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LETTER

FROM TIE

COMMISSIONER OF FISH AND FISHERIES,

TRANSMITTING

Hiis report for the year 1879.

MarcH 15, 1880,—~Ordered to lie on the table and be printed.

UNITED STATES COMMISSION, FISH AND IFISHERIES,
Washington, February 24, 1880,

GENTLEMEN : In compliance with the order of Congress I have the
honor to transmit herewith my report for the year 1879, as United
States Commissioner of Fish and Fisheries, embracing, first, the result
of inquiries into the condition of the fisheries of the sea-coast and
lakes of the United States; and, second, the history of the measures
taken for the introduction of useful food-fishes into its waters.

Very respectfully, your obedient servant, :
SPENCER F. BAIRD,
. Commissioner.

Hon. Wx. A. WHEELER,

President of the United States Senate, and

Hon. 8. J. RANDALL,

- Speaker of the House of Representatives.
(idi)
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REPORT OF THE COMMISSIONER.

A —GENERAL COXNSIDERATIOXNS.
1.—INTRODUCTORY REMARKS.

The present report is intended to furnish an account, in compliance
with law, of the operations of the United States Fish Commission dur-
ing the year 1879, and for some of the branches of the work during the
early portion of 1880. This continuation applics especially to the prop-
agation of the eastern salmon, the land-locked salmon, the whitefish, and
the cod.

The continued increase in the extent of the field of labor, referred to
in previous reports, manifested itself also in 1879, as new subjects of
inquiry presented themselves and increased the demands for service in
the propagation and distribution of food-fishes. The appreciation of
the work by Congress is shown by -the increase in the amount of the
appropriations, all of which, it is hoped, have been expended with due
economy and consideration.

The machinery of the Commission, and especially its personnel, con-
tinues to be very limited, so that as much of the appropriation as prac-
ticalle is used for the direct objects of the Commission?

Thé most noted features in the history of the Commission for the year
are: First, the commencement of the distribution of young carp to
Vvarious points in the United States; and, secondly, the authorization
by Congress of the construction of a special steam-vessel to serve as &
floating station for the hatching of shad and other useful food-fishes.
More particular allusion to this will be made under the appropriate
heading. ' ‘

A pleasant experience of the year was the visit of The President and
gabinet to the Havre de Grace shad-hatching station on the 7th of

une,

It is with very great regret that I chronicle the death, on the 6th of
January, 1880, of Mr. James W. Milner, who has been connected with
the Fish Commission as its principal assistant almost since its first in-
¢eption in 1871. In that year he was detailed to make an investigation
of the fisheries of the lake region, the results of which were published
In the annual reports of the Commission. From that time he had par-
ticular charge of the field work connected with the propagation of the
8had, and their transfer, and that of other species, to various parts of

(=i)



XII REPORT OF COMMISSIONER OF FISH AND FISHERIES,

the United States. An earnest, patient, and able investigator, he very
soon made himself familiar with the history of fish culture in general
and the application of the various forms of fish-hatching apparatus to
the needs of the Commission. Some very important modifications of
machinery were due to his ingenuity, and, had he lived, it is safe
to assume that he would have made a very distinguished record in his
favorite science. :

Mr. Milner’s illness, in his own opinion, was first caused by exposure
while superintending the work of hatching shad at Avoca, N. C., in the
spring of 1878, and afterwards on the Susquehanna. Ile returned to
Washington, where he remained several months during the summer,
and then went back for a time to his residence in Waunkegan, Il

After it had been determined to commence the work of hatching cod-
‘fish at Gloucester in the winter of 1878-1879, Mr. Milner came to that
station just prior to the breaking up of the summer party, and super-
*intended the beginning of the work. Continuing to grtow worse, he was
ordered by his physician to Washington; and after rewaining there for
a few months he went to Florida where he staid during the winter and
the early spring. Here he was able to spend a good deal of time in the
open air, and to make a number of collections for the National Museum.
Returning to Waukegan somewhat too soon, he took fresh cold, and,
after a time, was directed to spend the summer in the high mountain
region of Colorado. Not much benefit resulted from this experiment,
and in the antumn of 1879 he again returned to Waukegan, and lingered
there for several months until his death on the date mentioned.

As explained in previous reports, the work of the Commission falls
naturally under two distinct heads: Tirst, the investigation into the
condition of the fisheries of the United States; their statistics: manner
of prosecution: and how the service can be improved further, in the
methods of capture, preparation, and preservation, or the increase in
abundance. Secondly, the actual increase of the supply by artificial
propagation and transfer to new localities or their multiplication in
those in which an original abundance had become greatly reduced.

The first division of the work, as heretofore, has been, for the most
part, eonducted by Mr. G. Brown Goode, assisted by Dr. T. H. Bean.

The collection and determination of the marine invertebrates has
been in charge of Prof. A. E. Verrill, with assistants to be mentioned
hereatter. ‘

In the illness and necessary absence of Mr. Milner I was very fortu-
nate in being able to secure the co-operation of Mr. T. B. Ferguson, the
Maryland commissioner of fisheries, of whose services, both to the cause -
of fish culture in general and the United States Fish Commission in
particalar, I have repeatedly made mention.

Of the several permanent stations of the Commission, the carp ponds
have been as before under the charge of Mr. R. Hessel; the California
salmon batchery, under that of Mr. Livingston Stone; and those of the
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Penobscot salmon, and the land-locked salmon, under that of Mr. Charles
G. Atkins. . ’

Fuller details will be furnished hereafter in regard to the various
branches of operation.

2.—SPECIAL OBJECTS OF THE UNITED STATES FISH COMMISSION.

In the report for 1878 I have given in considerable detail, not neces
sary to be repeated lLere, a sketch of the objects of the Commission,
Of course as the old problems are solved new points of inquiry arise to
take their places, and in the wide range of subjects covered by the
field of the Commission a vast deal remains to be done before its objects
¢an be considered as properly accomplished.

Before proceeding to give special details connected with the different
operations of the Commission, it gives me pleasure to acknowledge the
services that have been rendered both by the Government and by pri-
vate parties. The law in the statute book requiring the executive de-
partments of the government to render the Commission all necessary
. and practical aid has, as heretofore, been faithfully carried out by them,
as follows:

3.—ASSISTANCE RENDERED TO THE COMMISSION.

As in previous years, the work of the United States Fish Commission
has been very greatly facilitated by the co-operation of various bodies,
Public and private.

The Navy Department.—The most important aid was rendered by tho

Secretary of the Navy, in the detail of the United States steamer Speed.

well, under Lieutenant Tanner, with a full crew, for a three months’

service, as referred to under the head of deep-sea research. Also, by’

the loan of a steam launch for service on the Susquehanna River.

Lreasury Department.—The Bureau of Revenue Marine, of the Treas-
ary Department, instructed Captain Fengar, of the cutter Ewing, sta-
tioned at Baltimore, to transport three scows of the Commission from
‘Havre de Grace to Crisfield, Md., and from Crisfield to Balumore.

The Light-House Board has continued its co-operation in requiring
the keepers of light-bouses and light-ships to make and render monthly
4 record of the temperature of the water. - :

‘The United States Coast Survey, under Captain Patterson, supplied
a large number of charts for the use of the Commission; and also lent
2 number of Casella-Miller thermometers, while awaiting a supply from
London. A ,

The War Department.—The Secretary of War authorized the expendi-
ture by the Engineer Bureau of an available portion of the river and
harbor appropriation for dredging a channel through the bar at Spesutie
Island, below Havre de Grace, to allow the passage of launches at low
Wate_r to the fish-hafching barges near the island.
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General Warren, of the Engineer Burean, allowed the use of the
schooner belonging to his office, during a period of several months in
the summer, when not required by him, the Commission, of course, pay-
ing the running expenses. )

The Signal Office lent the wire and cable together with the instruments
necessary to effect telegraphic communication between Havre de Grace
and the barges of the Commission at the Head of Chesapeake Bay. Gen-
eral Meyer also directed his observers to take special note of water tem-
peratures at all the stations along the Atlantic and Pacifie coasts, sup-
plying thermometers to the observers already referred to, on the light-
ships and at the light-houses. The blank was furnished by the Com-
mission.

A detail of a military guard at the salmon-hatching station on the
MeCloud River by General McDowell was of great importance in pro-
tecting the property of the government against a crowd of lawless Indians
and whites. An illustration of the value of this service is shown in the
accompanying letter from Mr. Stone, in charge of the station.*

The Railroads.—All the railroads of the country to which application
was made for the favor furnished circulars to agents and baggage-mas-
ters, instructing them to facilitate in every possible way the operations
of the Commission, especially by accepting government orders for trans-
portation and authorizing the carrying in baggage cars, without any
charge, the cans containing young fish.

A list of the routes referred to will be found in the appendix.

The Pennsylvania Railroad Company in addition furnished a car, free
of charge, for the transportation of all the eggs of California salmon
from Chicago to Washington. The Philadelphia, Wilmington and Balti-
more Railroad also rendered a.similar favor in connection with the move-
ment of young shad to various parts of the country.

' Ocean Steamers.—~The offer of free transportation of messengers and
fish was made by the North German Lloyds, between Bremen and New
York, and by the Royal Mail Steamship Company, between New York
aud Boston and Liverpool.

Telegraph Companies.—The Western Union Telegraph Company
granted permission to stretch a telephone wire on its poles between
Havre de Grace and Aberdeen, beyond which to the hatching station
harges it was sustained by the flying poles of the Signal Office.

f*Extract from o letter written by Mr, Livingaton Stone, September 28,1879, United States Yishery,
) Baird, Shasta Connty, California.]

The value of our military gnard was well illustrated this week, as follows: Some ill-fa-
«ored fellows had been hanging around here for some time, and one day they appenred
with a horse and wagon. I felt sure that they meant to steal our salmon, and, indeed,
the next morning, just at day-break, the soldiers caught them in the very act of taking
the spawning-salmon out of the corral. They undoubtedly meant to take a wagon
Joad. They wmet with pretty rough treatment from the soldiers, as they deserved, and
the circumstance is worth a great deal to the fishery, from the effect that it will have
in the commupity around us, npon both Indians and white ren.
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4.~ SERVICES RENDERED BY THE UNITED STATES FISH COMMISSION.

The extent ang character of the distribution of eggs and young fish
b:\ " the Fish Commission during the year will be found detailed in spe-
¢ial reports on that subject and in the accompanying tables.

It may be well to call attention to what has been done in supplying
eggs aud fish to other countries. This has been done partly as an ex-
Periment, partly as a return for fafors the transportation received, and
Partly for the purpose of keeping up an international comity, such as
should brevail between various governments. A lhandsome acknowl-
edgement was made on the part of the French authorities, in the form
°f a g0ld medal issued to the Fish Commission for its services in intro-
ducing the California salmon into France. In reply to an application
to that effect a full series of the reports of the Commission was presented
and a large amount of special information furnished. )
At the close of the International Exhibition of 1576 an organization,
titled “The Permanent Exhibition Company,” took charge of the
~ ain building and secured a large portion of the contents for th(.a pur-
1)0§e of waintaining, with new additions, an interesting exhibitlon.of
the resources and industries of the world in gencral. Their plan in.
luded illustrations of processes of various kinds, and among them
those relating to fish culture. Application was made to the Fish Com-
Iission for its assistance in this connection. As, however, the imme-
diate work of the Commission required all its material and machinergt,
It was thought inexpedient to incur any extra expense in having addi-
tional apparatus prepared for this purpose. The invitation was, there
fore, respectfully declined.

B.—INQUIRY INTO THE HISTORY AND STATISTICS OF FOOD
FISHES.

5.—FIELD OPERATIONS DURING THE SUMMER OF 1879.

en

Reference has been made in previous reports, as well as in the com:
Inencement of the present one to the services rendered by the I‘T&_"y
¢partment to the Fish Commission in the prosecution of its inquiries
into the condition of the fisheries of the Eastern coast of the United
States, the detailing, first, of the small launch in 1871; then of the ¢ Blue
Light” in 1873, 1874, and 187 3, and of the “Speedwell” in 1877 and 1878,
having beén duly acknowledged. The work of the year 1879 has shown
Q similar dependence upon.the co-operation of that department in the
renewal of the detail of the Speedwell. Commander L. A. Beardslee
having been assigned to other duty, Lieut. Z. L. Tanner, an experienced
officer of the Navy, was placed by the secretary in command, with Mate
ames A, Smith, as executive officer, William B. Boggs, as engineer,
John Corwine, asg paymaster, and Dr. J. H, Kidder, as surgeon. Dr.
Kidder acted in a similar capacity to the Commission in 1875.
Provincetown having been selected as being the center of a region
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hitherto unexplored by the Commission, and as furnishing much oppor
tunity for investigation the beginning of July was fixed upon for the
commencement of the work of the summer.

‘With my usual corps of assistants, I left Washington on the 10th day
of July, and arrived at Provincetown on the 16th, establishing head-
quarters at the hotel of Mr. James Gifford. The berth of the steamer,
and the laboratory were at the end,of the wharf of Messrs. Bowley &
Bres., where all necessary conveniences were readily secured. The
Speedwell made her first trip to Gloucester to bring over portions of the
Fish Commission equipments, which were stored at that place.

As in the previous years of the Fish Commission work, Prof. A. E,
Verrill was in charge of the department of marine invertebrates, assisted
by Mr. Richard Rathbun and Mr. 8. Smith. Mr. G. B. Goode, assisted
by Mr. F. W, True and Mr. F. Gardener, jr., supervised the collecting
of the fishes, and Capt. H. C. Chester was in charge of the actual work
of the dredge and the trawl,

The improvised laboratory at the end of Bowley’s wharf furmshed a
somewhat cramped opportunity for investigation. Much information
was gained by the careful study of the various forms of animal life
which were brought in by the steamer.

Prof. Henry E. Webster, of Union College, Schenectady N. Y, who
spent the suinmer in Provincetown with his assistant, Mr. N. W, Bem,-
dict, rendered very great service in accompanying and superintending
the dredging parties during the temporary absence of Professor Verrill,
his own special research being directed toward the Annelida, or worms.

The Speedwell was ready for sea and placed in commission at the navy-
yard, Washington, about noon of July 1. When she had taken on
board all necessary stores and supplies she left Washington July 9th,
arriving at Provincetown July 12, and making the trip in a little over
three days. On the 16th of July she proceeded to Gloucester for the
purpose of obtaining articles of apparatus which had been left in store
at that place, returning to Provincetown on July 20.

The first exploring trip was made on July 21, after which date work
continued whenever the weather and the operations of the Commission
would permit. The regular routine embraced a sounding and tempera-
ture observation both at the surface and at the bottom before lowering
either the dredge or the trawl. The vessel experienced no casualties
during her term of service beyond the unexpected parting of a new
three and a quarter Italiun hemp rope. This accident was followed on
September 20, by the breaking of a second spare line, bringing the work
of the season to a close.

All the most important points within 20 miles of Provincetown were
thoroughly explored with the exception of the coast-line between
Chatham and the Cape, which had been'left for the last trip, and, for
reasons already given, was necessarily omitted. This region will, how-
ever, be the subject of subsequent examination. -~ After one or two trips
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had been made for the special purpose of determining certain points
Telative to ocean temperatures, the Speedwell left for Gloucester on Oc-
tober 1st, there stowing the apparatus and returning to Provincetown.
On October 6th the vessel took on board the stores and supplies to be
Carried back to Washington, as also the collections of nataral history, a
bortion of which were to be left at New Haven, under Professor Verrill’s
Care, therest being destined for the National Museum. October 12th the
Speedwell reached the navy-yard, Washington, and closed finally its
relationships with the Fish Commission. :

The full details of the work of the Speedwell will be found in an ac-
Companying report by Lieutenant Tanner. From this report it will be
Seen that the vessel was in commission 116 days; was detained in port,
on account of ‘bad weather, for 28 days, and was actually engaged in
dl‘edging and trawling 24 days. The total number of hauls made with
dredge and trawl was 148, averaging 6 per day. Oue hundred and eighty:
Soundings were also made. The total distance traveled during the suin-
luer trip by the steamer was 3,122 miles. )

As usual the commission had a large number of visitors during the
Summer interested in the general operations, or in some special branch
of its work. Awmong these may be mentioned Prof. Asa Gray, of Cam-
‘bridge, Dr. Thomas Brewer, of Boston, Mr. Isaac Hinckley, of Philadel-
Phia, Mr. John Foord, editor of the New York Times, Mr. Charles Aldricl,
of Towa, Mr. May, I'ish Commissioner for Nebraska, and others.

A great many specimens were gathered in the course of the summer’s
Work, embracing numerous duplicates desired for distribution among
the various educational establishments and museums of the country.

Reference is made in another part of this report to the work con-
Dected with the investigation of the Awecrican fisheries, undertaken in
behalf of the census of 1880.

Mr. G. B. Goode, who was in special charge of this department, also
had his headquarters at Provincetown with a sufficient corps to carry
on his work, and was there enabled to obtain much of the statistical and
Other information required for the completion of his plan. The genheral
Tesults of the sea-coast work of the summer of 1579, in connection with
the statistics of the fisheries, will be embodied in the fishery reports of
the census of 1880, and therefore, need not be repeated here.

After his return to Washington Lieutenant Tanuer was transferred by
the Secretary of the Navy to the supervision of the construction of the
Fish Comumission steamer Fish Hawk, of which mention is made else-
Where, .

In the report for 1878 mention was made of the fact that at the sug-
gestion of the Commission a display station of the Signal Office estab-
lishment was put into operation at Gloucester. TFinding no such sta-
tion at Provincetown, and being well satisfied of its importance, I made

" @pplication to General Myer for a similar service, which was granted.

8. Mis. 59 1i
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The station was established there during the summer, and has been con-
tinued in operation ever since.

In previous reports mention has been made of the discovery in great
abundanceoff the eastern coast of New England of the pole-flounder, Glyp-
tocephalus cynoglossus,a member of the flat-fish family, of largesize. This -
fish, entirely unknown on the American coast until its discovery by the
Commission in 1877, has proved to be one of the most abundant of its
kind, and promises to be a very important addition to the food resources
of the country whenever the beam-trawl shall become generally used by
the fishermen. This fish was taken in great quantities during the sum-
mer of 1879, and a large extension of its supposed range was estab-
lished. .

A second species of fish, also promising to be of great value as a food-
fish, was broughttolight during the summer of 1879 ; specimens were first
obtained about eighty miles south of Noman’s Land by Captain Kirby,
of Gloucester, to be known as the tile-fish or Lopholatilus chameleon-
ticeps, constituting a genus and species eutirely new to science. It is
believed that the taking of this fish indicates the existence in the region
of capture of an important resort of food-fishes in general. This point it
is proposed to investigate at some future time.

6.—THE STEAMER FISH-HAWK.

The experience of the Commission has for several ypars past shown
the efficiency aud economy of floating stations for the hatching of shad,
by means of which, after the work at one locality is exhausted, another
can be taken up with the least possible delay. Heretofore the work has
been done on floating barges, which have been towed from their winter
stations in Washington, Baltimore, or Havre de Grace, to Albemarle
Sound, and thence back again, stopping at one or more stations in the
course of the season to prosecute their work. Towing has, however,
proved to be a matter of great expense, and, in most cases, of peril also,
flat-bottomed boats being unfitted for the dangerous navigation of the
Chesapeake Bay, where, by a curious fatality, violent storms have gen-
erally prevailed whenever such transfer was to be made. The towing
has been done by vessels of the revenue marine, through the courtesy
of the Secretary of the Treasury and the superintendent of the bureau;
but on more than one occasion the barges have been in imminent danger
of foundering with their crews and contents.

The advantage, therefore, of having a floating hatchery on a well-
coustructed steamer, as being more suitable for transfer from point to
point, has been urged strongly before the Commission; and, after
various plans were considered, the designs of Mr. Copeland, of the
Light-House Board, were fixed upon, and the appropriation of Congress
of 845,000 for a steamer was made use of. As the law directed, the
steamer was to bo built under the supervision of the Secretary of the
Treasury, and that officer placed it in charge of the Light-House Board.
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From among many bids for the building of the same, that of Messrs.
Pusey & Jones, ot Wilmington, for $44,000, was accepted and the vessel,
t0 be known as the Fish-Hawk, put under contract.

