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

By Ricuann RATHBUN, .dssislant in oharge.

FUR-SEAL INVESTIGATIONS.

In‘the Tast annnal report a brief aceount was given of the services
rendered to the State Department by the IFishh Commission in connee-
tion with the controversy respecting the sealing question in the North
Pacific Ocean and Bering Sea. During the summer of 1391, the
steamer Albatross was used to convey the Bering Sea commissioners
on the part of the United States to aud from the Pribilof Islands, On
Marceh 15, 1892, she was detailed to take an active part in the sealing
investigations, under the orders of the Sceretary of the Treasury, in
conjunction with the revenue steamers Corwin and Bear, which service
had not been completed at the close of that fiscal year.

During the swmmer of 1892, and again the following year, a very
caretul examination was made of the seal rookeries ou St. Paul and St.
George islands, by Mr. J. Stanley-Brown, then acting as a special Treas-
ury agent. Ilis work inclnded the prepavation of a sct of base maps of
both islands, on which the outlines of the rookeries were delineated,
and also the taking of a series of photographs illustrating the dis-
tribution and abundance of seals on prominent parts of each of the
rookeries. It was considered that the duplication of these graphic
records during a term of years would serve to demoustrate any changes
that might take place in the conditions and dimensions of the rookeries
and, consequently, in the size of the seal lerd.  The summer of 1893 was
the last preceding the mecting of the Paris Tribunal of Arbitration,
for whose consideration My, Stanley-Brownw’s results were especially
intended; but, appreciating the importance of further observations
in the same line, the Secretary of the Freasury recommended to Con-
gress that the work be continued under the direetion ol the Commis-
sioner of Fisheries. TFavorable action on this subject was taken in
connection with the suudry civil appropriation bill, approved Marelr 3,
1893, which also provided for investigations by the Fish Commission
relative to the pelagic habits and distribution of thoe fur seal.

The assistant in charge of this division continued to he occupied
during the first two or three months of the cuwrent year in preparing
material for the Bering Sea case, respecting the character and condition
of the more important Gisheries in foreign countries and the methods
there pursued for their protection and improvewment,.
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OPERATIONS OF THE STEAMER ALBATROSS IN THE NORTH
PACIFIC OCEAN AND BERING SEA, '

Atthe beginning of the year the steamer Albatross, Commander Z. L.
Tanner, U, 8, N., commanding, was still on duty under direction of the
Secretary of the Treasury, being at Port Townsend, Wash,, where she
ha 1 recently arrived after coaling at Departure Bay, British Columbia.
She left the former place on July 1 for Unalaska, but unfortunately
(owing to continuous sea service for a long period, much of the time
under trying circumstances as regards sea and weather) her boilers
were in bad condition, and in several other respects the ship needed
a thorough overhauling. Ten days were consumed in making the
passage to Unalaska, where it was found imperative to order o board
of survey, which found the boilers unsafe for further use. Temporary
repairs were begun at once, to permit of the ship’s returning to San
Francisco, but several weeks were required for their completion.

The unfinished work which the Albatross had been expected to carry
on was assigned to the revenue steamers Corwin and Rush, to which
Mr. C. H. Townsend and Mr. A, B. Alexander were transferred to serve
as naturalists, and also two seal-hunters and the necessary appliances
for conducting the investigations. Taking advantage of the delay, Prof.
B. W. Evermann, then acting as chief nawuralist of the Albatross, and
Mr. N. B. Miller, laboratory assistant, were dispatched to the Pribilof
Islands, where they made a careful inspection of the seal rookeries and
obtained an interesting series of photographs bearing upon the same.

On August 3 the Albatross loft Unalaska, having in tow a British
schooner which had been captured while engaged in pelagic scaling in
Bering Sea, in contravention of the provisions of the modus vivend:
then in operation. After delivering this prize at Sitka, she proceeded
to Port Townsend and thenece to San Francisco, which was reached on
September 3. By direction of the Secretary of the Treasury the con-
trol of the ship reverted to the Fish Commissioner at the close of August
31, while still upon her passage, having up to that date been in tho
service of the Treasury Department for a period of 5§ months, during
which she visited 26 ports and steamed a distance of 14,848 miles,
mostly in northern waters. In order to put the ship in suitable condi-
tion for further service it becane necessary to provide new boilers and
to make many alterations and repairs, which were not fully completed
until the following April. Beginning on the 25th of that month, a
successful trial trip was made, lasting three days, in the course of which
investigations of the sea bottom were carried on off Monterey Bay.

On May 13 the President directed that the Albatross be placed under
the orders of the Secretary of the Navy, for assignment to duty in
connection with the sealing patrol flect in the North Pacific Ocean and
Bering Sea, composed otherwise of cerfain naval and revenue-marine
vessels. It was arranged, however, that her commanding officer should
reccive his customary instructions relative to fishery and fur-seal inves-
tigations, which were to be carried out so far as the special duties
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33‘1?})‘:2“153‘ oligl?n\tl:]e shri p\ would permit, The patrol .ﬂeet rendezvoused
finished oo SL‘I} , Wash., wh(.erfs th(: Alba(?-oss arrl‘ved May 24. She
‘lol‘t-ll\vurdi) [;ﬁ “t’ C‘”“"{i, Bl‘ltls]l Columbia, May 31, and proceeded
of the chifX 0 e %mssz}ge inside of Vancouver Island 't? the open wrfters
fleot wér(e sobl' cc‘}-n, where her patrol work began. The vessels of 'the
vessels bous ((1 isposed as to cover the track <‘)f the seal herd and s'cahng
route whic]l 111.()rth, but the {Ubatro.\;s was given the western or oft-shove
and n’one wl p ‘Llc)e‘d lier outside of the usual course t‘-ulicnrby.thc seals,
Tho fipst 0:‘0 ?‘ served between Vancouver Island and Kadiak.
Portlock B .(i;L ing vessel was 0u0011|.1t;ered off the southern edge of
From this E)L(l)l ,t and St. Paul, on Kadiak Island, was reached .I}lxle 7.
the Westw‘ll[- dmb’ m_’ t,'he following flﬂy, the Albatross began working to
ing them (m D ourding such pelagic sealers as wero met with and warn:
‘Bl'itain ’;“d 1.;Llccordz.mce with the teu_lp.orm‘y agreem'cut betweejn Great
tions in(B ! 1e I{mt;ed Stutes‘, tp refrain from c.urryl‘ug on t.heu_' opera-
Where the 01’111'{.\; Sea. On arriving at Sand. Pomt,.bhuumgm Islands,
yet l‘eache:ed]mg Vessels‘oftgll congregate, it was found jr,hat none had
ass, and ; 1 that plucg. (,outfnumg to the wpstwm-d as far as Amulkta
for ¢ (’) Al dxere entering Bering Sea, t,h.e ship pl'.oceeded to Unalaska
e wa 'an tllquce 'ret.urued to Sand Point, boa‘rdmg several vessels on
Slime IJB’ one ot. which proxfed to be {tcod-ﬁshmg schoouer bound for
S ank, off the north side of Unimak Island.
harﬁgi-(; amo was speut among the Shumagin Isla;nds, and tll(? prineipal
Seetro g (;Sre v131t(.3d. Mist Harbor, on the east 81'(10 of N.agzu }slnud, a
advantamg C(ln?vttenlent anchorage, w.as surveyed for the 111'sp time, and
in fOI‘lnut%ollw.d:s takgn by the na,'turahsts_ at each stop to obt'.?m as ymch
of the re ioxdb DIOSSll?le 1'0‘81\0(5151?{1: the fishes and other marine animals
Ullzllaska,g X l(-i ﬂ;?avmg Sand I om.t on Juug 26, 'the ship pf'oceoded to
entorine {1; 111) ence along the Bering Sea side of the Aleutl‘zw Islands,
at mig & the 'a,mﬁc Ocean through Amukta Pass, near which she was
o dnight of June 30, the close of the fiscal year.
repa‘;::{:"nz?l ethc .loxfg delay in port, in consequence of the extensiv?
days at se(a au ecessary by previous service, the Albatross was ounly 75
9,610 miles 11;';"«;:’? ﬁle\)r’ear, but the distance steamed wmounted to
uring the.ﬁrsto - O v . Evermaun, who‘ actec{ as chief naturalist
left. tho shiy aft )c‘ulu:s'(, ‘Iﬂ«l-t?e o.n behalf oi.the lreasur¥ Depa‘rtment,
manent civ%li-;“ let' ltlls fettf‘m f:l om A\Iuska, in Au‘gust, 1892, The per-
AL, Alemn(i ‘ h‘i ‘uotx?nste of (Jhrurles II Townsend, 11;1111}‘;\115‘9;
The two %(;rm(;l, ?.le,ly ‘U.xpfl‘t; and N, B. Miller, 1ab9mtory assistant.
of 1892, but wer;v\(;}i(tll;miﬁledllbl% Ltto .I?V‘;llu}; vessels du.rmg the summeor
No trawling or hdro mf] : ( 7’0)5‘.;{ « urmg ?]‘1'0 remainder of t,h.e year.
observationg were vontil(:) ’A:lul P“); y 1. 'j IetGOI‘OIOgI.cal and densty
record was kept of a,/ll su;fu‘i " H')W?r?f,\(' WP .the e“t‘?e year, and a
Sea. Tull dotails of .4 Aco a;x'xm"x tx‘ leﬂl(l ('lmft; nm'terml‘ observed at
of Commander Tanter fOI_’el:a ions of the §h1p ate given in the report
y forming an appendix to this voluwme,
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INVESTIGATION OF FISHERIES IN WATERS CONTIGUOUS TO
CANADA AND THE UNITED STATES.

By an exchange of notes between the Government of Great Britain
and that of the United States, an agreement was reached on December
6, 1892, which provided for the appointment of a joint commission of
two experts, one on behalf of cach government, to consider and report
to their respective governments, jointly or severally, concerning the
regulations, practices, and restrictions proper to be adopted in concert,
on the following subjects:

1. The limitation or prevention of exhaustive or destructive methods of taking
fish and shellfish in tho territorial and contiguous waters of thoe United States and
Her Majesty's possessions in North Ameriea, respectively, and also in the waters of tho
open seas outside of the territorial limits of either country to which the inhabitants
of the respective countries may habitually resort for the purpose of such fishing.

