M.
Rf. Tang. GoatId., B, 35§°E
D. 5741 | Belvedere Pt., 8, BewW...... 5532 { Mar. 18 | 0.34a.m. | fms.10% | crs. gy. 8,80, 8¢..
H.5045 | Lit. Tang. A%falld. S.85°E. fms.18 _
Rt.Tang. B N 10°E.
D. 5742 | Belvedere Pt., 8.56° W...... 5532 |...do..... 10.02a. m. fmamb crs.gy. 8., 8h,, 8t.,
H.5046 | Rt. Tang. muﬁ Pt N. 3o°w i fme20 | bk M.
L(‘t% Ta}lg Angel 1d., N.
D.5743 | Aleatraz Lt,, 8. 765° W...... 5532 |...do..... 10.60 8. m. | fme. 10 m.8.iieeavennne.
H.5047 | Bouthampton Lt., N. 2° 'W. fmae.16%
Rt. Tang. Goat Id., 8. 42° E.
D.5744 | Aleatraz Lt., 8, 82°W._...... 5532 },..do..... 1.23 p.m. fme 831 8. Meeeeinannn..
H.5048 Eouthampton Lt.,N.30° W, Jme. b
Rt.Tang.Goatld. s 15°W, .
D.5745 | Aleatraz Lt.,, N.76° W_..... 5532 |...do..... 3.12p.m. | fme.ld} | gy. 8., blk. M., 8h.
5040 | Bouthampton Lt., N, 11°W. fma.12%
Lit. Tang. Goatld,, §. B°E.
D.5746 | Belvedere Pt., N. 84° W...., 5532 |...do..... 400 p.m. { fms.18 { gy. 8., P., 8h., M..
H. 5050 Angelld Lt., ’8.56° E. Jms.18
ft. Tang. AngelId N. 504°
D.5747 Southamlgton Lt. to Rt. 5532 | Mar. 19| 9.62a.m.|/ft. 4 |dk.stk.M........
H 5051 { _Tang. Red Rk., 74° 39’ fra. b
Rt. Tang. Red Rk to Broth-
ers L., 53° 89’ ’
D.5748 | Tang. Pi. Chauncey to Rt. 5632 |...do.....| 1034 8. m. [ fE. 4 [-.... Q0u.neeeaann.
H.5052 | _Tang. Red Rk.,64° 40" fme. 5
Rt. Tiltl:g Red Rk to Broth-
D.5748 | Cabfornia Pt. to Rt. Tang. 6532 |...do..... 11138, m. | fe. & | dk.stk. M, 8h
H.5053 | _Red Rk, 50° 29", fma. 5
R, Tang. Red Rk. to Pt.
San'P ro, 55° 43'.
areecenn Sausatto......iccviarcnnoonelearecaaanien veelOusnofennoercanns R
D.6750 | Ltt. Tang. Red Rk. to Broth- 5632 | Mar. 20 [ 10328, m. 72 & |eeiiiiiiiiinen
H.5054 | _ers Lt.,46° 82" fms. 5
Brothers Lt. to Lft. Tang.
Sisters, 20° 54/,



DREDGING AND HYDROGRAPHIC RECORDS. 29

Francisco Bay, Cawr., 1812~13, AND MarcH, 1814—Continued.

Temperature. | Salinity. Trial. Drift.
Apparatus. & Remarks.
| g Surf. | Botm. Depth. | Dura- | Direction. 5.

g g g tion. 2

°F| °F.| °F. Min, Mi.

50, 6{50.00]ceseealeeeenecfannnnn. ¢ Ag;m.b...|Su r{i 103 | 233°....... 0.8 | Ebb.

an R
botm. ’

51. 5}50. 00 eveenafeiiiiiefoniaan 9 Ag.; 19" dr..|...do.... 17 | 248°....... .8 Do.

52 (61000]ceceacfeseacaofanennns 9’ Ag;m.b....|...do....{ 20 {235° ...... 1.0 Do.

LR 1) 1) PP P R O do......... ...da.... 18 | 61°........ .8 | Flood.

64.551.00' ..... 1 PRI KPR P do......... coodo....| 14 [@2°....... .6 Do.

65 [51.00).cceoeleiieiifoniiiiilenns do......... ...do....] 133 ] 683°....... .5 Do,

55 |51.00]ccenecenncccaonceaccfonnas do......... ...do....| 20 | 794°....... .6 Do.

563, 6160.00/. c..co]eeeafennnnn. 9’ Ag.;m.b...)8urf, 9 | 228°....... .8| Ebh,

and
botm.

61 [60.00f....cofeeecnec]ennnnn. 6 Tnr.; m.b...|...do.... 15 | 178°....... .4 Do.

51 150.00(.. ... eviiaifenaanidoonns do......... ceedoo. ) 20 | 16°........ .4 Do.

52.5/50.00}. . coeleevenesfenaanas 9 Ag.; m.b.......do.... 4 |263°.......] .4]| Flood.

53 (50.00cceeefereeiccfonnncafanans do......... ...do....| M 13c......... .4 Do.

5 (5800, ....[.... ] doeenn o 6 | 15080, .4| Flood. Large quan-
tity lving worms,
molluses, and brit-
tle stars. Bridle-
stops parted. -

61 152.00f......0.......0.......L..... d0........n ...do... 15 | 288°....... .45 ] Ebb, uantities of

. worm tubes.

59 162.00[......[.......0......0..... d0...u..... ...do....| 16 |3054°...... .8 Do.

60 {62.00]......[.......0....... ..., do......... ..do. 9 [224°....... 5 Do

58 180.00(......].......[....... 3’ Tnr.; 10”7 dr.}...do l; 352°....... 27 | Flood,

53 (60.00......0....... .......0..... do......... ...do. g 17 A 25 Do

83 |60.00(......)......].......J... Ledoa........ ...do.... 213 41° ..., 7 Do.

14

L ] PN PR S PR Material  collected
from pﬂes of Ferry

54,5:61.00]......0 0. feeiieifonnns do......... botm...| 83 f70%....... .7 ( Flood,”

¥l ’




30 U. S. BUREAU OF FISHERIES.

DREDGING AND HYDROGRAPHIC RECORDS SECURED IN SAN

Station
Time of Character of
nt:g:- Position. Chart. Date. day. Depth. bottom.
Middle section of bay—Con.
C. 8. 1912.
D.5751 | San Quentin Pt. to Lft. 5532 | Mar. 20| 11.18a.m. | ff. 43 |....cccciiiinininnnn
H. 5055 Tang. Red Rk., 60° 427, Jms. 5
Lit. Tang Red Ri{ toBroth-
ers Lt.,
Upper section of bay.
D.5752 | Lft. Tang. Marin Id to Ltt 5532 | Mar. 20| 1.03p.m.{ft. & [ bn-gy.M.........
H. 5056 Tang. led Rk Jms. 5%
Lft. Tang. Red R to Lit,
Tang.8an Pablo Pt.,37° 02",
Middle scction of bay. . .
D.5753 | Rt. Tang. Sisterto L!t ’I‘ang. 5532 | Mar. 20| 154p.m.|ft. 6 |bngy.M.........
H. 5057 8an Quentin Pt., 7 Jms. 5
Lft. Tang. San Quentln Pt N
to California Pt. 33° 48"
D.5754 Southam‘ptonLt to Alcatraz 5532 | Mar. 25 [10.16 a.m. | fms. 4} | bn. M.............
H.5058 | Lt. 7.8
Alcatraz Lt to Rt Tang.
QGoat Id., 60°
D.5755 SouthamdptonLt to Alcatraz 5532 |...do..... 1.34a.m.|fms. 3% | m. 8., Bh..........
H. 5059 Lt., Jt. &
Alczatmz Lt to Ferry Bldg.,
D.5766 | Brothers Lt. to Lft. Tang. 5532 | Mar. 28 | 10.13a.m. /'ms 4} [+ 20, ST
H. 5060 S8an Quentin Pt., 64° 38°. Jms. 2
Lit. Tang. 8an Quentin Pt.
to Bl Pt 78° 44/,
U pper section of bay.
D. 5757 Rt Sister Id. to Ltt Tang. 5532 | Mar. 26 | 11.08a.m.|/ms. 4 | m.B..ceean..... R
H. 5081 Marin 1d., 66° 66/ Jt. 43
Ltt. ’I‘ang. Marin Id. to
Brothers Lt., 38° 03’.
g 2(7)28 Brothers Lt., 236°,0.33 mile. . 5532 |...do..... 1.07 p.m. fma 2 [gy.Mooooeenion.tl
D.5759 | End of brickworks pler,indi- 5533 | Apr. 1] 1245p.m. fma 4 dk. gy.stk. M....,
H. 5063 cated on chart Jmas. 8%
D.5760 | Pt. Edith Beacon, 84°, 1.65 5534 | Apr. 2| 9.086a.m.|/ms. 228, Ml.............
H. 5064 miles. ) Jt. 3
D.5761 | Pt. Edith Beacon, 230°, 0.4 5534 |...do..... 955a.m.|fms. 3 {m.B............. .
H. 5085 mile. Sfma. b
Middle section of bay.
D.5762 | Began 25 yds. off Pt, Stuart 5532 { Apr. 31l...... ceeeas| fms. i ) : S
H. 5086 and alon shore at dls- . | fms. 3
tances of from 20-50 y -
l;(ljong south slde of Angei
D.5763 | Beo chart. BStood up Rac- 5632 |.eu@0uceecfearaenncanes fms. 2 | E.G ...
H.5067 | coon St. at distances of Jms. 5%
from 25-50 yds. from shore. :
1




DREDGING AND HYDROGRAPHIC RECORDS. 31

Fraxcisco bay, Cavrr., 1912-13, axp MarcH, 1914—Continued.

Temperature. Salinity. Trial. Drift.
ﬂ Apparatus, D 3 Remarks,
.!5 -S 3 Surf. | Botm. Depth. ““'on“. Direction.’
o | @ 3¢}
°F.|°F, N Min, | M.
50. 5{52. 00| 3’ Tnr.; 19" dr.| botm..., 1% 120°....... 0.6 | Flood.
56 [52.00[....0ufenecencfoenenns 3’ Tor,; 18" dr.| botm... g 140°....... .2 | Flood.
68 62.00..c...]c00x- [ PO 3’ Taor.; 19 dr.| botm... % 200°....... .1 | Flood.
52 150.00[......]-coeeifeenead]ennn do......... ...do.... 6 | 77°....... 3.4| Ebb, Operations
7 conducted from
launch.
69, 6/60.00]..c. .. - cenensfeenren]onaas do......... oodoo.l| 47 fa32°....... -0 | Fiood, Operations
163 oconducted from
launch,
62 150.00]......0cce0nifeunind]ins do......... ...do.... T olize.. ... .6 | Ebb, Opeérations
83 conduoted from
launch,
70 161.00f......0cceceifoeunnnn 3’ Tar.; 1¢/dr.) botm...| 12 | 56°........ .6 | Ebb. Operations
9 conducted from
launch.
58 152.00 veenendfeaodon... % 92°........ .7 Do.
56 [53.00]...... cc0cciufeeeenccfeenns do......... ...do....] 110 { 14°a .. .. 2.7 | Flood. Operations
' 325°b, ... oonducted from
49.00......) coei)oenien].nnns do......... Ldo...] 10 |78 11 Floodandebb Op-
10 erations conducted
through change of
. tldefrom launch,
64 140.00[......0...... 0 .oeet K [ T, ...do.... :g i ST 1.4 Do.
RN PR RN (R P 8’ Tnr.; 197 dr.| botm...}....... 130°....... .8 | Hauled twice on run,
M but_ before third
heul, dr was lost
with' 20 fms, line,
Flood. Operations
{:onducted from
RSO PP PPN P PPN P do.e........ RO . SO I 2°........ .5 | Ebb and flood, Op-
erations conducted
through change of
tide rom Jlaunch.
Places dredged are
indioatedonchm
by black line. En-
tire run is Indi-
cated by dotted
line. Dr, down
{ twice on this run,
then ran over. In
same direotion,
Dredged off sand
beaches in only
two plaoes,
aFar 0.9 mile, » ¥or 1,8 mile,

51700°—21-

10



32 U. S. BUREAU OF FISHERIES,

DrEDGING AND HYDROGRAPHIC RECORDS SECURED IN SAN

8tatlon
. ! Time of | D . Character of
num , Position. , Chart. Date. day. epth bottom.
Middle section of bay—Con.
. C. 8. 1012. ., Fma,
D.5764 | Pt. Campbell, 287°, 0.8 milo.. 5532 | Apr. 3 l.ccecnenn... 43| E.G.........ioll
H. 5068 23 .
D.5765 | Pt. Blunt, 84°, 120 yds...., .. 5532 | d0eees]eaneninnnns 1Y -
H. 5069 ) 2;
1
Lower section of bay.
D.5766 | In Alameda Chgnnel, 3.87 5632 | Apr. 8| 1.03p.m. 3 |gy-Meeueaaooo...
H, 5070 miles from end of pie:s ‘p P 4
D.5767 Goat Id. Lt., F Bld 5632 | Apr. 9| 1044a.m. 3 |m.B....oooaeee,
B.5071 <577, oy BB P 13
'Ferr‘y Bldg, Hunter’s Pt.,
D.5768 Goat Id Lt., F BMd 5532 |...do..... 1.25 p. m. 33| hrd. 8h...........
H.5072 | 22° 48" ey Bk P 12
sy, 2123’l.dg., Pt. Avisadero,’
Middle section of bay.
D, 5768 | Fort Pt. Lt., 194°, 0.8 mile. . 5532 | Apr. 15| 9.45a.m. gﬂ} hrd. 8?............
D.5770 | Bonita Pt. Lt., 1993°, 0.25 5532 |...do..... 10,37 8. m. [ 30 1B : T
H.5073 mile. . 7%
D.5771 | Sausalito Pt.,1693°,1560 yds.. 5532 |...do.-... 1.00 p.m. 33 bn.M.............
H, 5074 . - .
g. 207772 Belvedere Pt.,1233°,0.7 mfle. 5532 |...do..... 2.57 p.m. 1
g'ggg YellowBluft, 154°, 0.44 mile.. 5532 |...do..... 3.65 p.m. 3
D.5774 | Lime Pt. Lt., 68°,200 yds.... 5532 | Apr. 18 | 9.45a.m.
B.5077 4
D.5775 | Pt. Cavallo, 268°, 25 yds. .... 55632 |...do..... 10.45 8. m. 7T JRucivviriinnnnenn,
H.5078 4
D 5776 | Mile Rk. Lt., 276, 1.12 miles. 5533 | Apr. 17 | 9.48a.m. 3 | tne. gy 8., R......
D 6777 Fqrt Pt. Lt., 241°, 140 yds... 5532 |...do..... 10.44 a. m. 2
H. 5080 2
D.5778 | Fort Pt. Lt., 2884°,0.32 mile.. 5632 |...do..... 11.00 &. m. gy.8.,8t..........
H. 5081 P % ’



DREDGING AND HYDROGRAPHIC RECORDS. 33

Francisco Bay, CaLmy., 1912-13, AND MARrcH, 1914—Continued.

Temperature. Salinity. ) Trial, Drift.
Apparatus. ’ ] Remarks.
! B | surt | Botm. Depth. | DU | pirection.
LR tion.

ﬂ [ m {a
°F.|°F.} °F, . Min. Mi,
N SO PO PR IS 8’ Tar.; 19" dr.| botm...|....... 180°....... 0.62 | Ebb and flood. Op-

. erations conducted -

through change of
tide from launch, -
Ran down on NE,
and E. .shore of

by black lines on

chart.
[EPUON RN PN PPN (R do......... dooll e, 2883°...... .48 | Ebb and flood. Op-
erations conducted
through change of
tide from launch.
Ran along 8. shore
of Angel] I1d.; dr,
. down a8 indicated
bg ‘black lines on
ohart.

68 165.00.......[.......[-...... 8’ nr.; 19”dr.| botm...|....... 286°....... 3.87 | Flood. Operations
conduot from.

: aunch.
52 162.50i. ... | cceoeifeeifaae do......... o.odo...|f 33 | 347°....... 1.7 | Ebb. Operations
28} oonduoted from

- launch.
53.5(54.00(..c..oleerueac|eennnnn 107Ar......... eoedoo. ] 14 | 43ca . 8.00 | Flood. Operations
12 | 1203°s conduoted from
9 [ 241%a launch; beam trawl
. lost in beglnning.
61.5153.00......]c.cenel]eennnnn 8’ Tnr.; 19" dr.| botm... 6y | 17°........ .48 | Flood. Operations
5 conduot from
launch. Nobotm.

samples taken.

61.5(68.00(......leeuueefoneaiii]ennnn do......... ...do....| 20 [88°........ 1.2 | Ebb. Along N. side
’ : Golden Gate

frequently. Runv
Wiﬁl 3’ 'ﬂu‘ over
same . ground  May

’ 8, 1812,
80 6400 ....feeeciifeeeniifonnnn do.e.nnn... ...do....| 54 |318°....... 1.45 | Ebb. Operations
. ) 264 conducted from
lsunch.
57 ..do.... 28 128°....... 9 Do.
67 ..do.... 1; 148°....... .38 Do.
59 .doo..| 1687 [ 284°. ... .6 | Flood. Operations
18 . conduct from
launch. tones
covered with bar-
nacles and bryo-
£083.
62 [85.00|......0.......1....... ..... do......... sodo.a) 10 |oel L.l .25 [ Flood, Operations
) . 7 fond;xlfteg from
aunch.
57 164.00(......0 c..codeiniiifennn do......... ...do.... ?g 2833°...... .87 Do.
161 165.000...... oo e do......... ...do.... gi mee.....} .29 Do.
62 65.00(......0ccccueufoneneaafennns d0...oan..n ...do.... ﬁi 94°. ..., .68 Do.

o For 1 mile,



34 " U. S. BUREAU OF FISHERIES,

DREDGING AND HYDROGRAPHIC RECORDS SECURED IN SAN

Station .
- Time of Character of -
n&xg A Position. Chart. Date. day. Depth. bottom.
Upper section of bay.
PP f v C.S. 1912. Fmas.

'H.5082 | Brothers Lt., 8.133° E...... 5533 | Apr. 23 | 10.55 8. m. 143 | Moeeeenian,
: Lf‘t” Tang. Marin I S 51%° .

Rt. Tang, 8isters, N. 12° W.