After the close of the cruise of the Speedwell in the autumn of the
year, Captain Tanner was detached and placed in charge of the Fish-
Ha‘“'k; Vvisiting it at short intervals to inspect the progress of the work.
In the course of the year considerable advance in its construction was
ma(.le, and it is hoped that the vessel will be available for use in the
Spring of 1880, A detailed acconnt of this vessel will probably appear
n the next report of the Coinmissioner.

7"ABS’I‘RACT OF RESEARCHES PROSECUTED UNDER DIRECTION OF

THE COMMISSION.

Among the collateral subjects of attention by the Fish Cominission
has been au investigation into the chemical composition of fish under
the varying circumstances of age, sex, and the condition of the repro-
ductive apparatus. This has a very important bearing both upon the
“\.Hlilubility of fish for food and also as furnishing material for the making
of oils and fertilizers. A large number of analyses have been made by
1?1‘0fessor Atwater which already supply the means of important deduc-
t}ons, especially as to the comparative nutritive power of the same quan-
tity of flesh in different species.

_ A fuller statement of the general results of this inquiry will be found
m the next report of the United States Fish Commission.

Among the more important researches made at Provincetown during
the summer was that by Dr. Kidder, U. S. N, surgeon of the party, in
regard to the temperature of fishes. TFor a long time it had been snp-
bosed that the temperature of tishes was always the same as that of the
Water jn which they happened to be placed, but the experiments of Dr.
John Davy indicated that, in some cuases at least, especially where
Mmackerel and tunny were the,species in question, the actual temperature
of the fish was « few degrees higher than that of the water. Dr. Kidder
utilized such opportunities as were presented to him in determining this
Question and obtained some exceedingly interesting results, which have
been published by the Fish Commission.

‘Among the special problemns connected with the interests of the fish-
eries are economical methods for the production of cold, to be used in
the preservation of fish for a certain length of time, either directly by
reducing the temperature of the storage space, or indirectly by making
ice to be employed for a similar purpose. In ordinary seasons, after an
abundant ice crop, the ruling prices of 81 to $3 a ton is by no means
exorbitanb; when, however, as is not infrequently the case, the cost is
from $10 upwards, the tax becomes very serious.

Among those who have devoted themselves to the solution of this

duestion is Professor Gamgee, and to his pen am I indebted for an able
article published in the last United States Fish Commission report.



XX REPORT OF COMMISSIONER OF FISH AND FISHERIES.

Professor Gamgee has kindly offered to continue his investigations on
this subject, with a special view of determining the feasibility of con-
structing a compact machine, which may be of service in bringing fresh
to land, the specimens taken on board the Fish-Hawk, His article on
the subject I hope to publish in a future report.

One object to which the Fish Commission has devoted much atten-
tion has been the bringing together of as complete a series as possible
of all the various marine animals of North America, including in this
group the seals and cetaceans. Among the least known forms are the
larger varieties of porpoise, grampus, and whales, the opportunities for
examining the latter being exceedingly scanty. Little can be seen of a
whale in the water, whether dead or alive, and when stranded the flac-
cidity of the body distorts its shape to such an exteut as to cause the
fish to lose its natural appearance; nearly all the sketches of whales
have been made from several ditferent presentations of the animal; and,
therefore, although fairly accurate, are not absolutely precise. Some of
these sketches have been used for a basis of reconstruction or models of
small size for the National Museum. Information having been re-
ceived by telegram on the 12th of April, from Provincetown, of the
stranding of a whale in good condition in Provincetown Bay, I dis-
patched Mr. Jos¢ph Palmer, the modeler of the National Museum, to
see whether he could not obtain a mold in plaster of the animal from
which a cast might be made. He accordingly proceeded to Cape Cod,
obtaining in Boston a sufficient amount of plaster in barrels for his pur-
pose. On arriving at Provincetown, by the help of Mr. Small and other
citizens, he was enabled to take a mold of the animal (a hump-back,
about 30 feet long) in sections, which he brought back with him to
Washington, and which has been stored in the armory building, to be
used in the construction of a papier maché reproduction at the proper
time.

The preparation of a series of casts in plaster and papier maché of
the larger fishes, begun several years ago, has been continued by Mr.
Palmer and his assistant; the painting, as before, having been executed
by Mr. A. Zeno Shindler and Mr. John H. Richard.

8.—STATISTICS OF THE TISHERIES, EXCLUSIVE OF THOSE TAKEN IN
CONNECTION WITH THE CENSUS.

In the summer of 1878, when the Fish Commission had its headquar-
ters at Gloucester, an arrangement was made with Mr. George J. Marsh,
in behalf of Mrs. Rogers, for the rental of a wharf and the necessary
huildings at Fort Point for the service of the Fish Commission. These
served as its headquarters during the season of 1878, and as the station
for the codfish hatching during the winter of 1878-'79. A satisfactory
arrangement was made with Mr. Marsh for continning the lease of the
premises for 1879, the necessity for such a station being quite urgent
both as the central point from which the statistics of the Gloucester
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trade conlq be collected, and as a place of storage for a large amount
of Tigh Commission property. The station was in charge of Dr. T: H.
an during the summer of 1879, and of Mr. A. Howard Clark since
SeP'Sember, 1879, and to these gentlemen the Commission is indebted
for 4 large amount of valuable information. They have also utilized
the OPportunity of constant association with the fishing vessels by in-
ucing their captains to preserve and present any curious specimens of
Marine animals taken on the fishing banks. It is well known that not
only are strange fishes frequently taken on the trawls, but starfishes, cor-
als, &c., attach themselves to, or become entangled in, the lines and are¢
2uled on board. Inquiries on board of vessels, as they came in from
& trip, have resulted in the obtaining of most important additions to the
North American fauna, hundreds of species having thus been procured
that woulg otherwise have been entirely unobtainable.
A special catalogue of the donations derived from this source will be
found in the present report. i
The actual supervision of the wharf and building has been exercised
by Capt. 8. J. Martin, of Gloucester, who has remained on duty day
-aud night, and who has also rendered essential service in collecting
Specimens and information for the Commission.
) For the better appreciation of the relationships of the different fish-
Ing srounds off the eastern coast of North America, Professor Hilgard
kindly consented to superintend the preparation by Mr. Lindenkobl of
& relief map of the region Letween Sandy Hoolk, N. Y., and the eastern
edge of the Grand Banlk of Newfoundland, and from the coast of Maine
and of the Gulf of Saint Lawrence to south of Nantucket Shoals. Con-
tour lines were traced for the different depths, and the outlines cut out
In cards of different colors, superimposed the one upon the other. By
Using cards of different thicknesses the proportional gradations in depth,
at each point were indicated in twenty-five-fathom stages up to a hun-
dred and fifty, and by those of fifty fathoms for greater depths. This
map has proved to be an object of extreme interest as illustrating much
Taore clearly than has heretofore been possible the localities where the
different kinds of fish were obtained, and showing why certain places
Were especially favorable fishing grounds in certain seasons.
Reference hag been made in previous reports to an arrangement with
r. Linnell, of Boston, for obtaining the statistics of the shore fisheries
of Massachusetts, having their center of operations in Boston. The dock
Of Which he is the wharfinger is a place of resort for nearly all the cod,
h.addock, herring, and other fishermen who sell thoir cargoes in that
City; and ag the charge for wharfage is in proportion to the character
aud number of fish, it becomes an easy matter to estimate with great
brecision. The figl, not included under this arrangement are but a small
Percentage, ang their numbers can be easily averaged.
© arrangement with Mr. Linnell was continued during the year,
304 his figures bave been used in compounding the statistics for the
€ensus report of 1880,
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9.—LEGISLATION IN REGARD TO FISHERIES,

As might naturally be expected, the real or supposed encroachments
of the different classes of fishermen upon each other or the community
at large has invoked the effort to secure legislation, both on the part of
the United States Government and of individual States, to put a stop
to the same. A Yet undecided question is as to the actual jurisdiction
over the waters, so far as the fisheries are concerned. It would naturall y
be supposed that the United States would have control at least as far
as the three-mile limit of the ocean, beyond which the fisheries are
common to the world at large. If this point be conceded, then comes
the inquiry, How far can jurisdiction be exercised over the fisheries in
the bays and navigable rivers? This question has never been settled.

It is well known that for many years past the menhaden fishery has
been conducted during the summer and autumn with the greatest vigor
along the coast of Maine, a large number of steamers as well as sailing
vessels being employed in the capture of the fish, which are then taken
to factories for conversion into oil and material for fertilizers. The ex-
tent to which this has been done has, in the opinion of many, greatly
tended to drive the fish from the estuaries of the Lays and rivers, and
thus prevent their utilization by the hand-line fishermen and the resi-
dent population generally. Most of the fish are now taken several miles
out to sea by the vessels just referred to. In order, therefore, to remedy
this evil, a law was passed by the State of Maine prohibiting the use
of purse seines within three miles of her shore. This action very natur-
ally excited the antagonism of the menhaden fishermen, and an appeal
was made to me for counsel and advice in the matter. While not
able at present to say whether the complaints of the people of Maine
against the menhaden fishermen are well founded or not, I could only
suggest that the opportunity was a favorable one for having the ques-
tion decided by transferring it to the Supreme Court of the United
States. It wasaccordingly arranged that this should be done by making
up a special case and letting it take its legal course. By a most curious
coincidence, however, very few menhaden visited the coast of Maine in
1879, the fulling off being extremely abrupt and very marked. What
‘occasioned this change of habit on the part of the fish it iy impossible
to say. It could not have been caused by the excessive pursuit of the
fish, as the number on the coast in the fall of 1878 was very great, and
should have furnished an ample supply -for the season of 1879, It is
possible that some variation of ocean temperature or currents affected
the food of the fish, if not the menhaden themselves, thus causing them
to seek new feeding grounds. 1t will be a matter of much interest to
determine to what extent this abandonment of once favorite grounds will
continue in the future. :

The above case has its parallel in the departure from the coast of the
United States of the blaefish, about 17 63, their absence continuing well
into the beginning of the next or present century.
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C.—CO.OPBRATION WITH THE SUPERINTENDENT OF THE
CENRSUS.

10.—PRELIMINARY ARRANGEMENTS.

In July, 1879, an arrangement was made with General Francis A.
Walker, Superintendent of the Tenth Census, by which an investiga-
tion of the fisheries of the United States was undertaken as the joint
enterprise of the United States Fish Commission and of the Census
?ureau. It was decided that this investigation should be as exhaust-
1ve ag possible, and that both the United States Fish Commission and
“}0 Census should participate in it. The preparation of a statistical and
historical report upon the fisheries, to form one of the series to be pre-
sented Ly the Superintendent of the Census as the result of his investi-
gations, in 1880, has been the main object of the work, but, in connec-
Flon with this, extensive investigation into the methods of the fisheries,
Into the distribution of the fishing grounds, and the natural history of
useful marine animals have been and are being carried on.

The direction of this investigation was placed in the hands of Mr. G.
Brown Goode, who was appointed a special agent of the Census Office,
and who has been carrying on this work in addition to the performance of
h}S dutiesin connection with the National Museum and the Fish Commis-
8lon. The work was begun on July 1, 1879, has been vigorously pros-
ecuted since that time, and the final report will probably be presented
a8 early as July, 1881. '

11.—PLAN OF INVESTIGATION.

The plan of the investigation was drawn up before the beginning of
the work, and bas been published in an octavo pamphlet of fifty-four
Pages, entitled ¢ Plan of Inquiry into the History and Present Condt-
tion of the Fisheries of the United States.” Washington: Government
Printing Office. 1879.

The scheme of investigation divided the work into the followihg de-
Partments ; ‘

1.—Natural history of marine products.

Under this head was to be carried on the study of the useful aquatic
animals and plants of the- country, as well as of seals, whales, turtles,
fishes, lobsters, crabs, oysters, clams, &c., sponges and marine plants,
a,pd inorganic products of the sea, with reference to (A) Geographical
distribution ; (B)Size; (C) Abundance; (D) Migration and movements;
(E) If‘ood and rate of growth; (I') Mode of reproduction, and (G) Eco-
bowmic value and uses.

1L.—The fishing grounds.

mUnder this head are studied the geographical distribution of all ani-
als sought by fishermen and the location of the fishing-grounds, while
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with reference to the latter are considered: (A) Location; (B) Topog-
raphy; (C) Depth of water; (D) Character of bottom; (E) Tempera-
ture of water; (I") Currents, and (G) Character of invertebrate life, &c.

11L.—The fishermen and fishing towns.

Here are considered the coast districts engaged in the fishories with
reference to their relation to the fisheries, historically and statistically,
and the social, vital, and other statistics relating to the fishermnen.

1v.—Apparatus and methods of capture.

Here are considered all the forms of apparatus used by fishermen,
boats, nets, traps, harpoons, &c., and the methods employed in the
various branches of the fishery. Here each special kind of fishery, of
which there are more than fifty in the United States, is considered sep-
arately with regard to its methods, its history, and its statistics.

V.—Products of fisheries.

Under this head are studied the statistics of the yield of American
fisheries, past and present.

VI.—Preparation, care of, and manufacture of fishery products.

Here are considered the methods and the various devices for utilizing
fish after they are caught, with statistics of capital and men employed,
&c.: (A) Preservation of live fish; (B) Refrigeration; (C) Sun-drying;
(D) Smoke-drying; (E) Pickling; (1<) Hermetically canning ; (G) TFur
dressing; (H) Whalebone preparation; (I) Isinglass manufacture; (K)
Ambergris manufacture; (L) Fish gnano manufacture, and (M) Oil ren-
dering, &e. :
VIL—Economy of the fisheries.

Here are studied (A) Financial organization and methods; (B) Insur-
ance; (C) Labor and capital; (D) Markets and market prices; (E)
Lines of traffic, and (I) Exports, inports, and duties.

viIt.—Protection and culture.

This includes all kinds of supervision by the government, such as:
{A) Legislation ; (B) Bouuties and lxcenses, (C) Tishery treaties, and
{D) Public fish culture.

The various inquiries provided for in this scheme of investigation
have been made in three ways:

(L) By correspondence with persons in different parts of the country.

(1L) By a systematic overhauling and compilation of past records, -
not the least among which are the local newspapers.

(IIL.) By sending special agents to make personal inquiries in every
part of the United States where the fisheries are of considerable impor-
tance.
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The last-named method has, of course, been by far the most impor-
t?‘“t and the most successful, and it is unfortunate that the length of
time and the amount of money available have not permitted the employ-
ment of g, larger number of assistants in this branch of the work, and

f""e not allowed them to devote as much attention to working out spe-
¢ific questions as has in many cases seemed imperatively necessary.

12,—DETAILS OF PROGRESS DURING THE YEAR.

The fishery industry is of such great importance and is undergoing
Such constant changes that a visit of a few days to any locality, even
by the most competent expert, has invariably proved unsatisfactory.
They have been able to collect only the most important facts, leaving
many subjects of interest untouched.

The field-work has been assigned to the following speecial agents:

1. Coast of Maine, east of Cape Elizabeth. R. 1. Earll and Capt. J.
W, Collins.

II. Cape Elizabeth to Plymouth (except Cape Ann) and eastern side
of Buzzard’s Bay. W. A. Wilcox.

III. Cape Ann. A. Howard Clark.

IV. Cape Cod. T. W. True.

V. Provincetown. Capt. N. E. Atwood.

VL. Rbode Island and Connecticut west to the Connecticut River.
Ludwig Kumlien.

VII. Long Island and north shore of Long Island Sound and west to
Sandy Hook. Fred Mather.

VIIL New York City. Barnet Phillips.

IX. Coast of New Jersey. R. E. Earll.

X. Philadelphia. C. W, Smiley and W. V. Cox.

XI. Coast of Delaware. Capt. J. W. Collins. .

XII. Baltimore and the oyster industry of Maryland and Virginia.
R. H. Edmonds.

XIII. Atlantic coast of Southern States. R. E. Earll.

XIV. Gulf coast. Silas Stearns.

XV. Coast of California, Oregon, and Washington. Prof. D. S. Jor-
dan and Mr. C. H. Gilbert.

XVI. Puget Sound. James G. Swan.

XVIL Alaska seal fisheries. M. W. Elliott.

XVIIL Great Lakes fisheries. Ludwig Kumlein.

XIX. River fisheries of Maine. C. G. Atkins.

XX. The shad and alewife fisheries. Marshall Mc¢Donald.

XXI. Oyster fisheries. Ernest Ingersoll.

XXII. Lobster and crab fisheries. Richard Rathbun.

XXIIIL Turtle and terrapin fisheries. F. W. True.

XXIV. The seal, sea-elephant, and whale fisheries. A. Howard (Jla.rk-
The different districts and departinents of research in the preceding
table are numbered serially. '
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The following table shows the intervals of time during which work
has been carried on in each. (The numbers in the following table cor-
respond with those in the preceding table.)

I. August 1 to October 30, 1879,

1L September 2, 1879, to January 1, 1880.

IIT. September, 1879, to J anuary, 1880.

IV. July to October, 1879,

V. August, 1879, to January 1, 1880.

VI. August 16 to January 1, 1880,

VIL. August 1, 1879, to January 1, 1880.

VIIL January, 1879, to January 1, 1880.

XIV. August, 1879, to January 1, 1880.

XVIIL. August, 1879, to January 1, 1880,

XX. October, 1879, to January 1, 1880.

XXI. September, 1879, to January 1, 1880.

In addition to the field assistants already mentioned a staff from the
beginning have been at work in the office of the division, earrying on
correspoudence, searching past records, and preparin gthe report for pub-
lication. Mr.C. W, Smiley, Mr. F. W, True, Mr. James Temple Brown,
and Mr. George S. Hobbs have been connected with the work from its
start, and from a later date Mr. J. &, Rockwell, Mr. C. W, Scudder, Mr.
G. P. Merrill, and others have been thus employed. A number of clerks
have also been detailed by the Superintendent of the Census, at one time
as many as eight. A large part of the clerical force under the direction
of Mr. Smiley, who has in special charge the correspondence and the
work of compiling statistics from responses to circulars.

Some of the explorations carried on by the special agents of the Cen-
sus Office, aud engaged - in this work, are deserving of more extended
notice. The labors of Mr. Earll and Captain Collins on, the coast of
Maine were necessarily confined largely to the gathering of statistics,
there being but little opportunity for zoological work, such as was car-
ried on by several others of the party. The natural history of the fishes
of New England, however, is well known, and the number of species of
tish accessible from the shore is very limited.

A large amount of material for a very elaborate statistical, descrip-
tive, and historical report was obtained, and also a very interesting
series of sketches of fishery implements made by Captain Collins.

The same method was pursued on the coast of Massachusetts by
Messrs. Clark, True, Atwood, and Wilcox. In this region considerable
additions were made to the collection of fishery implements, and de-
posited by the Fish Commission in the National Museum.

The exploration of the Gulf of Mexico by Mr. Stearns brought about
important results statistically, and also greatly increased our kuowledge
of the habits of the food-fishes and the methods of conducting the fish-
eries. A number of new species were added to the fauna of the United
States by Mr. Stearns and his party. The circuit of the Gulf of Mexico
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from Key West to Galveston was made in a small sloop, chartered for
the purpose. : .
. The work of the other specialists, engaged in the census of the fisher-
1e8, has uniformly been productive of results important to the work of
the Fish Commission. X

_I'll addition to the explorations already referred to, three special expe-
ditions were organized for the purpose of studying the methods of the
Vvessel fishermen upon the fishing grounds.

In the summer of 1879, Mr. Newton P. Scudder was sent to study the
American halibut fisheries in Davis’ Straits. He went as a passenger
o the schooner Bunker Hill, of Gloucester, leaving that port on June
1o, 1879, and returning on September 17 of the same year. His experi-
énces are detailed in an important essay which will be printed in a sub-
Sequent number of the Fish Commission reports.

Mr. H. L. Osborn made a similar study of the Grand Bank codfishery.

¢ sailed trom Gloucester on the schooner Victor, July 10, and returned
late in October. He made extensive natural history collections and pre-
Pared an important report which will also be printed.

Mr. Johu P. Gordy spent three weeks upon a Gloucester mackerel
8chooner for the special purpose of studying the-mental and moral char-

‘Acteristics of the fishermen and the methods of the fishery, upon which
© has submitted a report containing much interesting information.

C.—THE PROPAGATION OF FOOD TISHES.
WORK ACOOMPLISHED IN 1879.