2. The prevention of the polluting or obstructing of such contiguous waters to
the detriment of the fisheries or of navigation.

3. The close seasons to be enforced and observed in such contignous waters by the
inhabitants of both countries, as respects the taking of the several kinds of fish and
shellfish.

4. The adoption of practical methods of restocking and replenishing such con-
tiguous and territorial waters with fish and shellfish, and the means by which such
fish lifo may be therein preserved and increased.

It was furthermore provided that—

The commissioners to he so appointed shall meet at tho city of Washington
within three months from the dato of this present agroement, and shall complete
their investigation and submit their final reports thercot to the two governments,
as herein provided, within two years from the dato of their first meeting.

The contracting governments agree to place at the service of the said commission-
ers all information and material pertinent to the subject of thoir investigation which
may bo of record respectively in the oflices of the United States Commission of Iish
and Fisheries and in the Department of Marine and Ilisheries of the Dominion of
Canada; and, further, to place at the disposal of said comluiésiuuers, acting jointly,
any vessel or vessels ol oithor of the said fish commissions of the United States and
Canada as may bo convenient and proper to aid in the prosecution of their investi-
gation in thoe contiguous and adjacent waters aforesaid, * *

The two governments agreo thit so soon as the reports of the commissioners shall
be laid before them as aforesaid, they shall consider the same and oxchange viows
thercon, to the end of reaching, if cxpedient and practicable, such conventional or
other nuderstanding as may sutlice to carry out the recommendations of the commis-
sioncers, by treaty, or concurrent legislation on the part of the respective govorn-
nients, or the legislation of the several States and Provinees, or both, as may ho found
most advisablo; but nothing herein containoed shall be decmed to commit cither
government to the resnlts of the investigation hereby instituted.

The two represontatives appointed in accordance with the foregoing
agreement were, on the part of Great Britain, Dr. William Wakeham,
of the Department of Marine and Fisheries of Canada, and, on the part
of the United States, Mr. Richard Rathbun, of the United States Fish
Commission.  Their first meeting was held at Washington, on March
2, 1893, at which Dr, Wakeham was accompanied by Mr. R. Venning,
of the same department as himself, Dr. Hugh M. Smith, of the United
States Fish Commission, actiug with Mr, Rathbun. At this coutference,
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which continued several days, the scope of the inquiry contemplated by
the agreement and the plaus for cavrying on the necessary investigatious
were discussed in full, and arrangements were also made for beginuning
upon the field work as soon as the season was sufficiently advanced.

The waters covered by this agreement are not only very extensive
and diversified, but they afford some of the most important fisheries of
the world, in the preservation of which both Canada and the United
States have o wutual interest.  With respeet to the open waters of the
Atlantic coast it was decided that the mackerel fishery, which is carried
on continuously from off Cape Hatteras, North Caroling, to the mouth
of the River St. Lawrence, was the only one demanding immediate
attention in this connection. At the mouth of the Bay of Fundy, about
Eastport, Me., and the neighboring islands, are several marine fisheries
which overlap the boundary line. Next come the rivers St. John and
St. Croix, flowing in part between the Province of New Brunswick and
the State of Maine. Following in succession are Lalke Mempbremagog,
Lake Champlain, the upper part of the St. Lawrencoe River, and the
entire chain of the Great Lakes, except Lake Michigan, which is entirely
included within the territory of the United States. A short distance
to the westward of Lake Superior are Rainy Lake and the Lake of the
Woods, both situated on the northern border of Minnesota and finding
an outlet northward into Lake Winnipeg and thence into JTudson Bay.
Farther to the west there are no important waters until we reach
the Columbia River, where it crosses the boundary into Washington.
Tinally, on the Pacific side, are the extensive sounds and straits
between British Columbia and the State of Washington, still only
slightly developed except as regards the cateh of sahnon,

As it was evident that the members of the joint commission would not
have the opportunity of inspecting personally in detail all the fisherics
on which they were expected to report, it was arranged on the part of
the United States Fish Commission to send out several field parties to
make special studies respecting some of the move difticult problems
bresented. The schooner Grampus was detailed to investigate the
ofishore or purse-seine mackerel fishery from the time of its commence-
ment at the extreme soutl, as had been done in former years, but in
accordance with a more comprehensive plan of operations; an assis-
tant was stationed at Fulton Market, New York, to inspect all mackerel
Lrought, there Doth by the purse-seiners and from the nets along the
Coast, the owners of many of the latter being also supplied with blanks
On which to record their eatch of this species; and the assistants
at tire Woods Iole station of the Commuission were charged with the
Study of the breeding and other habits of the mackerel in the neigh-

oring region, which is especially well adapted for observations of that
kind, A party wag also established at Ilastport, Me., and another on
Lake Erie, while the steamer Albatross was directed to investigate the
gou_“d"“'y waters on the western coast at such times as her regular
uties would permit.
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The members of the Commission, together with Mr. Venning and Dr.
Smith, met at New York on June 2, where they began their inquiries
respecting the mackerel fishery. From there they proceeded to Woods
Hole, Mass., and thence visited all the more important fishing ports on
Cape Cod. Subsequently a few days were spent in Boston and Glou-
cester, Mass., and Portland, Me. At all of these places interviews were
held with the fishermen, the shore apparatus of capture was visited and
many mackerel were examined., At the close of the fiseal year the
party was at Eastport, Me., from which place it was planned to go to
the Gulf of St. Lawrence. )

OYSTER INVESTIGATIONS AND EXPERIMENTS.
CHESAPEAKE BAY,

The oyster survey of Mobjack Bay, begun in May, 1892, was continued
during most of the following summer, being completed about August
20. The delineation of the oyster beds and of the areas of scattered
oysters in the open waters of the bay, by means of the launch Petrel,
was finished carly in July. The dredging work was then immediately
taken up by the steamer Fish Hawk, Lieut. Robert Platt, U, S. N.,
commanding, having for its object to determine the actual condition of
the oyster beds, including the number of oysters of different sizes to
each square yard of bottom. Subsequently the steamer Fish Hawlk
proceeded to Tangier Sound, on the east side of Chesapeake Bay,
where extensive investigations had been carried on the previous year,
and repeated its lines of dredgings over the principal beds, in order to
ascertain what, if any, changes had taken place in their condition
during the intervening twelve months. While the dredging work was
in progress the launch Petrel continned the oyster survey up the four
rivers tributary to Mobjack Bay, the Iast, North, Ware, and Severn.
Signal stations had first to be established, followed by a triangulation
of the streams as far as was considered necessary, after which the
location and extent of the natural oyster beds were determined.

The assistants of the Fish Commission who were engaged npon this
inquiry were Mr. John D. Battle, in charge, Mr. W. ¥, Hill, and Mr.
B. L. Hardin. As soon as this party returnced to Washington the
construction of the charts to illustrate the results of the investigation,
as well as the compilation of the data velating thereto, were pushed
rapidly to completion, and copies of the same, together with the cor-
responding charts of Tangier and ocomoke sounds, based upon the
surveys of 1801, were supplied, at an early date, to the government
of Virginia, to serve as a basis for establishing the outlines of the
public oyster-grounds in those parts of the State waters to which they
related, after the manner described in the last annual report. A steam
launch was also provided for the use of the State party engaged upon
this work., That the assistauce rendered by the United States Fish
Commission in this connection was of great value to the State anthor-
ities of Virginia and was duly appreciated by them may be judged from
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the following extracts from two letters received during the year from
the engincer in charge:
The steam launch furnished by the United States Fish Commission and the copics

of the records of that Commission have alono enabled me to finish the work in
Langier and Pocomoke sonnds in a short time.

* X » . » » * »

The charts showing the legal boundaries of the natural oyster beds of about hiulf
of the Virginia waters have been published. I should never have been able to
Accomplish this without'tho assistance rendered by you.

The inquiries respecting the food of oysters and the relations of
oysters to their environment, by Dr. John P. Lotsy, of Johns Hopkins
Universil.y, the plans for which were referred to in the last report,
were commenced early in July, 1892, and completed the latter part of
September. These researches were carried on in the vicinity of
Hamypton, Va.

GALVESTON BAY, TEXAS.

In the early part of the summer of 1892 word was received of a sud-
den and extensive mortality among planted oysters in Galveston Bay,
Texas, and an inquiry into the causes thereof was requested. One
company alone had made plantings on 480 acres of bottom of empty
oyster shells and seed oysters a year or so old, the latter growing
rapidly and the beds being in a prosperous condition as late as the
close of April, 1892, During May, however, the oysters began to die
Without apparent cause, and a month later scarcely anything but
empty shells were left upon the ground where a yield of over 300,000
bushels had been expected the following winter. The mortality was
not confined to this particular planting, but was said to have extended
also to the wild oysters in other parts of the bay. In August Mr.
John . Battle was detailed to investigate this matter, and at the
Same time to make a general examination with respect to the oyster
resources of the region, to serve as a basis for possible future inquiries
On amore extensive seale.  Only a short time was spent upon this work,
but considerable information was obtained.

_ With regard to the question of mortality, the subject was studied
from several standpoints. Too great an influx of fresh water has been
Considered a frequent cause of such destruction. However, the only
Sources, exeept seepage and local rainfall, from which a supply of fresh
Water can reach Galveston Bay are the San Jacinto and Trinity rivers,
both of which are relatively small as compared with the main body of
the.b;],y. The Trinity drains quite an extensive territory, while the San
Jacinto does not, but the fresh waters coming from both of these rivers
;"(let and merge into each other and flow over Rediish Bar into the
ower part of Galveston Bay. Genezal inquiries made te ascertain if
El::‘i:eh?;,l\mel} an unusual minfall‘and freshet in these rivers af orj‘ust
Ore the period when the mortality on the planted grounds was first
:;I(T)itézegf tgmded negative results. According to the records in the
¢ Weather Bureau in Galveston, however, there had been
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an average rainfall duving April and May, and in March only an inch
more than the average. During the same period there had also been
some strong northwest and southwest winds,

Although Mr. Battle’s visit was made daring the dry period of the
year, e undertook to ascertain by density observations the point
nearest to the planted grounds where frexh water coulid then be found,
both at the surface and the bottom, A line of such observations was,
therefore, run up the bay in a general northwesterly direction, from oft
the foot of Tremont street, Galveston, and over the planted grounds to
the month of the San Jacinto River, a distance of 25 miles. At the
foot, of Tremont street the specific gravity was 1.017 at high water, and
1 mile farther, 1.0166.  On section 1 of the planted beds it was the same
as the last, and on section 8, three-fourths of a mile away, it amounted
to 1.0164. Beyond the arca of the planted grounds the observations
sneceeded one another as follows:  About 1 mile WNW. of the west end
of Pelican Island, 1.0147; about I mile 812, of Half-Moon lighthouse, high
tide 1.015, ebb tide 1.0142; about 200 yards from Ialf-Moon light-ship,
1.0144; about 1 mile NNE. of Dollar Point, cbb tide 1.0132; about 2
miles south of Redfishlight-house, ebb tide 1.007; Redfish Beacon, 1.0036;
about 400 yards S, of Northwest Beacon, 1.002.  Tive subsequent sta-
tions were made, the last about 1 mile N, of Red Blnfl Buoy, where the
water was practically fresh both at the surface and bottom.