H.5083 | Brothers Lt., 8. Z7° W....... 5633 |...do..... 11.40 8. m. 8 |- d0ueeeenrnnnnns
Rt. Tan, Biswrs .8 69)' w.
Pt. Pinole, N. 7

H.5084 | Brothers Lt., 8. 82 ...... 5533 |...do..... 1.20 p. m. [ I PO o [ T,
Rt. Ta Siaters 66§°W .
Pt. Pinole, 8. 73}° E

H. 5085 LoneTreoth S 84 E.... 5833 |...do..... 1.55 p.m. 4% |..... P T T,
Mare Id s. 40 E

H. 5088 Mareld L E ....... 55633 |...do..... 2.35p.m. 5 |oe-ee [ [ T

t.
Ime'rreew‘hf.,s.a'z CE.
Selby Wht., 8. 88° E,
H.5087 | Mare Id. Lt. N.32° W...... 5633 |...do..... 3.10 p.m. 10 |oeeen Oueevnnnnn...
Oleurn Wh.,8,32° W,
Carquinez Lt., N. 504" E.
H.5088 | Carquinez Lt., N.56¢ W..... 5833 |...do..... 3.40 p.m. 168 bovens 0errnennnnenn
Crookett Wh., B. s%rn
Belby Wht., 8l ed°

Lower section of bay.
H.5089 | Ferry Bldg., N. 83 W..... .. 5531 | Apr. 28 | 10.03 8. m. 12 | bK. Buocerennnnnnn.
goatTa. e, N6 E P
Avisadero, 5° E.
H.5000 | Goat Id. Lt.,, N.23°W...... 5531 {...do..... 10.37 a. m. 08 {sft. M.e.oean.ooe
Ltt. ’I%ng. Mission Rk., N.

H. 5001 Shn%Rk. 8, 67° W ..... e 5531 |...do..... 11.16 8. m. 93 ].....400cccennen...

H.5002 | Shag Rk., N.623°W........ 5531 |...do..... 1147 8. m. 1 S
San Brung Lt., 8. 17° W, )
Pt. Avisadero, N.21°W.

H. 5093 { 8an Bruno Lt., 8, 403°W.... 8531 |...do..... 12,52 p.m. 4 1]..... d0..venennnnn,
Shag Rk., N.33° W,

H.5004 | No. 2 Beacon, 8, 27 SE...... 6531 |...do..... 1.17 p. 1. 43 ]..... [ VORI

H. 5005 | No. 2 Beaton, 8,304°E...... 6531 |...do..-. 1.40 p.m. a]..... d0uenenannnn.

H.5096 | No. 2 Beacon, s.wh..w.,. 5531 1...d0..... 2,10 p.m. I PO 0urrennnnnnn,

H.5097 | Aloatrar L 8. 51°E ........ 5532 | Apr. 20 { 12.69 p.m. 10 |hrd.ceeennnnn.....

H.5098 | Aloatraz L oW...... 5532 |...do..... 1.48 p.m. 283 |..eun A0ueeennnnn.
Pt. munt,ﬁ m% P . :
Southampton Lt., N. 10° E,

H. 5009 Alcatray Lt., 8.1 db ...... 5632 |...do.....| 2,16 p.m. 16 |..... U (O,
Rt. Tang. AngelI i}\l 63‘ :
Southampton L

H.5100 | Southampton Lt., N.64°E.. 5632 §...40..... 2,39 p.m. (2R B S,

Rt. 'rangAneué 8.73°W.
Rt Tang, Red Rk., N.11° W,




DREDGING AND.  HYDROGRAPHIC RECORDS.

Francisco Bay, Caurr., 1912-13, AND MaRcH, 1914—Continued.

85

Temperature. Salinity. Trial. Drift.

. Apparatus. b g Remarks.
o ura- "

s % g Surf. | Botm. Depth. | el | Direction. | '3

< | & =] =]

°F.{°F.] °F, Min, M.

68 |56.73|563.96 surf, 10 Aﬁs inst |, . ... Ebb, 3.08 knots per

and de. hr .
botm.

60 |55.43{54.81 ...do....}] 10 |...dO............ Egtx"' 2.09 knots per

61.5/56.23/55.76 | 213.13 |.......[..... d0..cunenes codo.| 9 [idoelLl. Elﬁ}), 0.97 knot per

59. 5/56. 23(55.96 |-...... 8.00 |-.... d0ueuennnnn cedoee.] 10 fidoelLll El})lb, 0.52 knot per
r.

58, 5|66.2356.66 | 4.151 7.79 |..... d0..ceunnn. ...do....| 10 [...dO......]..... El))l?, 0.82 knot per

56 [66.03!55.91 | 3.75 | 9.71 |..... do......... PR T YOO SR + N PR T SN s Fll(l)od, 0.57 knot per
T.

6§ 56.23|56.91 | 3.25| 9.03 |..... do......... .odoo.] 10 ji.doeeeeead]l..l. Fllc;od, 0.68 knot per
' .

54 |65.33/62.86 | 25.85 | 20.068 | Tor. cse.; Ek. [surf, 10 | Agalnst | .. Ebb, 1.98 knots per

bot.; 4’ inter,;] and tgide. hr. Cable out 8
$12, #20; Ek.| botm. fms,
smp.; Pr.m.

54,5(54.63(63.71 | 26.85 | 27.79 |..... (+ M. ofceedo.... [ I PR« (+ T Ebb, 1.91 knots per
hr. Cable out 7
fms.

55 165.73/64.81 | 26.21 | 26.39 |.....dO......... RO T, TR I bR PO [, RAPOURRN R Ebb, 2.23 knots per
gﬁs Cable out 8

55.73]65.86 | 24.85 |..... B I PSS weeedons] 8 |eeidoeeeeofillll Ebb. Cable:out 5
fms.

56 165.73(56.88 {....... 27.01 Jo..en doceveannns ...do.... 12 |...do......]..... Ebb, 1.46 mots per’
}u‘. Cable out 8
ms.,

56 |57.53[57.01 | 27.17 | 27.08 |..... d0.eeecance ...do.... 11 |...do.....|.. .. Ebb, 1,42 knots per
h{;{s Cable out 3

66 [57.23(67.01 | 27.17 Joececofeanns [s [ TN ...do.... [ I PO« 1+ JR BTN Ebb, "1.59 knots per

’ hﬁ;s Cable out 3

56 |57.53(57.11 | 26.87 | 27.31 |..... d0uenrnrenn veido....| 10 {c..do....ofeen.. Ebb, 158 knots per
hr. Cable out 33
fms, -

56 |52.03[61.81 | 31.36 | 31.61 | Tnr, cse.; Ek. [surf, 12! Against |..... Ebb, 0.54 kmot per

bot.; 4’ {nter.;| and de. hr. Cable out 28

#12, #20; Ek.| botm. fms. Botm. too

smp.; Pr.m, hard for penetra-
tion by sampler;
no botm. sample
taken, Net towed
for 5 min.

56 |53.23/61.86 | 30.02 | 81.16 [.....d0....ce0ns ..do. b &: ) PR T TR P Ebb, 0.70 knot per
hr. Cable out 20

. Botm. too
hard; no sample
. taken.

55 |53.78/62.01 | 20.95 { 80.79 |..... do......... ..do.... 9 |...do......]...0e Ebb, 180 knots per
hr. Cable out 13
{fms. Botm. .00
%mrd; no sample
aken.

64 (64.23/52.86 | 28.56 | 20.56 |..... do......... ...do.... 21 ...do...... eveee Ebb, 1.76 knots per
25k BB Canis
3 m. Cable
out & fms,
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DreDGING AND HYDROGRAPHIC RECORDS SECURED IN SAN

Btation

anex?- Position. Chart. Time ol | pgniy, c%ﬁ%ﬁ:’ of

day.

AMidadle section of bay—Con.

H.5101 | Rt. Tang. Red Rk., N.5§° W. "“8532 | Apr. 20| 3.31p.m. 120 | Mooaaeannnns
LtVtv Tang. Bluff Bt, s*m. P P g

Southampton Lt., 8. 69° E, :
H.5102 | Rt. Tang. Red Rk., N. 8° E. 5632 |...do..... 4,00 p. m. 7 feeree A0uevenennnnn.
Lit. fl.‘ang. Bluft Pt.,8.8°W.

H.5103 | Rt. Tang. Red Rk., 8.53}°E . 55632 §...do..... 4.25 p.m. 8 |brd. M............

. 16° E,
H.5104 | Rt. Tang, Red Rk,, 8, 62°E. 5532 |...do..... 4.54 p.m. 9 (..... [ 1 DO
N. 28°E

‘ Upper section oj bay.

.H.5105 | Brothers Lt.,8.4°E........ 5533 | Apr. 30| 9.49a.m. 4 | Mo,
Lft. T&ng MarinIds 8.503°

'I‘&ng Slsters N.274°W, -

H.5108 Brothers Lt., 8. 52°°W 4 8533 |...do..... 10.13 8. m. 7 leee-. A0ueienennnn.
Rt. Tang. Sistors. 8, 0 W,

Pt. Pinole, N, 71§ E.

H.5107 grothers Lt., 8.28°W....... 5533 |...do..... 10.41 a. m. 63 [..... s { TR

.71
H.5108 | Lone Tree Whi., 8. °E... 5533 |...do..... 11.188. m. 4 [ 0uenrenannn..
Mare Id. Lt., N, w
Pt. Plnole, 8.37° W
- H.5109 | Mare 1d N. 83° E...... 5533 |...do..... 11.49 a. m. 6 )..... [ PO
LoneTreeWhL
Selby Wht.,, N éwE

H.5110 Mateld Lt’;N. 4°0y‘;;. 5533 {...do..... 12,42 p.1m. 0t [..... U [ PR

: Croo%ettWh(, .71°E.'

H.5111 | Mare Id, Lt.,N GS‘W...... 5533 }...do..... 1.07 p.m. 1% |..... [ 1. TR N
Selby WhI.

Or. ettwhx % 67§°E.

Lower section of bay.
(F.su3 | Gost I Lt, N.193°E...... 85531 | May 1| 9.388.m. 142 | Beeeeneenienennne,
Per?visadfero, B. ur E.
H.5113 GoatId Lt., N. 14§°W ..... 8531 |...do..... 10.12a. m. 10 ). SO
Lit, Tang, Mission Rk., N. :
H.5114 | Bhag Rk, 8. 63° W.......... 5531 |...do..... 10.412. m. L % . 1. YOUTOR,
L] -
H.5115 | Shag Rk., N. 42°W......... 5531 |...do..... 1112 8. m. 3 d0uenenannn.
H.5116 s@nnmométg.&o W.o... 5531 [...do..... 11.38's. m. 5 fn.. AOueeennannne.

. 28° E.
5117 | 8 Rk, N.31°W......... 5831 |...do.....] 12.05 p.m. 2 3 RO L T
No. 2 Beacan, 8. s%g E,
Smanobf 8, 69°
H. 56118 | No. 2, Beacon, '8.30°E...... 8631 |...do..... 12.29 p. m. 5 ... L U OO,

H.5119 | No. 2 Beacon, 8. 364° E. ...... 5831 |...do..... 1.00 p. 1. LY d0uee ennen.e.
San Bruno Lf., N °W.
Shag Rk., N. 28° W.

Midadle section of bay.
H.5120 | AngelId. Lt., N 12’E ...... 5832 | May 6 | 11.098.m. 113 | brd...coceeennn...

Alcatrae Lt., E
Lime Pt. it., B. ° W.




DREDGING AND HYDROGRAPHIC RECORDS.

FraNcisco Bay, CALr., 1912-13, AND MARcH, 1914—Continued.

37

Temperature. Salinity. Trial. Drift.
R Aﬁpamtu.s. ; Remarks.
| B § | surt. | Botm. Depth. [ D93 | pirection.
d|l @ =] a
°F,|°F.| °P. b Min. Mi.
53 |54.23/52.81 | 26.71 | 20.80 | Tur. cse.; Ek. [surf, 13 Aﬁainst ..... Ebb 2.36 knots per
bot.;4'fnter, an de. hr. Cable out 10
#12, #20; botm. fms.
smp.; Pr.m
54 |54.83]53.81 | 25.80 | 27.48 |..... 0..... RS PR . 2 12 |...do. ... ifeeae. Ebb, 2,49 lmots
}u. Cable out &
54. 555, 53]54. 11 | 23.31 | 26.39 |..... [, [ T ...do.... 7 Jeedon.iiiifaains Ebb,* “2.41 knots per
) hr. Cable out 5
55 |65.53]56.26 | 22.29 | 23.64 [.....d0.ccccnues ...do.... 10 |...do.....ofeeeen Ebb, "2.14 knots
hr. Ca‘ble out 7
57. 5/55.63|54.86 | 19.75 | 23.29 | Tur. cse.; Ek. | sur{, 10 Agalnst ..... Flood,z.t)bknotaper
bot.; 4'Inter.;] and de. Cnble out 11
$12, #20; botm
m.
58 [566.6365.01 | 19.96 | 22.05 |..... do......... ..do.... 10 |...do...oifeals Flood, 2.52 knots
’ hr. Cable out 8
57 [56.03(55.06 | 18.95 | 21.89 |..... d0.ceenenen «..do.... 12 ..do .. .adee.s Flood, 2.47 knots per
htx;s Cable out 7
57.5/66.02(65.91 | 17.08 | 17.22 |..... dO.cececene ...do.... b ¥ 3 PR [« T PN Flood,17l lmotsper
hr Cable out 33
58. 5|56.93(56.56 | 14.00 | 14.00 |..... d0....... volse-do.... 10 Joeudoaciafennns Flood,lenotsPe
hr, !(lt:t surf. ), 37
B:l!‘)leéut-imu.
66.72166.81 | 12.45 | 14.29 |.....d0o...c.ee eofeado.... 7e..d0acefennn. Flood, 1.10 knots
. . hﬁ{s Cable out 7
57.08(56.98 | 9.96 | 18.35 |..... do..eene-s o|...do.... h b B IR (4 TR PO Flood, 0.88 knot per
hr. Cable out 10
fms. .
55 |54.73564.71 | 26.58 | 27.80 | Tnor. ose.; Ek, [surf, 14 Aaalnst ..... Flood,?.ooknotsyer
bot.; 4’ inter;| and de Cableout 12to
#12, $#20; Pr botm, fms.
m.
56 154.93i54.86 | 27.33 | 27.85 |..... L [ J ...do.... b U 1 PR (- TN PN Flood, 1.59 knots
' hr. Cable out 8
57 |55.53(55.60 | 27.26 | 27.79 |..... { [ P «..do.... 16 |...do......]eenee Flood, 2.41 knots
l&;.& Cable ouf 7 °
58 |55.73)55.86 | 27.01 | 27.01 |.....dO..c.uc.en ...do.... 11 [...d0eeence]onees Flood,lenotsper
. ) - hr. Cable out &
58 |56.53|56.76 | 27.17 | 27.01 |..... do......... ..do.... 11 |...do.....ife-nns Flood 0.85 knot
. }n‘ ’Cable out $-2
58 |67.63|57.71 | 27.01 | 27.01 JOY' [ PSRN ..do.... 10 |...d0cce..ofenens I‘lood 0.63 knot per
hr ‘Cable out 8
50. 5/57. 63(57. 71 | 26.87 | 27.01 |..... do......... ...do.... 12 |...do...... .. .00 I"Iood, 0.48 knot per
%\r. Cable out 38
'ms.
55 |67.33(67.06 | 26.87 | 26.78 |..... do...e.nnes ..do.. 10 {...do.......|..... Do.
57 |56.33|85.16 | 26.55 | 27.79 | Tor. cse.; Ek. | surf. 30 Aaalnst ..... Flood, 0.54 knotper
bot.; 4'{nter, and de. hr. " Cabl o out
312, '820; Pr. botm.| fms.
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DRrREDGING AND HYDROGRAPHIC RECORDS SECURED IN SAN

Station Time of
qum- Position. Chart. Date. day. Depth. Cht?;&cg.g of

Middle section of bay—Con.

C.S. 1912, . Fma.

H.5121 | Aleatraz Lt., 8.25° W...... 5532 | May 6 {11.38a.m. 243 |hrd. M............
Blunt Pt., N. 54°
Southampton Lt., N.12° E

H.5122 | Alcatraz Lt., 8.19°W....... 5532 |...do.....| 12,20 p.m. 17 |8, M.............
Rt. Tang. Angel 1d.,8.47° W.

H. 5123 | Southampton Lt., N 70" 5532 |...do..... 12.59 p.m. 8 | Mool
Rt. Tang. Red Rk 2°W.
Rt. Tang Ax;ﬁelld S 65°W

H. 5124 | Rt. Tan, N.7°W.. 5532 |...do.....| 1.26 pm. 14 |..... {+ [

Lit. ’l‘ang Bluff Pi., 8.39° W. )
Southampton Lt.,8.61° E. .

H.5125 | Rt. Tang, Rk N. 8%°E.. 5532 |...do..... 1.51 p.m. Ty thedeeeeenooa..
LAt. Ta.ng Bluﬂ Pt., 8.6 :
Southampt ton Lt. g 49°E.
H. 5126 | Brothers ,TN.I12)° E...... 5532 |...do..... 2.15 p.m. 73 fhrd. M. ... ....
Rt. Tang. Red Rk, 52° E
Southam ton Lt 8, 46’
H. 5127 | Brothers °E...... 5532 |...do..... 2.44 p.m. 9 I..... L+ 14 P
Rt. Tang. Red Rk.,5.65°E.
Bouthampton Lt., B, : P
D. 5779 | Alcatraz Lt., 61°, 1. 83mues 5532 | May 8| 9.36a.m.

we
)
«
w
=]

Upper aedi(m of bay.
D. 5780 | Pt. Pmole,s 43°E.......... 5633 | May 13 | 12.40 p.m.
Mare Id. Lt., N.66° E.

Brothers Lt., 8.'323° W.

Middle section of bay.

4
F
&

H.6128 | Alcatraz Lt., 8. 44°E........ 5532 | May 14 | 7.00a. m. b3 S
Lime Pt. Lt, 8. 64° W. o
Angel1d. Lt., N. 6° W. ’

H.5120A| Southampton Lt., 321°, 2} 5532 | May 15 |............ L2 3 P
miles, , .

H.5120B Sorllxltllll&mpton Lt., 3093°, 2.7 | 8532 |...d0ceuu]eeneninnnnn. I IS

" H.5120C] Berkeley Pler, 61°, 0.88 mile. . 5532 |...d0.....|ceeninnnnns 2 ... ereerraniaas

H.5120D BerkeleyPier,m 0.43 mile. 5532 [...d0ceesfueicinnnnnn. 2 2
. Lower section of bay.

D. 5781 | 8an Bruno Lt., N 61°W.... 5531 | May 27 |12.27 p.m. 22 M,8h............

Shag Rk., N. 16° W. i

2 Beacon s 47°E,

D.5782 San BnmoL£ N.ae 0° v;v 5531 |...do..... 3.00p.m. ; ) S

, 8
No.2Beaoon,s 70°E.




DREDGING AND HYDROGRAPHIC RECORDS.

Francisco Bay, Cauir., 1912-13, AND MarcH, 1914—Continued.

.89

Temperature. Salinity. Tria). - Drift,

i Apparstus, ] Remarks,
. E 8 | surt. | Botm, Depth. %‘;‘2‘ Direction.

i 3} ;% =]

op|°F.| °F. Min, Mi.

506 |66.13(64.61 | 22.99 |....... Taor. cse.; Bk. | surf{, 17 Aﬁainst ..... Flood, 0.6 knot per

bot.;4’inter.;] an de. hr, Cable out 20
12; §20; Pr. botm, fms. .
m. :
56 168.33|54.16 | 20.82 | 28.88 |..... do......... ..do.... 10 {...d0..c.clennns Flood, 0.45 knot per
. }n‘ Cable out 13
ms.