The Quinnat or California Salmon (Salmo quinnat).
The McCloud . River Station.—The experiences of previous seasons
_ had indicated to M. Livingston Stone, who continued in charge of the
MeCloud River Station, the importance of detaining the salmon near
the station by means of an impassable barrier across theriver. By the
Construction of a rack across the river he prevented the further ascent
of the fish, holding them at the fishery, where they could be readily
C&.Iptured by his seine when the spawning season commenced. The
Yield of Spawning fish, and consequently of eggs, was much increased.
The obstruction on the river had also another good effect, for by the
m(.}k’ which prevented their ascent (their instincts preventing their
golng down), they were kept in the pools and were not so emaciated by ’
the extended journey which causes them to reach the upper rivers in a
;ta('{e Qf exhaustion. Although the salmon of the McCloud River, which
W?x' hitherto been penned, suftered much from confinement, the fish
Ich were detained by means of the rack did not seem at all affected.
th?::he custom prevails of turning the fish back- into the.river after
o bbgs had been taken, this device of obstructing the river has no
ubt been beneficial in preserving mauy of the adult fish which would
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otherwise have died from the exhaustion consequent upon any further
ascent of the river.

Mr. Stone was much disheartened in the early part of the season by
getting only young male fish (Grilse) until after the middle of August.
The great number of these young males doubtless resulted from the
artificially propagated fish which had been turned loose in previous
years. Larger salmon, however, made their appearance in consider-
able numbers after the first of August, the fishing for the canueries
having been stopped at that date by the limitation of the fishing season.
The total production of eggs during the season of 1879 was about
9,500,000,

Mr. Stone reports that the Indians scemed much better disposed than
in previous years. This change of attitude was possibly caused by the
suppression of the revolts by the Army on the frontier. The presence
of a detail of soldiers turnished by the commander of the department
was most beneficial, not only on account of the moral effect which their
presence had on the Indians, but as arestraint on the white marauders.

In Mr. Stone’s report will be found the schedule of the distribution
made of the 4,150,000 eggs which were taken to the Last, the usual num-
ber of eggs and young fish having been reserved to keep up the stock
in the McCloud River.

Besides the eggs distributed as shown in this table, 150,000 were sent
to the Société d’Acelimatation, Paris, France; 100,000 to the Fischerei-
Verein, Germany; 150,000 to the Zoological Society of Amnsterdam, Hol-
land; and 100,000 to the Dowminion of Canada.

The eggs for distribution in the Eastern States and for shipment to
Europe were sent from Redding in a refrigerator car, obtained from the
Central Pacific Railroad. Mr. Fred Matler, one of the assistants of the
Commission, having been instructed to meet the car on its arrival in
Chicago, for the purpose of overhauling the eggs and re-icing and reship-
ping in accordance with the schedule of distribution given him, did so
at 6.30 p. m. on the 11th of October.

The refrigerator was there opened and the eggs for Washington taken
out, the chambers refilled with ice and placed in one end of an ordinary
baggage car, and in the other end those for Europe, New York, Peunsyl-
vania, and New Jersey. The eggs for Minnesotp, Wisconsin, Iowa,
Ohio, and Canada were left in the refrigerator car, and, after having
been re-iced, were delivered to the United States and American Express
Companies at three o’clock the following day.

The baggage car left Chicago at 5.15 on October 12, bound East. On
the following day it arrived in Pittsburgh, where the eggs for Pennsyl-
vania were delivered to the Adams Express Company, consigned to Mr.
8. Weeks, at Corry, Pa. The weather was unusually warm, causing the
ice to melt very freely and necessitating re-icing at this point.

On the arrival of the train at Harrisburg the three crates for Europe
and the half crate for New York; the five crates for New Jersey and the
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two for Marietta, Pa., were transferred to an express car of the train for
New York, where they arrived at 5.37 the next morning. o

The crates were found on being unpacked to be in excellent condition,
having Sustained a loss of not more than 4 or 5 per cent. o

The half crate, which was sent to Mr. Blackford, the commissioner
for New York, not having been provided with an ice chamber, was found
to be a total loss. -

The United States Fish Commission for several years past has been
Sending eggs of the California salmon (8. quinnat) to Germany, Hol-
I‘md; and France. From somecause or other these attempts to plant
our salmon in European waters have met with more or less failure,
Owing Principally to the agents sent in charge being unable to secure
the neceséary accommodations for the eggs on shipboard; the parts of
the veggel assigned to their use having been generally either too warm,
the supply of ice limited, &ec.

Accordingly when this year (1879) it was decided to make another
€S8ay at their transfer, it was proposed that the crates of eggs be plz'a.ced
IR the hands of some officer of the ship taking thein, and a bonus given
bim op showing a receipt from the consignees of the delivery of the
€888 in good condition. :

In pursuance of this plan, Mr. Fred Mather, the agent of the Com-.
nission in New York, was instructed to turn over to the purser of the

North German Lloyd steamer Mosel, sailing on the 18th October, the
Quota of eggs intended for Germany. The purser accepted the trust,
and delivered the eggs at Bremerhaven to the agent of tho Deut-sghe
Fischerei-Verein, Mr. R. Eckardt, who gave a receipt therefor as havm.g
been received by him in healthy condition. On presentation of .thls
receipt to Mr. Mather, the purser received the stipulated honorarium,

On the 22d October the consignments intended for Holland and

‘rance were placed on board the steamers Schiedam and Labrador, re-
Sbectively, and received by their pursers. Those intended for Holland
were taken at Rotterdam by the superintendent of fisheries of Holland,
Mr. C. J. Bottemanne, and those for France were handed at Havre to
the agent of the Société d’Acclimatation, Mr. Grisard, both of ‘Ylfom
8ave receipts for the delivery of the eggs to them in perfect condition,
e douceurs were accordingly paid.

By this mode of shipment the eggs received the atfention they re-
Quired—the emulation of the officers of the respective ships havin‘g been
excited—and were transported at a trifling cost; the expense Qt a spe-
Clal messenger, which had previously been found necessary, being thus
avoided, A

These three consignments were, however, all carefully packed by Mr.
Mather in the apparatus devised by him for the purpose in 1878, and.
Whiely received the unqualified indorsement and approval of the French
d German experts who had occasion to examine it.
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A report by Mr. C. J. Bottemanne contains an interesting account of
the introduction of these fish into the Netherlands. The shipment of
eggs of this fish in 1877 was entirely unsuccessful, as only three fish were
produced out of 100,000 eggs sent.

The transfer of the eggs the following year was more successful, as a
loss of only some 26 per cent. was experienced, and we had become so
much more expert in packing the eggs, that of the shipment made in
1879 the loss had been reduced to 21 percent. When we take into con-
sideration the fact that the eggs were transported by wagon over a rough
country for about thirty miles before they could be Placed in the cars;
then by rail across the continent to be reshipped for a two weeks Jjour-
ney across the Atlantic, and after that compelled to take another rail-
road journey from Rotterdam to Amsterdam, the success was soniewhat
remarkable.

Monsieur Bottemanne reports that most of the fish were placed in the
tributaries of the Meuse, a few only having been retained in the zoolog-
ical gardens at Amsterdam.

The importance of maintaining a full supply of breeding fish in the
Sacramento and McCloud Rivers, for the purpose of obtaining from year
to year a stock of eggs sufficiently large to meet all demands, induced
an arrangement with the Californin commissioners by which it was
agreed that about, one-fifth of the whole yield, hatched out at the fish-
ery, should be returned to the water.

As the hatching out of these eggs necessarily takes place after the
close of the regular work of the commission in securing them from the
breeders, it was deemed expedient to accept the offer of the California
State fish commissioners to defray the actual expense of hatching,
which has accordingly been paid by them in 1879, as also heretofore.

The result of their work is seen in an extraordinary increase in the
number of mature fish returning from the ocean, and in the great exten-
sion of the industry of salmon canning.

The Rainbow, or California Mountain Trout (Salmo iridexs).

The Crooks Creel Station.—Mr. Stoue having beer instructed to en-
large the operations of the work on the McCloud River by the propaga-
tion of the California brook trout, he selected a point some miles above
on a small tributary of the McCloud River called George Crooks Creek.

This creek flows into the McCloud River only four miles above the
salmon-breeding establishment and was solected as being well supplied
with clear cold water. Many difficulties were encountered in establish-
ing this station, as only a rongh Indian trail led tothe site. This neces-
sitated the ¢ packing” of all the lumber and equipment necessary for
this station.

. During the season a dwelling and hatching house were built and the
necessary furniture, &c., transported to the station.

The trout-hatching house was constructed on the same general plan
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as the salmon-hatching house, with a capacity of 6,000,000 eggs. Hav-
Ing prepared the ponds, which were supplied by a constant and a-mp}e
flow of water, the breeding fish were captured by angling and kept in
t.ra,[?s constructed of heavy timber poles. The traps were well secured
against casualty in cage of high water. .
. This fish is much esteemed and will no doubt be a valuable acquisi-
tiou to the food fishes of the Atlantic States, especially to such waters
a8 may be found too warm for the less hardy brook trout native to the
Atlantic.
_ An interesting experiment in connection with the culture of the Salmo
ridea was made in J apan by Mr. Sekizawa Akekio, a most accomplishgd
Japanese gentleman, who manifested very great interest in all exhibits
bertaining to fish culture at the Philadelphia exhibition of 1876. Shortly
after his return to Japan he established several hatching stations at
Vvarious points. On June 9, 1877, he received a supply of eggs from the
United States fish ponds on the McCloud River. A large number of
fish were hatched out, and, as may be seen from a commnuication received
from him on April 12, 1880, lived (for at auy rate) nearly three years, at
Which period of their life they averaged nineteen inches in length. . A
drawing of one of these 3-year old fish accompanying his communication
furnighed a magnificent illustration of the species. At that age both
males and females were ready to spawn and promised to furnish a large
- Dumber of eggs. .
These results show clearly the ability of this species to sustain itself
in remote localities, and also illustrate the fact that in less than three
years they are ready to spawn and may at that age have attained the
weight of at least five pounds.

Atlantic Salmon (Salmo salar). - .
The Penobscot River Station.—The indications of the successful intro-
duction of this fish into rivers even as far south as the Delaware al?d
Susqueh;mna, and the great increase which has already been observed in
its abundance in the Penobscot Bay, led to the determination that the
work which had been intermitted at Bucksport should be again pushed

forward.

Mr. Atkins was therefore instructed to arrange for a supply of })reed-
ing fish and to extend the operations at Bucksport as far as practicable.
It baving been clearly shown that the salmon could be readily conﬁn.ed
In fresh-water ponds from June until November without interfering with
the development of the ovaries, Mr. Atkins selected Dead Brook as a
good site for the inclosure, and a convenient location for a hatching
house,

He secured in good condition 264 salmon at an average cost of $2.16
ach. A heavy rainfall on the 17th and 18th of August caused a
freshet in Dead Brook which resulted in a considerable loss of fish, re-
ducing the number to 59. He commenced to take spawn on.the 24th
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of October, and secured 211,692 eggs by the middle of November.
These eggs were distributed to the State commissioners of New Hamp-
shire, Massachusetts, Connecticut, New Jersey, and Maryland.

The reports from these States show that 180,000 were actually plan-
ted, principally in the tributaries of the Merrimac, Connecticut, Dela-
ware, Susquehanna, Potomae, and Ohio Rivers.

The work at this station will be continued on a larger scale hereafter,
as the increase of salmon in many of the eastern rivers has been very
marked and the indications point to the successful establishment of this
fish in the tributaries of the great lakes.

There is no more iuteresting fact in connection with the propagation
of fishes than that of their return to the original spawning ground at
the expiration of a given time. The young fish also hatched out at any
point, will in their turn seek the same place for purposes of reproduc-
tion. Nunerous instances of this fact are on record: thus, Mr. Wilmot,
who, for several years past has been engaged in hatching out salmon at
Newcastle, on the north shore of Lake Ontario, has presented to the
United States I'ish Commission the stuffed specimen of a female fish, from
which he had taken eggs for three successive years, as indicated by his
marks, which were apparent on the skin. At the United States salmon-
hatching station on the Penobscot, Mr. Charles G. Atkins has been in the
habit of tagging and numnbering the fish which he captures for his pur-
poses and which are released in Penobscot Bay when he has finished
operations with them. Of these quite an appreciable number have
been taken in subsequent years, identified Ly their labels. A still fur-
ther instance of this is shown in regard to the California salmon. In
previous reports I have referred to Mr. R. D. Hume, of Edinburg, Ore-
gon, in connection with the artificial hatching of salmon by him in 1877
and 1878. In the former year he marked a hundred fish, letting them
go, and the next year he is said to have retaken ten of the number.

Schocdic Salmon (Salme salar, subs. sebago).

Grand Lake Stream Station.—Pains bave been taken in previous re-
ports to call attention to the value of this variety of the salmon family.

The facilities for procuring and caring for the eggs of this fish at
Grand Lake Stream until ready for distribution, were much enlarged
during this year, and although the number of spawning fish captured
was not greater than in previous years, 1,113,000 eggs were procured, of
which only 113 per cent. were lost.

During their development 249,000 eggs were reserved to keep up the
supply of fish in Grand Lake Stream and 744,000 were distributed. The
average length of the fish captured this year exceeds that of any of the
four preceding years, the longest male fish being twenty-four inches
and the longest female twenty-two inches.

Many interesting comparisons of the results obtained during the sev-
eral years will be found in Mr. Atkins’ very interesting report, which is
appended.
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The first spawn was taken on November 7, and the SI’aW?unﬁ ‘les
finished by the 22d of the same month. The eggs had su_mc].%u tyd to
veloped to be shipped by the 6th of January, aqd were distribute
the waters of many States, as shown in Mr. Atking’ report. ‘and

Instructions have been given for the enlargement of t'he taclhtle‘sr,ﬁ-w .
a8 the fish increase, in consequence of the large deposits of yoimza vbel’-
the spawn procureéd from them can be cared for and properly deve
oped, :

Should the operations of the Commission increase in thedfu;u:eﬂ"]‘:
they have in the past, arrangement must ne?cessarlly be ma eth(; eros
establishment of several supplementary stations for hatching he Dif(:)r
of the Salmonidm. At present, the works on thfa MecCloud Rge;‘tem
the California salmon, those on the Penobscot River for 1:hed Zlmon
salmon, and those at Grand Lake Stream for the land-locked s ts the
are the only ones provided by the Commission.' From these 12101;11116; dis‘
€ggs are forwarded to the hatcheries of the various States, al,ln spices
tribution and deposit of the fry is effected largely under ¢ 013?“3i0t<
of the State commissioners. As, however, there are large centra L 18t ;s\
available for the fish, where there are either no State comrnissione iE
or such as are without the means for further tref",tment of tll-lt? Zggsi)e-
has been thought advisable to look into the question of };? 111: J how-
cially in the Southern and Southwestern Sta:tes. The fl ‘zllxe z’ ; rious
ever, is to find an ample supply of water sufficiently coldblorto N
Species. The spring water in the South, although palata ?the Eastern
is usually too warm for hatching and preserving tfl?e fx:y of the Jof o
salmon and trout. As one advantage of the Calltf)rnu? specges -
mon and trout over their allies in the East con.s1st.s Is their g:‘etzr .
adaptability to warm water, it is possible that thlé.l prOJec.t mla'y a beeix .
time be carried out successfully. Among otl.ler pomts.whlch 1;1‘;;1“)“-
especially urged as suitable for such establishments is tlgtrgd cor thc
ville, Ala., where a large spring in the town has been ofie
purpose,

8had (Alosa sapidissima). . .

The propagation and distribution of shad were con?mued 1)11 ’chti1 Zal:](j
localities that had been occupied during the previous y (,a-tr, a-i ld‘ot'
though the season was somewhat unpropitious, .the aggretgitlg 3’62 000
youngshad was increased from 15,500,000 the previous year (L [I,l )r-;\'e d,
and, the arrangements for the distribution having bt?en muc 1 ) ?
a large proportion of these were transferred to outsxde. waters. L so

Albemarle Sound Station.—Although “UXif’“s to continue the ;VOZ ::,:\ ‘
Successfully inaugurated in previous years m.Albema,rle Soux}( ) 1
not deemed advisable to transfer the full equipment of ha,‘ccl.]mg a';ppl;c
ratus to this station, as they proved to be somewhat t(?o unwicldy &:1 1§0
moved with satety and certainty to such distant .pomts.‘ It -Wasrs Eu
anticipated that the large deposits of shad made in previous yox

8. Mis. 59— 111
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the Potomac and Susquehanna Rivers would furnish during the season
of 1879 a larger supply of spawning fish. It was therefore deemed ad-
visable to retain the hatching apparatus, which had been remodeled for
operations in Maryland, where it had hitherto been so successful. It
was determined to rely entirely upon the steamer Lookout, the services
of which had been secured for the purpose, and accordingly she was sent
to the mouth of the Chowan River, in charge of Mr. Jno. L. Saunders,
where she arrived April 11. The season not being very far advanced
at this time, the crew were employed in arranging the apparatus until
the eleventh day of April, when active operations were commenced.

The equipment of the Lookout, as in previous years, consisted of six
cones, placed on the deck forward of the pilot-house, which supported
a distributing tank to supply them with water. These cones had been
perfected under the direction of Mr. Ferguson, and proved thoroughly
efficient.

The rest of the apparatus used were the plunging buckets, also an
invention of Mr, Ferguson, the machinery for operating which had been
much improved.

On account of the want of space on this small steamer, a hastily con-
structed pier was run out from the wharf at Avoca, and the use of 2
small steam-engine was seoured from Dr. Wm. R. Capehart, proprietor
of the fishery, which was furnished with steam from the boilers of the
Lookout, and provided the motive power to operate the plunging
buckets. )

From the 11th of April to the 14th of May the Lookout was moored
to this wharf, her small pump supplying the cones which were used
simultaneously with the plunging cylinders, a neat arrangement of pul-
leys having been substituted for the levers which were first used to
operate the buckets.

During the period referred to 5,295,000 young shad were produced
in the apparatus described, operated by the limited force which could
be accommodated on this small steamer. As this apparatus was some-
what hastily improvised and much altered in details from that hitherto
used, the reports from the station were looked forward to with some
anxiety. _

After some time spent in experimenting, Mr. S8aunders reported that
the machinery did -exceedingly well, and that the motion was better
than ever before. The eggs were kept moving nicely, and the young
fish came out strong and healthy. He estimated the number of eggs
hatched to be at least 90 or 95 per cent. of the eggs placed in the cones.

Of the 5,295,000 first produced, 2,115,000 were turned over to Mr. S.
G. Worth, the superintendent of fisheries of North Carolina, who has
always co-operated cordially with the United States Commission, to be
placed in the waters of the State. A distributing depot was established
at Fraoklin, a station on the Seaboard and Roanoke Railroad, at the
head of navigation of the Chowan River, and instructions were given
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to ship 200,000 fish nightly by the two alternating steamers, Chowan
and Lota.

These shipments kept the messengers of the United States Commis-
sion constantly on the road transferring fish to the waters of the South
and the Southwest, besides furnishing a large number to the North
Carolina commission to be deposited in local waters.

The results of the operations at this station were most satisfactory
when we consider the limited force employed, and hearty acknowledg-
ments are due to Mr. Saunders and the faithful men under him. ‘

At the close of the fishing season, on the 14th of May, the Lookout
was transferred to the head of the Chesapeake Bay, where ghe was
utilized in transferring fish to different points in Maryland.

Havre de Grace Station—The two machinery barges having been re-
modeled, and the lever attachment to the Ferguson hatching appar-
atus having been replaced, under the inventor’s direction, by a mu(?h
neater and more compact arrangement of pulleys, the space made avail-
able by this change was utilized for the accommodation of a large num-
ber of cones. The barges were transferred early in April to Spesutie
Narrows, a station which bad been occupied during the previous years,
and a portion of the hatching force placed on them with instructions to-
examine daily the fish taken by the large haul-seines and gill-nets oper-
ated in that locality.

The first ripe female shad was secured on the 3d of May.

The immediate charge of this station was assigned to Mr. F. N.

- Clark, of Northville, Mich., but it was not until the 19th of the month
that the spawning fish were at all plentiful. From that time until the
close of the season the operations were attended with great success,
the number of fish produced at this station, under the charge of Mr.
Clark, amounting to 9,500,000. :

Mr. Saunders and a portion of the force with him in North Carolina
were placed on the Machinery Barge No. 2, which was moored about
three miles to the north of Spesutie Narrows, not far from the town of
Havre de Grace; but operations were not fairly co mmenced until the
30th of May, from which time to the close of the season 1,252,000 shad
were produced, making an aggregate of 16,062,000 at the three st,atio.ns.