Information was furnished to the effect that the water in the bay is
never fresher than at the time of year when this examination was con-
ducted, but Mr. Battic is inclined to doubt the correctness of this view
as not being based upon scientifie obscrvations, and, moreover, the
occurrence of any particular freshet having its orvigin from 25 to 30
miles away might easily escape detection by those living along the sea.
Such a freshet would undoubtedly bring the fresh-water point much
nearer to the Gulf and might radically atfect both planted and natural
oyster beds,  Iven if the salinity of the water is as great at all sea-
sons as it was in Aungust, Mr. Battle thinks his observations clearly
demonstrate that it would be the height of folly to plant oysters north
of Redlish Bar. Empty shells are mueh more numerous than living
oysters on this bar, and be has no donbt that fresh water was the main
factor in their destruction, An oysterman of long experience in this
region recalls that oysters have twice been destroyed in Galveston Bay
within the past twenty-five years, once by fresh water and again during
the great southeast storm of 1875, which Iasted several days and swept
everything before it.

Mr. Battle next made a critical investigation of the planted beds and
of the natural beds nearest to them, with the object of determining
their relative condition as to mortality and the eharacter of the bottom.
Samples were obtained by tonging from all of the eight seetions of the
planted ground. The total amount of material brought up was 13
bushels, which contained 46 adult oysters and 992 spat.  The oysters
were generally in groups or clusters, seldom single.  The living adults
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seemed to be in as good condition as those examined on the natural
beds, and the spat was still attaching and thrifty. Drawbridge Reef,
about 24 miles southwest of the planted beds, which was next examined,
is one of the best grounds as regards quality of oysters, but it has been
overfished. It showed no signs of any special destruction which could
be attributed to a late cause. 1t occupies a stable shelly bottom where
the observations were made. On Blind Shoal Reef, another shelly
bottom, about a mile northwest of the planted grounds, dead shells were
more numerous, which may indicate o greater mortality, and the oyst(njs
were not so finely shaped as those on Drawbridge Reef. This bed is
nearer the fresh-water point, but the density determinations were as
high a5 1.0126 and 1.013. The oysters on ITalf-Moon Reef, judging from
the shells, show some deaths which may have been of late date, but not
enough to assign any other cause for mortality than that of old age and
the usual casualties.

Finally, the character of the bottom on the planted beds was tested
by means of a sounding pole, which showed it to be generally soft, a}l(l
in some places very soft. The pole wonld usually go down very easily
A distance of 10 to 12 inches throngh the mud before it reached a
hardey substratum. Several times shells vere felt at a depth of 10 or
12 inchcs, apparently resting on this substratum. Judging from the
Softness of the bottom and the mud-stained condition of the shells, Mr.
Battle is led to believeo that mud has been a factor which will account
in part for the destruction of the planted oysters. The general trend
of the currents over these beds is southeast and northwest. One may
Teadily conceive that strong northwest winds, which have a sweep
down the bay from the mouth of San Jacinto River, would affect objects
lying on the bottom in shallow water. It would naturally impart a
Motion to them and cause them gradually to sink. It is reasonable to
Suppose also that this disturbance would make the water very thick
f\'ith suspended mud, especially that part ot it near the bottom and
Mmediately surrounding the oysters, and if continued for any length
of time would result in great injury to the beds. Southwest winds
Would have a similar but less effect, for the reason that they do not
have the same sweep.

Comparing the general character of the bottom of the natural beds
With that of the planted grounds, it will be found that the former are
much more stable, owing to the yearly aceretion of shells on whiclh the
living oysters grow. The plantings already made on the artificial beds,
amounting to 400 bushels to the acre, may possibly furnish a foundation
Which will render the bottom more stable and result in the formation
of a continuous oyster bed in the course of time, and the chances of
Suceess in that direction would be greatly heightened by the addition
of more shells,

Within 13 miles of the planted area ave located mills for the manu-
facture of creosote. It had been conjectured that the refuse from these
mills might have been responsible for at least a part of the mortality
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abovereferred to. An examination of the piles of neighboring wharves,
however, showed the presence of adult oysters and spat in a flourishing
condition, as well as an abundauce of other forms of life which are
generally found in such situnations. The pungent odor of creosote was
very strong under the nearest wharf, but it did not seem to affect the
welfare of the oysters there, although they appeared to Mr. Battle to
leave an astringent taste in the mouth. A sample of the water and
specimens ot oysters from the wharves were afterwards subjected to
chemical examination in Washington, without discovering the presence
of creosote or of any other poisonous matter.

Besides the inquiries above referred to, Mr. Battle also located
approximately all of the natural oyster beds in Galveston Bay. There
are none in the deeper parts of the bay, probably owing to the soft
character of the bottom, but they are situated on shoals, from which, in
some instances, they have encroached on the adjacent soft bottom by
yearly accretion. Except for the preponderance of thig soft bottom
the conditions seem favorable for oyster-culture south of Redfish Bar,
in case the water is never fresher than in August for any length of
time. The only enemics known are the drill, conch, and drumfish, no
barmful starfishes, it is asserted, finding their way to the oyster beds,

SEA ISLE CITY, N.J.

In the last annual report reference was made to experiments by Prof:
John A. Ryder, of the University of Pennsylvania, respecting the col-
lectin g of oyster spat in accordance with an entirely new method, which
promised excellent practical results. Formerly, while a member of the
scientific staff of the Fish Commission, Professor Ryder’s energies were
directed chielfly toward the solution of this important and perplexing
problem, which involves the prosperity of a large proportion of our
coastwise population, His work was then carried on mainly at St.
Jerome Creek, Maryland, and at the Woods Hole station of the Fish
Commission, and, although fair success was met with, it fell short, for
some reason, of the practical benefits which had been anticipated.

During the season of 1891, taking advantage of the facilities afforded
by the marine station of the University of Pennsylvania at Seca Isle
City, N. J., Professor Ryder started upon a new series of experiments
differing radically from any he had tried before. The incidental
expenses of the work that year were met by the university. During the
next summer, 1892, coiiperation with the Fish Commission was accepted
to the extent of paying for the appliances and supplies necessary to
conduct the work upon a larger scale.

The following extracts from letters written by Professor Ryderin May
and June, 1892, will serve to explain his plans:

I propose this summer to conduct a series of experiments on a wholly new line. I
think most of us have been mistaken in onr way of looking at the question. I want,

this year, to produce from 30 to 60 bushels of secd oystors to the sqnare rod. Ihave
already experimented far cnough at Sea Islo to show that such an estimate is not
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extravagant. * * * I firmly beliove that the culture of oyster spat or seed is as
practicable as Loe-culture, and that it may be profitable also, I believe that the
production of spat or seed oysters can be carried on in concentrated or condensed
form, and that it may and will bocome a distinct industry from thab of oyster
Planting. It will inevitably como to this, and will be as scientific and precise in its
kuowledge of conditions as heo-culture.

Thave just returned from « visit to Sea Isle City to inspect my last year's expori-
ments in oyster-culture. 1 find, to my surprise, that spatting is already in progross
there, and [ incloso with this a young oyster which I should judgo was alroady three
wecks old,  These results, together with my Chesapeakoe Bay observations made in
1880, prove that the spatting period extends ovor four or five months. My method of
working there has resulted in the developmont of what I believe must eventually bo
the method of rearing spat on o largo scale for commercial purposes on an appuratus
f;hu.t will cost 30 conts per square yard. The yield from the very small plant already
In use promises tho first yoar from 1 to 3 bushels of seed oysters per squaro yard,
Tavging from 2 to 24 inches m length. The method is, in fact, applicable where the
L:Ottom consists of ooze and is unfit for planting, and will enable the oystormen of
. New Jersey to reclaim thousands of unused ncres of riparian territory. My plan is
ossentially tlie crention of an artificial hottom or bed which shall be at all times acces-
8ible for cleaning, sorting, spawning, and growing oysters to marketablo dimensions.
It also malkes it possible to nse the whole spawning season, four or five months, with
clean gheljy for the wholo time. Moreover, thore is no loss of shells in the mud, so
that ghely once brought to the bed can be used until thoy have caught spat. This
does away with the wastoful results of sowing shells on the bottom.

Since I have returned I havo visited Sea Islo and met one of tho oystermen there,
who ig very much intorested. o told mo that if he could do on a more extensive
8eale what I sueceoded in doing there last year on a small scale, ho would not here-
after necd to import seed from the Chesapeako. IIe will supplemont my work with
experiments of his own. This, from a practical man who has been in the business
for many years, is, it seems to mo, a protty strong indorgement.

The framework for holding the culteh and breeding oysters was con-
sfl‘uctcd in the early part of July, 1892. It consisted of six squares of
‘I)\f)' 16 galvanized-iron wire netting, each 1 rod square and having a
H'l.nch mesh. These squares or frames were supported on cedar piles
dl'l\"en into the soft mud and jointed with stringers of light pine. The
entire outfit was very cheap, costing only a little over $60, inclusive of
tl’_e oyster shells planted upon it, and will last for two or three years
W'lthout repairs. This apparatus was arranged in the wide tide-water
(Iltches which had been eut to drain the land about the laboratory at
b.eﬂ Isle City. The wire screens were placed about 6 to 8 inches below
high-water level, so that when covered with 30 to 50 bushels of clam
‘}"d oyster shells as cultch, together with a few adult oysters to
fl‘ll‘m‘sh the spawn, the top of the bed was nearly uncovered at low tide.
The iden was to have the culteh as near the surface as possible, in order
thilt the fry might have a proper chance to set.