58 |68.63;54.71 | 19.70 | 28.88 |..... do......... ...do.... 14 |...do.......|..... Flood, 0.13 knot per

{Jr. Cable out 4}
. ms.

58 |57.13(55.41 | 18.34 | 27.33 |..... do,........ coedo..d] 10 ]..doeeeleel. Flood, 1,33 knots per
}n‘. -Cuble out 10
'ms.

60 |58.03(55.61 | 21.60 | 27.2L [..... do....eeeen ...do.... 8 1. e@0ieuiiafennnn Flood, 1.51 knots
?r hr. Cable out

s,

60 |57.03]65.71 | 23.08 | 27.33 |..... d0..ennn..- . - [ § U FOC T YOURN IR Flood, 1,53 knots per
}u'. Cable out &
s,

57 |57.73/55.81 [ 20.66 | 26.55 |..... do......... ...do.... 14 |...do.......|..... Flood, 1,19 knots per
hr. Cable out
7-4-03 fms.

58.554.00]......leeeeecifocnnnns 3’ Tar,; 19’ dr.{ botm... 27 [ 82°........ 1.8 | Flood. Operations

20 conducted from
launch.

67 [02.00[...... .00 ifeaennen 3’ Tor.; 197 dr.| botm... 73 {316°....... 4.2 Ebb, Operations
conducted from
launch.

55 (62.03,54.41 | 26,91 Agalnst|.....|] Flood, 1.33 knots

{ide. br. per

59 154.03|53.96 | 28.79 PR T JORRPN PN Flood, 2.63 knots per

r.

61 |63.83)53.81 | 20.50 R 1, SO PO Fl&od, 2.27 kmots per '

61 |53.73,53.81 | 30.28 ...d0.......|.... | Flood, 2 knots per hr.

57 [63.63:53.71 | 20.80 JR: T RO P Flgrod, 1.33 knots per

57 l64.23(64.66 | 20.65 J: TSSO rlgéd, 0.40 ¥mot per

r,

63 |54.73!53.81 | 28.79 cedoa... e mﬁ?, 1.590 knots per

66 |56.03!53.86 | 27.33 . TSN I ¥bb, 2 knots per hr,

1[50 [66.03/54.20 | 26.67 JUR: TR IO Eg\g, 2.3 knots per

50 157,.53;54.10 | 25.92 PR T JORRRRN SRR Egb, 1.65 knots per
T

50 |67.53|64.86 | 25.46 B U YO, I Ebb, 1.01 knots per
T,

50 |57.53|85.21 | 25.00 BT TS I ¥lood, 0.60 knot per
T,

PRI PPN EPPP (remeefeneeens] EoBmpP...oo| DO Ebb. Operations
conducted from
launch. ¢

Do.

Do.
Do,
81 joLo0l., ... ... eeenls 197 dr......... botm...;, 47 ]280°...... .[1.86 | Ebb, Operations
: conducted from
launoh.

B0 181,00ceenefecerere]eccccecfonenn s 7 S ...40.... 2 ) Cirdle.....] .8 | Ebb. Operations
oconducted {rom
launch, Made a
cirele {n oyster bed
and finished at
starting pt.
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U. S. BUREAU OF FISHERIES.

DrEDGING AND HYDROGRAPHIC RECORDS SECURED IN SAN

Btatlion :
Time of Character of

nbnex:- Position. Chart. Date. day. Depth. bottom.

Lower section of bay—Con.
C. 8. 1912, Fmas,

D.5783 | Ban Mateo Pt.,'8. 70° W., 8531 | May 28 | 12.36 p.m 2 e
2.67 miles. 2

D.5784 | No. 2 Beacon, S. 36}° W 5531 [...do..ieeiiiannaa.. ) b Y P
0.95 mile. . 1

Middle section of bay. -

........ Bonita Pt. ...l June 3 [eecei e

........ Halfway between Bausalito {.............[...do.....[ 1.30p.m.|. . ... ..M.,
and el Id. .

........ Hallwa, etweenAngelId teereienienadeadon.] 230pem L.
and Southampton Lt.

........ Halfway between Sausalito tereereneases ] June 10} 120p.m. )Ll e
and eltld 1 Id. d 2.25

........ etween Angel viereveeeeeadoedon ] 2.26pemL |l eeee e
and outhampton Lt. P

........ between Sausalito (.............1 June 14| 945a.m.|........|-.cooooeiiii L,

Hn.lfwaMd i ey 1 Id. d 10.46

........ Axige (RPN B, [ SO b T/ X1 X W5 . . Vil D OO
anddvouthamp

........ between Sausalito |.............| June 17| 2.00p.m.|.........0......... ...,

H. 5130
H.5131

H.5132

H. 5183
H. 5134

H. 5135

H. 8136 |

H. 5137

and
Halfwa
and

etween Angel Id.
outhnmpton Lt.

In%e
tween Angel 1d.
outhempton Lt.
between Sausalito
ngel Id.
between Angel 1d.
outhampton Lt.
Halfway between Seusallto
and Angel Islan
Off Golden Gate,. ............

Hﬂl&vsy between Sausalito

an

Halfwa tween Az}gel 1d.
and S)t')uthampt

Off Golden Gate.............

Lime Pt. Lt., 8. 58°W
R AT
C)
Southamglton Lt. %? 14' E..
t.,8.2{ W

Southampton Lt., N.
Rt, Tang. AngelId.,N. B W,
L{t. Tang. Angel id., 8. 545'

Rt 'r el1d., 8

Rk. ’N 14°
Southampton Lt., 'N.61°E.
Rt. Tang. Red Ri., N. 4°w
Lit. Tang. Bluff Pt., 8, 48° W.
Southampton Lt.,8. 75°E.
Rt.Tang. Red Rk, N.2°E..
Southampton Lt., 8.404°E.
Lit. Tang. Bluff Pt., 8 1a;°

Tang. Red Rk., N. 50° E.
Southampton Lt., S 7°E.
l%{o’tl‘hen RtedN I 8 65§'E

8,
Brothel:th N. 2d°
Southampton Lit., 8. 36° E.

tween Bausalito |..

10.04 a.

10.49a.

11.20a.
11.49a.

’
101 p.

130 p. m.

2.02p.m.

25 |..... do............
19 |..... do............
0% .4...do.. .. ...,
PO T N I - T
8 [ M.eoeoioioi.....
7% |..... do............
rd
8 |hrd.8.............




DREDGING AND HYDROGRAPHIC RECORDS. 41

FrANCISCO Bay, Caurr., 1912-13, AND MaxcH, 1914—Continued.

Temperature. Salinity. |- Trial. Drift.

. Apparatus. ] Remarks.
.}« | B | 8urf | Botm. Depth. | DUre| pirection. :

i E & ! a

°F. SR, °F, Min. ’ Mi.

68 163.00[......[0cc0cceeleennnnn 19" dr......... botm...| 31 | 8.54°E...[2235| Ebb. Operations
conducted from
laun

JRUY SN PR DO IR B, [ . T, JR: 1 0N DO N.69° E..|2.5 Do.
JRPR PO PR SO SPPRNPR DR R ) s PO On piles .between
. . high and low tides.
30 Aﬁainst ,,,,,
tide.
30 i...do......i.....
20 ...do...... ceas
30 y...do......|.....
20 §...do......[,....
[ P P EXTETETY PO PR do......... .doa 20
20
m .
20
20
20
20
20
20
9 |[...........2|8.0 Tﬂm&dew{th Pal-
a Figh Co.; ¢
. hauls. '
JRP) PR DO PR P, 4’ inter.; #12, | surf....! 20 | Against|.....
#20. tide.
.............................. [+ [+ TR DR (- TS B N (Y T TR .
JRON PR RN (RRRPR PO, seine.......... botm...] 00 |............ 6.0 | Trip made with Pal-
. 3 iélux;is _Fish Co.;'3
57 167.73157.71 | 31.05 ) 31,36 | Tnr. ose; 4'|surf. 15 Aﬁalnst ..... Ebb. After éett!nx
inter.; #12, and tide. under way net was
#20; Ek. bot. botm.! towed 6 l?ln

57 |60.73|57.86 | 20.47 | 31.10 [..... do..o...n.. ...do....[ 14 [...do........... Ebb. Cable out 10
1ms., towed 5 min,

50 160,23(58.11 | 30.11 | 31.05).....do......... ..doolt 11 [ll.do...lll..... Ebb. Cable out 20

. ‘ tms., towed § min.

at 10 fms,
62.73!58.56 | 27.54 | 80.98 [..... [+ L T co.dood 128 [...do.....lflLll. Ebb. . Cable out 15
., towed 4 min,
84, 63/58. 56 | 24.89 | 30.33 |..... do......... ...do....] 18 |...do...... ..... Ebb.: Cable out 16
{mas., towed 8 min.
64.73/60.36 | 28,07 | 28.88 |..... do......... ...do....| 18 |...do...... ..... Ebb. Cable out 5-10
fms., towed 6 min.

67, 5/64.13(60.86 | 27.21 | 28.70 |..... d0..:ueeene cdol] 17 [odo..llflll Ebb. Towed 2 min.

69 163.73/60.86 | 25.49 | 28.56 |..... do......... ...do....] 183 |...do.....efennns Ebb. Towed 83 min,




42 U. S. BUREAU OF FISHERIES,

DreEDGING AND HYDROGRAPHIC RECORDS SECURED IN SAN

Btation ’
Time of Character of
ngx;:— Position. Chart. Date. day. Depth. bottom.

Lower section of bay.
C. 8. 1912, Fmas.
H. 8138 }th I%i}t"}lfz'szl?v% ....... 5531 | July 23 | 10.03 8. m. 12 | Mooooaienniana.
errﬁ g., N. .
Rg.“ca‘%l;. dission Rk., N.
H.5139 | Goat I%.l g.gt., XN gg: W 5531 |...do..... 10.38a. m. 12 ... do..ivieeinns
err* ., N. .
Rgb" Car g. ission Rk., N.

H.5140 | Goat Id. ILt., N.16° W.._.... 5531 |...do..... 11.158. m. [ 2 R do....oeenls
Shag Rk., 8. 633° W, . .
San Bruno Lt., 8.17° W,

H.5141 | Shag Rk., N.52° W......... 8531 |...do..... 11.54 8. m. 63 |-.... d0..enennnn.
H.5142 | S8hag Rk., N.36° W ......... 5531 |...do..... 1.02p.m. 5 |..... Ouernnnnnnnn..
H.5143 %&n Bruno L{., 8. 66° W..... 5531 |...do.....| 1.29p.m. 5 [sft.M.............

H.5144 | S8an Bruno Lt., W...........] 5631 |...do..... 1.57 p.m. 5 |..... do...o.........
No. 2 Beacon, 8. 31° E. ) )
Pt. Avisadero, N, 19° W.

H.5145 | 8an Bruno Lt., N. 71° W .... 5531 |...do.....| 2.28 p.m. 63 | Mevevvoonoarnannns

No. 2 Begoon B.33°E,
Ban Mateo Pt., 8. 10° W,
Upper section of day. °
H.5146 | Brothers Lt., 8.2° W........ 5533 | July 24 | 10,08a, m, 4 [ Mo eeeniiaian...
Lft. Tang. Bisters‘. N.36°W.
Pinole Pt., N. 58° E.
..... do 5533 [...do.....[|11.01a. m.

..... do. 5533 |...do.....} 11.49a. m,
..... do 58533 |...do.....| 12,61 p.m.
H.5147 | Brothers Lt., 8.27°W....... 5533 |...do.....| 1.39p.m.
Pinole Pt., §. 73° E.
Rt. Tang, Bisters, 8, 49° W,
H.5148 | Mare Id. Lt.,, N.64°E....... 5533 |...do.....[ 2.44p.m. 6 |.....dOeeeuenan....
Lone Tree Wh., 8. 393° E
Pinole Pt., 8. .
H.5149 | Carquinez Lt., N. 45° W... .. 6533 |...do.....| 3.32p.m. 13 |hrde.oeeooooooL.
Ltst. 7’12‘an° EF Crockett Wh.,

Rt. Tang. Selby Whf., 8.
603° W,

" Middle section of bay.

H.5150 | Rt. Tang. Red Rk.,N. 62°E. 6632 | July 20| 9.05a.m. 83 | Muueeeeernnnnn....

Brothers Lt., N. 184° E. .

Lit. Tang, Sfsters, N. 2° E.

H.5151 | Rt. Tang. Red Rk, N.66°E.. 6532 |...do.....| 9.28a.m. 7% |..... d0ceenininnnn.

Brothers Lt., N. 163- E.
’

., 8,46°E, .
H.5152 | Rt. Tang. Red Rk.,N.9}°E. . " 8532 |...do..... 9.52 8. m. 74 ]....d0eee ...,
Southampton Lt., B. 62° E.
Bluff Pt., 8. 8)° W.
H.5153 | Bluf Pt,,8.46°W._........ 5532 |...do.....[ 10.16 8, m. i ..... do............

X 3 ., N.
H.5154 | Bouthampton Lt., N, 76° W 5532 |...do.....[ 10.39a. m. 83 [ hrd.B.............
Rt.Pang. AngelId,, 8 .

Rt. Tang. Red Rk, N. 164°W

H. 5155 SouthamptonLt.,N.lzé E.. 5532 [...do..... 11.02a. m. 18 |..... d0eee..........

Rt. Tang. Angel Id., N. 72° W.

Lit. Tang’ Angel 1d., 8. 40°W.
H. 5166 | Southampton tzé}i 8°E... 6532 |...do..... 11.228. m. 10 {m.Beccernnnn.... .




DREDGING AND HYDROGRAPHIC RECORDS. 48

Francisco Bay, CAure., 1912-13, ANp MarcH, 1914—Continued.

Temperature. Salinity. Trial. Drift.
. Apparatus. g Remarks.
el £ | surt. [ Botm. Depth. 1&2?' Directlon. é '
E] -] : 2
2 @ /m a
°Fi°F.| °F. . Min. i,
61 162, 63]59.11 | 28.14 ) 30.37 | Trn. cse.; surf. 18 | Against |..... Ebb, Cable out 9
lnter and tide. fms., towed 5 min.
o{ botm,
61 |62.7360.86 | 28.47 | 20.34 [..... d0..eennee. ceedo....| 18 {...doeee....... Ebb, Cable out 9
.» towed 6 min.
Nets filled with
san((iied Haul dls-
81, 563, 23]62.21 | 28.26 | 28.74 |.....00¢.ccccc.- Jooedoo) 18 |illdoa...l..... Ebb Cable out6—8—
use of
smallebb afterget-
ting under way
. 5 min.
64,73/62.86 | 27.98 ¢ 28.23 |..... [ [ TP Lol 18 ]l..do...... PR Ebb Cable out 4-10
: frs,, towed 5 min.
85, 53(63.71 | 27.68 | 27.98 |..... d0..ennnnd] vee0eee 173 [...doeee.. ... Ebb. Cable out 3
. fms., towed 5 m.
63. 5165.23]64.86 | 27.70 | 27.59 |..... (s [\ R, ceedooe..| 20 [o..doaeaolllll..l Ebb. Cable out 8
{ms., towed 4 m,
65,3364.86 | 27.74 | 27.68 |..... do......... cedoeey 20 |..dOee.....]..... Ebb, Cable out 8
fms., towed 5§ m.
65.93(65. 65 | 27.40 | 27.45 |..... dOuenrnnnn cedoee..] 18 |o..doee...foll Ebb, Cable ont 3}
fms.,towed 5§ m.
.
66 |63.23(61.36 | 26.18 | 28.35 Flood.
60 [63.03(61.08 { 25.77 { 28.62 .
69. 5(65. 0360.96 | 25.30 | 28.79 Slack.
69, 5(63. 23(....-. 26.39 | 28.79 }.. Ebb. Cable out 1C
fms.,towed 5m. .
68, 5/64. 5362, 86 | 25.30 | 26.23 Ebb. Oableout3-19
fms., towed 4 m.
69 [67.23(65.06 | 18.60 [ 22.07 |.....do......... vo.doo..p 18 [_.do......f..... Ebb. Csbleout4-18
fms., towed § m,
69 [66.7366.01 | 15.16 | 18.63 |..... d0..eunnne. cedo| 18 |odoeeee. ...l Ebb. Cable out 10
fms,, towed 5 m,
57 ,33/62.86 | 22,32 | 26.49 surf. 11 Agalnst ..... F¥lood. Cablo out 6
R inter %2 and 1de. fms.
botm.
,73l62.01 | 25.77 | 26.54 {.....do......... codoo...| 13 l..do.....f.l... Do.
7 162.73[62.86 | 26.30 | 26.39 |..... do.e.eaennnn JRU. T Y [ § S PR U SR PN Fl‘ood Cable out &
ms.
57 161.7360.11 | 27.65 | 20.43 |.....do......... Lodoo..| 11 flldoe..... ..., Do.
57. 5(62. 0360.16 | 27.30 | 20.66 |.....dO......... JO: - 000 N § S SR T- USRIV Fl‘ood. Cable out 6
ms,
58 60.4358,81 | 28,95 | 30,50 I..... d0eeuuennns JRUY [ JPORN (R § N JRN . [ TP DN leood. Cable out 12
. s,

28(58.01 | 80.96 ] 80.908 |..... {7 I coado.f 113 [ldoaala Flﬁ?}i. Cableout 13-
.
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U. S. BUREAU OF FISHERIES,

DrepeiNg AND, HYDROGRAPHIC ‘RECORDS SECURED IN SAN.

Btation
num-
ber.

Position.

Date.

Time of
day.

Character of

Depth.
bottom.

H. 5167

H.5158
H. 5160
H.5160

H.5161
H.5162

H. 5163

H. 5164

H. 51656

H.5168

H.5167
H. 5168
H. 5169
H.5170
H. 5171

H.5172

ERT YT TN

Middle section of bay—~—Con.

Alcatraz Lt., 8. 6’
Angel 1d. L{., N
Lime Pt. Lt., S 66" w.

Lower section of bay.

San Bruno Lt., N.85°W....
5. 36° B,

PN W

8an Bruno Lt.
No. 2 Beacon, 8, 32° E.

Pt, Avisadero, 23°W
8an Bruno Lt. 8333 W....

Goat Id. Lt., X xs‘qw
Rm'r?l‘ang. l'ﬂsalon Rk., N.
aost Id. Lt N2 w
Rerr{l‘ang. imsion m: 8.

Upper 8section of bay.

arquines Lt., N.34° W.....
Lft ang Crockett Wht., 8.

Rtw ’I‘sng Selby Whi., 8. 66°

Mare Id. Lt., N.

Carquinez L., N,
Lone Tree th o
Mare 1d. Lt.
Lone Tree

,8. .
Pinolo Pt,, N.745° &
Brothers Lt., S. .
Rt. Tang. Sisters, 8. 63° W.
Rt Tang. uarlnfds %, 663°

LAt. ’I‘ang Bi.sters,N 4AR°E
Brothers L

Middle awﬁon of bay.

Presidio shore (west of Fort

.} Red
Rls{:mond (Standard Oﬂ

Halfway between Angel Id.
and outhampton Lt.
'ééé'ydi . 8E. Pt, Diablo... .
Between Angel 1d. snd Bau:
salito.

te Pler (mud flats |..