The disposition made of these fish will be found in the accompanying
tables, which have been arranged, for easy reference, both geograph-
ically and chronologically.

The Potomac River Stations.—The force of the Commission being fully
occupied in North Carolina and on the Susquehanna, operations on the
Potomac were deferred until next year, when, it is hoped, a satisfactory
report of results will be made. '

‘(?arp (Cyprinis carpio).
. In the report of the Commission for 1878 will be found detailed the
account of its labors connected with the culture of carp up to the end
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of that year, and especially of the transfer of a portion of the fish
(brought over from Germany by Mr. Hessel and deposited first in the
Druid Hill Park ponds) to the Monument lot, in the city of Washington.

The fish spawned in Druid Hill Park in 1878, but unfortunately they
hybridized with some gold-fish that had accidentally got into the ponds,
so that instead of having any carp of pure breed, there were about 2,000
crosses; these were destroyed, as being of no special value.

The work of 1879 was more satisfactory. Six thousand young of
different breeds were secured, whereof 2,750 were planted in Maryland,
the remainder being distributed in other States. The number of fish
given to each applicant was from twelve to sixteen. The demand for
the carp has been very great, and the calls bave increased so rapidly
as to render it doubtful whether, even with a much larger production,
all the requirements can be met,

The Monument Station.—The station on the grounds of the Washing-
ten Monument for the cultivation of the carp has been maintained with
great efficiency during the year, under the continued superintendence
of Mr. Rudolph Hessel. Much labor has been expended in improving
the walks, banks, and ponds, and in planting ornamental trees and
shrubs, including the introduction of quite a variety of watér plants, as
pond-lilies, &c.

In April, a telephonic connection was established with the ponds,
which proved of very great importance, giving to the superintendent
and watchmen the means of instantaneous communication with the
offices of the Commission and with the police headquarters, this latter
advantage greatly adding to the safety of the property. :

The larger pond, to the west of Executive avenue, which had orig-
inally been one, was divided into two by constructing causeways from
the island to the east and west shores. This was done for the purpose of
enabling the contractors for the White House lot sewer to prosecute
their work along the northern half of the pond without being interfered
with by the water; the southern half was accordingly kept filled while
the northern half was empty. This has been to some extent a source of
jinconvenience to the Commission, but has greatly facilitated the work
connected with the sewer.

During the severe winter the surface of the ponds was frozen, and
the use of the north pond for skating purposes was permitted; the east
pond, being filled with fish, was carefully kept undisturbed by means
of placards forbidding the entrance of skaters upon it; no difficulty
was experienced in maintaining this regulation. From time to time ap-
plications were made to have the north pond flooded for the improve-
ment of the sport. Unfortunately the inlet pipes, being near the bottom
of the pond, made it impossible to allow a discharge over the surface.
It may be a question whether, when the supply of water for city pur-
poses is greater, it may not be expedient to bave at hand the means
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of surfacing the ice, when much cut up, with a fresh coat, for the ben-
efit of the skating community.

The Arsenal Station.—The pond at the arsenal was, as befm‘e, in
charge of Mr. Elliot Jones, chief clerk. The scale carp were planted in
the pond, and the few young fish obtained were duly distributed.

It is proposed, with the consent of the military authorities, to extend
these ponds another year, 80 as torender them more available for their
purposes.

The Druid Hill Park Station.~The United States Commission con-
tinues to be under many obligations to the commissioners of Druid Hill
Park for the important facilities afforded in the way of propagating carp
from the parent fish, placed there on their arrival from Germany in
1877. XNew ponds were built for the accommodation of the fish, in part
at the expense of the United States Fish Commission. They, how-
ever, were not ready until the latter part of the season. Had they been
prepared earlier, the production would probably have Leen largely in-
creased. Distribution of about 3,000 carp was made to the citizens of
Maryland, that number constituting nearly all the fish found upon draw-
ing off the single pond, which alone it was considered expedient to lay
bare.

Transfer of German Carp by Dr. Finsch. —The importance of securing
a fresh supply of the best varieties of German carp for distribution
throughout the country, induced me to attempt a renewal of the stock
which had been brought over by Mr. Hessel. I therefore gladly em-
braced an offer made by Dr. Otto Finsch, an eminent German natural-
ist, to biing with him, on an intended visit to the United States, an
additional lot. He accordingly ordered from Mr. Eckhardt, of Liibbin-
chen, 100 Mirror carp, a year and a half old, and from six to eight
incheslong. These were received in four coal-oil barrels, each containing
twenty-five fish. They came over on the ¢ Lessing,” of the Hamburg-
American packet line, leaving Hamburg on April 23, and arriving at
New York on May 6. The total loss of fish on the passage was 77, leav-
ing only 23 to be sent to Washington, where they were delivered to Mr.
Hessel, superintendent of the ponds.

A detailed account of the circumstances attendant upon this trans-
fer of carp will be found in an article by Dr. Finsch in the appendix.

Codfish (Gadus morrhua).

In the report for 1878 a reference was made to the successful hatch-
ing of codfish at the Gloucester station. Tor the purpose of determin-
ing the possibility of transporting cod over loug distances, a small nuw-
ber of the young fish were forwarded by express from Gloucester to
Washington, arriving January 26 in excellent condition. These were
placed on exhibition in the rooms of the Committee on Appropriations
in both House and Senate, and were also exhibited to the President and
Cabinet. On the 2d of August I went with Mr, Ferguson from Province-
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town to Wood’s Holl for the purpose of examining into the possibilities
of hatching cod at that point. The indications were strongly in favor
of the success of such an undertaking.

Btriped Bass or Rock-fish (Roocus lineatus).

It has been a great desideratum with the Commission to find a locality
where the striped bass, or rock-fish, can be obtained for purposes of
propagation by artificial means. I regret to say that, so far, the suc-
cess of the Commission in this respect has not been very great. During
1879, however, the opportunity was offered to make some experiments
of this kind, which proved to be highly satisfactory. The fishery of
Dr. W. R. Capehart, at Scotch Hall, Albemarle Sound, the seat of the -
shad.hatching work, furnished on May 6 three large females with ripe
spawn, the eggs of which, when stripped, filled about twelve one-gallon
cans. The eggs, when first spawned, were pale green, slightly larger
than those of a herring, becoming after impregnation somewhat larger
than the eggs of the shad. They were transparant and almost invisi-
ble, excepting for an oily globule whereby the presence of the egg could
be detected. These eggs were placed in vessels used for hatching shad,
some in cones and others in floating bozxes, the period of introduction
being midpoight of May 6. On the morning of May 9 almost all the
eggs were hatched, showing a much more rapid development than
that of the shad eggs under similar circumstances. While the eggs
were thought to be somewhat larger than those of the shad, the embryo
was considerably smaller; although with a disproportionally large sized
umbilical sac, they escaped readily through the wire-cloth used in the
propagation of the shad.

A number of the fish were sent to Washmgton, and some to Balti-
more, where the fish were deposited in the hatching-house of Druid
Hill Park. They proved to be much more hardy than shad, as shown
by the fact that some of the young were kept in a tin pail for ten days
without change of water and evinced no signs of suffering.

Transfer of fish.

Marine and fresh-water species to California. —Upon application by the
fish commissioner of California. Mr. Livingston Stone was authorized to
undertake the transfer, in a car specially arranged for the purpose, of
a series of fishes and invertebrates, especially of striped bass, eels, black
bass, and lobsters. The principal difficulty was in regard to the salt-
water specics, for whose benefit it became necessary to carry a large
quantity of salt water, with which the supply in the reservoirs was from
time to time renewed. For some weeks before starting Mr, Stone had
kept about a thousand gallons of water, by the end of which time it bad
become perfectly clear, the dead matter having settled to the bottom.
It was a matter of some difficulty to procure striped bass of sufficient
size for the transfer. They were, however, by permission of the New
Jersey State commissioners, obtained in the Navesink River. The lob-



REPORT OF COMMISSIONER OF FISH AND FISHERIES. XXXIX

sters were secured from Messrs. Johnson and Young, of Boston ; the eels
were furnished from Albany by Mr. Seth Green, while the black bass
were sent from Charleston, N. H. -

Mr. Stone started for the West on June12, and after various experl-
ences arrived with comparatively little loss of fish at Sacramento, where
some of the fresh water fish were planted. The striped bass were placed
in the Sacramento River near Martinez, and the lobsters were introduced
in the water at Oakland wharf.

The details of this trip will be found in the appendix.

-Transfer of carp from Buropée.~The result of this experiment, made
under direction of Dr. Finsch, will be found under the heading of carp.

Tables of the distribution of fish.

In the following tables will be found the record of the distribution of
shad, arranged, first, by ‘the successive dates of shipment, and, secondly,
geographwal]y by States In the report of Mr. Stone is detalled the
distribution of the Qalifornia salmon, while in that of Mr. Atkins are
given the particulars referring to the distribution of the Penobscot and
Schoodic salmon. The shipments of carp have been 8o small, compar-
atively, as scarcely to be entitled to a distinct tabulation. In the next
aunual report I hope to present a minute statement of the entire his-
tory of the introduction of young fishes into the waters of the United
States, so far as the agency of the United States Oommission is con-
cerned, and that from the earliest dates. ‘Lo these I refer for any
deficiences in the present account. :
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XLVI REFORT OF COMMISSIONER OF FISH AND FISHERIES.

IL.—Gecographical record of distribution of shad from April 18,

Number of ish— Introduction of fish.
Date. Plac&kglhence ol A . State.
Oﬂ%‘in y pf:l?&d? Town or place.
90, 000 Near Union Springs ....
85,000 |....dO .eceneeiaai]all, (11, SN
76, 000 Colnmbus. .e-
45, 000 Lebanon ... .
45, 000 Tuscaloosa ...... .
20, 00 Rail ((]md crossing .
000 [....d0 cceececnocneans)ereeeidO cinniananiaaaaan.
40,000 |....d0 cenvecnnenini]ennn.. do
- 40, 000 .| Fulton.. .
May 24 | 8 esutie Narrows. 20, 000 20, 000 Seaford.......... .
June 13 | Old Bay Fishery.. 60, 000 50, 000 |. Blackbird Station .
do 25, 000 25, 000 Clayton........ .
100, 000 100, 000 Milford ........ .
60, 000 ' 80, 000 lew'ld orossing cee
60, 000 60, 000 T .-
75,000 75, 000 (,olumbus ...............
40, 000 40, 000 .| Railroad crossing .......
40, 000 40,000 |.oc 0 comuemcenraennfocnenn A0 «vveenecrscnnnn.
100, 000 100, 000 Macon ..ooieevnnnnnnn...
, 000 " 60, 000 Covington
60, 000 60, 000 .1 Conyers .......
200 000 60, 000 Railroad crossing .
80 |- .do S 87, 600 Gainesville .............
D1 8 PO () SN F 200,000 |....do .......... eee- | Resnea............ ceeens
100, 000 i .i Teire Haute. .
50,100 |....d . Indianapolis .
20, 000 .| La Cygne..
15, 000 .} Manbattan ..... .
15, 000 l{mlwml crussing
15, 000 [ U
15. 000 . El]sworth
5, 000 -! Reading ..
10, 000 .+ Emporia........
2, 000 .| Cottonwood Falls .
3,000 Florence........ .
3,000 ... Q0 el do . .
5, 000 -| Halstead .. .
5, 000 *| Hutehinson. .
10, 600 .1 El,Dovado .. .
10, 000 Great Bend . .
27, 000 .| Larned........ .
200, 000 bheplu rdsville. . .
150,000 | . do..............f...ooido el .
30, 000 leruud crossing . .
85,000 |....do ...l il do......... .
80,000 |....40 ceiiiiiniiiii]iennn. do .
35,000 |.... 0 . erianii e do .
85, 000 do .. .
35, Monroo . ...... .
800, 000 Spesutie Narrow -
140, 000 60, 000 |. Cordova Station .
e 80,000 {.--.d0 ceneniinniiiniooenn do .
150 000 150,000 {... Salisbury
22a, 000 115,000 |. Savago
........... 110, 000 |. Laurel ..
100, 000 100, 000 |- Spesutie
25, 000 25,000 |. Havre de Grace
100, 000 100, 000 |. Spesutie Narrow
80, 000 80, 000 |. Federalsburg ...
150,000 | 130,000 Spesutic Narrow|
150, 000 100, 000 |. Whalevavillo .
........... 50, 000 |. Near Berlin. ..
150, 000 150, 000 |. Spesutio Narro
100, 000 100, 000 |. R
125, 000 125,000 |....dO eenceennnaan il do ... .
100, 000 100, 000 |. Henderson.. .
50, 000 60,000 |... .| Spesutie N AITOWS . ......
200, 000 140,000 |....dO .ooerienrennnn. Millington
...... 80,000 |....do.....cccvc..-..| Contreville
200, 060 200,000 |....do ......... veeenn Spesutic Narrows




REPORT OF COMMISSIONER OF FISH AND FISHERIES.

1879, to June 14, 1879, by United Stales Fish Commission.

XLVII

Introduction of fish.
. Tr In chargo Remarks.
Stream. Tributary of—
PeaRiver.......... veee-.| Choctawhatchee River..| L. Kumlien R
Conecuh River .......... Escambia River. ........ e
Tombigbee River........ Mobile Bay . ---cvveenen. c. \V Schuermnn
Big Wills Croek ......... Coosa RivOr. ...cvveeen.. J.F. Ellis ........
Black Warrior River ....[ Tombigbee River.,..... ceeellO i
Little Red River......... Black River ..cceeeeen.. .M. Russ ......
Saline River.....co.ac... Quachita River.........[. PO\ S,
Quachita River. Black River ...cecceenaeaf. R I I veeene
Red l;hvltzr Tiver T %dli]saiseip 1 Igvcr ....... T A0 ...
Nanticoke River......... csapeake Bay........ 'hos. Hughle:
Appoquimmink Creek... Delnwaro Bay ceeecena-ld. do . g ttjf
Duck Croek . ...cocveeens .- .do
Mispillion Creek ..do
Ocillea River ......ccceeen
Ockolockonoo River.....|...... do.  ...ee.ee.. T A
Clhattahoocheo River.... Appnlachicoln River... | L. Kumllen.......
Allapahaw River ........ Suwanoe River ......... C. W. Schuermaon
Little RIvor . .cocoeeeeeac]inn... ceeeeeee N PR L [ T
OcmulgesRiver.......... Altu.mnhn ‘River . . JJ.F.Ellis........
TUlcofanhanchee River...| Ocmulgeo River .. C.W. Schuermann|
Yellow Rivor coveeenacaeadoa oot [ S, I [
Tugaloo River........... Savannabh River ........ H. E. Quinn ......
Chattahoochee River ....| Appalachicola River....[....do...... FRTTTON One-halfof onecan of flsh died
. ‘Jlllllﬂti‘t;nlgn it from Guaines.
o
Co0082 RiTOT . eeunnnnnnnns Alabama River......... ....do ............. thorlver.
Wabash River Ohio River.............. ..do

White River.
Marnis des Cygnes River.
Bluo River. ..evicevenenns
Republican River. .
Solomon River..
Smoky River
Marais des Cygnes River.
Neosho River
Cottonwood River

Doyla Creok .
Little River .
Cow River...

Qunchita River....
Susquebanns River

Miles Creek
Wye Mills Creek
Wicomico Rivor.

I’atuxont River..

Nn.nticoko River..
Susquehanna River......

Pocomoke River.........
Saint Michael’s River. .

Choptnnk River .
Susquohanna River

Chester River..
Corsica 'reck. ...
Susquebanna Riv

. Ches?lpc,nke Bay

Wabash River
Osage River ....c........

Knns(slw River..coc.eeuees .

do
Osago River
Arkansas River
Neos(lllo River..ceeae..-.

Miles Creek

Jd o de
"United States and

.| United 8

J. F. Ellis

Maryland,
Thos Hughiott, jr.

,Jr.
tos and
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I1.—Geographical record of distribution of shad from April 18, 1879, to

Place whenoce

Date. ken.

Number of fish—

Ori;zinally Actually

taken, planted.

Introduction of flsh.

Town or place.

May 30 | Speantio Narrows.

June 1
1
1
1
2.
2
2 01 Bn.v Fishery..
8 | Spesutie Narrows.
: 2 PR 1 SN
< 2 PN« s S
41....d0 . ccvenniaa
400080 uiinnnannan.
[4
7
8
8

14 .do
Apr. 18 "Scoteh Hall Figh:
ery, Avoca.

18
to} Scotch Hall.......

21| Avoea.....ou.....

24 |....do

........... 100, 000 |.

........... 125,000 |.

150, 000 150, 000
200, 000 100, 000 |.
400, 000 400, 000

40, 000 40, 000 |.
200, 000 200, 000 |.
300, 000 800,000 |...

400,000 | 400,000 |-
800,000 | 300, 000 |-
200, 000 200,000 |
120, 000 120, 100 |-
300, 000 150, 000 |.

175, 600 175, 000 |.
150, 0600 150, 000 |.

100, 000

85, 000
175, 000
100, 000

137, 000
200, 000
125, 400
200, 000

1.)0 000 |-

5, 105, 000
200,000 | 140,000 |-

160, 000 160,000 |....do
75, 000 75,000 |.

200, 000 200,000 |...
150, 000 160, 000

65, 000 25,000 |.
200, 000 50, 000

100, 000 100, 000

50, 000 50, 000

80, 000 30, 000
70, 000 70, 000
80, 000 80, 000
70, 000 70, 000

100, 000 100 000 |.

50, 000 .
25, 000 } 60.000{_

100, 000 95, 000 |.

10000913 s, o0of]-

60, 000 €0, 000 |.
00,000 | 100, 000

100, 000 100,000 [....do .ccaceeeenennn.

.| Port Doposit.cccce......

.| Jackson

JRiploy cceeeniiiann..n.

.| Pollockaville.......

. %cotch Hall Fishery ....

Spoustie Narrows.......
Middletown

Bnttcry L gl

Havre de Graco
Ilkton.......
Spesutio Narro

Battery Light
Port Deposit. .
Yoﬂutio Narrow
1 Bay Fishery.
Princess Anne..
Nowtown ......
Sposutie Narrow:

Cockeysville .coaeooo....
Battery Light ..........

Spesutic Narrows. .
Old Bay l'mhery..
Relay Station. ... .
Spesutio Narrows.......

Old Bay Fishery........
Point of Rocks'...
Patuxent .........
chemlsburg .....
Alrey’s Station ...
Cambridgoe..... .-
Hillsborough .....
Hendorson..........

Little Falls.............

Havre de Grace.........

Meridian

Poplar Bluffs ..
Gates Springs...........
15 miles from Arcadia ..
Weldon.eveeunieennn. .es

Scotch Ha)l Fishory .

Near Kirby's Bridge
(Warsaw).
Mount Olive .ceveceeen-




REPORT OF COMMISSIONER OF FISH AND FISHERIES.

June 14, 1879, by United States Fish Commission—Continued.

XLIX

Introduction of fish.

Transfer in charge

~ of— Remarks,
Stream. Tributary of--
Susquehanna River......| Chesapeake Bay ........ United States and

Sassafras Rivor
Bohemin River.
Susquehanna R

Tocomoko River .
Susquehanna Riv

Gunpowder Rivor ..
Susquehanna River

Patapsco River ...
Susquebanna River

...... do

Nanticoke River...

Transquaking River
Blackwater Rivor..
Tuckahoo River .
Choptank River. .
Susquehanna River

Gunpowder River........

Potomac River -c.eeeeen.
Sunquehanna River......

do
Pear) Rivor
Chunky River...
Tippah River
Tallahatchie River.

ocann River
Yalabnsha River ..
Moramec River....
Big Bl&wk River ...

0
Jdames River.

an Francois River
Rounnoke River

Albemarle Sound
<tunt River

s-e..ido

0

Goshen Creek...ooeeee--.

S. Mis.

...... do ..eueennn
Gulf of Mexico.

Chickasawhoo River

...... do ..
Whito River...

Atlantic Ocean -
Neuso River

Atlantic Ocean .
Capo Foar River

Mississippi TRiver.

dovde. il
. Thols.IIughlett,jr.
o

..-.do

Maryland.
Thos.Hughlett, jr.