The experiments of the first year, 1891, afforded very encouraging
Tesults, as at the end of eleven months some of the spat had attained
a length of 3 inches and would have made cullings or good plants.
In that year they obtained as many as 30 to 40 bushels of seed to tho
Sq}mre rod, including the old shells to which they were attached. At
this ate the possibility of growing seed {from cultch thus treated may
be considered as having been successfully proved, and at the end of the
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first half of 1893 the original square bed had been transformed into an
almost solid oyster bank. In 1892 the six new framnes were not in place
until later in the season and the results were consequently not so good,
but the experiment attracted much attention among the oyster-growers
of the neighborhood.

The satisfactory outcome of Professor Ryder’s experiments induced
the legislature of New Jersey to appropriate $5,000 annually for three
years to supplement his*work upon a practical scale. In discussing
the manner in which this sum could best be expended Professor Ryder
has expressed himsclf as follows respecting the method which he would
prefer to sce tried:

If any action is to be taken in tho mattor, sites shonld he sclected, under intelli-
gent direction, at different points in the State at once, and work begun to carry ont
the experiments on a large, practical scale.  If successful, this investment by the
State of $3,000 per year will he an absolutely insignificant sum in comparison with
the resulting development of an industry worth millions of dollars per annum to her
citizens, )

"My plan, based partly upon the experimental resnlts of the past obtained by
myself and others, is something like the following: First of all, having obtained a
suitable place where oyster spatting is known to occur naturally and abundantly,
and where the salinity of the water is about right, or somewhere betweon 1.014 and
1.022, according to a standard hydrometer, a site is to be selected for the establish-
ment of the plant, which should be in eomplete working condition not later than
the 25th day of June next. Thissiteshould bo of such a character as will enable the
construction of an inclosnre or pond on a pretty large scale, say lhalf an acre at
Ieast. It might c¢ven be that a pond would have to be excavated near the shore; but
in any event tho plant should be 8o arranged that, under the given conditions, the
most cconomieal plans ot construction could be followed. This pond should be com-
pletely shut oft’ from all direct tidal connection with the sea while in use, and lie,
if possible, in a porfectly accessible position from all sides, somewhat higher than
sca level, though it should be possible to fill the pond from the sea if necessary.

The pond, which we will designate A, should represent an area, say, of from
one-half to 1 ncre, with a platform resting upon piles, quite near the surface of the
water. This platform is formed of galvanized netting, 2-inch mesh, costing 3 cents
per square yard, and supported on piles and stringers. It will Lhold a layer of oyster
ghells 3 or 4 inches thick, or 40 bushels to the square rod, or from 800 to 1,600
busliels of oyster shells, according ag tho size of such a pond and platform equals
one-half or 1 acre. This is our nursery for clean oyster shells, clam shells, pots-
herds, tiles, or auything that yonng swimming oyster ““fry”” will eling to inorder to
grow into (he condition of the young oyster, or ““spat,” as it is called.

There should be another platform, B, of an area of one-fonrth acre, covered thickly,
say, with 100 to 200 bushels of adult spawning oysters, and the whole immersed, say, 6
inches or 1 foot. below extreme low water. This area should also have a ledgo of
hoavy planking constructed all round it, 80 us toprevent the ““fry”” of the oyster during
its floating stage from being wafted away by the tides and lost. Where a natural
ovster reef oxists tho platform would not be needed, sinco such a reef near by would
amply supply the millions of fry that would be required for onr experimeonts,

Next there must be o wind engine and tank for pumping the sea water through
pipes from all parts of the area I3, and from near the surfuce, where the floating or
swimming “fry” is very abundant. This sea water, charged with its oyster * {Ty,”
isthen carried to tho far side of the pond A, The water then {lows from ontlet pipos
toward escape pipes and hack to the sea. In this way, with only slight provisions
for filtration, and perhaps a tank under the wind engine for allowing the coarsest
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sediment to subsido, billions of oyster ““fry” can be pumped from the arca B through
the mass of shells covering the platform A.

The best possible conditions could be maintained and the shells could be kept
clean in tho pond A by overbauling them by hand from time to timo, giving oach
one a shaking in the water, so as to always present cloan surfaces for spatting during
the 8ix to cight weeks within which that occurs.  With such plant, costing about
$1,000 to $2,000 for its first installation, I woull expecet that something of permanent
value might come, and that such establishments would becowe the basis for moro
extensive enterprises controlled Ly private capital,

The devico liore described provides many things in the best and choeapest form,
though it is not assumed that the plan may not bo greatly improved and porhiaps
modified as a result of privetical experience.  The aims to boe sought aro: (1) A vast
amount of surface in tho form of clean shells supported upon a platform, placed in
Dosition about the 1st day of July, when (2) the wind engine may ho started to
bump the water charged with “fry” from the bed of adult spawning oystors.
(8) The “fry” ghould be pumped from the surface, whero it swims for a timo. This,
I think, is an important point, Pastexperience shows that the passage of the “fry”
thruugh 2 pump does not injure it. With such a plant, and in the light of past
oXperiences at Seq Isle, especially the soason of 1891, for every bushel of shells ])l}t
to the nursery I should expeet a bushel of seed, Puast experienco shows that this
sced will, in th:) space of twelvo months, roaeh a size of 2% inches.  This estimato I
lfclie\-e to bo a fair one, and since tho installation or plant is practically permanent
1fxtu1'e, the possibility of conducting such establishments as permanent nursories
for the production of seed oysters for planting is seen to be a practical matter
awaiting o practical test, Oysters are like potatoos; thoy will stay just where you
Plant them, The only one of their stages that is Jocomotive is the “fry 7 or swi-
wing Stage. With su(‘:h a dovico as the above wo geb tho maximum possible spatting
capacity from an abundant source of fry production. That source should .l)o ab
least 200 bushels of adult spawners—botter still if it were 2,000 bushels. This ln.sf;
Dumber of spawners should yield at least 600,000,000,000 of fry. This vast mnulti-
tude of young oysters pumped through 800 to 5,000 bushels of shells should yield an
abundant supply of spat capable of growing into “plants ” or seed oysters, fit for
restocking exhausted hods.

The time may come, as it already has in parts of tho country, where oyster and
clam shells can not bo obtained in sufficient quantity to serve as the “cultch” or
nidus upon which tho {ry ” is to attach itself. When this happons it will be an
easy matter to produce a chicap kind of tile or carthenwaroe by machinery, in cm"\'e(l
{1211('03 somewhat like the oystor sholl itself in shape, that can bo burned” or
.‘1(11110(1” somewliut after tho mannor of bricks. This material could be produced
In vast quantity and very chicaply for the purpose of furnishing the foundations for
the “gpat” or seod oysters in theso oyster nurseries of tho future.  Tho oxperiments
conducted under my direction at Sea Islo for the past twe years, on bebalf of the
United States Fish Commission, havoe served to show what the probabilities of arti-
ficinl oystor-seod culturo may some day become wlien pursued with sufficient capital
and enorgy.

PACIFIC COAST,

While it has been impossible during the past year to undertake
any extensive investigations or experiments respecting the subject of
Inereasing the oyster supply on the Pacific coast, observations upou
t_he temperature and density of the water in places supposed to be
favorable to oyster growth Lhave been made whenever the opportunity
bermitted.  Such inquiries, continued from year to year, as they have
been in the past, will ultimately yield information of great value to those
desirous of attempting the establishment of new oyster plants from one
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source or another, There are several bays along that coast which seem
to be suitable for the introduction of Atlantie stock, and it is now pro-
posed by the Fish Commission, as soon as the necessary arrangements
can be perfected, to make a small planting of the eastern species, prob-
ably at Willapa Bay, Washington, where the character of the bottom
and salinity of the water appear to favor the success of such an experi-
ment. Great interest is now manifested along the enfire extent of the
Pacific coast in respect to the oyster question in general, and letters
requesting advice as to where the best seed can be obtained or as to the
conditions necessary to insure the growth and welfare of this mollusk
are constantly received.

EUROPEAN METHODS OF OYSTER-CULTURE.

The last annual report contains a reference to important studies
respecting oyster-culture in France, made for the benefit of the Fish
Commission during the summer and fall of 1891 by Dr. Bashford Dean,
of Columbia College, New York.,! Before the close of that year Dr.
Dean extended his inquiries on the same subject to Spain and Portugal,
and during the one just past hie has visited Italy, Germany, Holland,
Belgium, and England on a similar mission. A report upon the results
of his observations in those several couuntries, accompanied by many
instructive illustrations based upon photographs made by himself, has
recently been received and published.? It will prove of great interest
to all the practical oystermen of this country who are desirous of
improving the condition of their industry. Dr. Dean’s field inquiries
were conducted with great care, strict attention being paid to all impor-
tant matters of detail; and in the preparation of his report he has taken
exceeding pains to present in a coucise form the different subjects of
which it treats, without omitting, however, anything essential to their
complete understanding.

The reasons for extending these researches to other countries than
France are explained by Dr, Dean as follows, in the introduction to his
last paper:

The methods in use along the ocean coast of France are, in general, similar to those
of tho neighboring countries. It has, however, seomed important to understand the
cultural modifications rendered nocessary by chaunges in climate, shore characters,
and saltness of water. Local conditions may not unnaturally have fuvored one par-
ticular locality to such a degree that methods of culture there in use might prove of
little value in other and even neighboring regions. By general comparison a more
distinet idea may be obtained of the actnal character and extent of artificial culture.
Thus may be seen by what manner and means one country of IKuropo has taken
advantage of the practical successes of a neighboring one, has modified processes to
suit local conditions, found by experiment to what limits imported methods may be
carried, and suncceeded or failed in securing the most judicious governmental aid

in obtaining concession of cultural lands and in preserving the natural suppliea of
spawning oysters.