1912,
July 29

July 30

...do.....

...do.....

...do.....

...do.....

eeedO.....

July 31

Aug. 1
...do.....
Aug., 2

12,01 p.m.

8,63 a. m.
9.20 8. m.
9.438. m,

10,08 8. m,
10.88 8, M,

11,10a. m.

11,46 8. m.

12.26 p.m.

11,58 8. m,

12,19 p.m, | °

12.37 p.m.
130 p.m.
2:21 p.m,
2,48 p, m.

321p.m.

10.10a. m.
2.00 p.m.
9.308. m,

Fms,
13

10

123

100 1 gy.Beerennnnnnnnen




DREDGING ANI‘). HYDROGRAPHIC RECORDS. 45

FraNcisco Bay, CALrr., 1912-13, aNnp Maros, 1914—Continued.

Temperature. Salinity. Trial. Drift.
. Apparatus. ’ 8 Remarks
g 8 | surt. | Botm. Depth. | DU | Direction. 4
. 3
i @ 3 -l A
*F.|°F.| °F. x Min, M.
58 |66.63(56.71 | 31.70 | 31.90 | Trn. cse.; 4' surf, 12% Aﬁainst _____ Flood. Cable out 11
inter.; $#12, and de, fms.
#20; ¥k.bot. | botm.
60 166.83(66.86 | 27.85 | 27.87 | Trm, cse.; 4’ surf. 12 | Against | ... Flood. Cable out 4
inter.; #12 snd tide. {ms.
; Fk.bot.| botm.
61.5/66.53(66.76 | 27.91 {1 27.82 (... . do......... ..do....|] 12 }...dOe......|...:. Fl‘ood. Cable out 43
'ms.
62 |65.73l65.81 | 27.04 | 2787 |..... d0umnnnnns cedones] 9 [oadonenii el m&«g. Cable out 33
53 |64 03(63.01 | 28.33 [ 28.33 | ... @0umnnnnn vdon) 83 lodoeeeiid|ooon. Do.
63.5/63.83(62.71 | 28.40 | 28.79 |..... [ [ T co.do....| 10 |..d0eee...of.... Fl[ood. Cablo out 4
ms.
64 (63.33[63.31 | 28.51 | 28.64 ..... dos..eennns ...do....| 104 [...do......]..ll Fl‘ood. Cable out 6
65.561.73/61.56 | 20.10 | 20.18 |.._.. d0uenenrneeeboeee| 8 [@0eiiiill. Flood. Cable out 8
’ ms.
o5. 5|60, 63(58.81 | 30.11 | 30.83 |.....do......... cdo 1 Lo Flood. Cablo out 10
ms.
65 l65.03/66.71 [ 9.66 | 12.89 | Trn. cse.; 4’ surf, 19% Aﬁsinst ..... Flood. Cable out
inter.; #12. and tide. 8-11 fms., towed 93
#20; Ex.bot.| botm. min, under way.
Burf. 10 min. Jater
because therm. did
. nottrlg.
65 [66.23/65.36 | 11.36 | 16.11 |..... [ {: TR ve.do....] 14 [oiado...iildeeie. Flood. Cable out 11
. {ms., towed 8 min.
underwag.
67 |66.53|65.56 | 16.63 | 16.94 |..... [ [ TN ve|eesdoe.] 10 Jeeidoo..oie]e.... Fl&c:g. Cable out 4
66 [65.03(64.86 | 21.91 | 22.05 |..... 30.cecenees eeed0oee] 10 [cecdO..ciiofenann Flﬁg Cable out 6
64. 5/63. 73(62.91 | 24.85 | 26.94 |..... . [ T .oodo....] 11 |...do.....ifee... Flfood Cable out &
: ms.
64 [62.93[62.41 | 26.47 | 27.01 I..... [ [ T ...do....] 113 j...do0.....o|eenen Do.
64 |62.73]60.56 | 28.26 | 20.23 {..... [ [ JOOOR ...do.... 10§ |.-.do......l...as Do.
................................. On piles between’
and low tides.
On ch between
- high and low tides.
Between high and
low tides.
.. Do.
PO ORI PRI P P .| & tnter.; #12, | surf....] 30 | Againstf.....
. Y ’ # 'y ﬁd& .
FR PPN PN PN PO vesssdo. weedo....| 80 l...do...... ciees] .
. . . d 30
..... 25 |.eidO....ocfecnce
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U. S. BUREAU OF FISHERIES.

DREDPGING AND HYDROGRAPHIC REecorps SECURED IN SanN

Btation )
num- Position. Chart. Date. Tg;’y".ﬂ Depth. CI%ag?tcotg‘of
Middle section of bay—Con.
. C. 8 1812, Fmas.
orienan Oft Golden Gate........cooeefenrcnannnnnnn Bept. 9 |...c........ . :.;g [ N
Ceveenan Bet\ﬁgen Angel Id.and Sau- {............. Sept. 12 [ 1.30p.m.l. ..o eiiiiiiiiiii i,
sallto.
........ Oft Golden Gate.............|oeeeeeenee..| Bept. 17 |oocoiiien... gg - J N
........ BetweenAngelId and Ban- [.............]8ept. 19 | 130p.m. [..coenii i,
................................................. Sept. 26 | 8468. M. [...o i fiiiiiiiiiiiaiiiiiils
........ OﬁGolden(xato.....................,.... Oc 2| e gg St
Upper section of bay. N
H.5173 | Brothers Lt. 1°E........ 6533 | Oct, 7| 10.15a. m. 128 f Meooieeiaeaaan...
Lft. Tang. n'mn 1ds., N.48°
Lift. Tang Bisters, 5.564° W
..... L T T N 5533 |...do...../ 1l 16a. M. [o.eemieen]oararannnnnaiiiiaes
..... do.. i 5533 |...d0.....[ 1230 p. M. [ceeeiint]eniennn teiiile
H.5174 | Brothers Lt. SW... 5533 |...do..... 115 p. m. oy [ M.
Pinolo I't. 5%
Rt. Tang, Bisters, 8. 64° W.
H.5176 | Brothers Lt., 8. 33° W.... ... 5533 |._.do..... 1.35 n.m. 2 A0uvavrnnnnn.s
Rt. Tap, Slstexs 8. 56}" W
Plnole Pt., 8. 7
H.5176 | Lone Tree Pt. °E..... 5533 |...do..... 2.23 p.m. 5 |..... do...veeaa....
Pinole Pt 8- 56;"
MareId. L't N.66° E. .
H.5177 | Lone Tree w*hr 8.45°E... 5633 |...do..... 3.07 p.m 6 [o.n. d0ennrennnn.n.
Pinole Pt., 8. 52° W.
Mare 1d. L)t., N. 62° E,
H.5178 Mal’eld Lt. N 40°W...... 5533 |...do..... 3.53 p.m. 8 |..... L 12 D
uinez LE., N. 503" E. .
Croc ott Wh! 8.71
H.5179 | Carquinez 1.t., 'N. °W 6533 |...do..... 4.16 p.m, 11 [ Beveviiieiiiinennns
Lit. nng.kaett hf., 8.
Rt‘.v a‘ang. 8elby Wh., 8. 69°
Lower section of bay. 4
H.5180 | F Bldg., N.77°W....... 5531 | Oct. 8| 9.65a.1m. 13 | Movicaeninnnnnnes -
Goat 1d. Lt N.11°E.
Rt. Tang. Misston Rk., B,
38°
..... [ T T 5531 |...do.....| I11.158. m
H.56181 | Goat Id. Lt.,N.16° W...... 5531 |...do.....| 12.01 p. m.
Ferr%Bldg N 54° W,
b W Mission Rk., N.
H. 5183 Gﬂoaatld Lt.,N 2‘%'W ...... 5531 |...do.....| 12.45 p. m. 88 |.....doweeroninnn.dd
. | 8an run'oLt. s.z'ww.
H. 5183 SlmgBR B *W..eeuennen 5631 |...do..... 1.19 p.m. 7 Y 1 S,
8an BrunoLt.,8.17° W. .
Candlestick Pt.,N.78° W
H.5184 | 8hag Rk,,N.404° W........ 5531 |...do..... 1.52 p.m. 5 R { T,
8an'Bruno Lt 4 °W.
No. 2 Beacon, 8. 28
H.5185 | 8an Bruno L{., 8. 67' ..... 8631 |...do.....| 2.18p.m. 4 ldonnnnnnnn..s
No. 2Bencon,é 2°E
8hag Rk.,N.35° W,
H.5186 | No. 2 Beacon, 8,32° E....... 5531 |...do.....| 2.42p.m 5 |.....do.... ceeed
8an Bruno Lt., N. 88° W.
Shag Rk., N, 254° W.
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Francisco Bay, Caurr., 191213, ANp MARcH, 1914—Continued.

Temperature. Salinity. Trial. Drift.
R . Apparatus. D Remarks.
g § | surt. | Botm, Depth. | Dore | pirection. ,
i @ m ’ =)
°F|°F.| °F. * Min. . M.
RN PPN PO RO M sefne..........| botm...] 90 [.....c.e.... 6.0 | 3 hauls. Trip made
. githPaladBﬂ' Fish
0.
PO PO PG A PO 4’ inter.; $12, | surf....] 20 Aﬁainst .....
. tide.
1S PR PO PR FPPPRR B.....c000.| DOtML...} 00 |iiieeieennn. 8.0 Do.
J PR PR A 4’ inter.; #12, | surf....| 20 Aﬁa!nst .....
$#20. . tide.
PR R PN P PO PR e [ 1 eeedo.elf 2 Joiudo...lldeel
JRO PPN FOPI PO cosforaenas seine.......... botm...| 80 l.eeeecenenn. 8.0 Do.
66 [50.987(68.68 [ee.ccoiforene. Tuar. cse.; 4 |surf.|....... A%ainat ..... Flood, 1.78 knots per
inter.; #12, and tide. hr.
glr);Ek.bot.; botm.
. .
63 |61.88/50.68 | 27.10 | 32.45 |..... do....ueuen RO 1, T PO, JRRN . 1 TN PP Flood,072 knot per
64 161.38/59.68 | 30.20 | 31.09 {..... d0.ceecaend]oaadoa..| 11 fi..doo....lfe.... Ebb 0.50 kmot
. }:.r Cable out 10
80.68/59.83 | 27.15 | 30.01 |.....d0..cuecuuuleeido) 14 |ooldon.....l].....] EDb, 1,26 knots per
: : hr, Cable out 4-8
687 [61.98/60.83 | 26.23 | 28.40 |.....dOuccecn.e.- eoedOoeed| 12 [e..doi....lfec... Ebb, 1.59 knots
hr. Cable out 5
* |65.5/62.48(61.63 | 21.24 | 28.99 |..... d0.eecreeecfecdol 30 |ii.doo.l.llf.... . Ebb '2.03 knots per
hr came .up
85 162.88(61.78 | 20.51 } 23.32 )..... (. (TR PR [, Jues) D § SN FOOY's T, DU Ell)llr) 238 knots per
68. 5/62. 78/62.63 [ 18.02 { 18.84 {..... {s [ A, eeodo...| 12 fi..do...... ' Ebb, 1.79 Ymots
. hr. Cable out 6
68 [62.78161.78 | 20.78 | 21.21 [.....d0u......0 foedonl] 113 Ll ldoL. L Tl Elﬁl;, '2.63 knots per -
56,557, 48!57.13 | 382.67 | 32.58 | Tr, ese.; 4] s8urf, looiiiifierieininiiennns Flood, 1.50 Jmots per
mtexi::;kégltz, ggtd ho&;‘lg }‘Zubtzer
; Ek.bot.; m, o rom to
| A BIPERS bat, loat
water sample not
urely bot. water.
160 |57.68/57.33 | 82.21 | 32.60 |............ ORI R 13 Against ..... Eh? 0.41 knot per
56. 5/59. 88]57. 68 | 31.80 | 82.45 | Tnr. cse.; 4'|surf.| 12 [..do....... .....| Ebb, 1.18 kuots per
g inter., 812, and hr,
;Ek.bot.; [ botm.
r. m.
57. 5(69. 88169.78 | 31.36 | 31.68 |..... d0.ee.cieiofeedoe.: 12 | .doa.... ..., Egl‘), 1.45 kmots per
50 (61.8860.83 | 31.27 | 31.36 |..... (TN ...do....; 12 |...do....... -....| Ebb, 1.92 knots per
58. 5/63.08(63.03 | 31.20 | 31.27 |..... do......... eeed0ee..| 12 |...do.......|..... Elﬂ?’ 1.88 knots per
58 (63.38/62.93 } 31.60 | 31.36 |..... do......... eeedo....] 12 ldo............ E‘ﬁt}’ 1.89 knots per:
57 162.88/62.73 | 31-27 | 31.33 |.....dOuccs..... codo....| [ do..... Ll Eg‘lr), 1.88 knots per

51700°—21——11
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Station Time of Character of
nbue?- Posftion. Chart, Date. day. Depth. bottom.
Lower section of bay—Con. . ’
. C. 8. 1912. Fma.
H., 5187 | No. 2 Beacon, 8.33°E....... 5531 | Oot. 8| 3.16p.m. [} B OO,
San Bruno Lf., N. 66° W..
8an Mateo Pt., ’8.19° W.
Middle section of bay.
H. 5188 AngelId Lt,N.7°E....... 5682 | Oct. ¢ |10.198.m. 12 |hrd.8.............
Alcatraz Lt., S ﬂ' .
Lime Pt. Lt., TW. .
..... 1 SN 5532 |...do.....| 11.04 8. m. b2
..... AOeererneeeneieennns 5632 |...do.....} 12,31 p.m. 12 |hrd.8.............
H. 5180 SouthamgtonLt N. 7‘E.. 8532 |...do.....| 1.13p.m. 168 fm. 8, .oviua.....
Alecatraz Lt., 8 3é
Blunt Pt., N.68° W
H. 5100 SouthamptonLt J15°E.. 5632 |...do.....; l1.45p.m. 15 |..... do............

Rt, Tang. Angel 1d., N. 59°
L, "Tang. Angel Id., 8. 45°

H. 5191 Sout.hsmpton N.65°E 5632 {...do.....] 2.)14p.m. 7% |-.... [« [
Rt. Tang Angel 1& 8. 72-
Lf%’ 'ang. Angel Id 75'

H.5103 | Bluf Pt.,B.54°W .......... 5632 |...do.....| 2.41p.m. I D" G
Southampton Lt., 8. 703" E
Rt. Tang. Red Rk

H. 5193 Southnmpton Lt 8 71'E 5632 |...do.....] 3.05p.m. 10 |.....dOcceueen......
Bluff Pt., 8. 12° B.
Lft. ’I‘a.ng Red Rk ,N.2°E.

H.5194 | Bluf Pt.,8.16°E........... 8632 {...do.....| 3.47p.m. 7 loeedoiigaaa..oie.

Lit. Tang Red Rk. N. 42°E
Southam; ton Lt., é 504° E
H. 5195 | Brothers Lt.,N.13°E _...... 5832 |...do.....| 4.16p.m. 7 leeen. [ 1 R
Lft. Tang, Red Rk S 72'
Southampton Lt., B34 E

Upper section of bay.

H. 5198 | Carquinez Lt., N.33°W..... 5533 | Oct. 10| 8.548. m. JUNNID SRR
Ltt ang Crockettth 8. ’

Rt i’.l‘ung Belby Wht., 8.
..... do 5633 |...do.....| 9.22a.

H.5197 | Mare 1d. Lt., N. 563° W..... 5533 |...do.....| -9.508.
Carquinez L{., N. 31° E.
Tang. Crocket Wht.,, 8.
675° E.

H.5108 | Lone Tree th 8.43°E._.... 5633 [."..do.....| 10.318. m. 7 loeeeelOunennnnnnnnnn
MareId, Lt., N.57° E. .
Pinole Pt., 8.54° W. :

H. 5199 Lone'I‘reeWh!.,S.Sa'E.... 5533 |...do.....| 11.08a. m. -2 P U S

H. 5200 BrothersLt 8.30°W....... 5533 |...do..... 11.56 8. m. 7 feeeee L& 1, S,
Rt. ’I‘anf Sisters, 8. AR
Pinole Pt.,8.684° E.
H. 5201 Brothers Isljtfesr s agv ,,,,,,, ¢ 5633 |...do..... 12,20 p. m. 6} |..... d0.eec....
8 s °
Plno:ngt
H. 5202 BrothersLt 8 4'W ........ 5533 |...do.....| 12.563 p.m. 12 | hrd, M............

Ltt. Tang. Bisters, N, 443° W
Lit. a:gg Marfn I‘cﬁ., 8.




DREDGING AND HYDROGRAPHIC RECORDS.

FraNcisco Bay, Carrr., 1912-13, AND MARcH, 1914—Continued.

49

Temperature. Salinity. Trial. Drift.
. Apparatus. b é Remarks.
. ura-
sl £ | surt. |Botm. Depth. | or®" | Direction.
4| & =] a
°F,|°F.| *F, . Mi,
57 162.68/61.88 | 81.44 | 31.38 | Tnr, cse.; 4'|surl. 12 | Agalnst |..... Ebb 230 knots per-
inter., #12,| and ide, hr. As grit gauze
;ﬁk. botm., lining ripped, outer
r. m. bag was used a8 4'
inter. towmet (1-
inch mesh):at this
. , |- mton L
64 .|66.38(56.03 | 31.88 | 32.92 . 086, 47| BUrf] loeceiiefeeniiiiniane]onane Flbod, 1.70 kmots per
inter., #12,| and ht,
;ka. botm.
T, m,
61 |55.78/66.38 | 33.22 | 33.22 |..... do......... N [\ JOPU PPN RO SRR I Flood 131 knotsper
58 |55.78/64.93 | 83.22 | 83.27 |..... d0ueececne- eedo....f 13 Ag‘alnst ..... Ebb 0.225 knot
de bag filled
with sand, owed
. . § min. under way.
58 |56.48|65.83 | 82.67 | 33.18 |..... [ [\ TN ...do....] 20 [...do.......l.lll Ebb 094 knotnsgr
hr. -Towed § i
under wain
60 157.88(56.68 32.80 | 32,60 |.....dOueccn.eee JRC. 1 YOO I T T IR . T, SO PORpO E‘l):lr)’ 0.99 ot per
66 |57.88/56.98 | 82.83 | 32.60 |..... d0.ceurarefeeodOuees] 16 fo.idOceeciifenens Et!)llr), 1.31 knots per
64 [58.68(57.08 | 32.28 | 32.67 |.....d0ueeceun. o] 9 |donnnfoon] DD, 1.53 knots per
71. |68.88]57.78 | 31.90 | 82.27 |.....d0uceueee.n ceodoe. 113 1.idOeee.n. Ceens Eg\:, 0.96 kmot per
t 0
71 .[60.18(50.53 | 30.24 { 80.43 |.....do......... Jeedoe..| 12 feeidoaeee.il]e... ml)xlr)' 2,92 knots per:
69, 5/60, 18/560.83 | 30,11 Jeeecvacfeoses d0.eeenennn Ledol 11 vesee Eglr)' 2.63 knots per
58 [61.38/60.98 | 14.84 | 18,51 . 08€,; 4’| BUTL, Laeesce|ecreonecdeons ..v..| Ebb; 048 kmot per.
inter., #12,1 and hr.
;E’k ;1 botm. :
r. m,
69 [61.18{61.03 | 14.03 | 17.08 |..... do.eeennenn ...do....] 10 slnst .<+..| Flood, 0.50 knot per
. 0. .
71 [61.08[60.83 | 15.85 | 19.68 |..... 0 [ T ...d0.... 10} f...dO.ee...fioien Fl&od,-l.ﬁsknotsper
70 161.08/60.83 | 20.56 | 21.78 |.....d0.ecccuce JRC T YR D L J PO [ IO PPN le(:rod, '1.86knotsp‘er
70 |60.88]60.83 | 24.77 [ 25.16 ..... do......... ...do....| 12 j...doee.i.oi]ee... Fl&od, 1.18 knots per
08 [60.38(60.83 | 28.28 | 28.95 |.....d0u.ereenn. cdonn 10 doneee. Flood, 1.63 knots por
67 150,08]60.23 | 20.18 | 30.11 |..... (s [ PN .o.do.c.] 10 [...do.......[|..... Fllt:rod, 1.13 knots per
67 50.98(568.53 | 20.43 | 31.05 ..... A0ueinrinns ..do....| 9% |...do... - Flgrod, 0.45 knot per
. .
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Station Tim
e8of Character of
n#::- Position. Chart. Date. day. Depth. bottom.
Lotwer section of bay.
C.8, 1012, Fmas.