Maryland.

veae@0 iliiiill...
Thos. Hughlett, jr.
United States and

PR |
TUnited States and

Maryland.
Thos. Iughlett, jr.
United States and
Maryland.

. United Statesand

Maryland.

.. do .

United St
Maryland.

N. Simmons .

J.FElis.........

United States and
Maryland.

TT. Ellis.-..1000

.| C. W. Schuermann

J. F. Ellis

S.G. Worth . ......
mell Taylor

Joo..do
S J.A. Woodward ..

W. M. Russ.
do

J. P, Heywood ....
C.J. Huseko

[ 1 I cerenn J. A, Woodward ..

Lost all the fish in one can.

.| Station No. 2.
-| 60,000 trom Station No. 2.

-1 50,000 from Station No. 2.

Nearly all in oue can died.

. OOﬁOO fish lost Lefore leaving

avre de Grace; balancein
good condition, turnued over
to Mr. Creveling, of Pa.

: 100,000 from Station No. 2,

Earliest fish out of egg.

The 25,000 were 4 days old

when taken up, and were
40 hours en route.

The 26,000 were 4 days old

when taken up, and were
28 hours en route.



L REPORT OF COMMISSIONER OF FISH AND FISHERIES.
II.—Geographical record of distribution of shad from April 18, 1879, to
Number of fish— Introduction of fish.
’ Date. | Pla0e whenoe oty | Aoveat State.
inally ctually
taken. planted. Town or place.
Apr. 25 | AVOCH .coniennnnnn 100, 000 Rocky Mount...ccoo.--.
29 |....d 75, 000 | Avoca ..... eiemeeannenes
29 150, 000 Weldon ....c.c.unvnn
May 2| 100, 000 O e rnenaenanaae e
2 |. 100, 000 Mllburnie ........
3 150, 000 . AVOCS . iecanaenns .
[} 240, 000 100, 000 Vorth Caroling ..... Nenr Salisbury ceaeeenne
8 15, 000 15, 000
9 215, 000 215, 000
9 210, 000 210, 000 |-
12 250, 000 250, 000 |.
13 .do 500, 000 500, 000
June 7 Spesut.ie Narrows. 100, 000 100, 000
Apr. 30 | AVOCS vcnnnnnnnn 825,000 |cceeaonn.. .
May 3 |....d0.cceoiainaoes 75, 000 75,000 [....d0 . ccieeaiaarae, Begin Church...... ceees
51...d0 ceeacaniannns 160,000 |..counno....il T J O ceesteens
June 2 | Spesutie N ‘Inrrows 250, 000 100, 000 | Tennessee ..ovvee--- Nashello . ..cceeues PPN
2 75,000 j..e.dO .iaceaiiaai.aos Jolnsonville..
2 25,000 [....d0 ciomiiiinenians Dresden ...... -
60,000 |....do ..cviianiinnnnn Paducah ... .
20,000 |....d0 .covnnenenn ee..| Knoxville... .
15,000 |....do ..o iiiininnans Chattanoogn .
100, 000 Minncola ... .
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I.—THE MARINE ALGE OF NEW ENGLAND.
By Prof. W. G. F'ARLOW.

INTRODUCTION.

This report is iutended, with the exception of the Diatomes, to
include all the marine species at present known to occur on the
coast of the United States from New Jersey to Eastport, Me., and
a few gpecics are mentioneld which, although they have not yet been
found within our linits, are nevertheless to Le expested {rom the
fact that they occur on the neighboring coast of the British provinces.
In preparing the report I have attempted to present, in a compact and
moreor less popular form, a description of the different orders and specios
of sea weeds, so that persons who frequent the coast of New Ingland,
-and especially those in the service of the Fish Commission, may have
at hand the means of determining the forms found in our waters., The
descriptive portion of the report is preceded by a short account of the
general structure and classification of sea-weeds, which is necessary in
the present case, because there is no generally accessible book in the
Buglish language which gives a good account of the modern views of
the classification and structure of algm. .

The list of papers relating directly to New England algs is very
meager. In January, 1847, Prof. J. W. Bailey published in tho Ameri-
¢an Journal of Arts and Scieuces a paper entitled Notes on the Alge of
the - United States. He enumerates 50 species found in New England,
but some of the number are apparently erroneously credited to our
Coast. Two continuations of the article appeared in May, 1847, and
July, 18648, in the former of which 19, and in the latter 17, species new
%o New England are enumerated. In 1847 Mr. S. T. Olney, in
the Proceedings of the Providence TFranklin Society, published a
bPaper on Rhode Island Plants, in which he mentions 45 species
of algm. Most of the species in the papers above mentioned had
been submitted to Prof. W. H. Harvey, of Dublin, The classic work
of Harvey, the Nereis Boreali-Americana, of which the first two parts
Were published in the Smithsonian Contributions to Knowledge in 1852,
aud the third part in 1857, is the only elaborate account ever published
With regard to the sea-weeds of the United States, and it hasalways been
the standard authority on the subject. Siunce the appearance of Harvey's
Breat work comparatively little has been added to our knowledge of the
8ea-weeds of Now England. In the Report of the United States Fish
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Commission for 1870-72 is a-List of the Marine Alge of the South Coast
of New England, in which 103 species are enumerated ; and in the report
for 1875 is a List of the Marine Alge of the United States, intended as a
catalogue of the sea-weeds exhibited by the Commission at the Centen-
nial Exposition, in which additions were made to the New Eugland flora.
Besides the papers referred to, I would mention Alge Rhodiacee, by S.T.
Oluey, published in 1871 ; List of Marine Alge Collected near Fastport,
Me., by Prof. D. C. Eaton®; two papers by the writer in the Proceed-
ings of the American Academy of Bostont; and List of the Marine Alge
growing in Long Island Sound within 20 miles of New Haven, by F. W.
Halli. A series of dried specimens has been published econjointly by
Dr. C. L. Anderson, Prof. D. C. Eaton, and myself, under the title of
Alge Am.-Borealis.. The 130 species already published, in three fasciculi
of 30 sets each, contain a number of the more interesting New England
forms. A set has been presented to the Fish Commission, and that, to-
gether with the large set prepared for the Centennial Exhibition, to bo
deposited hereafter in the National Museum, will place in the haunds ot
the members of the Commission sufficient material to render the task of
determining our species comparatively easy.

It will be seen that we rely almost wholly on Barvey’s Nereis for our
knowledge of New Eugland algee, and it is surpyising that so few species
have been added to the flora in recent years. Of the species recently
added, by far the larger number are insignificant in size, the rare Ne-
mastoma Ba'rdii being almost the only species which would attract the
eye by its beauty. Professor Harvey himself spent but a few weeks on
the New England coast, and we must either sappose that the collectors
of Harvey’s time were more acute than those of the last few years, or
else that the New England flora is very poor. That the flora is not very
rich in species, even for a temperate region, is probably true, but it is
too soon to assume that it is exceptionally poor.

The number of species which are so large and striking as to attract
the amateur collector is nowhere large in temperate regious, and the
so-called richness of a flora is generally dependent upon the number of
small and insignificant species, which are recognized only by those who
make a careful microscopic study. One reason for the apparent pow
erty of our marine flora is that our collectors bave generally been ama-
teurs, who pass a few weeks upon the shore and gather only the more
beautiful and striking species. The number of persons who malke micro-
scopic examminations of our alga is, however, increasing, and, as a result,
numbers of small, but interesting, species have within a short space of
time been brought to light, and it now seems likely that the New Eng-
land flora is by no means so poor as was formerly supposed. The sever-

* Trans. Conn. Acad., vol. ii, part 2, 1873.

t List of the Murine Algm of the United States, Proc. Am. Acad. Art. and Sci., vol.
x (n. 8. ii), p. 351. On some Alge new to the United States, 1. c., vol. xii (n. 8. iv),
p. 235,

{ Bulletin of the Torrey Botanical Club,.vol. vi, No. 21, Sept., 1876.
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ity of the climate, too, renders it difficult to collect during the winter
and ecarly spring months, when the species to be found are to a great
extent different from those which flourish in summer. A rieh harvest
might be expected Ly an algologist who should pass the winter and
spring at some exposed point upon the coast. The summer species may
be said to be tolerably well known, but our kuowledge of the winter
forms is very deficient.

For the purpose of examining the algz of the coast, I have visited
Eastport;, Portland, Cape Aun, Wood’s Holl, Mass., where I passed two
summers with the Commission, Newport, Xoank, Conu., and Green-
port, L. I.. Unfortunately, I have not been able to make any excursions
during the winter months, except to the coast near Boston, at Nahant and
Marblehead, and my knowledge of the winter species is derived from
specimens sent by correspondents. :

In this conpection I wonld express my sincere thanks to correspond-
ents who have aided me by specimens and information, and I would
acknowledge especially my obligations to Prof. D. C. Eaton, of New
Haven; Mr. Horace Averill and Mr. A, R. Young, of Brooklyn; Mr.
C. B. Fuller, of Portland; Mrs. A. L. Davis and Mrs. M. H. Bray, of
Gloucester; Miss M. A. Booth, Mrs. Corcoran, Mrs. J. T. Lusk, Mrs.
Beebe, Mr. F. S. Collius, and others, whose names are appeuded to the
different species described. I am particularly indebted to the Fish Com-
mission for their valuable aid in enabling me to dredge and collect in
various interesting localities in Southern Massachusetts, at Noank, and
at Gloucester, and to Mr. Alexander Agassiz for facilities for examining
the coast at Newport. With the materials at hand I have attempted to
Teview eritically the species of our coast, and for this purpose it was neces-
sary to compare them with the alge not ouly of Great Britain, but of
the other shores of Europe. I am, above all, indebted to Dr. Edouard
Bornet, of Paris, who has constantly furnished information, both with
Tegard to structure and nomenclature, without which it would have been
impossible for meo to form an accurate judgment concerning American
Species. I would also return my thanks to Prof. J. G. Agardh, of Lund;
% Prof. J. E. Areschoug, Dr. W. B, Wittrock, and Dr. F. J. Kjellman,
of Upsala, through whose kindness I have been able to examine very
complete sets of Scandinavian and Arctic alg®, which have a special
Dearing on the New England flora; to Prof. E. Perceval Wright, of Dublin,
Wwho has obligingly allowed me to examine specimens in the Harveyan
Herbarium at Trinity College; to M. A.Le Jolis, of Cherbourg, and Prof.
J. T, Rostafinski, of Cracow, for valuable notes on Laminarie ; and to
Mr. ¥ Hauck, of Trieste, for sets of Adriatic alge.

If we regard the marine vegetation of the northeastern coast of the _

hited States as a whole, we see that, beginning at Eastport, we have a
Strongly marked arctic flora, which is a direct continnation of that of
Greenland and Newfoundland. As we proceed southward towards Bos-
ton’ although the luxuriance of growth is less, the general appear-
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ance of the flora is still unmistakably arctic, if we except a few shel-
tered localities. The northern shore of Cape Cod, from its sandy charac-
ter, is practically destitute of all species of algze, except a few forms which
are here and there found growing on the cel-grass, As soon as we pass
to the south of Cape Cod, however, the flora assumes an entirely different
aspect. The arctic and Northern European forms have disappeared, cx-
cept at a few exposed poiuts like Gay Head and M ontauk, and, in their
place, we find a number of species, as Dasya elegans, Rhabdonia tenera,
Chondria tenuissima, Sargassum vulgare, characteristic of warmer secas.

The Long Island flora, which may be said to extend from Cape Cod to
New Jersey, has a good deal in common with the northern part of the
Adriatic. Among the more abundant species are Duasya elegans, Poly-
siphonia *variegata, and, if we accept Zanardini’s view, our common
Chondria Baileyana and Lomentaria Baileyana are identical with O,
striolate and L. uncinata, all species common near Venice. From New
Jersey to Charleston, if we except Norfolk and one or two points on the
North Carolina coast, almost no sea-weeds are known, presumably on
account of the unfavorable nature of the shore, although, it must be
confessed, the coast has never been carefully explored. Iven with
regard to the coast of New Jerscy we have but little information. A
number of Floridew, usually growing attached to eel-grass, has been
reported from Beesley’s Point by Sawmuel Ashmead,* but it is almost
certain that southward from that point, very little is to be expected.

It will be seen that Cape Cod is the dividing line between a marked
northern and a southern flora. In fact, the difference between the flore
of Massachusetts Bay and Buzzards Bay, which are only a few miles
apart, is greater than the difference between those of Massachusetts Bay
and the Bay of Fundy, or between those of Nantucket and Norfolk.
This difference in the flora corresponds precisely with what is known of
the fauna., That Cape Cod formed a dividing line was known to Har-
vey, and subsequent observation has only shown, on the one hand,
that the flora north of Cape Cod is more decidedly arctic than he sup-
posed, and that, on the other hand, south of the cape it is more de-
cidedly that of warm seas. The general fact of the distinctness of
the two flore is not weakened by the knowledge that we now possess,
owing to the investigations of the TFish Commission, of the existence in
a few sheltered localities north of Cape Cod of some of the character-
istic species of Long Island Sound, and in a few exposed spots south of
the cape of northern species. Of the more common species found along
the whole coast of New England, by far the greater part are also com-
mon in Europe, as Delesseria sinuosa, Corallina officinalis, Hildenbrandtia
rosea, Polysiphonia violacea, P. fastigiata, P. nigrescens, P, urceolata,
‘Rhodymenia palmata, Chondrus crispus, Cystoclonium purpurascens, Ahn-

Jeltia plicata, Phyllophora Brodiwi, P. membranifolia, Polyides rotundus,
Ceramium rubrum, Ptilota elegans, Leathesia tuberiformis, Chordaria fla-

* Vid. Proceed. Acad. Nat. Sci., Pliladelphia, vol vi, p. 147, vol. x, p. 8,
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gelliformis, C. divaricata. Desmarestia aculeata, D. viridis, Phyllitis fascia,
k“‘yc!/¢OSiphon lomentarius, the common Fuci and Ldaminarie, not to men-
tion a large number of Chlorosporew and Cryptophycee. But a very
few exclusively American species are found throughout our limits.
Most of the purely American species ave either confined to the shore
Soath of Cape Cod or clse to the shore from Boston northward. In
fact, a good share of our common sea-weeds could be recognized from
the figures in the Phycologia Brittanica.

Let us consider next the characteristic species between Boston and
Bastport. In studying these we must turn not to works on the alge of
France, or Great Britain, but rather to those on Scandinavian alge. Itis
especially instructive to examine the Alge Scandinavice of Professor
Areschoug in connection with our own forms. The resemblance is at
once striking. At Bastport we have a magniticent growth of Lamina-
riee and Fuei, which predominate over all other forms. The larger spe-
cies are even found high up on the shore, and we find growing in pools
Saccorhiza dermatodea, Laminaria longicruris, Agarum Turneri, Dicty-
osiphon lippuroides, Halosaccion ramentacewm, and Monostroma Blytii; ab
low-water mark Lithothamnion Sasciculatum abounds; and Euthora cris-
lata, Delesseria sinuosa, D. alata, and Callithamnion Pylaisei can casily
be collected without wading. The rocks are covered with crusts of Pe-
trocelis cruenta, and Ralfsia verrucosa, and the luxuriant Fucus evanes-
cens. 'With the exception of Agarum Turneri, whicl is not found.m
Europe, but which occurs in the North Pacific, and C. Pylaisei, which
i8 peculiar to America, all the species named are found in the north of
Nor\vay. Euthora cristata does not appear south of Scotland, where it is
rare, and Laminaria longicruris is scarcely known south of the northern
Part of Scotland. As we proceed southwards from Eastport to Nuhant,
lear Boston, we find that the species named disappear into deeper water,
and, with the exception of Monostroma Blyttii, are not generally seen ex-
cept when washed ashore. Dictyosiphon hippuroides has not yet been seen
south of Eastport, but Saccorkiza dermatodea, known to Harvey only
from N ewfoundland, is now known to occur at Marblehead, near Nahant,
and Halosaccion is not rare in deep pools at Gloucester, while Mo.nos-
troma Blyttii, in rather a small form, is found on exposed rocks at Little

ahant. Fucus evanescens, which is as abundant as F. vesiculosus ab
Eastport, seems to be replaced on the Massachusetts coast by I. fu;j-
catug, Calliblepharis ciliata of Harvey’s Nereis, found from Cape Ann
Borthwards is now known to be the same as Ihodophyllis vepreculd, a
€ommon species on northern coasts. As yet none of the Scandinavian
Species of Phigospora have been found with us, but it is not unlikely
That they might be found by a botanist who should collect at Eastport
12 the spring. 1t is hardly likely that Phleospora tortilis does not oceur
With us, for it is not uncommon on the Norwegian coast, and was collected
1 Greenland by Dr. Kiimlien, of the Howgate expedition. Polysipho-
R aroticq may perhaps also be oxpected, as well as Chetopteris plumose,
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a common species of Greenland ‘and Northern Europe. Odonthalia den-
tata, a common species of Northern Europe, has not yet been found
within our limits, although it is common at Halifax.

~ If north of Boston the principal feature of the marine vegetation is
the enormous mass of large Fuci and Phaosporew, the Floridee forming
an insignificant part of the flora, the chief feature of the flora south of
Cape Cod is the preponderaunce of I'loridee and the comparative insig-
nificance of the Fuci and Pheosporee. In the case of the sea-weeds of
Long Island Sound we cannot so directly refer them to species of any
part of Europe as was possible in the case of the northern flora. Sev-
eral of the more common and striking species, as I have already said,
are identical with or closely related to Adriatic forms. We are not, how-
ever to push the comparison too far. The development of Fuci and
Laminarice in Long Island Sound, although meager compared with what
we find north of Boston, is far beyond anything we find in the Adriatic,
and, on the other hand, we do not have in Long Island Sound the numer-
ous Coralline@ and siphonaceous Cllorospore@, which are common in the
Adriatie, and which unmistakably indicate a subtropical flora. Grinnellia
americana, Dasya elegans, Rhabdonia tenera, Lomentaria Baileyana, Sair-
gassum vulgare, and most of the common species of Long Island Sound,
are found as far south as the West Indies.

A consideration of the apparent exceptions to the law of the distribu-
tion of sea-weeds on our coast is not without interest. In the cold waters
off Gay Head and Block Island, Euthora cristata, in a depauperate form,
is sometimes found, and at exposed points we find a decided growth of
Laminarie, especially the digitate forms. Ptilota serrata, a typical
northern species, has also Dbeen found in a much reduced form at the
Thimble Islands, near New IHaven.

In the town of Gloucester, near the village of Squam, is a small sheet
of water called Goose Cove. The narrow entrance to the cove has been
dammed up, and the water from the ocean enters only for a short time
at the high tide. In this cove, to my surprise, I fouud Rhabdonia tenera,
Gracilaria multipartita, Chondria Baileyana, and a large mass of Poly-
siphonia Harveyi and P. Olneyi. In short, the flora was entirely dif-
ferent from anything I had ever seen before north of Cape Cod, and
entirely different from that of the adjacent shore, where the flora is en-
tirely arctic. TFurthermore, Squam is on the northern and inuer side
of Cape Ann, and as there is no connection of Goose Cove with the
southern side of Cape Ann, and inasmuch as no vessels ever enter the
cove, it is very difficult to account for the presence of the sea-weeds
which grow there. The water which is confined by the dam .is much
warmer than that of the surrounding ocean, which would enable the
species of warm waters to live if they were once introduced, but how
are we to suppose that the spores were brought into the cove? Itis
hard to believe that they could have been brought by currents, for, as a
matter of fact, the currents wove in the wrong direction to produce such
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aneffect. Certainly, Rhabdonia tenerais quite unknown in any other spot
north of Cape Cod, the nearest locality being the coast near Nantucket,
and it is very difficult to conceive that spores of that delicate species would
survive in g very cold current, which not only must carry thew outside
of Cape Cod and across Massachusetts Bay, but also around to the shel-
tered cove at the point where Cape Ann joins the mainland at the
horth. If we compare the exceptional case of Goose Cove in the north
With Gay Head and Montauk in the south, it seems to be the rule that
wherever the water is cold enough, we meet arctic species, and wherever
it is warm enough we have Long Island species, regardless of the
rémoteness of localities where the species naturally abound, and, as far
a8 we know, of the absence of currents to transport the spores.