'Report on the Present Mothods of Oyator-Culture in France, by Bashford Dean.
Bull. U. 8. Figh Comm, for 1890, pp. 363-388, plates 68-78,

*Report on the Luropean Methods of Oyster-Culture, by Bashford Dean. Bull,
U. 8. Fish Comm, for 1891, pp. 357-406, plates 75-83,
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The industry is discussed by Dr. Dean separately for each country,
comprising in each case an account of the distribution and character-
istics of the natural beds, of the methods employed in cultivation, in
the production of seed and the rearing to adult size, and of all other
matters bearing upon the subject of oyster production and preserva-
tion, The importance of the suggestions contained in this report, as
well as in the preceding one, can not be overestimated, and it is sin-
cerely to be Iroped that the oyster interests of this country will be mate-
rially advanced thereby. Some of the more significant of Dr. Dean’s
conclusions are quoted herewith:

1t would appear, for example, that the degree of density of tho water is one of
the most, important factors influencing tho spawning and fattening of the oyster.
% The deusity of the water recorded in the best spawning-grounds of the
French coust is practically that of the spawning-grounds of Italy and of northern
Euarope. » » » Tpe specific gravity of the water in regions of maximum pro-
(‘luctiou throughout Europe appears to be uniform at about 1.023 in the case of the

‘flag” oyster ( Ostrea edulis), and at abont 1.021 in the case of the Portugueso specics
(Ostreq angulata). The influence of warmth is not to be undercstimated in regard
%o the time ana degreo of spawning.

Tho amount, of spat occurring annually in a region appears to be directly in pro-
bortion to the number of gpawning oysters in that region. This is by no means a
novel suggestion ; it is one, however, that has been repeatodly impressed upon the
Writer, The older idea, it will be rememberad, is that banks cannever bo oxhausted,
o1 the groungd that the few oysters left by the dredgers will, by the annunal spawning
of 8every] millions of youny, eause a very rapid regeneration.  That the DLanks regen-
crate iy true, but the process is showu to bo slow and beset with many difficultios.
" " * Itshould bo noted that only in those places in Europe where the natural
bulk of spawning oysters is actually maintained does a great quantity of spat occur
Tegularly; also that whero the number of spawning oystors is equal, the porcentago
of spat wil] be notably greater if the spawning oysters are little disturbed.

The amount of oyster food appears to bo notably characteristic of a locality whoso
bormal food valne is represented by conditions of warmth, density, and richness in
the organic and inorganio salts, which serve to rapidly goenerate tho oystor-food
organisms. Should this natural food value of a locality be a Ligh one, culture hus
(.lemonstmted empirically that the number of oysters that may be reared is oxceed-
gly great. It would appear that the number of oysters to Lo fattened is directly
Proportioned to the food normal of the locality and to the volumo of water which
Passes over the bed. The actual size of & natural oyster bed is limited by other
Teasons than that of a failure of the food supply in the neighborhood. * * *

The system of stated oyster reserve has been the key to the success achieved by
the French and Dutch industries, and has alone rendered it possihle for theso two
Countries to supply the entire sced market of Europe. To obtain sced oysters by
collectors is shown to be possible only when a regular ycarly fall of spat is thus
assured, Proximity to a large stock of spawning oysters is one of the imperative
conditions of artificial production, a condition that has béen too often lost sight of
11‘1 cxperiments made along the Atlantic coast of the United States. Collectors in
l"‘.“"’l‘e are placed on no river bunk or sunk in no stream save where the culturist is
fairly suro of a set that will be at loast profitable. If experiments in artificial pro-
duction are to e mado in the United States, the suggestion given by Buropean oystor-
culture is to secure for the purpose a particular part of beach, near the lino of low
Water, where spat has been found to regularly oceur. If a trial demonstrates that
tho locality is favorable, the Buropean culturist would then gradually and carefully
expend his money in the purchase or preparation of a more extouded aves for collect-
1ng and would study to provide the most spitablo fopm of collector. * * *
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There can be no doubt that artificial production would succeed in American
waters. The question is the practical one, whether it would, on an extended scule,
be less costly than the price of natural send. This cau only be determined by expori-
monts in a favorable locality. * * * The phase of European oyster-culturo that
has as yet no equivalent with us at home is that of the extreme value of lund at
particularpoints. * * * The general need 1n the United Stutes for areain which
to extend oyster-culture can hardly be regarded as immediate. At points, however,
where local cultural conditions are oxceedingly tavorable to rapid growth or fatten-
{11g, it would seem a practical measure to bring into cultivation extended shore
strips near the zone of low-water wark by usc of tidal parks of the loust costly type.

X * » » « % *

In thoso countries alone where government has absolutuly preserved supplies of
spawning oysters does seed-culture flourish. The perwanent closure of a small
natural oyster-bearing area has appagently douo what has not been dono by a close
season of the “R”-less months. * * - That the absolute reservation of oyster-
bearing land will have an immediate and important influence upon the production
of seed in ueighboring areas is a proposition which European experience scems to
domonstrate; and the writer would suggest, as in his former report, that the matter
of reservation seems far more pertinent to the needs of the American industry than
any attempts at artificial production. * * = Reservation is clearly a gov-
ernmental duty, whether State or local. Tbe matter is not a new one, and the
condensed expericnce of Iurope merely emplasizes what, with various modifications
as to tenure, timo, and degree, tho authorities on this subject in the United Statoes
have already advised.

PHYSICAL INQUIRIES.
OFF COAST OF SOUTHERN NEW ENGLAND AND THE MIDDLE STATES.

. Asit was found impossible to continue during the summer of 1892 the
elaborate series of observations carried on during the previous three
years respecting the temperature and other physical observations off
the southern coast of New England, it was decided to have the schooner
Grampus make a thorough search for the tilefish in the localities where
it had abounded before the astonishing mortality in 1882, which seemed
to have effected its extermination. Predicting its return upon the
results of the physical inquiries recently conducted, it was confidently
expected that at least a few specimens would be captured, and such
proved to be the case. During the several trips made between the
region oft Marthas Vineyard and the latitude of the Delaware capes,
8 specimens were seeured by means of cod trawls, some of them of very
fair size. The investigations of 1892, as well as those of the previous
three years, were in charge of Prof. William Libbey, jr., of Princeton
College, the Commissioner of Fisheries also taking an active part in
the work and accompanying the Grampus in its earlier trips.

The following notice of the results accomplished during the past
three years has been prepared by Professor Libbey :

During the summers of 1890 and 1891 work was continued in the same area of water
off the southern New England coast as in 1889, tho same limitations, east and west,
and north and south, heing observed, excopt that in 1890 the lines run by the Coast

Survey steamer Blake oxtended 20 miles farther out to sea than usual, or & total
distance of 150 wmiles. '
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As the steamer Blake conld not be spared for this purpose in 1891, the parties upon
the scliooner Grampus and the Nantucket Now South Shoal light-ship wero the only
ones in the field. As it wus considercd inadvisablo to make a regular serics of
observations over the entire aroa this vear, such lines were chosen as would serve to
bring out the essential character of counditions supposed to oxist. Each line run,
however, was equivalent to one that had been utilized in previous yoars, but the
distance between tho lines was groater. Theschooner (Grampus occupied 148 stations
along 13 such lines, making a total of about 1,500 serial temperature observations of
the water and over 300 determinations of its spocific gravity, In the same connec-
tion over 11,000 hourly meteorological observations were rocorded. The light-ship
Party was on duty from July 8 to Augnst 17, during which time it made 500 serial
temperature and 250 specific-gravity observations of the water, besides a spocial
8eries of over 1,000 hourly determinations of specific gravity. The hourly observa-
tions Tespecting meteorological conditions by this party amounted to 17,000. The
total number of observations made in 1891 was, thereforo, 32,000, as compared with
39,000 the previous year, when three parties were at work.

The relations of the Gulf Stream to the Labrador current, as brought out by this
8tudy, aro espocially interesting because of their bearing upon the migrations of
l~1(‘:1_10013 of fishes. The region off the southern coast of New England was chosen for

s i“quil‘y because it was supposed that the contrasts between tho currents would

© more distinctly shown there from the fact of their being forced closer together by
¢ ® projection of the mainland to the southeastward from its general curve. This
®Xpoectation was realized in the course of our investigations.

The 500 curve of temperature obtained by plotting the observations made at tho
different stations has Dbeen an interesting one from the beginning. It has boen
the meang of demonstrating tho fact that there are two sets of conditions under
Whick thege two distinct bodies of water come into contact. It will be convenient
to speak of these two portions of the main current of the Gulf Stream separatoly
under twe headings, namely, the upper portion and the lower portion.

Upper Portion.—The boundary between the cold and warm waters at the surface is
very seldom g straight line, perpendicular to the surface of the water, It marks
t?“’ Position of the resultant of all tho forees at work. Of course the general posi-
tion of the boundary will be determined by the velocitios of the two bodies of wator
4nd their direction when they como in contact. If wo leave out of consideration,
for the present, tho wind as an effective agent in the production and directing of the
Ocean currents, we find that in addition it Decomes a most potent factor in the
Sausation of the changes which are produced in the position of the boundary line at

e surface. The winds certainly sway the surfaco waters of theso currents ono way
O another; it may be for miles in one direction or tho other; just as thoy may retard
°r’1‘06nforce thom in their geuneral direction.

. The winds which blow over this portion of the North Atlantic may, for conven-
1euce, be divided into two classes. Ono may bo said to blow in a southensterly
direction and the other in a northwesterly direction. Tho gonoeral tendency of the

Y86 group or summeor set will be to drive the warmer waters at the surface toward
the coast, thus forcing them above the colder waters of the Labrador current. The
other or wintor got may bo considered to have the opposito offect upon these waters,
and the final position roached after a cycle is completed will depend on the rolative
Yelocitios of the winds. It is not denied that there are other factors which entor
Into this result, or that this position is notaffected by the physical characters of the
Waters, viz, their relative temperatures, densities, ete., but it is claimed that, after due
allowanco is made for these other factors, the winds are tho most active causos of
the daily and seasonal variations which take place in the position of this boundary.

While thege motions may equalize one another and the resultant position remain
the same from year to year, it is supposable that thero may be an excess' in one or
the other of these directions for » scries of yours, with the result that the boundary

F, R. 93 3
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will be carried far from its normal position in one direction or the other, and thus
mask the true position of the main body of one or the other of these currents to a
very considerable extent.

Lower portion.—It might be expected that in this position only the general causes
which produce and modify the enrrents in the oceans conld bring about any change
in either their velocity or their direction. But there is no doubt that the cumulative
effoct of long-continued impulses, as described above, resulting in each case in a gain
in one or the other of these directions, will ultimately be felt, and the result will be
geen in a change of position of the main mass of the current. When these changes
are brought about, they are of such a character as to evade detection, unless the
averages of many observations are carefully studied, when the chauge in the posi-
tion of the resultant becomes manifest. The contrast between these two portions of
the current are seen in the apparently more flexible character of the upper portion
as compared with the lower, the former being characterized by rather rapid ehanges
in position, the latter by much slower motions.