H.5203 { Goat Id. Lt.,, N.2I*E....... 5631 | Oot. 11 | 7.50a.m. 1 | M........ Neeneaecns
F Bldi.3 N.6s* W,
Rt. Tang. on Rk., 8. 33°

w.

H.5204 | Goat Id. Lt.,, N. 13° W, _... 5531 |...do..... 8.19 8. m. 103 | 8. Moeeeenunnnnn...
Ferry Bldg., N. 48° W. .
R;I.a Tang. Rission Rk., N. *

H.5206 } Goat Id. Lt.,, N. 173°W..... 5531 |...do..... 849a.m. T | Meeereiieaennnn..
Shag Rk., 8. 643° W.
8an Bruno Lt., 8. 193* W. -

H.5208 | Bhag Rk.,N.45°W......... 5531 {...do..... 9.18 a. m. 5% |..... do....onunnn..
Ban Bruno Lt., 8, 25° W,

H.5207 | Shag Rk., N. 32* W....... .. 5531 |...do..... 9.42a.m. 2 A0uenerannnns

H.5208 | Bha B W......... 8531 |.. .do..... 1004 8. m. [ 3 d0urrenannnns

8an Bruno Lt., 8, 72° W.
H.5209 | Bhag R, NS w......... 8531 |...do..... 10.27 a. m. 54 [..... d0..nnnnannnn.
No. Beaeoni 8,35 E,

H.5210 | No. 2 Beacon, 8. 36° l.L' ....... 5631 |...do..... 10.54 a. m. 62 |..... do........ cors

Middle section of bay.

H,5211 | Brothers Lt., N. 15°W..__... 5632 | Oct. 12} 8.
Ltt. Tang. Red Rk., 8. 73° E. 9.
Southampton Lt., 8.35°E.

H.56212 | Bluft Pt.,8.17° E........... 5632 |...do..... 9.428.m. 7 |.... d0ernnnennnns
Lit. Tang. Red Rk., N. 0% £,

Southampton Lt., 8. 52° E.

H.56213 | Bouthampton Lt., 8. 58° E.. 5632 |...do..... 10,06 a. m, 10 |..... U ¥ T
Bluff Pt., 8. 10° W.

H.5214 | Rt. Tang. Red RK., N.7° W. 8532 |...do..... 10.388. m. 8 [oeuun A0unnerrannnns )
Southampton Lt., B. 66° E.
Bluff Pt., 8. 463° E.

H.5215 | Lit.Tang. AngelId.,8.63* W. 5632 |...do..... 11.04 a. m. 9 |m.B....... SO

Southampton Lt., N. 70° E.
Rt. Tang. Red Rk.,N.14° W. -
H.5216 | Bouthampton Lt., N, 10° E. . 5532 |...do.....| 11.26 8. m. 18 1..... d0euenrennnnn.
Rt, Tang.Angel1d., N. 63° W~
Lit.Tang.AngelId., N.51° E.
H.5217 | Southampton Lt., N. 10° E.. 5632 |...do..... 11498, m. 2 ]..... d0.eurnnnnnnn.
Blunt Pt., N, 65°
Alcatrag 1t., 8, 28° W,
H.5218 | Angelld. Lt.,, N.12°E...... 5632 |...do..... 12.22 p.m. 144 | bhrd, 8.............
Aloatraz Lt., 8. 573 E.
Lime Pt. Lt., 8. 57¢ W.

Outside Golden Gate.
D.5785 | Pt. Montara Lt., N. 74}° E., 85500 { Oct. 16 |..cceceennnn 39 | dk.gn.S..........
H.5219 8.9 miles. 40 .
D.5786 | Pt. Montara Lt., N. 80}° E., 5500 {...do.....[. cerececenes 0 |....doe.een.......

: 9.1 miles. 40

D.5787 | Ph. Montare Lt., N.973° E., 5500 |...80..ccc feenenceceann 40 |..... do............
H.5220 8.25 miles. 41

Middle section of bay.

Between Angel Id. and 8au- |............. Oct. 19| 9408. M. |ieevunui]eninniiiinnnninnnans
salito.
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Temperature. Salinity. Trial. Drift.
. Apparatus. ] Remarks.
|y § | surt. | Botm, Depth. | D% | Direction.

i @ | A . a

sp|°F.|° Min, A,

59 160.18]69.83 | 31.44 | 81.51 | Tnr. ose; 4'{surf.| 10 Agalnst ..... Flood,l%knots‘m

inter., $12,| and ide, - hr. In sta. of this

;Ei. t.,| botm. date ship went

T, m. . with tide owing to’

o weather.

61 [60.88]60.68 | 31.51 | 31.51 |..... [ 1 TR, ee.do....] 10 {...d0......)eeeen , 1.92 knots per
l'

61, 88(61.78 | 31.36 | 31.36 |..... d0.csecsonn R T TS PR X [ TP P Flgrod, 1.96 knots per

61.78/61.83 | 30.89 | 31.05 {..... [ - TN wodo...| 11 [|...do...... ceese Fl;l)od, 2.16 knots per
T,

62.08{61.83 | 31.18 | 30.91 J..... d0.ceeennes ...do....] 10} |...do...... cocee Fllt:od, 1.48 kmots per
T,

o7 |62.08le2.03 | 31.00 | s1.21 |..... d0ueennnnnn JU. YO0 HREY: 8 . T RO IR Flood, 1.39 knots per

70 [62.18]62.23 | 30.94 | 81.05 |..... [ s TR weedoo.e] 11 fe..dO...aedenees Fl{x)rw, 1.44 knots per

70 |62.18(62.13 | 30.87 | 31.09 J..... [ 1 TN X, U YN DR, RN U TN asese Flltl)rod, 1.59 knots per

59 [60.18]59.53 | 28.25 | 20.50 | Tor. cse. 4’| surf. 4} | Against [..... Prelimin: r reading.
60.18/58.83 | 28.02 | 80.11 | ~inter., #13, | and fde 8Slaok, Q.gyknoz per

th;Ekbot.. botm, hr.
. r. m .

50 |59, 88/58,28 | 28.68 | 30.06 |..... d0.ceceeees ve.do....{ 10 }...do...... voeen Flgrod, 0.68 knot per
57. 78157.53 [cveeeee] 38.58 |oe .0d0 cceanecefiadon,. 9 |-edOececei]encer Fl&gd,l.tsknotspor '
57.08!567.48 | 81.53 | 31.66 |..... d0.ceennees ce.do...) 10 l...do...... Fl&bd, 1.46 knots per

61 [58.48/57.68 | 81.12 | 31.68 [..... d0eeececeas veedOoe| 10 [ci.dO..cceifencen Flfx)rOd' 1.18 knots per
67,08;56. 48 | 32.08 | 82.18 [.....do.. ...t veelOe...] 10 [...d0.....cennns Flgrod, 1.38 knots per
56,7856, 13 | 82.20 | 81.99 {..... d0eeveeccse]ecedOiss] 10 |eecdOeecaoi]ennns Fl&od, 1.39 knots per
55. 6856, 13 | 33.08 | 82.58 |....- d0eeececns- oodo..] 10 [lldoa.oof..... Fll(l:»rod, 1.25 knots per

58 [58.68!¢49.66 | 83,81 | 34.14 | 12’ Ag.;19"dr.; surf, 20 | 2664°...... 1.8 | Ebb, ﬂshln%

Ek.bot.Tor. | and ggunda Cableou
ose.;4'inter.; | botm. fms. Inte
#1220 temp i 21 inter.
[ TR TR F F Y 12’ Ag.; 19’/ dr.| botm...] 20 | 208§°......| 1.6 Eb! b fishing
“J ?‘ounds Cableout
56 153.88/58.21 1.....cofceeennn 12’ Ag.;197/dr.; | botm, 2003°......| 1.5 | Flood. On fishing
EX.bot.; Tor. and gm Inter.
cee., 4 inter.; : p., 51.76; inter.
, #20. sal,, 34.08.
[N P I [ROON FRP PN & inter.; #12, (surf....{| 20 | Againsti.....
#20, ! fa
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I ;
Station T
Time of Character of
ngx;f- Position. Chart. Date. day. Depth. bottom.
Outaide Golden Gate.
. C.8. 1912. Fms.
D.5788 | Farallones Lt., N. 11}° E,, 5500 | Oct, 2L {............ 68 | fne.gn.B.........
H.5221 3.8 miles. e 60
D.5789 | Farallones Lt., N. 424° W, 5500 [...d00ceeclencaerancann 46 |..... [ T T
H.5222 3.9 miles. . 3 i
D.5790 | Farallones Lt., N. 803* W., B500 | Oct. 22 ]e.ceernnnnn 85 | Bureiiiiienenae
H.5223 5.4 miles. 33
D.5791 | Farallones Lt., 8. 873° W, 8500 |.,.d0uecseeeiniiiias R SN
H.5224 8.8 miles. . . 20. :
D.5792 | San Francisco Lt. Ship, N. | = 5500 |...d0.ceerfeueereneicne 2 | Seeeereieeaaanann
H.5225 37° E., 1 mile. 19 )
Upper section of bay. .
D. 5793 | Carquinez Lt., N. w 5538 | Oct. 28|............ 10 | bk, M.,gy.bn.8..
Rt Tang. Belby Vo4 _
Lit. Taog. Crockett wm, ' '
D.57%4 | N. W corner Crockett Whi., 5533 |...do.eeeeainnennaan, 144 | bn. 8., gy. bk. M..
N.274° W.,0.25mi. . . it -
Middle section of day. B
D.5795 | Re. Tong. Angeld, 8. 27° W 5532 [ Oot. 20 |oeevunnnnnn. 13 | 8te....... s
Lt7t Tl%ng Angel 8. 19 )
" | Southampton Lt., N. 75-1; ' i ' '
D.579 | Rt. Tang. Angel Td., 8. 5532 [...00eeeefernrrnennnns }g} 8.,8he...........
C Lrlt; Tang. AngelId. s.so; ' '
Blufl Pt., N. .
D. 5197 ﬁtt'l’i‘ang Angs Id 8. 7;’%. 5532 {...d0uceaifeninianinanns gz [ N .
'an Anﬁ
SOuthmngpt N’ 813° ’
D. 5798 | Rt. Tang. Ang 1 E : 5532 |...d0ve.e]eeniinnnannn 8 | Micoiiieiinnaansn
Lit. Tang. AnngId N 4° W, K¢
Southampton t N. 81?"W
D. 5799 | Rt. Tang. Ang °W. 5532 |...doceeoi]eeininnnnnns 82 fne.gy. m. 8......
Lit. ’{.‘ng. gel , 8. 12
Soutlmm'itun Lt., N.67°E
D.5800 | Alcatraz Lt.,8.66°E........ 5632 T 1 T RN lgz erg. 8.,8t.........
) el Id. Lt.,N.14°E. .. ) 1
Lime Pt, Lt., 8 W, . .
‘D. 5801 | Aleatraz Lt. §7(§“E ....... 5532 |...do.ee o fecnnrenannne 185 | G, 8., Bteeenn.....
-Angel Id Lt., N E. 17 )
lee Pt. Lt., 513 W. .
.ZLower section of bay. : .
D. 5802 .’I‘e.ng Mission Rk., N ) 5631 | Oct. 30 {.cacecacnnas ig* Bh.,'M...' ........ .
Qoat Id L., N. 22 W, \ ‘
D, 5803 ng‘mg on Rk., N. 8631 |...do.cccofeieninnninan g} Mo .
aoet 19, L., N, 18° W, :
Pt. Avisadero 8, I‘S#‘ w. ’
D.5304 | Shag Rk., 5. 804° W......... 8631 |.ou@Oueees]oeernannnes Q St M........... .
8an Bruno Lt 8. 21} w. . ’
Pt. Avisadero,N 62°W.



DREDGING -AND HYDROGRAPHIC RECORDS.

. FraNcisco Bay, CAurr., 1812-13, aANp Marcr, 1914—Continued.

58

Temperature. Salinity. Trial. Drift.

Apparatus. 8 Remarks.
. E g Surf. | Botm. Depth. %‘;‘;:’ Direction. g

i w ] a

°F|°F.| °F. Min. M,

56 |52.38/48.70 | 34.18 | 33.99 12’Ag 19"dr botm, 20 | N.563°W.{1.0 | Messenger on_ inter.

¢inter.;Tor.{ and therm. failed to re-
0se.; #12 4#20; surf. lease till brought to
EXk. bo surf, Botm. sam-
ple and readings
approximate, In-
ter. temp., 49.71;
i]':‘llt)%r sal., 33.99.
52. 58148.86 | 34.18 | 34.31 |..... ([ TR, .e.do.... N, 69° W..[1.0 | Inter. 'ssl., 33.83: in-
ie{) temp,, 52.31.
52.68...... 83,89 [eeeeendoenn. 30uenensn. ...do.... 8.61°E...JL.0 | Ebb, Botm. therm.
did not trip. Inter.
temp. 49.51; inter.
sal., 33.92.

54 |52.38}49.56 | 83.87 | 34.27 |..... Q0eeereeens)oesdones.| 20 |...do......1.0 | EbD. Tost sounding
lead safter lifting
{from water. Inter.
temp., 40.81; inter.
sal., 34.01.

58 [51.88...... 84,08 Jiceencifences d0.vereocee]eaed0eees] 20 ]...d0......1.0 | Botm.Ek.bot.failed
to mPémEbbk N 81~
inter salp'ﬁdos.‘ )

(PN PR PR F R AP 0y8. dr.........| botm,.. 6 [ 8.81°E.. |.4 | Flood. 'l‘owed
astern,

PR PR PR RPN I RO« [ SR ..odo...| 11 | B.87°E...1.7 Do,

53 166.00]......[ccccuuc]icennnn oys.dr....... ..| botm...| 13 | N.31°E...}|.5 Do.

31 1) I FORPON PPN RPN do......... .do.... 9 | N.31° E...| .55 | Flood.

56 [1.1] IS IR RPN §'sldg......... .do.... 73 | N.34°W..[ .68 Do,

7R 1 SR SN R 5'8ldg.; m.b..|...do....] 20 ] N.273° W.1.3 Do.

69 {57.00(......0ccoceeefeecenaitnnns do......... ...do.... 20 | N.364°E..| .8 Do,

(1 N SRR SO R oys. dr.........}...do.... 531 8.25°W-..] .45 | Ebb. Dr, caught
several times regis.
tering over § tons,

PN [ TR PP A P d0....ennnn ..do.... 4 |B8.36°W..[.56 { Ebb. Acoumulator

registered 5 tons.

S RN RPN RPN R &'sldg.: m.b..| botm...]| 2 |B.84)°E..|.4 | Flood. Towed
astern. Bridle
lashed to frame 1

- on each aide.

] [ P {\ [L Sy ...do....t 12 |B.47°E...|.65| Flood. Towed

asterp.
.......................... & sldg.ee......[-..d0....| 20 [B.54°E... L2 Do,




54 . U. S. BUREAU OF FISHERIES,

DRreEDGING AND HYDROGRAPHIC RECORDS BECURED IN SAN,

Station . .
num- Position. Chart. | Date | THDeO! | pepth. | Chatacterof
Lower section of bay—Con.
C. 8. 1912, Fmas.
D. 5805 [ 8h , N.564° W.. .. 5531 | Oct. 30 |..coenennnnn 5t | sft. M,eevnnnnnne.
S8an runo Lt., 8. 35° Ww. . 5
Candlestick Pt N.71°W.
Outside Golden Gate.
D. 5808 | S8an Franclsoo Lt. Shlp, 8. 5500 | Nov. 4 ....ceeceen. 14} | Beeerriivenionnnnas
H.5226 | 754° W., 2.6 miles . 13
D, 6807 | Mile Rk. Lt., N, 79° E., 3.6 5600 |...d0.cooufeunnnnnan.ne -+ T P SN
H. 5227 miles. . 9
Middle section of bay.
D, 5808 | Bonita Pt. Lt.,N. 82" ..... 5532 | Nov. 4 |....cecenenn 43 | 8.,G.,Bt..........
H. 5228 | Fort Pt, Lt., §.8°E . 7
Lime Pt. Lt., N, 44° E.
D.5800 | Bonita Pt. Lt, N.88° W.... 5632 {...d0meeeulecueniennens 8 [..cdOeeiieinnnn.
Fort Pt. Lt., 8, 7 E 213
Lime Pt. Lt., N. -,
cesnrees] O Pt.ROYES. .. cuveneerenr|orernennnnnne Nov. 6 ]....covennnn gg 2

Lower section ofbay.

DS810A| Son BrunoLt., N 444" W.. 8831 | Nov. 11 fueiennn. . 11|80, M.,
H'5220A| No. 2 Beacon, 8.
San Mateo Pt., N, 84° W.

D 5810B| No. 2 Beacon, 8.87° E....... 5531 |...doce . eeeennnnnn, )T 3 PO
H5220B| 8an Mateo Pt N. 84"W :
SmBrunoLt N.443°'W

D.68I0C. ... .B0uenerrnnmaeirnneenennd 5531 |...dowee. )eenenninnns S IR
H.5229C)

H.5230 | No. 2 Beacon,8.87°E....... 5631 [...d0c.ere]ereenannann. IR’ U
S8an Mateo Pt., N. 84° W. .
SanBtunoLt N.444° W,

D.6811A| S8an Mateo Pt., N 63°W.. 5631 [...do..e.feeneiiiinits 1 | 8h,M............
H5231A| 8an Bruno Lt 33&' w.
No. 2 Beacon, E

D.5811B} 8an Mateo Pt., N. 62° W. ... 8531 |...d0ueen.fernenannnnn 1 |o.... Q0uereaeennnns
H.5231B San Bruno Lt., N, 32°W.