Our marine flora is marked by the complete absence of any members
of the order Dictyotacee. Haliseris polypodioides has been found on the
Coast of North Carolina and, at Charleston, Padina pavonia begins to
become common, but north of Norfolk not a single species of the order
18 known, the northern species referred by Harvey in the Nereis to the
Dictyotacer being now known to belong to another order. Nor does
any species of Tilopteris or Cutleria occur in New England. The ab-
Sence of some of the common European gencra of Floridee is also wor-
thy of notice. The genus Nitophyllum is entirely wanting north of
North Carolina, and, although a species is said to have been collec-
ted off Cape Fear, and although N. ocellatum is occasionally found
at Key West, this genus, which forms one of the more striking fea-
tures of the Euaropean flora, may be said to be practically almost un-
Iknown anywhere on our Atlantic coast. Bonnemaisonia asparagoides,
Wwhich occurs as far north as Norway, although rare, may perhaps be
found with us. No species of Schizymenia or the related genera is found
Wwith ug although the western coastis perhaps too rich in species of
thig perplexing group. Plocamium coccineum, one of the commonest red
Sea:weeds not only of Europe but of our west coast, is known with us
10 only one doubtful case. Gelidium corneum, which is abundant in al-
Tmost all parts of the world, is only occasionally found in New England,
and then only in the reduced form, separated by someas a distinctspecies,
under the name of @. erinale. It may here be remarked that it is often
2 difficult matter to determine whether some of the more beautiful sea-
Weeds of Europe really oceur with us or not. Our amateur collectors
have frequently exchanged with- Buropean collectors, and one not un-
fl‘equently sees specimens of Plocamium coccineum, Callophyllis laciniata
and other European species prized for their beauty, which are said
to have been collected on our own coast. But inasmuch as no careful
collector has found the species in question, I have considered it too unsafe:
t°_3ccept the statements of amateurs who, to my knowledge, have re-
Celved specimens from Europe, and who, in general,are not accurate as
to dates and localities. The preceding remark will not, however, apply
to the Species of Fucus and the coarser sea-weeds. Fucus serratus, very.
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common in Europe, is very rare with us, having been found in but one
locality in the United States and one in Nova Scotia. Fucus canalicu-
latus, Himanthalia lorea, and the common European Cystoseire are
quite wanting. The nearly ubiquitous Codium tomentosum is a species
which has not yet been found on our northern coast. On the other
band some species, as Spyridia filamentosa aud Chordaria divaricata, are
more abundant in New England than in Europe, and the same is prob-
ably true of Euthora cristata and Ptilota serrata, if we ‘except perhaps
the arctic zone.

Itis evident that a great deal remains to be done before we can say that
we have as accurate a knowledge of our marine flora as we Lhave of that of
most European countries. Hereafter any advance in the knewled ge of our

_marine algse must be made by a careful microscopic study on the shore.
Probably all the large and striking species are now known, or if any re-
main to be discovered their discovery will be by mere chance, and not by
any systematicsearch. Whatis especially needed isinformation about our
winter and spring forms, and this can be best obtained by persons who
either live on the shore or spend several months there, so as to be able to
take advantage of the comparatively few days for collecting, which oc-
cur in our severe winters. The habits and structure of our Lamirnarie
need careful examination, microscopic as well as in the gross. The
whole order of the Phaosporee, in fact, which abound in spring, should
be studied, especially the genus Eetocarpus and itsallies. Our Cladophore
are in great confusion, and in the present paper I have been able to
coutribute but little towards their proper arrangement. Several years
of study are necessary for the purpose, and, in fact, the task cannot well
be accomplished until the European species are better known. Our
Ulvew are not in much better condition. Tho Ulve proper, thanks to
the elaborate account of the genus given in Le Jolis’s Liste des Algues
Marines de Cherbourg, can be tolerably well made out; but the deter-
mination of some of the species of Monostroma is merely approximate,
The Cryptophycee, which inhabit the shores and brackish localities, are
very numerous, and a large number of forms probably remain to be dis-
covered. A study of the last-named order is, moreover, not without a
practical bearing, as is shown in another part of the report, by the fact
that the cause of the so-called red fish is due to the growth of an alga of
this order. It is probable that wo have with us nearly all the European
species of this order, and an excellent guide for our students, is the ad-
mirable paper by Warming on the Bacteria of the Danish Coast.*

Another group requiring study is the Squamarice, a small order con-
sisting of species, which form crusts on stones and shells, often in deep
water. As a rule comparatively little in the way of sea-weeds is found
by dredging; but an examination of shelly and gravelly bottoms for
Squamarie is to be desired. Dredging is most successful between 10

* Ow nogle ved Danmarks Kyster lovende Bakterier, in Videns. Med. Natur. Foren.,
‘Copenhagen, 1375,
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and 30 fathoms, and at a greater depth than 50 fathoms almost nothing
18 found. The oyster-beds of the coast should be carefully searched for
Cutleriew and other sea-weeds found in similar localities in Europe. Fi-
nally, a thorough exploration of the tidal rivers and sheltered coves of
the eastern coast of New England is much to be desired, in order that
W may know to what extent the southern forms extend northward
When they find sufficiently warm water and a suitable place of growth.

From an economical point of view, but little need be said with regard
to our sea-weeds as an articleof food. Chondrus crispus, the Irish moss,
a8 1t is called.in this country, is the only species ot any commercial value.
IF 13 collected in considerable quantities at several localities, but espe-
Clally at Hingham, Mass.. It is used for making sea-moss farine, and is
also employed to some extent by brewers for clarifying beer. As yet the
use of Porphyra vulgaris, the laver, one of the common species for making
Soups, has not been introduced. The Chinese employed in tho shoe fac-
_ tories at North Adams, Mass., import the same species {rom China, not
8pparently knowing that they could obtain an abundance of it in Mas-
Sachusetts. The dulse, Rhodymenia palmata, is sold to some extent in the
Seaport towns, especially in Boston, where it is eaten principally by
§;1i10rs and the Irish population. It is generally imported from the Brit-
ish provirees, but it could be obtained in abundaunce anywhere north of
BOSCOD, or even in some pluces in Long Islaud Sound. The great use of our
Sea-weeds is for the purpose of making fertilizers, and immense quanti-
ties are carted from the beaches and spread over theland near the shore.
Usage, however, varies at different localities, for at Eastport the larger
Sea-weeds, which are practically the same species that are highly esteemed
In New.Hampshire and Massachusetts, are considered of little value in
Comparigon with animal manure. As far as I know, there are no manu-
factories of iodine or soda salts on our coast, although our species greatly
Tesemble those used in Scotland for the purpose. The stem of tl.le
devily aprons, Laminarie, are used by surgicalinstrument makers in
the manufacture of sponge-tents.

Respectfully submitted.
W. G. TARLOW.

CAMBRIDGE, January 1, 1880.

STRUCTURE AND CLASSIFICATION OF SEA-WEEDS.

With a very few exceptions, all the plants of our coast which may be
Si_lid really to grow in the water belong to the division of the vegetable
Ingdom known as the Cryptogams, or plauts having no true flowers or
8eeds. Only two speeies of flowering plants are commonly found sub-
Werged in salt water, viz, Zostera marina, the salt-water cel-grass, and
Ruppia maritima. The former is familiar to every one who las ever
cen o the shore, and is sometimes washed ashore in immense guanti-
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ties. The latter is a common species of brackish bays and coves. If
we add Zannichellia palustris, a species closely related to Ruppia, and a
few species of Potamogeton, which occasionally make their way into
brackish-water ditches and streams, we have completed the list of flower-
ing plants which the student of marine vegetation is likely to meet on our
coast. Excepting the few flowering plants justnamed, and afew Characee,
an order whose place is doubtful but which is now generally placed near
the mosses, which probably inhabit our Lrackish waters, our marine
flora consists wholly of Thallophytes, the lowest division of the Crypto-
gams, the species of which are supposed to be destitute of any true axis
and leaves such as are found in the higher plants. The Thalloplytes have
been divided into three classes, Algw, Fungi, and Lichens. This classifi-
cation, as we shall see, is based on physiological rather than on morpho-
logical grounds, and is very far from being satisfactory; but, although
new classifications have been proposed, which, in time, will almost cer-
tainly supersede the old, at present it is impossible to ignore the old
divisions, which may be said rather to be convenient than to be based
on accurate knowledge of structure and development.

Of the three old groups, the Alge may be described as Thallophytes
which grow submerged in water or in wet places, which contain chloro-
phyl, or leaf-green, and which are able to transform inorganic into or-
ganic material, or, in other words, to support themselves from the inor-
ganic matter about them. The Fungi do not grow submerged, do not
contain chlorophyl, and are unable to change inorganic into organic
matter, and hence must live as parasites upon bodies which contain organ-
ized matter. The Lickens were supposed by the older writers to be distinet
from alge and fungi, and characterized by having in their interior certain
green bodies known as gonidia. It is to the first of the three divisions’
named, the alga, that, with very few exceptions, all the strictly marine
plants belong. Howunscientific the divistoninto alge, fungi,and lichens
is may be seen by the fact that on our coast thereis one species of fungus
which grows submerged in salt water, an undescribed species of Spheria,
which is parasitic on the stems of the large devil’s apron, Laminaria
longicruris. A few species of lichens grow between tide-marks, and sev-
eral in places exposed to the spray. Verrucaria mucosa T. Fr. is abun-
dant on our northern coast, and might be mistaken by a collector for
Isactis plana. Verrucaria maura T. Tr., and one or two other Verru-
carie, are rather common near high-tide mark, but are not generally sub-
werged. Practically speaking, then, when we speak of our sea-weeds
we refer merely to the alge, which constitute ninety-nine one-hundredths
of the flora.

Harvey, in his Nereis, divided alge into three classes, Meclanospermeca,
Rhodospermeee,and Chlorospermee. These three classes are distinguished
by their color, the first being olive-brown, the second red or purple,
the third green. Tlis classification, which answered tolerably well for
distinguishing the species at sight rests, upon what modern researches
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have shown to be erroneous views with regard to the structure and de-
velopment of the different species, and Harvey’s three classes no longer
S€rve as a basis for classification. The Melanospermee and Cliloro-
8permee are entirely rearranged, and although the Riodospermees are still
considered to form a natural group, the older nawme, Floridew, employed
by Agardh, is used to designate them. The hasis of classification is the
Structure of the fruitand the organs of fructification, in the inowledge of
which o great advance has been made during the last twenty years.

CRYPTOPIIYCEZE.—T]IG lowest of all the algze are those which belong t.-o
the order Cryptophycea, in which, as yet, the only reproduction known is
by means of non-sexual spores and hormogonia. Most of the species of
the order are bluish green, but some are purplish, brown, or even pink.
The bluish-green coloring matter is due to the presenceof phycochrome,
“’h_ich is 2 mixture of chlorophyl and phycocyanin. The last is extracted

Y water when the alg® containing it are bruised, the chloropliyl being
Solublein aleohol. The species of Cryptophycec consist of cells which are
Usually roundish, or disk-shaped, and which are generally held together
]_)3' a mass of gelatinous substance which surrounds them. The order
Is divided into two suborders, according to the arrangement of the cells
1 relation to the jelly. The first suborder, the Chroococcacee, includes
all the species in which the cells are either isolated or arranged in amor-
bhous or more or less spherical masses. Some of the species of this
Suborder are very small, and in some of the modern classifications are
- Dlaced with the Bacteria, in the order Protophytes. The mode of growth
of the Clroococcacee is by division of the cells, first into two, then into
four, ang o on. The masses which they form may be called colonies,
€ach cell forming a distinet individual, which is usually capable of living
apart from its fellows. Spores, which are known in only one species, ure
formeq by some of the cells enlarging and taking on 2 thick cell-wall.

N(:lthmg like sexual reproduction is seen either in this or the next sub-
order,

NosTooRINE 22.—Tn the second suborder of the Cryptophycew, the Nos-
tochinee, the cells are always attached to one another in the fogm of fila-
Ments, to which the name of trickomata is given. The trichomata may
“ither be free, as in Oscillaria (P11, fig. 5), inclosed in a sheath, as in
Ly’fgbya (PL I, fig. 4), or packed in a dense mass of jelly, as in Rivu-
Za.”“ (PL 11, fig, 2). The cells composing the t;richomatnf are usually
18lt-shapeq or cylindrical, but are sometimes nearly spherical. .
esides the ordinary cells, we find in many species a second kind of
L distinguished from the others by its glassy appearance and its yel-

ﬁowish Or brownish rather than bluish-green color. (Pl I, fig. 3, a;
86,0; p1. II, figs. 1 and 2, @.) They are called keterocysts, and are
oun( g

ometimes scattered amongst the other cells, and sometimes at the
01111(1 of the trichomata, their position often serving as a generic character.
® reproduction of the Nostochinee takes place in two ways, by hormo-
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gonia and by spores. Both modes, however, are entirely of a non-sexual
character. In the gencra with numerous heterocysts, as Nostoe, the hor-
mogonia are formed as follows: The cells intermediate between two hete-
rocystsescapein the form of a small chain, called a hormogonium, and swim
about with a spiral motion through the water. They at length becowme
quiescent and Legin to divide both transversely and longitudinally. Of
the cells thus formed some become heterocysts, and in process of time anew
Nostoc is formed. In the species destitute of heterocysts, or in which the
Leterocysts are few in number, the hormogonia are formed in a different
manner. At certain points in the sheath of the trichoma constrictions
are formed, and the cells between the constriction adhere to one another
to form a hormogonium. We thus have formed a necklace of hormo--
gonia, which are capable of moving upwards and downwards in the
sheath until finally it is ruptured and the hormogonia make their escape.
‘When free they are capable of moving about to a slight degree in the
water, and eventually come to rest, and new heterocysts and trichomata
are thien formed by cell division. )

The so-called spores of the Nostochinew are formed by the enlargement
of sowme of the ordinary cells to several times their original length until
they become ovoid or eylindrical (P11, fig. 3,0). They are found in a num-
ber of genera but in a number of others they have not yet been observed.
They usually occupy a fixed position with regard to the heterocyst, so that
they are used as a generic mark. When ripe they have a dense outer
covering and become at times quite dark colored. They are more resist-
ant than the ordinary cells and do not usually germinate until after a °
period of rest. In germination, which has only been observed in a few
instances, the outer wall of the spore bursts open and the contents grow
out in the form of a filament, in which by transverse division the ordi-
nary cells are formed.

The Cryptophycee are algse which flourish only in summer, but which
can be found to some extent at all seasons. Most of them form slimny
expansions on mud, wharves, stones, and on dead alge. They are not
often found submerged at any depth, but are most abundant near high-
water mark. A few filamentous species attain a length of some inches
but only one, Lyngbya majuscula, is sufficiently striking to have gained
a popular name—mermaid’s kair. The species of Oscillaria, Spirulina,
and Beggiatoa, are capable of oscillating rapidly, but in this respect
the marine species are not 8o well marked as the species of fresh water.
The Beggiatoe which are found on putrefying alge give off the dis-
agreeable odor of sulphuretted hydrogen often noticed at the sea-shore
in hot weather. The species of Cryptophycee are very widely diffused,
and, with two exceptions, our forms are all common in Europe.’

Zo00SPOREZE —This order includes not only the greater part of the
Chlorospermec of Harvey’s Nereis, with the exception of the Oscillatoria-
cea; which belong to the Cryptoplyeec, but also the Laminariacee and all
the Dictyotacee which Harvey attributes to the New England coast, Al
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though the species included in this large order differ from one another in
size and habit to an extent that would certainly forbid their being placed
toguther, if we considered merely the character of the frond, yet they re-
semble one another very closely in their mode of reproduction, which is
accomplished by means of zoospores. The Zoospore® are divided into four
Suborders, the Chlorosporee, or Chlorozoosporee, as the name is sometimes
Written, the Pheosporee, or Pheozoosporee, the Bryopsider, and the Bo-
trydiew. The former are abundant in both fresh and salt water. They
€Specially frequent brackish waters and high tide-pools. The mass of the
Vegetation in brackish rivers is forined of species of this order. The species
are either filamentous or else in the form of green membranes, as in the sea-
lettuces, Ulve,which abound in muddy places between tide-marks., The
Contents of any of the cells may be transformed into zoospores, which
éscape from the mother cell usually at daybreak. The zoospores are of
two kinds, microzoospores and macrozoospores. The latter are produced
few in number in the mother cell, and when they have escaped into the
Water they are scen to be furnished with four cilia placed at one end,
and with a dark red spot on one side. After swimming about for a
8hort time they come to rest, the cilia disappear, a wall of cellulose is
fOl'm_ed around the zoospore, which then begins to divide and produce a
Plant like that from which it came. The microzoospores are borne in
Considerable numbers in the mother cell, and when they escape they are
Seen to have only two cilia at one end, and a dark red spot on the side.
The microzoospores, after swimming about a short tine, approach one
another in pairs, occasionally in threes, which in a short tine coalesce
80 as to form a body known as the zygospore, or, to use a term first ap-
Dlied by Rostafinski, the isospore, which bas four cilia and two dark red
Spots. The zygospore swims about for a short time, then comes to rest,
takes on a cellulose wall, and begins to divide in the same manner as &
acrospore. This process of union is called conjugation, and represents
Sexuality in jts lowest form, it being impossible to say which of the con-
Jugating bodies is male and whiclh is female. It is only the microzoo-
8pores whicl come from different mother-cells which conjugate, but it is
Dot quite certain whether the cells must belong to different individuals.
€ microzoospores, however, do not always conjugate. More frgquently
€y do not, but, after swimming about separately for a short time, lose
beir cilig and begin to grow just like the macrozoospores. If‘one wishes
1° €Xamine the zoospores, he has only at evening to put & picce of sea-
ettuce into g vessel of salt water, and at daybreak the zoospores will
ave formed a green cloud in the water. If the cloud cousists of mi-
f r0‘7‘0051)01'055, it will collect in the vessel on the side nearest the light;
. ®0posed of macrozoospores, on the side away from the light. Con-
198ation was firgs observed in & marine species (Ulva) by Areschoug,
c.utf haq Previously been observed by Pringsheim in a fresh-water spe-
1e8 (P andorina). Since then conjugation of zoospores has been studied
¥ Several observers.
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BryoPSIDEZ.—In the present paper this suborder includes a single
species of our coast, Bryopsis plumosa, which consist of a single cell of
very large size, which Dbranches in a pinnate fashion. When about to
reproduce, some of the branches are shut off from the rest of the frond
by a cell-wall, and the contents are then transformed into zoospores. A
conjugation has not yet been seen in this species. Irom its unicellular
structure onc might suppose that Bryopsis should be placed near Vauch-
eria, but no oospores have yet been observed like those in the last-
named genus, In the absence of a knowledge of the development of
the genus, it is retained as a divsion of the Zoosporew, differing from the

- Cllorosporec in the unicellular character of the frond. A

Borrypitz.—The development of Botrydium granulatum, which was
fully studied by Rostafinski and Woronin, differs-from that of the
Cllorosporew which we have already described in the fact that there is
first produced in the small unicellular frond of which this species is
composed a number of round spores, or more properly zoosporangia,
which are discharged from the mother cell. There is then formed in
each zoosporangiura a number of zoospores, which escape and conjugate
with one another. De Bary and Strasburger have described a similar
process in Acetabularia mediterranea, and have applied the name gameten
to the zoospores which conjugate, and zygote to the body formed by con-
jugation. Secondary modes of reproduction by means of zoospores with
a single cilium and so-called root-cells occur.in Botrydium granulatum.
Botrydium (Codiolum) gregarium, our only marine species, resembles B.
granulatum, but its development has never been fully studied.