The 50° line indicates very clearly the changes which take place in the relations
of these corrents. During the time when we were engaged upon this study its pre-
dominant shape was that of an inverted letter S, the lower part of the inverted
letter representing the main body or lower portion of the Gulf Stream. Neither the
40° line nor the 60° line shows any great deflections under any circumstances, thus
apparently indicating that they are well within the boundaries of each of the main
bodies of their respective eurrents.

A study of the temperature profiles obtained in 1891 showed that the general
relations of the currents had remained the same, but it was noticed that during the
greater part of the time the curved bend of the lower part of the 50° line touched
the edgo of the continental platform, covering it completely from the depth of 70
fathoms to that of 120 futhoms in different places, This had ocenrred once or twice
in 1890, but it was then belicved to bo rather an accidental feature than otherwise.

A comparison of the profiles of tho three years revealed the fact that there had
been & progressive motion during that period toward the shore. In 1889 the lower
portion of the curve did not touch the edge of the continental platform at any point
within the area we were studying. In 1890 this portion of the curve vouched the
continental edge both at Block Island and off Nantucket Island in the latter part
of the season, and in 1891, as has been suid, it touched alopg the whole edge of this
portion of the platform during the greater part of the summer. The change which
was thus produced in the temperature at the bottom along this edge of the conti-
nental platform was in the neighborhood of 10°, an item of considerable importance.

The effect produced by this change in temperature and its relations to the work
of the Fish Commission can be seen to best advantage by reference to a very inter-
esting pfoblem in biology with which it has a direct connection. At a conference
held in Washington with the Commissioner of Fisheries the xcsults obtained were
carefully discussed. We saw vory plainly that if the same rate of motion held good
during this year the wholo of the continental odge, or at least that portion of it
with which we were most directly concerned, would be covered with this warmer
water. The ides was then suggested that if such were the case the conditions for
the reappearance of the tilefish would be established if environment meant any-
thing in the problem. In the years 1880 and 1881 this recently discovered fish had
beon found in considerabie numbers upon the area we were studying, and had
attracted so much attontion among fishermen that preparations were made to take
it upon a commercial scale for the New York and Boston markets during the ensuing .
season. Unfortunately, however, in the spring of 1882 the water from Cape May to
Nantucket became covered with countless millions of this fish in a dead or dying
condition. Trom that time the tilefish (Lopholatilus chameleonticeps) disappeared
from this area entirely, and all attempts to find it since then have been unsuccessful.
The cause of its disappearance beeame o sort of biological puzzle.
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The fish had previously been caught in a depth of water varying from 60 to 130
fathoms. Its feeding-ground being ot the bottom would therefore oceur just at the
edge of the continental platform. Itis probably atropical deop-sea species, judging
from its rolationships, which had migrated northward throngh favorable inducoments
offered by an enlarged foeding-ground opened up in that direction. Itis noteworthy
that the temperature at which it was caught (50° to 58°) could only be established
on the New England coast and at the edgo of the continental platform by just such
an invasion of warm water as has boen described abovo. Itis ouly necessary to
conceive the whole of the continental edge from Florida to Nantucket thus over-
flowed by this warm band of water to see how the regular feeding-ground of a tropical
8pecios could Do extonded so that the fish could follow it throughout the whole of
this largely incroased area.

It was agroed to tost these theoretical conclusions dnring tho summer of 1892,
In July the Commissioner and myself went out in tho schooner Grampus, south of
Marthas Vineyard, to the ares which seemed to promise a reward for our labors, Wo
found the temperature conditions right, sot tho cod trawls and caught the tilefish.
During the romaining portion of the summer I spent considerable time tracing out
the limits of the area over which the temperature of 50° and above could be found,
using tho trawl lines at tho same time to ascertain if the fish were there. We
found them all the way to the Delawaro capes, aud were satisfied that though they
Were not numerous they had taken advantage of the changed conditious to reoccupy
this area.

WATER-TEMPERATURE STATIONS.

The Light-House Board and the Southern Pacific Company bave
continued during the year the taking of daily water-temperature obser-
vations for the benefit of the Fish Commission at the following places:

Temperature stations on the Atlantic coast.

Stations of the Light-Houso Board:

Coast of Maine: Petit Manan Island, Mount Desert Rock, Matinicus Rock,
Soguin Island, Boon Island.

Coast of Massachusetts: Race Point, Pollock Rip light-ship, Great Round Shoal
light-ship, Nantucket Now South Shoal light-ship, Cross Rip light-ship,
Vineyard Sound light-ship.

Coast of Rhodo lsfand: Brenton Roef light-ship, Block Island southeast light.

Long Island Sound: Bartlett Reef light-ship, Stratford Shoal light-ship.

Coast of New Jorsoy: Absecon Inlet, Five-Fathom Bank light-ship.

Delaware Bay: Fourteon-Foot Bank light-ship.

Coast of Virginia: Winter Quarter Shoal light-ship.

Chesapeake Bay: Windmill Point, Stingray Point, Wolf Trap Bar, York Spit.

Coast of North Carolina; Capo Lookout, Frying Pan Shoal light-ship.

Coast of South Carolina: Rattlesnake Shoal light-ship, Martine Industry Shoal
light-ship.

Coast of IMlorida: Fowey Rocks, Carysfort Reef, Dry Tortugas.

Temperature stations on the Pacific Slope.

Stations of the Southern Pacific Company :
Sacramento River at Tohama and Yolo bridges and King’s Landing, California.
Feather River at I'eathor River Bridge, California.
Awmerican River at American River Bridge, California,
'MOkelmmm Rivor at Lodi, Cal.
Tuolumne River at Modesto, Cal.
Su:n Joaquin River at the uppor and lower railroad crossings.
King River ut Kingsburg, Cal.
Colorado River at Yuma, Ariz,
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. WO0ODS HOLE LABORATORY.

The Woods Hole laboratory was opened as usual for biological
researches on July 1, 1892, but several of the workers arrived and
were given the necessary facilities for carrying on their studies during
June. The laboratory was in charge of Dr. James L. Kellogg, of Johns
Hopkins University, and the Commissioner was also present during
most of the season, giving personal direction to such parts of the
investigations as were undertaken for the Fish Commission, The total
number of investigators in attendance, not including the regular em-
ployés of the Commission, was fourteen; of these, two were engaged
in the study of special subjects for the benefit of the Commission.
The work carried on by each may be summarized as follows:

Dr. James L. Kellogg was occupied mainly with the study of the
spawning and early habits of the common scallop or peeten (Pecten
irradians), the younger stages of which were found attached in great
abundance to ulva in the Acushunet River, ncar New Bedford, Mass.
The breeding scason of this species occurs during May and June in
this region, and is probably of shorter duration than in the case of
many other important food mollusks. During June the young were
observed to present very slight variation as to size, and during the
two succeeding months the growth was not rapid. The attachment to
ulva was by means of a well-developed byssus, the occurrence of which
in the first stages of growth has been recognized for some time. The
byssus-forming gland, which.was carefully studied, wus found to remain
functional until the latter part of August, when it became atrophied,
and in the adults all traces of it have disappeared. Late in August
the shell in many instances reaches a diameter of two-thirds of an
inch, but considerable differences then cxist with respect to size. The
method of byssus attachment was determined in both the young pecten
and the black mussel, and it was made out that in cach of those species
the byssus could be thrown off at will, the animal crawling about by
means of its foot and reattaching. A vestigial organ, probably a non-
functional byssus organ, was discovered in the young of Yoldia, another
form of Lawellibranch,

The practical bearing of the results of Dr. Kellogg’s observations
relate to the artificial propagation or transplanting of the scallop,
which, during its attached stage, could be transported conveniently in
immense numbers with slight danger of loss. Morcover, if reared in
confinement, a suitable collector could readily be provided for the
attachment of the young, thereby obviating the difficulties attending
the handling of large quantities of fry in a free condition. Studies
were also conducted by Dr. Kellogg relative to the morphology and
physiology of several bivalve mollusks.

Prof. Franeis H, Herrick, of Adelbert College, Cleveland, Ohio, con-
tinued his observations, begun in 1890, on the development and the
life-history of the lobster. As previously announced, Professor Herrick
is preparing for the Fish Commission a comprehensive report upon the
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natural history of this important marine invertebrate, which will be
based chiefly upon his own studies now in progress, and is designed
especially to preseut that class of facts regarded as essential in per-
fecting the methods of its propagation and providing for its better
Protection by means of legislation.

Prof. H.V. Wilson, of the University of North Carolina, nearly com-
Pleted during the summer his inquiries relative to the development of
certain sponges, which lie had previously carriecd on at Woods Hole
and at the Bahama Islands. "These studies were partly undertaken
with the view of using them as the basis for experimental operations
in Florida respecting the cultivation of the commercial sponges, but this
work has been deferred for the present owing to Professor Wilson’s
resignation from the service of the Commission. The report upon his
observations, received during the year, has been published in the Journal
of 1\Iorphology.1

Dr. William Patten, of the University of North Dakota, was engaged
upon the study of the sense organs in the horseshoe crab (Limulus),
SuI’DIGmentiug his observations on structure by many interesting
Physiological experiments to determine their functions. These related
I part to the sensibility of this animal to changes in temperature, a
Subject of great importance in respect to fishes, which it is hoped will
Soon be taken up. Certain points concerning the annelid worms were
8tudieq by Dr, E. A. Andrews, of Johns Hopkins University; the
development of the group of mollusks known as chitons was observed
by Mr. Maynard M. Metealf, of the same university; and Dr. James I,
Peck, of Williams College, was occupied in preparing a systematic
Paper on the pteropods and heteropods collected during recent explora-
tions of the steamer Albatross.

The following persons were also present at the station: Mr, H. McE.
Knower and Mr, Lefevre, post-graduate students of Johns Hopkins
Uuiversity, collecting and studying the surface life of the region; Mr. J.
Y. Graham and Mr. Farr, of Princeton College, engaged in the study of
the anatomy of several loeal fishes and invertebrates; Prof. E, R. Boyer,
of the public schools, Chicago, collecting fishes and marine invertebrates
for instructional purposes; Mr. W, McM. Woodworth and Mr. C. B.
Davenport, of Harvard University, the latter investigating several
orms of hydroids, in continnation of observations begun the previous
season, .