No. 2 Beacon, N. 873° W. )
D.5811C| San Mateo Pt., N. 63° W 8531 |...do.... et 3| 8h,M.,8.........

H.5381C| 8an Bruno Lt., N. ax°wi'“
No. 2Beacon,§ 89° E

H., 5232 | 8an Mateo Pt., N 869’ W... .13 N O 1 O F Y TP S
8sn Bruno Lt., W. )
No. 2Beacon,é 85° E

Middle section of bay.

H.5233 | Brothers Lt., N, 17°E...... 5532 | Nov. 26 { 8.028.m. (AR SO
Lit. Tang. Red Rk., 8. 67° E.
Southampton Lt., 8.83° E.

H.5234 | Bluft Pt,,8.32°E.......... 5532 |...do..... 8.34a.m. 7 ... A0ueenennnenns
1{t. Tang. Red R¥., N. g3
Sout.hampton Lt., é 49°

H. 5235 BluﬂPt ......... 5532 |...do..... 9.03 8, m. T3 [ceeecd0eucnccrannes
Rt. 'I‘ang Red 643 E.
onﬁmnptonm.,b




DREDGING AND HYDROGRAPHIC RECORDS. 5b

FraNcisco Bay, Caurr., 1912-13, ANp Marca, 1914—Continued.

Temperature. Salinity. Trial. Drift.
Apparatus. 8 Remarks.
N SurL. | Botm. Depth. | 28| Direction. §
4 H
@ a
°F|°F.| °F. Min. Mi.
59 169-00)....o)eceeiifennnnns 5 sldg......... botm..| “20 | 8.58°E...[0.46 | Flood.  Towed
M astern.
156 [63.88(51.01 | 33.09 | 34.03 | 12’ Ag.; m.b.; | botm, 20 | 8.283° W.[1.0 | Ebb. Vertical tow-
Ek.bot.; and net haul. Inter.
Tnr.cse.; 4’ surf. temp., 83.51: inter.
inter.; #12, sal., 33.35.

62 154.0868.36 | 32.81 | 32.93 [...7. do......... ...do....| 21 |8.693°W.[1.3 | Ebb, Vertical tow-
net haul.

(RPN P PN F N oys. dr.; 4'{botm. 9 | 8.44°W...| .95 | Ebb, Vertical tow-

inter.; 12, an}i net haul,
, surf.

[ RN IR R RO R do......... botm...| 15 | 8.5¢°W.. 1115 Do.

R PR PN O R selne.......... PR T, T |+ I PO 6.0 |2 hauls. Trip made
with Pa)sd&l Fish
Co.

..{87.83/56.903 | 31,40 | 31.21 | oyster tongs; | botm. |..._... Anchored.|..... On oyster beds, Ea-
Ek. bot.; and ton” beds, southern
Tnr. cse. surf. beds. 6pemtlom
conducted from
SCOW.

....|57.13(66. 18 | 31.42 | 31.36 [..... do......... PR« T T SO RO I TSN A, Do.

ve-|67.33168.53 | 31.40 |.......]..... do......... odoafoia .. Do.

T PP RO R PSRRI Ek.bot.; Tar. | surf, [ 10 {Clrele.....[..... Ebb. - Towed around

cse.: $12, #20. and Eaton oyster bed.

4’ {nter. botm.. Operations  con-
duoted from
launoh.

....|57.53|67.18 | 81.51 | 31.44 | oyster tongs; [ botm. |....... Anchored .|..... Ebb. On Moraghan

Ek.bot.; and bed; N. E. fenoe.
Taor. cse. surf, Operations oon-
duoted from scow.
..|57.63(67.93 1 31.51 [ 31.60 {:....do......... JR 1, TP P JRR (- OO SO Ebb. On Moraghan
. bed; 8. fence. Op-
erations conduoted
{rom 8COW,
..167.83167.93 1 31.50 |....... ... do......... [ U, YOO FUPN JRURs U SO PO Ebb. On Moraghan
! : bed: W. fence,
Operations  con-
ducted from scow.

RS PN PN I veoofvacenas Ek. bot.; Tnr. [ surl, 10 | 8.57°E...[.33 | Ebb. Down NE.

c30.; $12, #20; and fepco of Moraghan

4’ inter. botm, ..~ Operations
conducted from
launch,

152 M.OSJMAS 27.26 | 28.60 | Ek. bot,; Tar. [surf, 21 | Agafnst|..... Flood, 0.10 knot per

. cse.;4/inter.;! and de. hr. Towed 8
#12, §20; Pr. botm. under way. Tow-
m. * L net #20 was fouled
on inter. and did

- not function.

Is2 [53.83]54,38 | 20.66 | 20.82 |..... 0.renennnn .odo....) 18 |...do...... .....| ¥lood, 0.79 knot per
hr. Towed § .
under way. Tow-

. net #20 badly torn.
,93(53,98 | 20.10 | 31.07 | Ek. bot,; Tor. |...do....] 11 l...do......|.... Fiood, 1.07 knots per
cse.; 4’ Inter.; hr. Lost the water-

$#12; Pr. m. : sampla dipper.



56 U. S. BUREAU OF TFISHERIES,

DREDGING AND HYDROGRAPHIC RECORDS SECURED IN SAN

Station ’
Time of Character of
nunt- Position. . Chart. Date. day. Depth. bottom.

Middle section of bay—Con,

H.5236 | Blufl Pt., CW.eeaousen 5532 | Nov. 25| 9.22a.m. TR I Miiiiiiiinen.
Rt. ’I‘ang Red k., N.7°W. .
S8outhampton Lt., ‘B.62°E.
H. £237 | Southampton Lt., N 60°E.. 5632 |...do..... 9.46 8. m. 83 | M.Bevererinannnan
Rt. Tang. Red Rk, N.17° W,
Lit. Tang. Angel 1d.,8. 14° W,

H. 5238 | Southampton Lt., N.19°E.. 5632 |...do..... 10,06 &. m. 14 [..... [ U YA,
Rt Teng. Augel 1&. N 67°W.
Tang.Angel 1d.,8. 35° W.

H. 5239 { Southampton Lt N.5°E... 5532 |...do..... 10.28 a. m. 21 |..... (i 1 VO
Blunt Pt., N, 81° W .
Alcatraz f,t 80° W. .

H. 5240 | Angel 1d. Lt N 11°E...... 5632 |...do..... 11.04 8. m. 113 [..... do..... cevees “
Alcatrar, Lt., B.56°E. .
Lime Pt. Lt.,s 62° W,

Upper section of bay.

H.5241 | Carquinez Lt., N. 26} W.. ... 5533 | Nov. 28 | 1087a. m.| 03| Bevevrnrnneeeanns
Lit. Jang. Crockstt , 8.

Rtv.v ’I‘ang. 8elby Wht., B. 39°

H.642 | Mare 1d. Lt., N. 5o° ....... 8533 |...do..... 11.078. m. 3% 15 Y S
Carqi‘llnez L{
Li7t ang. Crookett Wh!. 8.

H.5243 | Lone Tree Pt., 8. 40°E ...... 5533 |...do..... 11.46 8. m. 6 f[..... [+ 1 Y
Mare Id. Lt., N. 85
Pinole Pt., . 4

H.5244 ll[;one’.l‘reePt. .%&"E ...... 5533 {...do..... 12.19 p.m. [ 2 DO 1. J R,

H.5245 | Brothers Lt., 8. 'W ...... 5533 |...do..... 1.04p.m.| . 63]..... L« [ T,
Pinole Pt. 8., 75°
Rt.Tang. éisters
-H.5246 | Brothers Lt., 8. b’l ...... 5633 |...do..... 1.26 p.m. 7 |eeee- d0eeeuecn.. vae
. Rt. Ts.n Sisters, 8. 61° W.
Pinole Pt., N. 74§° E.

H. 5247 | Brot hemﬂt 8.4 E ........ 5533 |...do..... 1.58 p.m. 123 | brd. M....c.... .
Ta.ng Bisters N.343*° W
“‘v?v Mumids 8,6714°

Lower section of bay. )
. H.5248 | No. 2 Beacon, 8, 81°E_...... 5531 | Nov. 27 | 10.208. m. 6} M...............?.

San Bruno L., N. 69° W.
San Mateo Pt., 8. 17° W.
H.629 | Bhag Ric, N.28° W ... 5631 |...do..... 1106 8. m. 5 |oeee- d0ueerenninnnnn
H. 5250 ., N. ao w 5831 |...do..... 11266, m. 6 feee.. d0.eunennnn
,'11.525; Sha, Rk. 5831 |...do..... 11.51 8. m. 0 S T S
H.5262 | Bhag Rk, N. 85°W. ... ..... 5631 |...do.....| 1218 p.m. 6% [+eeeadOnnnennaanans
Pt., N. 72° W. ’
H, 5253 | Gont 13 Lt., 013 ww ...... A 5631 |...do....2| 12.61 p.m. 9 |..... d0enennnnnannn
8 .
H. 5264 Goatxd.Lt.,N.w'w ...... 8531 |...do..... 123 p.m. 104 [..... Q0urrrvennnnen

H.5255 Goatld Lt N 20‘E ....... 5631 |...do..... 1.68p.m. | 128 |.....dDseene....
a.nx. imsxon Rk, 8.| ,




DREDGING 'AND HYDROGRAPHIC RECORDS,

FraNcisco Bay, Canrr:, 1912-13, aNp MarcH, 1914—Continued.

67

Temperaturs. Salinity. Trial. Drift.
Apparatus. 8 Remarks.
R g Surf. | Botm. Depth. | DU} Direction. g

CAR-t g

<{a |/ R

°F.|°F.| °F. Min, Mi.

5¢ [53.73}53.08 | 28,60 |....... Ek. bot.; Tar. [surf, 11 Aaalnst ..... Flood, 1.30 knots per

cse,;4’inter.;] and de. hr.
$12. botm.

58 |54.03153.98 | 28.68 | 30.08 |..... do......... do.. 12 {...do..c..o]eenns Flood, 087knot per
hr. Ek. bot. not
opened before low-

155 (54.03/53.93 | 30.15 | 31.51 | Ek. bot.; Tar. [...do....| 10 P 1 TRPOROR B Flood '0.92 knot pet

€30,; 4'1nter..
#12 ’ 420; Pr
653, 83/53.88 | 31.09 | 31.82 |..... do ......... ..do....| 11 {...do......]..... Flgod, 1.17 knots per
r.
53.73(63.68 | 32.14 | 32.28 |..... do......... Jdo....l 10 |...do........... Flltl'»od, 2.39 knots per
T.
51 163.23/53.98 | 14.29 | 20.38 | Ek. bot.; surf, Agalnst |..... Flond, 0.69 kmot
Ecse 4’inter :{ sand o gld hr. ~Inter, tosgg
#12 320, Pr.| botm. while under way.
56 163,53(53.73 | 14.62 } 21.35 |..... L T T, ...do...| 10 |...do......]..... Flltl)rod, 1.27 knots per
56 [54.63(64.18 | 17,40 | 22.92 |..... [ - T, ...do.... 0% | With tide.]..... Flgod, 1.54 knots per
r.
54 |54.33)54,38 | 22.88 | 25.62 |..... do......... ..do....| 10 Agginst ..... Flgbd, 1.31 knots per
T,
58 [64.33164.18 | 26.49 1 28.42 |..... do......... .do.... 10 {...do......{..... Flgod, 0.75 knot per
. r.
58 |54.73|64.08 | 25.85 | 28.26 |..... do......... ...do....] 10 f...do......|..... Slgck, 0.44 knot per
) r. :
57 154.03063.98 | 26.87 | 30.20 |..... do...eeenn ...do....! 18 | Withtide.|..... Ebb 1.31 knots per
' Nat towed for
5 min with tide.
60 |55.53]55.18 | 20.60 ]| 30.11 | Ek. bot.; Tar. |surf, 10 | Against |..... Flood, 0.67 knot per
cse.;4’1nter., snd ide. hr.
£12,820; Pr. | botm.
m, :

69. 6[55. 4356.28 | 20.50 | 28.10 |..... do......... ..do.... 9 1...d0csacci]ennnn Fll(x)rOd' 0.87 knot per

69 155.2356.18 | 28.28 | 20.16 |..... do....ennen ...do....] 14 |...do.....ifeen. Flood, 0.88 koot
ln'. "Net tow 4

68 [55.03(54.98 | 28.77 | 28.40 |..... do......... PR (TR S [+ T N 1 S RN Fl&od, 0.657 Xnot per

70 154.53{54.43 | 28.72 | 20.16 |..... do....een.. ..do... 17 ido.e..o]eenns Flood 0.87 knot .
min Net towe 7

68 |54.53(54.08 | 20.56 | 30.11 |..... 0. caenenn sdoo] 13 fdo........l Flood 0.79 knotmfer

N 3
64.63(63.98 | 20.43 | 80.43 [..... 0+ [ SO, ...80....] 14 1_.do......]..... I*lood(kn lyslack),
o ' Nettowed

63 |54.63/63.88 | 80.35 | 80.82 |..... T [ T, ..do....| 13 | Withtide.|....:| Beginning of ebb,
0556 “kiiot per br
Net towed mln




58 U. S. BUREAU OF FISHERIES,

DRrEDGING AND HYDROGRAPHIC RECORDS SECURED IN SAN

Station
Time of Character of
mm?- Position. Chart. Date. day. Depth. bottom. .
Lower section of bay--Con.
/ C.S. 1912, Fms.

D.5812A{ No. 7 Beacon, 8. 73° E., 0.7 5631 | Nov. 27 | 10.69 a. m. 1 | 8h, M............
HA5256A| mile.
D.5812B| No. 7 Beacon, N. 63* E.,, 0.85 5631 |...do..... 11.20 8. m. D U 1D ¥ SO
H.5256B; mile.
H.5257 | No. 7 Beacon, N, 63° E., 0.79 5531 |...do.....| 11.83 8. m. 1 ]..... [ [ T

mile.
D. 5813 | No. 7 Beacon, 8, 23° W, 0.48 5631 |...do..... 1248 p. m. } ¢ PO [+ 1. YO
H.5258 mile,
H.5258 | No. 7 Beacon, 8, 2° E,, 0.5 5631 |...do..... 1,02 p. m. 13 l..... do...... canens

mile,
D.56814A| No. 4 Beacon, N. 56° E,, 0.98 5631 |...do.....| 247p.m, 13 | M., Bh.....
HL5260A| mlile.
D.5814B| No. 4 Beacon, N. 56° E., 0.81 5831 |.,.do..... 3.02p.m. D D S
Hp5260B| mile.
H. 5261 NmBeaoon, N.513°E.,0.81 5531 |...do..... 3.16p. m. 1 k... do...--.......

0.
Upper aection of bay.

H.5262 | Brothers Lt., 8,98 E 5533 | Dec. 3 |10.16a.m. 12 | hrd. M............

Lit. Tang. Sisters, N, 20° W,
Ltt.Tang,Marin Ids.,5.56° W.

H.5263 | Brothers Lt,, 8, 23° 'W.. 5533 |...do..... 10.49 8. m. 7 | Meveeerinnianaiaas

Rt. Tang. Slscers 8. 64;'

Pinole Pt., N. 72 *E.

H.5264 | Brothers Lt 0' W....... 5533 |...do..... 11.18 8. m, 7 ... [ |\ T

Pinole Pt., §. 77

Rt. Tang, Sisten,s 534 W,

R.5265 | Lone Tree Pt., 8. %j ..... 5533 |...do..... 12,05 p. m. 54 ¢..... do....eeo......

Pinole Pt,, 8. 36°

Mare Id. Lt N.64° E,

H.5266 | Lone Tree Pt., 8.37° E...... 5533 |...do..... 12.44 p. m. 5% |..... do...ceveen...
Mare1d. Lt,, N, ezz;n

Pinole Ft,, 8. 503

H.5267 [ Mare Id. Lt., 42° W..o.... 5533 |...do.....| 1.26p.m. 8% 1..... d0euenuannnnn.
Car%mez Lt 9&
Lit sng Crockett h! 8.
H.5268 Caquineth N84 ‘}VS 5633 |...do.....| 1.48p.m. 125 | Boo e
g & )

Rtw Tang Belby Wht,, 8. 48°

ZLower section of bay.
H.5269 | Goat1d Lt., NS E....... 5531 | Dec. 4| 9.698.m. 10 [8.Moeouanenn....
Bldg, .
R ﬁ‘avxy; imsxon Rk 8,
H.5270 Goaz Id. Lt., 'W ..... 5531 [...do..... 10.40 8. m. 9% l..... [ 1 T

B
""i‘av?gm:asion Rk., N.



DREDGING AND HYDROGRAPHIC RECORDS.

Francisco Bay, Caurr., 1912-13, AND MarcH, 1914—Continued.

59

Temperature. Salinity. Trial. Drift.
Apparsatus, 8 Remarks.
o ‘Surt. | Botm. Depth. | 28| pirection. 5
55|
@ A

°F|°F.| °F, Min. | - Mi,

68 |54.23|54. 41 | 30.89 | 31.27 | oyster wx,xlgs: botm. |....... Anchored.|..... Flood, Dumbarton
Ek.bot.;Tanr] and No. 2 oyster bed,
cse, surf, near camp. Opera-

tions conducted
from Isunch.

68 |54.23/54.31 | 31.86 | 81.27 |..... do......... PR U JOURN PR PR T PR PR Dumbarton No. 2 at
some distance. Op-
erations conducted
from launch.

68.6..... ..... T P 4 inter.; $12, | surf{, ) (1 I PO Flood. Townet haul
$20. and between A and B.

botm., Opemt.lons con-
d uc c;': ed from

67 ]54.93|54.76 | 31.06 | 31.18 | oyater mn botm. |....... Anchored.|..... Flood Mowry 0{
Ek.bot.; and bed. fons -
cse. surl. con(llt)xcted from

67 55.73] ... eeeiiifeennnnn 4' inter.; Ek. |surf, 10 leeee POU RN Flood, Townet haul

t.; Tar. and in Mowry oyster
ose.; #12, §20. botm. Operations
}:onduotod from

61 (55.23|55.81 | 30.11 | 30.11 | oyster tongs; | botm. [....... Anchored.|..... Ebb. South Bel-

Ek.bot.;Tnr.f and mont oyster bed.
surf. Operations con-
;1 uc c§1 ed from

60 |55.13/55.26 | 80.74 | 80.74 |.....d0......... RPN 7. JOU PN RN . 7. FPURRE F Ebb. South Bel-
mont oyster bed;
anotherpolnt Op-
erations conducted
from launch.

00 feveeefersarsfroscoec]asccnas 4 inter.; $12, |surf, b Ui I P P Ebb. Townet haul

$#20, an in South Belmont
botm, oyster bed. Opers
allons conducted

from lsunch.

51 |52.73/58.03 | 26.71 | 28.95 | Ek. bot.; Tar, |surf, 11 A&ainst ..... Ebb, 1.80 knots per
cse,; 4’ inter;| and de. hr.