PHmosPOREZE~The Pheosporee are all marine, with one possible ex-
ception, and are, when growing, of an olive-brown color. They possess

- only one form of zoospore, which is more or less oval and pointed at one
end and olive-brown in color, and are furnished with two cilia attached at
one side and a red spot. The zoospores are not born indefinitely in any
cell, but are produced only in certain cells or sporangia. Each species is
supposed to have two kinds of sporangia: one called the unilocular spo-
rangium, which contains a large number of zoospores, and another, called -
the plurilocular sporangium, which consistof an aggregation of small cells,
each of which contains a single zoospore. The name of oosporangia
was originally given by Thuret to the unilocular sporangia because they
are usually more or less oval in shape, but he afterwards abandoned the
name because it is more appropriately applied to the spores of the
Oovsporee. The older name of trichosporangia, which was at first applied
to the plurilocular sporangia, has also been abandoned. Although, as .
Las been said, each species is supposed to have both kinds of sporangia,
in a large number of species only one kind has as yet been observed.
Both may occur on the same individual and at the same time, but more -
frequently they are found at different seasons of the year. Although
found all over the world, the Phaospore particularly affect the temperate -
and arctic regions, and they fruit more abundantly, as a rule, in winter
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and spring than at other seasons, if we except a few genera, like Ecto-
carpus, The conjugation in this suborder was first seen by Areschoug
in Dictyosiphon, and afterwards by Goebel in Ectocarpus pusillus. The
zoospores unite in nearly the same way as in the Chlorosporew. Accord-
ing to Goebel, who studied the zoospores coming from }.lurniocular
sporangia, the conjugation occurs between zoospores comiug from dil-
foerent sporangia. The development of the zygospore and the action of -
the zoospores borne in the unilocular sporangia, except in the genus
DiCtyqsiphon, are not yet satisfactorily known. Thuretand Bornet have
8een bodies which they consider to be antheridia in several species of
Ectocarpus, and Pringsheim at one time considered that he had found
antheridia in a species of Sphacelaria. It is now admitted that the bodies
found by Pringsheim belonged to a parasitic species of Chytridium, and
Thuret and Bornet were unable to ascertain the development of the
antheridia in Eetocarpus. Atany rate, nothing like an oogonium or any
female organ to be fertilized by the antherozoids has been found in the
Pheosporee.

As has already been hinted, the genera of Phaosporee differ from
one another very widely in the structure of the frond. From low
fOI‘mS, consisting of short filaments, we pass upwards, through various
cylindrieal, crustaceous, and globose forms, to the highly developed
de\'il’:_; aprous, Laminaree, the largest of our sea-weeds; and, finally,
on the coast of California and in the Antarctic Ocean, wo find the per-
fection of the order in the enormous Macrocystis pyrifera, which is sev-
eral hundred feet long; the Nercocystis or bladder-kelp of California; and
Egregia’ in which we have what appears to be a separate stem, leaves,
b'ladders, and fruit-bearing leaves. Janczewski distinguishes three prin-
¢ipal modes of growth of the thallus in Phaosporee. The first consist
1o growth from a single terminal cell, as in Sphacelaria, Cladostephus,
and Dictyosiphon, resulting in the formation of a filamentous solid plant.

he second mode consists in the simultaneous growth of several contigu-
ous filaments at their tips, 80 as to form either a flat expansion, a8 in
]"[;'/rionema and Ralfsia, or a moro or less globular body, as in Leathesia.

he third mode is illustrated by the genus Laminaria, in which there is
& stalls, a blade, and root-like growths. The place of growth is at the
- Doint of union of stem and blade, and the new blade, which begins to
form at the tip of the stem, grows upwards from the base and gradually
Pushes off the old blade. In Scytosiphon a similar mode of growth is
foung only here, there being no stalk, the growth is at the base of the
blang, During a certain part of the year, especially in the spring, most
of the Phaosporew are covered with delicate hairs, which disappear as
116 plant becomes old.
iu?he suborder contains a large.number of species, which are divided

0 several families. Those found on our coast are the following:*
allﬁogTOSIPHO‘NEE'—TIliS family includes the two genera Scytosiphon
. hyllitis, which comprise the old Chorda lomentaria and Laminaria
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fascia, which were placed among the Laminarie in the Nereis Am.-Bor.
In Phyllitis the {rond is membranous, and its whole surface is covered by
the plurilocular sporangia which are formed from the superficial cells,
which divide so as to form club-shaped filaments consisting of five or six
cells, each one of which contains a zoospore. Scytosiplhon resembles
Phyllitis except that the frond, instead of bLeing a flat membrane, is a
hollow tube. There are no paraphyses in Phyllitis, but in Scytosiphon
there are ovoidal cells interspersed among the plurilocular sporangia,
whieh seem to be of the nature of paraphyses. No true unilocular spo-
rangia are kpown in this family.

PuUNCTARIEE.—In this family we find both unilocular and plurilocu-
lar sporangia, which are formed in spots on the frond, and arise from
the superficial cells. The former are spherical and the latter ellipsoid
in outline, and divided into 2 number of small cells.

DESMARESTIEZE.—In the two preceding families the fronds were
either flat membranes or hollow tubes. In the present there is a solid
axis and numerous branches. The cells of thecortical layer are changed
into unilocular sporangia. The plurilocular sporangia are unknown.

DictyosSIPUONELZ.—In this family the fronds are solid and branch-
ing as in the last, and only the unilocular sporangia are known. They
are in the form of large spherical cells, imbedded in the cortical layer and
opening at the surface. Except that in Desmarestia the sporangia are
formed directly from the superficial cells, while in Dictyosiphon they
originate below the surface, this tribe scarcely differs from the last.

EcTOCARPEE.—This family comprises a large number of filamentous
algme, upon whose branches are borne the sporangia. The plurilocular
sporangia are usually in the form of pod-like branches, composed of a
large number of small muriform cells, in each one of which is produced
a zoospore. The unilocular sporangia are either globose bodies, borne
on a short stalk, or else are formed by the direct enlargement of several
contiguous cells of the branches.

SPHACELARIE.ZR.—This family is kept distinet from the last by Thuret.
Both unilocular and plurilocular sporangia are known, and are similar
to those of the Ectocarpee. If the two families are to be kept distinct,
the reason must be that the fronds of the present order are solid, and
the growth is by the means of a single terminal cell, which is not the
case in the Fctocarpew.

LEATHESIEZ.—In the Leathesiew and Chordariee the sporangia are
distributed indefinitely over the frond, but in the succeeding families
thoy are found in separate spots or bands. The Leathesiee, in which we
do not include Myrionema, are either in the form of small tufts, as in
Elachistea, in gelatinous expansions of indefinite shape, as in Petrospon-
gium, or in vesicnlar masses, as in Leathesia. The greater part of the
frond consists of a cellular filamentous mass, upon the surface of which
is borne a layer of short filaments composed of smaller cells. The uni-
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locular and plurilocular sporangia are borne at the base of the peripheral
filaments. In Blachistea there are also paraphyses. ) .
CHORDARIEZ.—In this family the branching frond is filamentous,
and consists of an axis of longitudinal filaments and a peripheral series
of short filaments, which are given off at right angles to the axis. The
8porangia are found amongst the peripheral filaments, the unilocular are
ovoidal, and the plurilocular arise from the metamorphosis of the cells
at the outer extremity of the peripheral filaments. ,
ASPEROCOCCE &.—The fronds of this family are the counterparts of
those in the Scytosiphonee, but the sporangia, instead of being superficial,
are external and do not cover the whole surface, but are found in spots.
The spots contain paraphyses and spherical unilocular sporangia.:
_ RALFSIE &.—1In this family, composed of very few species, the frond
18 in the form of a crust, resembling & lichen. The fruit is found on the
surface in spots, composed of paraphyses and unicellular sporangia.
SPOROCHNE &.—Here the frond is a solid branching filament and the
fruit is found in spots on the surface. Each spot consists of a numb?r'
of paraphyses, at the base of which are either oval unilocular sporangia
or plurilocular sporangia in the form of short filaments, resembling the
Sporangia of Phyllitis. '
LAMiNARIE 2. —The family which includes the devil’s aprons atd sea-
colander of our coast. The fruit either forms long patches or more 91‘
less irregular spots along the center of the frond. Unicellular sporangia
only are known. The sporangia are separated from one another by pe-
Cllliar-shaped unicellular paraphyses, whicl are expanded at the top s0
as to cover the sporangia.

) OosPoRE.m.—In the order Zoosporee the sexual reproduction consists -
In the direct union of two zoospores, which form a zygospore. The two
Conjugating zoospores, or gameten if we adopt De Bary’s nomenclature,
are alike in structure, and it is impossible to say which is male and
Which js female. In the Cutlerice, of which no representative has as
ot been found on our coast, we have alg® resembling the Pheospore®
0 habit, but differing from them in that their reproduction is of a higher
8rade. The Cutleriee have both zoospores and antherozoids, or proper
Male organs, The zoospores are large, and are born singly in cells,
Which are united in eights into an oblong body. The antheridia borne
on flistinct individuals are also oblong in shape, but, instead of being
divided into eight cells, they are formed of g much larger number of
Stoall cells, in each one of which an antherozoid is produced. The an- -
herozoids are small oval bodies, almost colorless, and provided with
two lateral cilia. In Cutleria collaris Reinke found that the zoospores
a‘ftef" Swimming about for some time. lost their cilia and came to rest.
hile at rest the antherozoids approached them, and he considered that
t € se}_ﬂla-l union then took place. Here, then, we find a c}ear disﬁng-
bOn of the sexes such as is nowhere found in the Zoosporew, and it is
ut g Step higher to the Oosporee, in which we have & distinct male
8. Mis, 59——2
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organ, the antherozoid, borne in an antheridium, and a female, called
in tliis order the oogonuim. The order is divided into two suborders,
in which, although the general plan of reproduction is the same, the’
details vary.

VAUCHERIEALE.—This suborder includes a number of species of green
algee which form dense turfs upou the mud in brackish ditches and
rivers, or else loosely ﬂoatmg masses of green filaments. They may
generally be recognized at sight by their deep- -green shinin g color and
velvety appearance. They consist entirely of long green threads, which
occasionally branch, but which are destitute of any cross-pa,rtitions ex-
cept at the time of reproduction. The non-sexual reproduction is by
means of zoospores. A cross-partition is formed near the end of a
filament, and in the cell thus cut off from the rest of the plant a single
very large zoospore is formed. In some species the zoospore escapes
through an opening in the apex of the cell, and when free its whole sur-
face is seen to be covered by a large number of vibratile cilia. In other
species the cell containing the zoospore bieaks off from the rest of the
plant and the zoospore remains in a more or less passive condition.
The antheridia grow from the sides of the filaments, and are either in the
form of oblong, at times nearly sessile, cells, or else a lateral shoot is
formed which ends in one or more convolute processes, at the tips of which
a cell is cut off from the rest. The antherozoids are very small bodies
with two cilia. The oogonia, or female organs, are generally situated
pear the antheridia, and are irregularly ovoid, with a blunt tip. The
cell contents collect in aroundish mass at the center, called the oosphere,
while at the tip of the oogonium is a mass of slimy substance. At the
time of fertilization the antheridium opens and discharges the anthero-
zoids and the tip of the oogonium opens to admit the antherozoids, which
remain for a short time in the interior of the oogonium and then with-
draw. Theoogonium isthen closed and, the oosphere, which before fertili-
zation was merely a mass of protoplasm, has now formed around it a
wall of cellulose, and ripens, forming an oospore. The oospore finally
escapes from the oogonium and germinates.

Fuoace.z.—This suborder includes the rock-weeds, Fuci and Sargas-
sum, of our coast, which constitute the bulk of the olive-brown sea-weeds
found between tide-marks. The admirable paper of Thuret on the fer-
tilization of Fucus leaves nothing to be desired on that subject, and his
observations are now so widely known in this country that little need
be said in this connection.’ In the two common rock-weeds of our coast,
Fucus vesiculosus.and F. nodosus, the two sexes are on distinet individuals.
In F. cvancscens and F. furcatus they are on the same individual. The
Fuct fruit principally in winter and spring, but F. vesiculosus may be found
in fruit throughout the year. In the last-named species, if we examine
the swollen tips of the frond, we find certain granular bodies, which on
section are,seen to be sacks opening outwards. The sacks are called
«conceptacles. The male plant can generally be distinguished from the
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female by the brighter color of the tips which bear the conceptacles.
A section through the conceptacles of the male plant, as in Pl IX, Fig. 2,
shows a number of branching filaments which line the interior of the
conceptacle. Attached to the filaments are oval bodies, the antheridia.
The antheridia contain the antherozoids, which are ovate and provided
With two cilia attached at the side. Usually about day-break the an-
theridia discharge their antherozoids, which then swim about in the water
until they reach the female plant. A section through the tip of a
female plant shows a number of conceptacles similar in shape to those
of the male plant. On the walls of the conceptacle there are paraphyses,
?Dd scattered among them are the oogonia, as shown in Pl 1X, Fig. 1.

‘be 0ogonia are oval and seated on broad short pedicels. In Fucus
vesiculosus the contents of the oogonia divide into eight oospheres, which
are at first angular, but afterwards becomne spherical. The oogonia be-
come free from their attachments, and the wall, which is really double,
Tuptures, and the oospheres escape into the water. In this condition
they are merely spheres of protoplasm. The antheridia then collect
around the oospheres in large numbers, and the mass begins to ro-
tate. The rotation continues for a short time, and when it ceases the
antherozoids withdraw and soon perish. ¥t is not yet certain whether'
Oné or more of the antherozoids really penetrates into the substance of
the oosphere during the revolutions. As soon as it comes to rest the
00sphere takes on a cell-wall of cellulose and becomes an oospore, Which

?ffﬁr an interval of rest begins to divide so as to form eventually a new
rond, .

DICTYOTE}E.—-Alt-hough no members of this order are known on our
€0ast north of North Carolina, the order cannot pass unuoticed in the
Dresent article, because it forms a connecting link between the Fucacee
4d Phaosporew on one hand and the Floridew on the other. The
Sl.)ecies are olive-brown and form expanded membranous fronds. Three

Inds of reproductive organs are krown, antheridia, spores, and tetra-
Spores. Al are formed by outgrowths from the superficial cells. Thq
tet{'aspores are formed, as the name implies, in fours in a mother cell, from
W:lnch they escape and then readily germinate. The spores are borne
Slogly in 5 mother cell. The antheridia are composed of a number of
Oblong cells, which become divided by numerous longitudinal and trans-
verse divisiong into small cells, each of which contains an antherozoid.

he p ictyotace resemble the Floridew in having tetraspores and
SPQres which germinate without first passing through a zoosporic con-’
ditiop, The action of the antherozoids is at present unknown, and the
SPores of -thig order cannot be the product of a fertilization such as we
d in the Floridec.

NeI:,L.O RIDE &, —This order is the same as the Rhodospermew of Harve):’s
wie helts. The species composing it form. a very n.atural group, an‘q a% t:,
Way he exception of a few geunera, entirely marine. .The.xr colo_x is al-
(TS some shade of red or purple when they are growing in their nor-
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mal condition. When, however, they grow in positions where they are
much exposed to the light they become green, and in decaying they pass
through various shades of orange and yellow to green. Their favorite
place of growth is below low-water mark and in deeper water, but some
species grow in tide-pools. The fronds vary in structure in the different
genera, but as a rule they are less complicated than the fronds of the
Fuci and Laminariee. The non-sexual mode of growth is by means of
bodies called tetraspores, formed by the division of a single cell into four
parts. The divisions may be at right angles to one another, when the
tetraspore is said to Le cruciate; they may be parallel to each other, in
which case the tetraspore is said to be zonate; or they may be arranged
as in P1. XTI, Fig. 1 a, when it is said to be tripartite. The tetraspores may
either be 1solated or collected in wart-like masses, called nemathecia.
The individuals which bear the tetraspores are, with rare exceptions, dis-
tinet from those which bear the sexual fruit or cystocarps. Occasionally
both kinds are found on the same individual, as sometimes happens in
Callithamnion Baileyt and Spyridia filamentosa. The tetrasporic plants,
‘taking the order as a whole, are decidedly more abundant than those
which bear the cystocarps. The sexual fruit, called the eystocarp, is
formed by the action of antherozoids upon a structure called the
trickogyne, which forms a part of the procarpe. The antherozoids are
small colorless spheres, destitute of cilia. They are borne singly in
cells, which are agglomerated in various forms, which differ in the dif:
ferent genera, but are usually either in the shape of short, dense tufts,
or else are siliculose in outline. In Chondria the antheridia cover the
surface of irregular disk-like branches, and in membranous genera
they form spots on the surface.

The name of procarpe was given by Bornet and Thuret to the collec-
tion of different cells, of which the female organ is composed before
fertilization. The procarpes are borne on the younger parts of the frond
generally near the surface. The cells of which they are composed may be
divided into two sets—those which take part in the act of fertilization
and those from which the spores are formed. The former consists of
the trichogyne, a long, slender, hyaline hair, at whose base is the
trichophore. The latter set, called by Thuret and Bornet the carpogenic
cell or system, varies in the different genera, and is in most cases o
complicated to be explainéd in the present article. In the simplest geun-
era, as in Nemalion and Batrachospermum, the antherozoids come in con-
tact with the extremity of the trichogyne, where they remain fixedl for
a considerable time. The contents of the antherozoid, or antherozoids—
for more than one may be attached to the frichogyne—pass into the
trichogyne, and, in consequence of this action, a change takes place in
the trichophore, which divides, the divisions growing into short fila-
ments, which are formed into chains of spores by transverse divisions:
“In.this case the trichophore represents the carpogenic cell. In Nemalion
the cystocarpic fruit is a globular mass of spores, arranged in filaments
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and destitute of any general envelope. In by far the greater number of
genera the spores are not formed by direct outgrowths from the tricho-
.phore. In Callithamnion, for instance, the fertilizing influence is propa-
gated from the trichogyne, through the trichophore and the cells below it
which constitute the trichophoric apparatus, to certain lateral cells, from
which by repeated cell-division the spores are formed. In Dudresnaya the
cells of the trichophoric apparatus send out & number of lateral tubes,
which, in turn, convey the fertilizing impulse to certain modified branches
in other parts of the frond, so that, in reality, the cystocarp is formed
at some distance from the trichogyne by means of which it has Deen
indirectly fertilized. A similar mode of fertilization is known in Polyides

“and, aceording to Professor Schmitz, in the Squamariece. The cystocarps
are sometimes naked, that is, without a-special membranous envelope,
as in Nemalion, but they not unfrequently are contained in a conceptu-
cle or pericarp. In thelatter case, the development can only be studied
with difficulty, because the conceptacle, which originates from some of
the cells below the trichophore, develops more rapidly than the rest of
the cystocarp, and so shuts out from view the process of the formation
of the spores. It is impossible in the present article to enter into the
details of the development of the cystocarp in this complicated order,
but the reader interested in the subject is referred to the superb work
of Thuret and Bornet, Etudes Phycologiques, and the hardly less admi-
rable Notes Algologiques, of the same authors, for a masterly exposition
of the subject.

‘MODE OF COLLECTING AND PREPARING SEA-WEEDS.

The collector of sea-weeds should be provided with a pail of tin or
Wood, or, better still, with one of papier maché if it can be procured, in
Which he should placea number of large wide-mouthed bottlesand several
small bottles, and one or two vials filled with alcobol should not be forgot-
ten. A knife is needed for scraping crustaceous alga® from stones, and a
geologist’s hammer and chisel are often useful. A hand-net, with along,
stout, jointless pole and net with small meshes is a necessity. Olothes for
wading are also indispensable, since the best collecting grounds are
below low.water mark. If the collector is not already sufficiently en-
Cumbered, he may throw a common botanical collecting-box over his
8houlder, as it will serve to carry the coarser gpecies. Collecting on
8andy or gravelly beaches is very simple. One finds there only the
Floridec and larger brown sea-weeds which are washed ashore after a
storm. It is only necessary to pull over the heaps of refuse at high-
Water mark, or to dip up with a net the specimens which are floating at
low.water. Collecting on beaches is uncertain, because it is only at
certain times that specimens are washed ashore. On rocky shores, on
WharVes’ and on the eel-grass we are always sure to find something.

ne should examine the surface of rocks wet with the spray, the bases’
of the stalks of the marsh-grasses, and even the surface of mud which i8
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overflowed at high tide. Here one will find an abuundance of Crypto-
phycew and sowme Chlorosporee. FPools, more especially rocky pools, are
rich in Chlorosporee and the filammentous Phwosporee. 'The richest local-
ity is just beyond low-water mark, especially at the spring tides. One
should carefully scrape old wharves and piers. This is best done at
low tide from a boat. A long-handled net with a scraper on one side
is the best thing, but any stout net will do. By scraping old wood-
work which looks very unpromising one sometimes gets the rarer Calli-
thamnia and other delicate algs. A number of interesting species are
also to be found growing on ecl-grass, which may be reached at low tide
by wading, or, better still, by boat.