The schooner Grampus, which was employed during the summer
Ionths in conducting investigations along the outer margin of the
Continental platform south of New England and New York, made its
headquarters at Woods Hole, and Professor Libbey, in direct charge of
that inquiry, occupied quarters in the laboratory during the intervals
})etweeu the different trips. The steamer Fish Hawlk was also at work
I Buzzards Bay and Vineyard Sound during a part of the summer.

’\%‘}Bel‘vations on the Gemmule and Egg Development of Marine Spongos, by Henry
+ Wilson, Journal of Morphology, 1x, No. 3, pp. 277-406, plates 14-25, 1894,



38 REPORT OF COMMISSIONER OF FISH AND FISHERIES.

Mr. Vinal N. Edwards, the permanent collector at this station, whose
work has been referred to in previous reports, was actively employed
during the entire year in making collections of fishes aud in recording
the daily cateh of the fishermen at all points in this vicinity, In fhe
spring of 1893 special attention was paid to the spawning habits of the
menhaden and mackerel, both of which species breed to some extent
in this neighborhood. During several weeks of the summer of 1892
the writer was at Woods Hole, carrying on, in conjunction with Mr,
Edwards, a thorough investigation of the shores and inlets of Buz-
zards Bay and Vineyard Sound with respect to the habits and life-history
of the younger stages of the common food-fishes which resort to that
region. Extensive collections and observations were made, the more
interesting relating to the menhaden, the young of which occur in
myriads in most of the brackish waters thereabouts, especially in the
Acushnet River at New Bedford and in the Warcham River at the
head of Buzzards Bay. At different times during the year visits were
made by Mr. Edwards to more distant localities, such as Narragansett
Bay and Cape Cod Bay, in search of further information respecting the
breeding and other habits of the menhaden.

INVESTIGATION OF INTERIOR WATERS.
COLUMBIA RIVER.

During the early part of the fall of 1892 inquiries were econdncted
-along a part of the Colmnbia River and several of its tributaries, with
the object of determining: (1) The character and extent of the obstrue-
tions to the ascent of salmon in the Clarke Fork; (2) the advisability
of establishing a hatching station for salmon in the eastern part of the
State of Washington. The first of these inquiries originated in a joint
resolution introduced in the United States Senate on February 19, 1891,
and again on February 9, 1892, calling for an appropriation “to be
expended under the direction of the Secretary of War in the removal
of such obstructions in the Clarke Fork of the Columbia River as pre-
vent the ascent of salmon and other fish up said river and its tribu-
taries to the Flathead Lake and other waters in that vicinity,” More
definite information respecting these obstrnctions and the utility of
their removal being desired before final action was taken in the matter,
the United States Fish Commissioner was directed, by an item in the
sundry civil appropriation bill, approved August 5, 1392, to make the
necessary examinations; and the same bill also authorized the investi.
gations relitive to the hatchery site in Washington.

These inquiries were placed in charge of Dr. C. I8, Gorham, engineer
of the Fish Commission, who was assisted in the natural-history work by
Mr. Barton A. Bean, of the United States National Museum, and Mr. A,
J. Woolman, an ichthyologist of South Bend, Ind. This party reached
the upper waters of Clarke Fork, in Montana, the middle of September,
and continued in the field about a month. It was found impossible,
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however, to cover the ground during that period as thoroughly as
was deemed advisable, and arrangements have been mado to continue
the work during the summer of 1893. The principal features of interest
brought out by Mr. Gorham’s party in respeet to the Clarke Fork may
be noted as follows:

The upper part of the river was first examined between Flathead
Lake and Lake Pend d'Oreille, but within that part of its course no
obstructions were discovered which could, to any extent, impede .the
Dassage of salmon in case they had free access to Lake Pend d’Oreille.
The lower Flathead River drains the lake of the same name and, a.fter
flowing first southerly and then westerly a distance of- about 70 miles,
unites with the Missoula River to form the Clarke Fork. Just belpw
the lake Flathead River is occupied for several miles by a succession
of rapids, with still water here and there, its width averaging ab(?ut
300 feet, and its depth probably from 6 to 10 feet. Even less act.lve
Species than the salmon would have no difficulty in passing this point.

The next place of interest in going downstream is Thompson Falls,
Sitnated in the Clarke Fork some sixty-odd miles above Lake Pend
@Oreille. At this point the stream is very much contracted, and rushes
thr‘)“gh a rocky gorge a distance of several hundred feet. There is
also here a fall of about 6 or 8 feet, over which a large volume of water
pours, sufficient, it is supposed, to permit of the movements‘of salmon
Without difficulty. Tmmediately below the falls are large eddies and the
river there appears as an ideal home for both salmon and trout. The
Water s clear and pure, and on September 19 had a temperature of 61°
% 620 F. The course of the river from Thompson Falls to Lake Pend
@Oreille is clear of all obstructions, and the same is also true with
Tespect to this lake itself, which has a length of about 20 miles bet\vt?en
the mouth of the Clarke Fork and the beginning of the Pend d’Oreille
River, being, in fact, practically only a general widening out of the
river,

Below the lake the river is known as the Pend d’Oreille River. From
Sand Point it flows almost directly west to the Washington line;
thence northwesterly and northerly until within British America, where
it makes a sharp tarn to the WSW., and empties into the Columbia
River within sight of the pole marking the international boundary line.
The length of the river within the territory of the United States is
slightly over 100 miles, and in British Columbia about 22 miles.

Between Lake Pend d’Oreille and the I daho-Washington boundary
line it Presents only a single, rapid descent called Albany Talls, which
are located about 14 miles above the town of Newport, Idaho. An
island divides the river here, and the Great Northern Railroad crosses
it at the same place, making use of the island as the base of one of
the bridge piers. The falls are therefore double, being situated on
each side 6f the island. They have a rapid but not vertical descent
of between 8 and 10 feet. They are much broken, and at the time they
Were visited had a good volume of water passing over them; but at
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periods of low water their descent would become somewhat more abrupt.
Trout pass freely up the falls, and they would therefore present no
obstacle to salmon.

The river is navigable above these falls to Lake Pend d’Oreille, and
below them as far as Box Canyon, a distance of about 60 miles, being
generally wide and comparatively quict, though with a strong current.
At Box Canyon the river is confined between vertical walls from 30 to
150 feet high and not more than 70 feet apart in places. Being reduced
to such a narrow gorge, the stream becomes very deep and, although
comparatively smooth, is very swift and dangerous for boats, but offers
no obstacles to the passage of fish. Rowboats pass through the canyun,
and a small steamer was taken through at one time. This part of the
river could be greatly improved for navigation by the removal of a few
obstructions at slight expense.

About 7 or 8 miles below the canyon and about 35 miles 'ubove the
wouth of the Pend d’Oreille River are the Metaline Falls, the most
serious of all the obstructions in the entive viver. Their total descent
is somewhere between 25 and 30 feet, more or less broken, and forming
rather a series of rapids. On one side are perpendicular blufls, 30 to
80 feet high, and on the other four large rock masses have fallen into
the stream from the mountaiv which rises abruptly on that side. The
possible effect of this obstruction upon the movements of salmon was
not determined satisfactorily, although Dr. Gorham inclined to the
opinion that it would be insurmountable in its present state, and he
suggested that the conditions could be much improved by blasting out
the head of the falls and by breaking up the large rock masses which
cause the second or lower rush of waters.

Below the Metaline Falls the river is wide and deep. About 10 miles
below, and 24 miles in a direct line south of the Canadian boundary
live, is Big Bddy Canyon, between 2 and 3 miles Jong, which has been
reported to contain several falls, It is very difficult of inspection,and
at only a few points, where the walls were somewhat broken, was it
possible to get close enough to see inside. The walls are from 30 to 300
feet high, and at one place contract the river to a width of only about
20 feet. The current attains great velocity, but so far as could be deter-
mined there are no actual falls in the canyon, and this was also said to
be the case by Mr. John Everett, a prospector, who has lived thirty-
three years in this region.

From here on to the mouth of the Pend d’Oreille there are several
rapids or slight falls, but none of great importance. These ave all in
British Columbia territory, partly above and partly below the Salmon
River, which enters the Pend @’Oreille a short distance above the
international boundary line. Just above the mouth of the Salmon, all
contained within a distance of a few hundred feet, are five rapids or low
falls, with a total descent of about 30 feet. The upper one, located at
a point where the river is confined in a narrow gorge, scarcely 50 feet
wide, has a height of about 5 feet. The second has about the same
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height; the third is about 6 feet high, and the fourth 4 feet high, while
the lower oue, quite near the mouth of Salmon River, has a total
descent of about 10 feet. 1n Dr. Gorham’s opinion none of these rapids,
unless it might be the lower one, would serve to obstruct the ascent of
salmon even during low water, while at times of high water it is quite
certain that all difficulties in that respect would disappear.

Below the month of the Salmon River the Pend (’Orecille flows
through a narrow gorge and forms a succession of rapids, after which
it widens out and continues less turbulent for some distance; but the
last 5 wiles of its course are confined within another canyon. At its
mouth it is from 150 to 200 feet wide, and before emptying into the
Columbia it passes over a fall from 4 to 10 feet high, depending upon
the stage of water in the Columbia River., Ordinarily salmon would
have 1o trouble in passing over this obstruction.

Kettle Talls, the only important obstruction in the Upper Columbia
River, located about 9 miles from Colville, Wash., and 40 or more miles
South of the mouth of the IPend d’Oreille, were not visited by the party,
but from information obtained from others it is evident that they do
Dot constitute a serious impediment to the ascent of salmon, which for-
merly were said to have passed over them in greater or less numbers,
although they do not at present.

No positive information was obtained respecting the occurrence of
the true salmon (Oncorkynchus chouicha) in the Pend d’Oreille River,
and it is said that none go farther upstream than the falls at the mouth
of Salmon River. The cvidence secured points to the fact that the
Salmon (80 called) of both thoserivers is the steelhead (Salno ga irdnert),
and specimens of this species were observed. There was not, however,
Sufficient opportunity to study this question satisfactorily, and a pro-
longed series of observations may be necessary to determino the range
and relative abundanee of these two species in the upper waters of the
Columbia River. Until conclusive evidence is obtained that the true
Salmon g prevented from ascending to the upper part of this river
System because of the presence of natural bavriers and not from other
Causes, it should not be considered advisable or judicious to expend
oney in the removal of any supposed obstructions to their passage.