#12, #20; Pr botm. .
m,

51 |52.73[62.98 | 25.97 | 28.02 |..... [ [N Y .do....] 10 X Y IO Ell)ltr), 1.23 knots per

51 |52.78/52.98 | 24.03 | 26.32 ..... do.........|. ..do.... 11 j...doeeeeeefoa... E\l)zl;. 1.31 knots per

68 [52.73(52.98 | 17.33 | 24.63 |..... [ [ TP X ..do.... 93 l...d00c.uec)ennns Ell)l?, 1.50 knots per

60 [52.63|52.83 | 17.47 | 22.13 |..... do......... ..do.... 83 l...doeeee.]ennns Etl)xlr,' 1.74 knots per

70 |51.73162.23 | 13.75 | 14.29 |..... do..v.ennnnfen .do.... 11 [...d0ceceer]enne. Et};\t:. 1.88 knots per

60 162.33(58.23 | 13.87 | 17.40 |.....do... o0 veel0e] 10 [o..dOeenectie.... Etﬂt;, 2.89 knots per

51 |52.83!51.98 | 29.04 | 31.12 | Ek. bot,; Tor.{surft. 13 | Against |..... Ebb, 1.39 knots per
0s6.;4’ ‘nter. )] and tide. hr.,

§#12, m; Pr botm.
m.
81 [52.983/52.98 | 20.50 | 28.88 |..... (T FO weodoac.| 12 l..do.....cfeeee. 'Elﬁ\rn, 2.05 knots per



60 . U. S. BUREAU OF FISHERIES.

DrEDGING AND HYDROGRAPHIC RECORDS SECURED IN SAN

Btation
Time of Character of
n@ Position. Chart. Date. day. Depth. bottom.

Lower section of bhy—Con.

C. 8. 1912. Fme.
H.5271 GoatId Lt N. 1“} W..... 5631 | Dec. 4 |11.19a.m. 8 M. iiieiiiiniann,
Sangano Lt., 8.17° W,
H.5272 Sha Rk., N. 6 1°W.....o... 55631 |...do..... 11.48 a, m. ki S O« [ T

H.5273 | Shag Rk., N.34°W......... 5531 |...do..... 12,20 p. m. 5 |..... [+ (- T
8an Bruno Lt 8. 39 'W.
No 2Beacon,é 29

H.5274 | Shag Rk., N.26° W........ 5631 |...do.....| 12.48 p. m. 5 ... ' [+ J
mno Lt 70'
No 2 Beaoon, L34°E.
H.5276 | Shag Rk., N. 26%, W.ioonnon 5631 |...do..... 111 p. m. 5 |..... s [+ JN
San runo Lt. 86° W

No, 2 Beacon, ‘B.35° E

H.5276 | No. 2 Beacon, B, 34° E....... 8531 |...do.....| 1.38p.m. 7 e d0urnnnnnnn.
Ban Bruno Lt., N 67°'W.
8an Mateo Pt., 8. 103° w.
Middle section of bay.
H.5277 | Angel1d. Lt., N. 1I3° E..... 5532 | Dec. 5| 9.49a.m. 145 [ hrd. 8eeeeenne.....

Alcatx%z'Lt .s 533° %L‘v :
H.5278 Southampwlth..,v%I. 9° E... 5632 |...do..... 10.25 8. m. 198 [m.B...ooiieeain.
H.5270 | Bouthampton Lt. NYZ? E 5532 |...do.....| 10.56 a. m. 16 |.....dOveeennnnn.n..
Rt. Tang. Angel 1d.,

Lit. ’l‘ang Angel Id., 8. 413°
H. 5280 BomlmmptonLt NG E.. 5532 | _..do..... 11.23 8. m, 8 |..... d0ueerinnnnnn.

Rt. Tang "Red RE.,N.11° W
Lit. Tang Angel Id 8. 1°W

H. 5281 SouthnmptonL §.74° E.. 5532 |...do..... 11.52 8. m, 8 I Muceieiicinannnnnn
Bluft Pt., hw
Rt. Tang. Red k. N 1§-w

H. 5282 Southampton Lt . 5532 {...do.....| 12.11 p m. 9 |..... [+ L
Blufl Pt., QR
Rt. Tang. Red k., N.6°E. _

H.5283 %(;u&hamptsonlLtﬁé 2°E... 5532 |...do.....| 12.41 p.m. 7 eeeeellOueananinnn,
Lit. Tang. Red Rk.,N.48° E.

H.5284 | Brothers Lt., m’ ....... 5532 |...do.....| 112p.m. 9 |eeeeedOueennnnnnn...

outhampton Lt rl‘.
Lit. Tang. Red Rk. B.G3°E.

Tpper section of bay.
D. B815A Lfé ’I‘anEg Crockett WHh., 5533 | Dec. 9] 11.23a.m. 7 [s.M,M.ceeo......

Carquinez Lt., *E.
Rt, 'l‘ang. Selby Wh{
20°W,

.......... AtoB.ceeirerennaernanannnn. 5533 |...d0.....] 11.338. . |cveeennefianninnnnnnanennnn..
D. 5815B. Lft. TnnEg Crockett Whr 5533 |...do.....| 12,08 p.m. 13 |m,8,8h..........

Cm'quinez Lt. 40° W,
Rt, Ta‘!;; eﬁby Wh., 8.

D. 5816A | Carquinez Lt., N.63°E..... 5633 |...do.....|] L00p.m. 8| M,8h............
Oleum Pt., 8, '32° E. :
Mare Id, Lt., N, 33° E.

cercecsces PG D T 5533 |...do..... D C 23 T | A R




DREDGING AND HYDROGRAPHIC RECORDS.

Francisco Bay, Carrr., 1912-13, AND MarcH, 1914—Continued.

61

Temperature. Salinity. Trisl. Drift.

Apparatus. 8 Remarks.

ol g 8urf. | Botm. Depth. | tiom. Dlmction.( %

il & a

°F. °F.| °F. Min, Mi.

51 |63.2353.18 | 20.50 | 28.56 | Ek. bot.; Tnr. [sur{ 1 Against ..... Ebb, 2.04 knots per

cge.; 4’ in- and ide. hr,
ter.; $#12, botm. .
#20; Pr.m.

52 |53.33(53.238 | 29.50 | 20.50 [..... do......... cedoo.. | 11 f...do....ilf..-.. Ell))!lg, 1.95 knots per

52 |63.73l3.78 | 29.95 [ 20,05 |.....do..... ... cedona.) 10 |do..iifeenl Ebb, 1.66 kmots per

52 |53.65]58.78 | 30.50 | 20.89 {..... do......... s.do...| 1 |o..doee....... Egtr:, 1.74 knots per

53 [54.53(62.93 [ 80.20 | 30.28 |..... do......... ..do....] 10} }...do......f..... Ebb, 1.88 kndis per

hr. Ek.bot. fouled,
failed to trip, low-
ered immetﬂately.
tripped, and read-
ings taken. .
53 [53.53[53.68 | 30.43 | 30.43 |..... do......... voodoo.| M1 cidoc...ofe.lls Etl:l\;, 1.59 knots per’
53 (51.93(52.08 | 82.28 | 32.37 | Ek. bot.; Tur. {surf, 10 Aﬁainst ..... Ebb, 0.517 knot per
cse.; 4’ in- and de. hr,
ter.; $13, botm.
52.23)82.28 | 82.28 | 32.37 |..... eemseenosfeeedOun.) 04 [oo.dooiiiilee. Ebb, 0784 knot per
58 [52.43[52.38 | 81.75 | 32.14 [..... d0e..cennns Ldol 17 fildoo...lld..... Ebb, 0.8 knot per hi.
58 |s2.53062.88 | 31.66 | 31.68 |..... do......... do....| 16 |..do......|..... EbD, 0.82 knot per
r.
61 |52.53|62.63 | 20.34 | 31.51 [..... do......... ..do.... 10 |...do.......|..... Egb, 1.48 knots per
T,

82 )52.63|52.08 | 30.66 | 31.21 |..... do......... odo....f 113f...do.......|..... Ell)llr), 2.04 knots per
52. 53(52.63 | 28.40 | 30.35 |..... do......... ...do....[ 103{...d0.......{..... Eg!r), 2.33 knots per
52.0352.48 | 27.33 | 20.04 I..... do......... ...do....] 10 [|...do......]..... Egt;, 2.71 knots per

50 152.00]......]ce0ccnifecacenn o.p.dr........ BOtM...leerrei]earcnanacnaononn 0. p. dr. used at each

, end, sledge trawl
R
n .
mf. Flood.” M. 4
inches over top of
0. p. dr.

RO PO PO APPSR P 5 sldg.........l. ..do....| 15 |@6° ....... 0.54 | No ﬁ Cable out 30

i U IO TUPSUUNS PP o.p.dr.: & sidg|...do.... 0.'p. dr. 3 full; rest
P w%shed out. =
52 |82.00)......0cceccfeieinii]onnna d0....u...n I U TOUR RN ORI TP 0. p. dr. used at each
end, sledge trawl
thr terven-
l,ﬁf nce, 0.88
v Flood.pr.G
nches over top.
PPN PPN P PO 5 sldg....c..-. odood 18 [ 78°.. ... 0. 88 Nﬁ. Cable out 80




62 U. S. BUREAU OF FISHERIES.

DRrEDGING AND HYDROGRAPHIC RECORDS SECURED IN SAN

Station
xg;rm- Position. Chart. Date. ng;‘d Depth. Chm of
Upper section o ba —Contd.
f Bay C.S. 1912. Fms.
D, 5816B (‘m‘qulnez Lt N.31*E...... 5533 | Dec. 9| 1.33p.m. 108 | M, MEL.........
Mare Id. L Iv 28° W,
Lft ’I‘m FF Crockett Whi.,
D. 5817A Lone'l‘reePt ...... 5533 |...do..... 2.06 p. m. LR KT e
Mare Id. Lt. N Glsz
Pt. Pinole, 8. 513°
.......... AtoB..iiiiiiiiaen. 5533 |...do.....0 211D {eeeiieicfecrariiciionnannnas
D. 5817B Belblemrf B.3°E....... /5533 {...do.....| 2.43p.m. 55 | M, 8. ciaienn...
Mare Id. Lt., N. 68° E,
Pt. Pinole, 8 54° W,
oft Pt. Reyes .......................... Y« 1. T PN 323 - T
Upper section of bay.
D. 5818A | Pt. Pinole,s 10°E.......... 5533 | Dec, 10 { 10.37 8. m. By | Moo
Mare Id. Lt., N. 67° E
Lone Tree Pt., N. 804° E.
.......... AtOBiiecieriinniiaenennann 5333 1...40.....{ 1050 8. . foeeviiand) i,
D. 5818B | Pt. Pinole,S m;'w ........ 5533 |...do.....] 11.12a. m, 41| s M,Bh..........
Mare 1d. Lt., °E.
Lone’lreel't 8.83°E. :
D. 5819A | Pt. Pinole, N.8I3°E ........ 5533 (...do.....| 11.57 a. m. 7 (... L 1
Brothers Lt., 8. {6° W,
Rt. Tang. Slsters B.47°W,
.......... AtoB....iiiiiiiiiii, 5533 [...d0.....} 1282D.0B. Jverricrferarananaranarianias
D. 58198 | Pt. Pinole, 8. 694° E......... 5533 |_..do.....| 1.17p.m. 6 {8.M.,8h..........
Brothers Lt., 8. 233° W,
Rt. Tang. Sisters, 8. 453° W
D. 8820A | Brothers Lt.,B.8°E. ........ 5533 )...do..... 1.51 p.m, 12} [oeveelOueennnnenn...
Rt. Tang. Sls\‘.ers N 30° W,
L(t ’I‘nng Marin Ids., 8.
.......... AtoBoicreieriiieannnnn.. 5533 [...do..c..| LETP.M. |eceeenit it
D. 5820B BrothorsLt 8.16°W,...... 55633 |...do.....| 2.21p.m. 8 | B, M.iiiiaaiial.
Tang. rs, 8.694° W,
Lft. Tang, Marin Ids.,, 8
8w,
Middle section of bay
D, 5821A | Rt. Tang. Red Rk, N.43° W. 5532 | Dec, 17 | 12.45p. m. 8 | B, ,M,Bh.........
Brothers Lt., NP E
onthnmpton LI:.,B 02§°
.......... AtOB....ceircorrscncacsas 5532 |.. 1.16p
D. 6821B { Rt. Tang, Rede N 14°E. 5532 ...4 1.38 p.
Brothers Lt., N. §
8Southam ton Lt 8 71'
D. 5822A | Brothers é7a ...... 6532 |...do.....| 2.05p.m. 5 §..... LY .
Houthampton Sa
Rt. Tang, R,ede
PSP . ¥ 7.1 - TP 5682 |...d0.....] 2.09p.m. ..o e




DREDGING AND HYDROGRAPHIC RECORDS. 63

Francisco Bay, Caur., 1912-13, AND Marcs, 1914—Continued.

Tomperature. Salinity. Trial. . Drift.
_ Apparatus. 3 Remarks.
.| g |sort |Botm. Depth. | DUr% | pirection. | § :
L] E ] ' .| 4
< | @ ] /"
°F.| °F.} °F. ) Min. Ai.
F O P P ) P o.p.dr......... botm, .. |eceeeiifearianeaeniefoonnn O. p. dr. 8 Inches
. ver full.
53 (83.00[.....cfeceenciforenann 0. p. dr.; B |...do...eieiiifeiaiens eeeaafesens 0. p.dr. usedateach
sldg. end, sledge trawl
thrm:ﬁil nterven-
tance, 1.18
m b. More
JRR PN PO P Y P & sldg......... ...do....| 23 j64°........ 1.18 Flood Cable out 20
fms. Largetub M.
landed.
.......................... o.p.dr.......]..do oo MU foot above top.
JS TN ORI PSRN FOPUN seine...........J-..do....{ 80 f........... 8.00 ’I‘lg‘ps made with
aladini Fish Co.
51 (50.800. ... )eeiii]eaennn, o.p.dr........[botm. .. oo 0. p. dr. used at each
, . end, sledge trawl
: through interven-
gle tance, 1.18
* mf. M. 6 inches
above g
N VR RN SO PO 5'sldg...... a.l...do....] 154 68°........ 1.16 | Slack. Cs le out 20
. ’ fms. -No M. ex-
cept on trawl run-
’ ners.
[ U PR PRI APy o, p.dr....... Y 1 YPUR SO FUDRIDPIN PR 0. p. dr. 86inches over
. full.
52 [60.00.....]ceevenafecerens o, p. dr.y 8 |..cdociieeeiiiieieniiiefeeean O. p. dr. used &t each
sl%g. ! end, ed};e trawl
nterven-
im? tance, 1.25
6 Inches over
......................... 5 sldg.........|--.do....] 16h [ 42°.. ... L0128 Flood Clean haul.
Cable out 25 fms.
I PR FUUUN T APy 0.p.dr...o.oo oo Full.
83 (62,000 ..o ]oeereiifernennn oo, SR VSN IOUUUU! RN R 0. p. dr. used at each
end, edfe trawl
i ta) elnl
nece, 1.
mf inches over
...do....| 17 | 30%°....... 1.1 ean haul. Flood.
Cable out 40 fms.
. X' T, SR RPN IR P,
53.00]......0cceniui]ornennn o.p.dr........ b 2517 ¢ TR S NP APPON O. p. dr, used at each
o : T P ,eﬁd, sledge trawl
through interven-
1n§ tance, 1 mi.
Oft California City.
Level full,
U PO FUTUDTE PO PO 5 8ldg......... ...do....| 12 [134c....... 1.0 | Ebb. No M. takan.
PR RPN F Y Fp o.p.dr........ J s . T P R P . :
55 [63.00......|..... 3 FURUIO! A A0eneeenrnn SO0 FUUU IO ceecloenad] 00 p:dr. used ot cach
end, sl Ixe trawl
nterveu-
gle stanee, 1.17
8 Inches over
JRN PPN RPN PRSP PPN veof 578lAG..cuenennt adoo. | 14 1182°...... 1.17 EPb Cable out 235

51700°—21—12



64 U. S. BUREAU OF FISHERIES,

DrEpGING AND HYDROGRAPHIC RECORDS SECURED IN SAN

Station ' Character
man- Position. Chart. | Date. | Ti3eo! | Deptn. ottom. "

Middle section of bay—Con.
C.S. 1912. Fma.
D. §822B Bﬁxt'othera Lt., 36)' ...... 5532 { Dec. 17 | 2.28 p.m. 6 | M.oo.ovaeaiiiaies
. g. .

L]
-'E ....... 5532 |...do..... 3.14 p.m. 7 | M.,8he. ...
Rt. Tang. Red Rk.,N.85°E.
Southampton Lt., ‘B.51°E.

.......... AtoB.eiiiiniiaiiiiananaad 5532 |...do.....] 3.19p.m.

D. 5823B | Brothers Lt., N. 23}° E 5832 |...do..... 3.52p.m.
Rt. Tang. Red Rk, 59‘1!
Soutbampton Lt., B E
D. 5824A | Rt. Tang, Red RK, N WE. 6532 | Deo. 18 | 10.028. m. 123l gy Moeernann.....
Brothers Lt. 485 E,
W Tang. llarlnld N. 41°

.......... AtOB...oiiiiiinininennnnns . 55832 |...do.....[ 10078 . M. fo. e feeciiiiinaiiaaas,
D. 5824B | Rt. Tang. Red Rk., 8. 6&}'E 6632 |...do..... 10.29 a. m. 7
Brothers Lt., N. l3° .

Lit. Tang Marin Id., N. 38°
D. 5825A Rtw’l‘ang Angel Id., 8. 603° 5632 |.. do..... '10.56 8. m. 84 | Buvererrenenannnnn

Southampton Lt.,N. 7
1t. Tang. Angell'd., 93 oW,

...... PR B N . b - N 5632 |...do.....]11.01a. M. |ece.ioi i ]eueieiecaiinaanennas

D. 5826B | Rt. Tang. A_ngelld 6'W 5632 |...do..... 11.36a. m. b2 O -
Southampton L N7
Let.” Tang. Angel id 8. 4aa°
D. 58264 | Rt. Tang. Red Rk. N.20° E 5532 |...do....| 12.44 p.m. 7 |8, 8beeennn.n...
Southampton Lt., 8.463° E.
Bluft Pt., 8.1° E.
.......... AtOBoueeeceneieianaaanasd 5532 |...do.....| 12.65 p.m.
D. 5826B | Rt. Tang. Red Rk., N. 8‘W. 5532 |...do..... 1,16 p.m.
Southampton Lt, B 52 E
Blufl Pt., 8. 38° W.
Upper section of bay.
H. 5285 | Brothers Lt.,8.93°E....... 5533 | Jan. 13| 9.63a.m. BUTS 1B ¥ SO
LAt. Tang. Slsters N.27°W. -
Lt%v'l‘a.ng Marin ids., 8. 5°

H. 5288 | Brothers Lt., 8. 23° W....... 5533 |...do..... 10.28a. m. [ P d0..cceveannn..
Rt ’I‘an}; Suters § 674° W,

H, 5287 BronarsLt l W....... 5633 |...do..... 11.01 a. m. 683 1..... L, 1 TR
Pinol *E.

t. )
H. 5288 | Lone Tree Pt., 8. 83° E 5833 |...do..... 11.448. m. -2 PN [ 1 T,
H. 5289 Lone'rreem.k%.a%;is ...... 8533 [...do..... 12,30 p.m. L - T

[
H. 5200 Mu’em.mi N.83°W...... 5633 |...do.....[ L14p.m. 9% | Moeieininnen.n..
Carq'}l‘ln
Lf7t2 ang CtockettWhl,s.