For botanical purposes the dredge is not of very great service. One -
sowmetimes secures by its means rare species, but, as a rule, a day of
dredging is a day wasted. Most algs® grow on rocky bottoms where
the dredge does not work well, in fact not so well as grappling hooks.
The best opportunity for dredging is on a shelly bottom, where several
rare species are found. Good specimens are not unfrequently brought
up by fishermen on their nets. The differentspecies when collected should
be cleaned of sand and small animals and placed in bottles, each species
in a separate bottle. This is absolutely necessary iu case of genera like
Cladophora and Ectocarpus, which would otherwise be hopelessly en-
tangled. The small specimens and those to be kept for microscopic
study should be put into alchohol. The coarse species which are merely
to be mounted and are not to be studied should be putdry into the pail.
Anything to be studied should be kept in plenty of water, or, if not to
be studied in a short time, be put iminediately into alcohol. 1t is, how-
ever, useless to put into aleohol large quantities of sterile specimens of
genera, like Cladophora, the species of which are characterized by their
branching and not by microscopic structure. Sea-weedsare best mounted
in salt water, that is, in this way they are in a more natural condition
for after-study, and if one is able to procure plenty of salt water it is
Dest always to mount in it. However, one may be stopping at a dis-
tance from the shore,in which case it is possible to make use of fresh
water. Besides, if salt water is used continually the driers become
saturated with salt, and it is then impossible to prepare specimens in
the damp weather so frequent at the sea-shore. As a matter of economy,
one had better mount only the finer and most unportant, specimens in
salt water and the rest in fresh water.

"The larger sea-weeds, as the rock-weeds and devil’s aprons, should be
allowed to soak several hours in fresh water before being mounted.
They can then be pressed in the same way as flowering plants, and, when
dried, mounted on the ordinary herbarium sheets. If a number of large
specimens are to be prepared, it is best to hang the plants up as soon as
they are gathered and allow them to dry, and they can afterwards be
soaked out at leisure in fresh water. The collector should know that
there are probably no plants which so quickly spoil driers as the specios
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of rock-weed. For mounting the smaller species one should have two
or three shallow dishes of salt water,in which the plants are to be
washed and floated out, and a deep basin of either salt or fresh water,
as the case may be, for mounting. A zinc tank, one of whose sides is
slanting, is convenient for mounting, but is rather an awkward thing
to carry about in travelling. The specimens to be mounted are put into
the basin and floated out; a piece of paper is slipped under them and
they are lifted out of the water. A moderately thick unglazed paper is
best for mounting, although almost any kind will do, provided it is not
very thin, Many ladies make use of photographer’s cards.

With a little practice it is perfectly easy to remove sea-weeds from
t!le water, but to prevent the specimen slipping off the paper or to one
side of the paper it is best to put the middle finger under the center of
the paper and raise it so that the water drains off equally on all sides.
_SOme slip a pane of glass under the paper, and lift it out of the water
In that way, ‘The papers should then be left in an inclined, position for
a short time, so that the superfluous water may run off. They are then
to be put on the driers and covered with a piece of muslin or other thin
white cloth, from which the glazing has been removed by washing. Very
gelatinous specimens should be exposed for some time to the air before
Pressing. The driers should be of bibulous paper and the best material,
but unfortunately the most expensive, is thick white Dlotting-paper.
The specimens are to be laid on the paper and covered with a cloth,
and then another layer of paper is placed above, and so on. The best
form of press is a board with a number of stones for weights. The
driers should be changed morning and night until the specimens are
dry. Some of the smaller species dry in a few howrs; others re-
quire two or three days.  Great pressure is to be avoided, and the
Specimens, if prepared in fresh water, should not be allowed to remain
long in the water., Most small species adhere to the papers naturally ;
others require to be fastened with gum. Besides mounting specimens
oL paper, it is a very good plan to prepare specimeus of fruit or any
SXI.la,ll filamentous species on pieces of mica or glass. Fragments of
Inica good enough for the purpose can be obtained for a very small
Sum of those who manufacture air-tight stoves. Specimens prepared ou
Inica can be moistened and at once used for microscopic study. All
Teally microscopic forms, such as Glaocapsa, Clathrocystis, &c.,had better
})e mounted on mica or glass than on paper. A difficulty is experienced
In preparing corallines and other calcarcous forms. If prepared in the
sa{ne way as other sea-weeds, they become very brittle, and are often
Tuined by transportation. Various means have been devised for making
them less brittle—such as painting them with a thin solution of gum.
A better method is to paint them with a hot solution of isinglass which
hag been boiled for a few moments in alcohol. The habit may be pre-
Served, although the structure is somewhat injured, by immersing coral-
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lines for a short time in some dilute acid, which, by removing the caleca-
reous matter, renders the specimens more flexible.

As we have said, selected material for future study should be put into
alcohol. Several other preserving fluids have beeu recommended, but
none in the long run do as well as alcohol. Some species do well in
glycerine, especially parasites like Streblonema and Bulbocoleon, which
grow in the fronds of other species. A one per cent. solution of osmic
acid is a favorite preserving fluid of some botanists. Certain sea- weeds,
as the Phaosporee, can be mounted for the microscope in almost any
of the ordinary mounting fluids, and keep .very well. The Floridece, on
the other hand, do not keep at all well, and after a few months the pre-
parations begin to spoil. A saturated solubion of calcic chloride, a mix-
tare of glycerine and acetic acid, half and half, boiled and filtered, weak
-solutions of carbolie acid, or a one per cent. solutlon of osmic acid are all
about equally good for mounting algm. As we have said, Pheosporee

geperally do well and Florides badly, but one sometlmes has success
even with the latter.
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ORDERS AND SUBORDERS*
OF

MARINE ALGZ OF NEW ENGLAND.

~ OrpER I. CRYPTOPHYCEZ.

Suhorder CHROOCOCCACE E.
NOSTOCHINE A.

OrpER II. ZOOSPOREZ.

Suborder CHLOROSPOREE.
BRYOPSIDE E.
BOTRYDIEZE.
PHAOSPOREE.

OrDER III. OUSPOREAL.

Suborder VAUCHERIE &,
FUoACEE.

OrDER 1V. FLORIDEA.

Suborder PORPHYREE.
SQUAMARIEZE.
NEMALIEZ.
SPERMOTHAMNIEZA.
CERAMIE Z.
SPYRIDIE E.
CRYPTONEMIEZ,
DUMONTIEZE,
GIGARTINEZE.
RHODYMENIEE.
SPONGIOCARPEZE.
GELIDIEE.
HypNEZ.
SOLIERIEZE.
SPHAROCOCCOIDEZE.,
RHEHODOMELE.E.
CORALLINEA.

‘All)l artificial key to the genera of New England alge will be found at the end of
aper.
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OrpEr I. CRYPTOPHYCEZ, Thuret.

Alge composed of cells which are either isolated or imbedded in
mucus, 50 as to form colonies, or united in the form of filaments. Color
usually bluish green, sometimes brown, purple, or pink. Reproduction
by hormogonia or non-sexuul spores. Sexual reproduction unknown.

We Lavo rotained the name given by Thuret, in Le Jolis’s Liste des Algues Marines
de Cherbourg, to the group of low algs in which sexual reproduction is unknowu.
Our species belong to the Schizophyte of Cohn (Beitriige zur Biologie der Pflanzen,
Vol. I, p. 202), which also includes the minute forms commonly known as Bacteria.
Most of the species here cuumerated are bLluish green, owing to the presence of phy-
cochrome, and would be placed by some writers in the order Plycochromacee. Some
are destitute of phycochrome and have been placed by different writers in the Chroo-
coccacew and Palmellacee. Nwgeli, in Die Niederen Pilze, is of the opinion that the
Bacteria should not be classed with the Plycochromacee, as in the Schizophytw of Colm,
but one ¢annot expect to make a satisfactory classification of forms in which no sexunal
reproduction has, as yet, been discovered. The Profophytes of Sache’s Text-Book
include all the Schizophyie of Cohn, togother with the Palmellacee and Saccharom yeetes.
¥From the nature of the plants themselves, none of the above classifications can he
considered of decided scientific value, and, regarding the question of convenience
alone, we have adopted the name Cryptophycee as oxpressing sufliciently well all the
marine Protoplytcs of our coast, whether they contain phycochrome or not. The
order is divided into two suborders, as follows:

a. Cells free, or united by a gelatinous intercellular substance into fami-
lies which never form true filaments. . ... ....CHROOCOCCACE Z&.
b. Cells arranged in filaments............. eeerenanan NOSTOCHINEZE.

SusorpEr CHROOCOCCACEZA.
(Glaogens, Cohn in part.)

1. Cells free or united in twos orfours ......_ ............ Chroococeus.
2. Cells united by a mucous intercellular substance into amorphous

[NoTE.—In the following descriptive part of the present paper the synonymy of the
species is carried only so far as to enable the reader, in the first place, to recognize
the more common synonyms and also the works in which the synonymy is given in
full, and, in the second place, to give a reference to the more accessible works in
which the different species are figured. Of the latter frequent reference is made to the
Nereis Boreali-Americana and Phycologia Brittanica of Harvey, to the Etudes Ph yeologiques
and Noles Algologiques of Bornet and Thuret, and the Tabule Phycologicw of Kiitzing.
For a list of descriptive works consulted the reader is referred to the end of this paper.

All microscopic measurements are given in fractions of a millimeter, but gross meas-
urements of objects more than half an inch in diameter are given in feet and inches,
as the divisions of the meter are not, in this country, readily applied to objects which
can be seon by the naked eye. .

Uunless otherwise stated, the loca lities given are those in which the writer himself
has collected the species, but in the case of common species it has been considered un-
necessary to give special localities, ]
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colonies. Intercellular substance generally forming concentrie
layers around the cells . ..o iveeeeeceenmnaaennans . Gleocapsa.

3. Cells united in eolonies of definite shape.
4. Cells arranged in the form of an irregular sphere, which becomes

finally hollow and net-shaped .- ......ocvone cneen Clathrocystis.

b. Cells arrauged in several layers forming a solid spheroidal body.
Polycystis.
¢. Cells united in branching dendritic masses .....-.-. Entoplysalis.

-CHROOQCOCCUS, Nazg.
((From xpoog, the color of the body, and xoxxog, & berry.)
Cell division taking place in all directions, cells spherical, solitary,
or united in twos or some multiple of two, free, . e., not united into
families by means of an intercellular substance.

. According to Nipgeli, the principal distinction between Chroococcus and Glaocapsa
11(‘.8 in tho fact that in the former genus the cell-wall is thin, while in the latter it is
ﬂ'llck and formed of concentriclayers. This differonce, however, is not constant, us in
('_]“'Oococcus turgidus ihe cell-wall is comparatively thick, whereas in Glawocapsa crepi-
divum tho coll-wall is roduced to o winimum. A more characteristio distinction seems
rather to bo the oxistonce of an intercellular substance in Glaocapsa which binds the
celly together, but which is wanting in Chroococcus.

C. TUrRGIDUS, Nmg. (Protococcus, Kiitz., Tab. Phye., Vol I, PL G,
Fig. 1.—Hamatococcus binalis, Hassal, Fresh-water Alge, p. 331, PL
82, Fig. 2.

Cells Lluish green, oval, usually single or binate, about .02 to
025um jy, diameter, surrounded by a thick eell-wall. '

Cape Aun, frs. A. L. Davis; Europe. Fresh water and marine.

rl‘ 01}“(1 on slimy rocks and piers upon which species of Calothrix, Lyngbya, &o., are
geo_‘f ing. Probably common throughout Now England. Tho size of the cells varies
1Y much. What wo have given above is an average measurement.

GLEOCAPSA, (Kiitz.) Neg.
(Froﬁx yhotog, sticky, and xays, & box.)

Cell division taking place in all directions, cells sphberical, with thick
Walls, solitary or united in families, which are surrounded by a gelatin-
Ous substance which is generally in concentric layers around the cells.
Spores known only in G. stegophila, Itzigs. (G. Itzigsohnii, Bornet mser.).

th"l;h,ls geﬁ‘lﬂ,‘if wo adopt the views of the advocates of Schwendener’s theory, forms
gonidix of the lichon gouera Synalissa, Omphalaria, &e.

PG. OREPIDINUM, Thuret, Notes Algologiques, p. 2, PL I, Figs. 1-3.
j([J rotococcus, Thuret, in Mém. Soc. Natur. Cherbourg, Vol. II, p. 388;
® Jolis, Liste des Algues Marines de Cherbourg, p. 25; Farlow, List
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of Marine Algm, 1876.—Pleurococcus, Rab., Flora Europ. Alg., Sec. III,
p. 25.)- PLI, Fig. 1,

Cells spheroidal, yellow, about .0035== to .005== in diameter, im-
bedded in an olive-brown gelatinous stratum, occasionally single, usually
united in twos or some multiple of four. -

Eastport, Maine; Gloucester, Mass.; Newport, R. I.; northern coast
of France. '

We found this species abundant in October, 1875, on tho wharves of Eastport, where
it formed thin gelatinous layers of a dark-brown color at high-water mark. It prob-
ably occurs at high-water mark on wharves along our whole coast. This species is said
by Thuret to form the gonidia of Verrucaria halodytes, Nyl., a species which we are
informed by Prof. Tuckerman is not known to lichenologists in this country. In
the present species the concentric layers of the gelatinous envelope of the cells is
wanting. The color of the cells is quite constantly brownish yellow, but occasion-
ally they become dark green. The average diameter ‘'of the cells in American speci-
mens seems to be slightly lees than Thuret’s measurement.

POLYCYSTIS, Kiitz.
(From moAvg, many, and xvor:, & bladder.)

Cells spherical, densely aggregated, united by an intercellular mucus
into solid masses.

In this genus we include Microoystis of Kiitzing, in which the colonies aro isolated
and not united in botryoidal masses, one being ovidently an immuature state of the
other.

P. ELABENS, Kiitz. (Microcystis, Kiitz., Tab. Phye., Vol. I, PL 8,
Fig. 1.) A

Cells bluish green, oblong, about .004™" in diameter, closely packed
in solid colonies, which are aggregated in botryoidal masses.

‘Wood’s Holl, Mass.; Europe.

Common in summer on decaying alge, over which it forms slimy masses, mixed with
species of Lyngbya, Microcoleus, &o.

P. PALLIDA, (Kiitz.).

Cells bluish green, oval, .005-7== x .007-9,

Newport, R. I.; Gloucester, Mass.; Europe. On Cladophore and Zos-
tera. :

- Differs mainly in the size of the cells from the preceding species. Our form agrees
closely with European specimens.

. CLATHROCYSTIS, Henfrey.
. (From xAnS9poy, a lattice, and rvorig, o bladder.)
Cells minute, very numerous, imbedded in mucus, forming a colony
which is at first solid, then hollow, and finally perforate. )
C. ROSEO-PERSICINA, Coln, in Beitrige zur Biologie, Vol. I, Part III,
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p. 1567, Pl. VI, Figs. 1-10. (Microhkaloa rosea, Kiitz., in Linnea, VIII,
341.— Protococcus, Kiitz., Spec. Alg.—Pleurococcus roseo-persicinus, Rab.,
Flora Europ. Alg.—Cryptococcus roseus, Kiitz., Phye. Gen.; Le Jolis,
Liste des Algues Marines; Crouan, Florule du Finistere; Farlow, List
of Marine Alge, 1876.— Bacteriun: rubescens, Lankaster, in Quart. Journ.
Micros. Scieuce, Vol. XII, new series, p. 408, P1 22 and 23.)

Cells very small, about .0025=™ in diameter, rose-colored.

Whole New England coast; Europe. Both marine and in fresh water.

Very common on decaying slge and on the mud, which it covers with a purplish-red
film, It is also found on codfish in'the Gloucester market, causing what is known a8
the red fish. This alga, of which the detailed history is given by Cohn and Lankas-
ter, 1. ¢., after having been placed by different writers in several different genera, has
finally been associated with Clathrocystis @ruginosa, Henfrey, a common fresh-water
2lga of Europe and the United States. Both species are at first minute and solid, but
88 they grow older become hollow, and at length portions become detached, leaving
Loles in the circumforence. Although in Europe the species is found in fresh water a3
Wwell as in salt, it has not yet beon observed in the interior of this country.

ENTOPHYSALIS, Kiitz.
(From evrog and ¢vaa2¢g, a bladder.)

Cells united in colonies, which assume a dendritic form.

f'The genus is founded on Entophysalis granulose, & species of the Mediterranean, re-
erred by Zanardini to the Palmellace@, but more correctly by Thurot and Bornet to

the Clroococcacee.

E. MAGNOLIJE, n. sp.
. Cells dark purple, .004~6™™ in diameter, united in twos and fours and
imbeddeq in jelly, which forms a densely branching mass.

Magnolia Cove, Gloucester, Mass. Rare. Autumn.
m:m“ algn forms a thin slime on oxposed rocks, in company with Gleocapsa orepidi-
mlm‘.h The ramifications of the frond are visible on careful dissoction. The species is
m ‘:Lh {sma.l}er and differs in color from .E. granulosa of Europe. 'The cells donot differ
tmdc hln size from those of the Glaocapsa, but they are of an entirely different color
wd n.ve‘ the coneantric arrangement of the cell-wall much better marked than in

Species. The cells adhere together in twos, fours, or some multiple of four, and

all aro lield together by & mucous mass, which branches in a very dense faghion. The

genus Entophysalia is merely a Glaocapsa, which instend of being indefinitely expanded
18 denso]y ramified. .

Susorper NOSTOCHINE Z.
{Nematogene, Cobn in part.)
We have followed Thuret’s Essai de Classification des Nostochinéesy

Ann, des Sciences, 6 série, Tome I, in the arrangement of the genera.

1. ]I?‘i'la,ments terminating in a hyaline hair.....c.oceeeeaaee Seuee T
laments destitute of a terminal hair........ e ieaereanees 2
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2. Filaments furnished with heterocysts................... e 10
Filaments destitute of heterocysts........................ P

3. Filaments spirally twisted......... e ettt etateaaaann Spirulina.
Filaments not twisted....... .. ... .. . ... .. ... .. ... 4

4. Filaments without a distinct sheath ... .. .. ... .oooonrnno... 5
Filaments formed of one or more colored trichomata contained in a
transparentsheath...... .. .. . . . .. . .. ... .. ... eeeean 6

5. Cells bluish green or purple........ ... .. .. ...... ... .. Oscillaria.
Cells colorless, or filled with minute black grains....... Beggiatoa.

6. Sheath containing several trichomata...... ......... .. Microcoleus.
Sheath containing only one trichoma........ ... ... .... Lyngbya.

7. Filaments free, forming tufts of indefinite extent. . ... .. Calothrix.
Filaments united by a more or less firm gelatinous substance,
frond of definite shape and extent..............._. . .. ..... 8

8. Heterocysts basal, i. e., placed at the base of the principal filaments
and branches............o.o. L 9
Heterocysts interealary............o...... .. ... . ... Hormactis.

9. Frond hemispherical or -vesiculose, filaments radiating from the
base

............................................... Rivularia.
Frond plane, filaments parallel............. vvemnneen. ... Isactis.
10. Filaments destitute of a sheath................ .. ... Spheerozyga.
Filaments consisting of a trichoma in a sheath. ... ... .. Nodularia.

SPHEROZYGA, Ag.
(From o¢acpa, a sphere, and {vyor, a yoke.)

Filaments free, destitute of sheath. Spores produaced in the cells adja-
cent to the heterocysts.

S. CARMICHAELL, Harv., Phye. Brit., P. 113 q. (Cylindrospermum,
Kiitz., Spec. Alg., p. 294.— Anabaina marina, Bréb.). PL I, Fig. 8.

Filaments flexuous, densely interlaced, forming slimy bluish-green
expansions, cells cylindro-spherical, about ,0035=m in diameter, dimin-
ishing in size towards the end of the filament, terminal cell pointed.
Heterocysts several in each filament. Spores oblong, usually one on
each side of heterocyst, about .018== in length when ripe, rather more
than twice as long as broad, at first green, then yellowish.

Noank, Conn.; Wood’s Holl, Gloucester, Cambridge, Mass.; Europe.
Summer.

Probably a common algs ‘along our whole coast in midsummer and auntumn on
decaying algm, looking like a shining cmerald-green film. It occurs most frequently
on tho surface, but is also found at the depth of several feet. Iu his work on the
Fresh-water Algm of America, Prof. H. C. Wood, jr., mentions the present spocies us
occurring at Camden, N. J. We cannot, however, agree with him in placing it in
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the genus Dolichospermum of Thwaites. Ralfs, in Annals and Mag. of Nat. History,
Vol. V, 2d series (1850), p. 325, following C. A. Agardh, who first described the genus
Spherozyga (Flora, 1827), say