DREDGING AND HYDROGRAPHIC RECORDS,

FrAXNc18c0 BAY, CALir., 1012-13, AND Marcs, 1914—Continued.

65

Temperature. Balinity. Trial. Drift.

Apparatus. : & Remarks. -

e g Surf. | Botm.] Depth. %‘;‘:’ Direction. §

)4 A

OF.| °F.| °F. . ‘Min. Mi,

PP PN PRI PR PN o.p.dr........ botm...|e.eeoedieneinaes beo|oaenn Rather more than
level full,

64 [563.00].ccecfecncecefoncnieafenans do......... RO . XN R FOPO N N O.p.dr. used at each
end,,sledgg trawl
B Sstance, 0.8

0e, 0.
mf. Tavel fall.

RN PRI PR PRPRRPOIN P 5 8ldg......... ...do....| 19 [ 163°...... 0.8 | Slack. Cable out 80

' fms.; 3 full M.

PR R PRI PO o.p.dr........ s 1, WU N PRI ...| Much more than full,

63 [63.00....feeeeiinnnnns SOV I ST T T AU KOO IO 0.p.dr. used at each
end, sledge trawl
throuﬁh terven-
llgf distance, 1.16

.; 88 lnches
' abovsed*e.
U PPN PRI PORPPIN R 5'8ldg......... .do....| 143 | 160°....... 118 E?b. Cable out 40
: ms.

RO PN SOR A R o.p.dr........ PR T YO PR PR, PP Level full.

63 [63.00f...c.leaenees veseten RPN, U, RN PR s { PN RN SO PO 0.p.dr. used at each
end, sledge trawl
thr nterven-
in istance, 1.1

. Level fufl,

SO NI SRR IR P 5’ aldg......... wdo....| 15 | 143°....... 1.1 | Ebb. Cable out 380
tnt;s. Lisnded
Wron; side up.
Funbs. P

U DR P O E 0.p.dr........ R U T R PP PR,

57 [83.00]....c]eeenenidiaeaani]aased do......... do....|eeeeos Jeoeesesaanaa]eanns O.p.dr.used at each

) end, sledge trawl
thrauglh aterven-
ggf stance, 1.2
.;v%giull.
..odo...| 15 | 142° El‘.)b. ble out 25
ms. B
BN T U0 PORPUUIN AP URRE RN Level full.
48 |44.83(45.43 | 24.39 | 25.31 | Ek. bot.; Tor. | surf, 19 Against ..... Net towed 8 min.-
cse.;l'inter; and ide. Ebb.
$13, $30; Alb botm.
: smp.

50 [44.83]44.93 | 23.08 | 24.30 |..... Oueesnnnns eoedos.d 10 fLldo....ll..... E!)b.

50 (44, 73{44.83 { 22.68 | 22.00 {..... do......... <.do....] 10 [...do........... NeEtmt)owed 3} min,

51 [43.73|44.18 | 18,56 | 22.83 |..... do......... ceedoo| 29§ [...do.....l..... ’Neébgowed 3 min,

51 |43.23]43.93 | 14.45 | 20,12 |..... do....cenns ...do....| 16 }...do...... R Ne§ towed 33 min.

53 42,7342.98 | 14.00 | 15,92 |..... [« [ ...do....] 18" )...do..... v|eeess) Bbb. h_'let towed 8




66 U. S. BUREAU OF FISHERIES,

DRrEDGING AND HYDROGRAPHIC RECORDS SECURED IN. SAN

Station .
pu- Position. Chart. | Date. | THReO! | peptn. | Chacterof
Upper section of bay—Con. '
P C. 8. 1913. Fma,
H. 5201 | Carquinez Lt., N 43° W, 5633 [ Jan, 13| 1.38p.m. 12 {m.S......ahl.

Ltngmg Crockett Whi., 8.
Rt. Tang SelbyWh! 8. 42°

'H.5202 | Car, qT uinez Lt., N. 43° W..... 5533 |...do..... l48p.m.| - 12 [..... d0eernannnn. -
Lft ang CrockettWht 8.

_ Rtw 'rmg Selby Wht., 8. 45° .
H. 5293 | Lone Tree Pt.,8.28° E...... 5533 |...do..... 231 p.m. [ - TN

PJnolePt 8. kz°
MareId. Lt.,N.61° E. .
H.5204 | Lone Tree Pt., 8. 82)° E..... 5533 |...do.....| 3.06p.m. M.

Pinole Pt., 8. 57;- .
Mare Id. Lt., N °E.
H.5296 | Brothers Lt., *W...... 5533 {...do..... 3.5¢ p.m. 7 JoeeeedOanna L
ool Bto &, 700

Rt. Tang. éisws,s 5‘:3' w.
H.5206 BrothersLt, W 5533.]...do.....| 428p.m. 7 ]--.. do.............

.Pincle Pt., N. 703* E
Middle section of bay.

D. 8827A { Lime Pt. Lt., N. 81*' W..... 5532 | Jap. 20| 9.198.m. 17 18,8h,G.........
Alcatraz Lt., 'N. wi
Angel Id. Lt N.1 Q'E

...... eeee AOBaciaiaiii 5532 |...do.....| 9338, M. [coeieiiiforeiiniiiiiiiiiinaas

D. 58278 | Lime Pt. Lt., eeaes 5532 |...do.....| 9.52a.m. 83]8,G.ccu.n.....,

N.
AleatmLt NN7
t. NV%’.E .. 5532 |...do..... 10.18 8. m. 168 { M., 8..............

.......... AtoB...oiiiiiei o 5532 |...do.....} 10.27 8.
D, 5828B | Southampton Lt., N.28* E.. 5532 |...do.....| 10.47 &,
| Rt. Tang. Angel 1d., N. 76°"

Ll‘fv ’I‘ang Angel 1d., 8. 263°
D. 5820A | Angel Id. Lt., N 18° E Bereeens 5532 |...do..... 11.40a. m.’ 103 | 8., fne. G., 8h.....

Alcatmz Lt.,
Lime Pt. Lt., S °W.

.......... AtoB, .o 5632 1...do.....| 1146a. M. J.oveinferiiiiiiiiiiinnnaa,
D. 58298 | AngelId, Lt., N.38° E.._... 5532 |...do.....| 12.00 p.m. 153 | 8., fne., G., 8h....

H.5297 | Angel Id, Lt, N. 7°E....... 8532 |...do.....| 12.51 p.m. 1 mBeeeenan... '
Aleatraz Lt., 8.
Lime Pt. LY., 5. 60}° W.




DREDGING AND HYDROGRAPHIC RECORDS.

Francisco Bay, Caurr., 1912-13, Anp Marca, 1914—Continued.
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Temperature. Salinity. Trial. Drift.

Apparatus. 8 Remarks,
e | B 8urf, | Botm. Depth. l&‘;rn"" Direction. g

18R A

°F|°F | ° Min, M.

53 (42.73(43.43 | 12.28 | 17,20 | Ek. bot.; Tur. | sur{, 10 Aﬁa(nst ..... Ebb.

cse., 4’ inter.; and ‘ de.
$#12, #20, Alb, botm.
smp.
58 |42.73[43.43 ( 12.67 | 17.40 | Ek. bot.; Tar. |...do....] 1§ [...dO......f..... Flood. Net towed 5
cse.; 4’ inter.; ' min.
#12, §20.

52 143.23(43.93 | 16.23 | 20.43 |..... A0u.ninnnns ...do.... 133 [...do......|..... Flooid. Net towed 8
min.

52 (43.83)44.78 | 18.41 | 22.74 {..... do......... ...do....| 18 [...do.......]..... Do.

51 44.83145.58 | 24.13 | 26.62 |..... do......... Ldo..] 14 Jldoo..o.l..... Flotﬁ. Net towed 4
min.

51 (45.53145.93 | 27.72 | 24.39 |..... do......... ...do....| 10 |...do.......d..... Flood. Net towed 2

48 49,00/.:..-010-.- volovorens 0.p.dr........ botm..eeeeee]oeeeaennand]ennns O.p.dr. usedateaoh
end, sledge trawl
;.hrou hmnterviegé

£ oe,
mf ood. Cable
out40!ms

RN PR SRR PRI R &' sldg.........|.. .do....| 14 |81°....... 1.06 | A’ includes two
dips with o. p. dr.
Nefther gave full
load. Net oftrawl
almost completely
ripped {rom trame.
C«mtants caught in
folds saved. At
“B’’ 0. p.dr. more
than full.

48 49.00/......) ceeina)ennne 0.p.dr........}.. X [ YU PPN PO RPN P More than level full.

49.00(. ..o fvaeeeifenannadfoeees do...oee.es JR 1 YN RPN PN O O. p. di. usedateach
end, sledge trawl
through Interven-
in stance, 1.07
. Ebb, O.p.
dr. more than full.

Cable out 80 fms.
0. p. dr. 8§10 ins.

over fall.

52 [50.00c..c.]ioeeice]erenias]oress [ 1 NP N IR U/ YO RN PR ceead O p dr. used at each

d, sledge trawl
thro ntarven-
lm? stanee
dr., 3 dips; las
full onlylotsl(ted‘

[ P P [ P 5 s1dg......... .o.do....f 10 | 232%°,..... 1.06 ble out 30 fms.

. Coaster meager
haul,

52 150,000 e ..o ifereecrefoanoons o.p.dr........ RO ¥ YO P PO PN 0. p.'dr. practically
empty, noth!ng
saved.

"60 (47.7847.03 | 28.67 | 20.82§ Alb. smp.; surf. 5 Afainut ..... bb.

Ek. bot t.} and ide.
Tar, ose.; 4° botm.
inter.; #13,
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Statfon Time of Character of
anex:- Position. Chart. Date. day. Depth. bottom.
Middle aection of bay—Con.
4 C.S. 1913, Fmas.
H. 5208 | Southam; ton Lt 10§°E 5633 | Jan, 20| 1.38 p.m. 204 | m. Boooooaiiaaan.
Alcatraz
Blunt Pt., % %t
H. 5200 BouthamptonLt. N.18°E,. 5532 |...do.!...| 2.26p.m. 158 {..... [ [ XSOUOREUR I B
Rt. ’l‘sng Angel fd N. 61}‘ .
M%V ’rang Angel 1d., 8. 41°
H. 56300 Bout.hampton Lt.,B.57°E.. 6532 |...do.....] 2.56p.m. 7 ].... [ 1 SN
Rt Tang. Red Rk., N. 15°° .
Lit. Tang. Angel Id., 8.16° W. . .
H.5301 | Southampton L. g.71° E... 532 |...do.....| 3.27p.m, 10 | Mo
Bluff Pt., W,
Rt.'l‘ang. Red k., N.4° W, .
H. 5302 hampton Lt.,8.61° E... 5532 |...do.....{ 4.03p.m. 10 |...doeeernannn.et
Bluf Pt., 8. 11§°'w.
: Rt. ’I‘ang Red E .
H.6303 B%ﬂthamp:onmhé 49°E.. 5632 |...do.....| 433p.m. 7 {m8.eeeennnes
Lft. Tang Red Rk.,N.44° E.
H.5304 | Brothers Lt.,, N.18°E....... 5532 |...do..... 5.03 p. m. T I Meiiciiiiannaaass
Southampton Lt., 8. 36° E. . .
L. Tang. Red RE.,B.70° E.
D. 5830A | Alcatraz Lt., 8. 763° W...... 5532 | Jan. 211 0.40a.m. S U I - T
Sout.hampt,on Lt.,,N.4°* W, .
. Rt. Tang. Goat1d.,8.413° E. .
.......... AtoB...... 5532 |...do.....] 948a. M. e i eseiiaiiaiiianiiians
D. 5830B | Aloatraz Lt., W 5532 |...do..... 10,00 8. m. BB M.l
. Bout.hnmpton Lt.,N.14° W.
Rt. Tang. Goatld 8.27°E
. Lower section of day. )
D.5831] F Bldg., N.88°E....... 5532 { Jan. 21 | 10.228.m. 13 | M, 8,,8h.........
2Id &N 439' E T
ang fﬂsal
H. 5305 Goatld Lt,N.20*E....... 5531 |...do.....| 11.3¢ &. m. 124 | 8, M..... teneeaean
% dg N 72“ W.
‘l
H.5308 Goatld Lt., N 16)°W ..... 5531 |...do.....| 12.17 p. m. 8 | Maooivvvennns
. Fen'y .
Rt. ng. msslon Rk., N.
. H.6307 gost 10, Lt,N.13°W...... 5531 |...do..... 1.01 p.m. LI T A0y eueennenn.
Shag Rk., 8. 804° W. ' .
8an Bruno 1L4. 8 16° W.
H. 5308 Sh.ngBRk., N. W ......... 5531 |...do..... 1.32p. m. 7% |..... [ U PO,
: gan runo Lt.,8,17° W.
andlestick Pt N 78° W, N
. K, 5309 SbagBRk,N *W.aieonnnn 5631 |...do.....| 2.00p.m. 43 )..... 0. .cvucinnnns
. 8an Bruno Lt., 8, 48 W
' No.2 Beacon,é 27
H. 5310 5581 |...do..... 232 p.m. 41 |..... [ U Y
H.5311 5531 |...do.....] 2.56 p.m. 5 |..... [ ¥ O
8an Bruno Lt., W.
No. 2 Beacon, B.803* E.
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Temperature. | Salinity. Trial. Drift.

Apparatus. § Rermarks.

g g | oot | Botm. Depth. | D% | Direotion. g

k- : .

< | @ 2] =1

SP.°F. | °F. | ¢ Min, Mi,

63 147.63(48.18 | 20.06 [ 30.74 | Alb. smp.;|surf. 223 Aguinst vsees| EbD.

Ek. t.; and ide. -
Tar, 4 botm.
in%er, #12,

59 [47.63}47.78 | 28.56 | 29.50 |..... A0uunrnrans cedoe.] 9 [eeedonie. .... Do

56 |47.23/47.63 | 25.31 | 28.72 |.....do........ Joodoe.] 9 Joedoo... Do.

58 |47.0347.18 | 26.78 | 26.82 |..... do......... ...do....] 10 |...do.......]..-.. Do.

46.73(47.08 | 24.30 { 25,31 |..... do...ce...n ...do.... 7 |...do...... o|eeees Do.

52 [46.23(46.88 | 17.40 | 22,68 |..... I+ 1 U ...do.... 9 |...do.cc....]e....| EbD. Tide slacked
suddenly for a few
minutes; 4’ inter.
touched botm.

50 146.13/46.68 | 17.86 | 22,83 |..... do........ J.edo.... 73 |...do....... bb. O.p.dr.used
at each end, sledge
trawl through ine

’ terveningdlstmee,

47 [80.00]. oo foeraereforsnans o.p.dr........ botm...|.......|eo cersenens dfoanes 0. p dr two dips
agﬁregstedlbucket

O D O P I R 5’ sldg......... ...do....

SO DUDTIE SO FPPPIRY FRPPPRRS o.p.dr........ ...do.... Flood. O.p. dr m.
12 ins. more t
full. Undoubtedly
one of the richest
spots in the bay-
in respect to total
number of lving
organisms.

48 [50.00]. ..o i[eeenacefoannnen 0.p.Ar........ botm...{.. ... Single]..... Flood, O. p. dr.

: spot. much more than
full. Onse of series
?! thr(ee in Bterka-
ey rack.
Veri lmie lite, in
N marked contrast to
. : ‘ last station.
48 [47.23/48.18 | 28.02 | 30.59 Alb. smp.;|surf. 12 Afainst ceees b.
Ek. bot.; and 1d
Tar. ose.; 4 botm.
{nver.; e,

4 |eeler7s | 2802 | 20.50 |-, do......... cdo.] 10 |odoioleeen. Do

45 |10.80)47.08 | 27.87 | 27.87 |.....doe..eeenet .do...| 11 Jodo..... Do.

47 l48.63046.68 | 27.70 | 27.94 |..... d0...ceese- ..do....] 10 N [ JPN PN Do.

48 |45.83]45.93 | 28.26 [ 28.49 [.....dO......... ..do....] 10 l...do..... Jewese Do.

49 |45.83/46.63 | 28.40 | 28,58 |..... d0.cvcnones ...do....l 10} ]...do...... cerve Do.

51 {45.73/45.98 | 38.84 | 20.08 |..... A0ueneces]veadona] 10 fiodoo.ilfo.... Do.:
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Station
num-
ber,

Position.

Chart.

Date.

Time of
day.

Depth.

Character of
bottom.

H.5312

D.5832

H.814

H. 5315

H.6316 |

H. 5317
H.5318

H.5318
H. 5320

D. 5833

H. 5321

H. 5322
H. 523
H.6324

H. 5326
H. 5328

H. 5327

H. 5328

Lower section of bay;Con.

No. 2 Beacon, B, 3289 E.... ..
Sen Bruno L.,
San Mateo Pt., 8.13° W.

GoatIdB Lt., N, 1 CW.....
"ﬁ‘u mssxon Rk., B.

No. 2 Beacon, 8.39°E.......
8an Bruno Li N, 62° W.
8an Mateo Pt., ’8.10° W.

ShagBRk , N. 32' .........
San

No. 2 Be&con, é
Shag Rk.,N.36° W.........
8an Bruno Lt., 8. 66° W.
No. 2 eaoon, é

Goat Id. Lt:, N, 18°
Shag Rk., 8, ez°w
San mno Lt. 19’W
Goat Id. L ﬁ 18°

Ferry Bld tw.

Rt. ggmsslm Rk., 8.
T1° W.

goat 1%.1 é;t N 17-.1%‘., .......

Rt Taog ghmian k.,

Goat Id. Lt,, N 68° W......

Fen‘a‘%flg W. 8.

523°
Middle section of bay.
Brothera Lt., N. 20°E.......

Bouthampton Lt S. 8% E.
Lft. Tang. Red R

onthampton Lt, 8.49°E..
Bluff Pt., 8. 18° ¥,

Lit. Tang Red Rk., N, 60'E
Southampton Lt. 8. 58° E
Bluff Pt,, 8, 11°

Rt. Tang. Red Rk, °N. 5'E
SOuthampton Lt. ‘B0 E..
Bluff Pt,,

Rt. Timg F.ede‘,N 3 W

Southamp
t. Tang. Angel 1d., 8. aor

L%V Tang Angel Id., B. 14°

Eouthampton Lt E...
Tang. Ang 1’d 2 eor

Lt Tang. Angel Id., 8. 85°
S N 5.
Blunt Pt., N, e'sgéey.
Alcatraz Lt., B, 47° E,
Lime Pt. L., 8. 674° W,

c.8.
1

1913,
Jan. 21

Jan. 27

eeelO,peae

..d0.....

-..do.....

--.d0.....

...do.....

Jan, 28

..do.....
ee.d0,esae
R [, K

R U JOps

...d0.....

TR T SN

3.20 p. m.

12,17 p. m,

12.48 p.m.
1.11