.hel‘e are many conditions which require careful study and considera-
FIOH before any definite steps are taken in that direction, and it is
tended next year to begin upon a careful and detailed investigation .
(.)f the subject throughout the entire course of the Columbia River and
Its tributaries,

Il{quix'ies relative to a site for the establishment of a salmon-hatching
st?'tlon in eastern Washington were confined c¢hiefly to Little Spokane

tVer and Colville River. No success was met with, however, as no
heallty was found convenient of access and at the same time affording
® means for sccuring an abundance of breeding fish, This subject

Will also be covered by the proposed general survey above referred to.
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MINNESOTA, NORTIL AND SOUTH DAKOTA.

During July and August, 1892, investigations were carried on in the
contiguous parts of these three States by Mr, A. J. Woolman, of South
Bend, Ind., assisted during a portion of the time by Prof. U. O. Cox,
of the State Normal School, Mankato, Minn. The waters examined
were Lake Traverse, Big Stone Lake, and the Minnesota River as far
down as Montevideo, Minn.; the Red River of the North as far as the
international line, including many of its tributaries; Devils Lake and
the James River in North Dakota, the latter being a tributary of the
Missouri River. The work was executed in a thorough wanner, and
was comprehensive in its scope, being directed toward determining the
physical characteristics of the different bodies of water visited, as well
as their fishes and other aquatic¢ inhabitants, both animals and plants,
No extensive ichthyological studies had previously been made in this
region, and the report of Mr. Woohman upon the results obtained con-
taing many observations of scientific and practical interest.

After discussing the geological history of the region examined, which
points to the former existence of a very extensive lake, reaching
northward to and including Lake Winnipeg, and drained by a broad
waterway leading southward through the trough now occupied by
Lake Traverse, Big Stone Lake, and the Miunesota River, Mr. Woolman
proceeds to describe and account for the present conditions and rela-
tions of the principal water areas which he visited. Red River of the
North is not the outlet of Lake Traverse, asisoften represented on maps,
nor has it been in modern times. Lake Traverse and Big Stone Lake,
bothlyingin the valley of “River Warren” of geologists, are only abont
5 miles apart, being separated by sediment piled a few feet above the
surface of the former lake. The similarity of the species of fishes living
in the two lake basins indicates that at one time they were connected,
and yet thenumber of comparatively unimportant or minor differences,
quite noticeable and constant, and reaching in some cases almnost vari-
etal significance, shows the landlocked condition of the fauna of Lake
Traverse and points to the fact that these two lakes could not have been
united in recent years.

Lake Traverse, lying between Minnesota and the northeastern corner
of South Dakota, is about 14 miles long by 1 to 1§ wmiles wide, and has
a maximum depth of about 30 feet, the average being possibly half
that or less. The temperature of the water was high, having been
779 F. when the lake was visited in July. It must change rapidly
with the seasons, and in winter the lake freezes to the bottom over much
of its extent. There are only two small inlets, and the volume of water
in the lake is gradually diminishing. The luke supports o vich and
varied growth of plant life, and teems with crustaceans, mollusks, and
insects. Nothwithstanding this fact, howewer, it contains few kinds of
fishes, none of which can be regarded as abundant. About the only
species utilized as food is the pickerel ( Lucius lucius), although a few
catfish (Amewrus nebulosus) and strawberry bass (Pomowris) are taken -
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for this purpose. No small fishes were observed in the lake proper, and
the total number of species obtained from the lake and its tributaries
was only 7. '
Big Stone Lake is 33 to 38 miles long and 14 to 2 miles wide, with a
maximum depth ot 33 fect. Theaverage depth is greater than in Lake
Traverse, the water is clearer and purer, and it contains but little vege-
tation. Invertebrates are also less plentiful, although occurring in
sufficient quantities to constitute an ample food supply, and there are
many small fishes, such as minnows and darters. In the variety and
abundance of its fishes this lake presents a marked contrast with Lake
Traverse, 25 species having been secured.  Food varieties are common,
the most important being the pickerel, wall-eyed pike, black bass, rock
bass, and crappies. From the Minnesota River and its tributaries,
between Big Stone Lake and Montevideo, a total of 35 species of fishes
was obtained, and from the James River, in North Dakota, 20 species.
The Red River of the North presents many features of special interest.
It is the only large stream within the boundaries of the United States
which finds an outlet toward the far north, suggesting marked differ-
ences in its faunal characteristies as compared with other water areas
even within the adjacent region, conditions which were not found to
exist, however, emphasizing the former connection of this river with the
Minnesota and Mississippi. The course of the Red River of the North
I8 northward down a long, gentle slope from a low watershed, which
separates its basin from that of the Mississippi on the south, east, ind
west. Many of its tributaries take an opposite conrse, in keeping with
the streans of the Mississippi system, trending southward until within
the immediate valley or flood plain of the main river, when they bend
abruptly. The narrow valley now occupied by this river is the product
of erosion, and is eut down from 50 to 75 feet below the surrounding
I?Vel country. Examinations were made at intervals along the main
Tiver and also on twelve of its tributaries, the most important of which
were the Otter Tail River, Red Lake River, Sheyenne River, as far up as
Y“.“ey City, N. Dak., and Pembina River, as far up as Minot, N. Dak.
1h1rty-eight species of fishes were obtained in this basin..

10WA, NEBRASKA, SOUTH DAKOTA, AND WYOMING.

.The sundry civil appropriation Dbill approved August 5, 1892, pro.
vided for investigations in these several States for the purpose of
determiuing their requivements from a fish-cultural standpoint and of
ascertainin g the most suitable locations for the establishment of such
hatching stations as the circumstances may warrant. It was found
un.possible to begin upon this inquiry until carly in October, and oper-
ations for the season were suspended during the first part of November
on account of inclement weather, which prevented the carrying on of
many of the more essential observations, especially those relating to

mperature and other physieal conditions of the water. The investi-
gatious were resumed in the middle of J une, 1893, and were completed
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in the middle of August following. The work was in charge of Prof.
Barton W, Evermann, assisted in the fall of 1892 by Mr. Lewis M.
MecCormick, of the United States National Museum, and in 1893 by Prof.
U. 0. Cox, of the State Normal School, Mankato, Minn.; My. Cloud.
Rutter, of Long Pine, Nebr., and Prof. R. G. Gillum. of the State
Normal School, Terre Haute, Ind.

An account of the results of this inquiry must be deferred until the
next annual report, to which it properly belongs, only a brief mention
being made in this conuection of the work accomplished during the
fiscal year 1892-93. During October, 1892, many of the streams and
springs among the Black Hills and in their vicinity were examined,
some of the places visited being Belle IFourche, Spearfish, Rapid City,
and Ilot Springs, S. Dak., and Newcastle, Wyo. As the cold weather
came on the party started eastward through Nebraska, making obser-
vations at Ravenna, Lincoln, Crete, and South Bend, in that State, and
subsequently at Awmes, Cedar Rapids, and Spirit Lake, in Jowa. During
June, 1893, the investigations were confined to the southern part of
South Dakota and northeastern Nebraska, streams being visited in the
vicinity ot Mitchell, Chamberlain, Scotland, and Springfield in the
former State, and of Niobrara, Verdigris, and Creighton in the latter.

As is customary in inquiries of this kind, very complete and detailed
observations were made, relating not only to the character and richness
of the aquatic fauna, but also to the fituess or requirements of the waters
with respect to stocking, their physical and other conditions, and to the
relative advantages afforded by different localities for the carrying on
of fish-cultural operations, the latter involving the consideration of
several important factors, such as the water sapply, transportation
acilities, and to o certain extent the proximity of natural breeding-
grounds, ete. Large collections of fishes and of other aquatic animals
were made, a study of which will add greatly to our knowledge of the
natural history of the regious examined.

WISCONSIN.

During the season of 1892 the physical and biological features of
lakes Geneva, Delavan, and Winnebago, in Wisconsin, were investi-
gated by Prof. S. A. FForbes, assisted by several of his students in the
State University of Illinois. The wain part of the work on lakes
Geneva and Delavan was accomplished during May, but visits were
also paid to the same lakes in July, August, and September following.
Lake Winunebago was studied during the middle part of June. The
contour of the bottom of these lakes was determined by means of
soundings; temperature observations were made at the surface and at
different depths, and sketch maps were prepared to illustrate their
physical characteristics. The biological work cousisted in dredging,
the coustant use of the surface tow net, and in collecting along the
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shores, the inquiries being extended into the creeks, ponds, sloughs,
and other waters adjacent to the lakes.

ARKANSAS,

Beginning in the summer of 1891, Prof. S. E. Meck, of the Arkansas
Industrial University, has carried ou, from time to time, in the interests
of the United States Fish Commission, important observations relating
tothe fishes of Arkansas. In his report upon these inquiries', Professor
Meek has described the principal characteristics of the several rivers
and of the more couspicuous springs for which some parts of the State
are noted, and has given complete annotated lists of the fishes which
are now kuown to occur in four of the principal river basing, the White
River having a total of 84 species, the Little Red River 58 species, the
Arkansas River 61 species, and the Illinois River 31 species.

The following remarks are extracted from Professor Meek’s report:

From an ichthyological standpoint Arkansas is woll favored. The State is borderod
on the east by the Mississippi, and has four large navigable rivers flowing through it.
Two of these rivers, with most of their tributaries, rise in the Ozark Mountains
within the boundaries of the State. These streams are fed by many large and
beautiful springs, whose waters are cool enough for the mountain trout, their suit-
ability being well demonstrated by tho success which has attendod trout-culture at
the several hatcherics already mentioned. In fact, it has been proven not only that
trout will thrive in the Ozark Mountain region, but that their growth there is much
more rapid than in some other places farther north, where their artificial cultivation
1‘3 beillg carried on. The important question for tho consideration of the practical
ilsh-culturist is, how many pounds of fish Le can secure from a certain number of
©ggs within a given peried and with the least expenditure of artificial food. The
Tecords of the Neosho hatchery cloarly indicate that fish-oulture can bo conducted
8uccessfully in this direction. While the mountain streams bid fair to contain an
abundance of trout in the near future, the larger and woro sluggish waters are well
8uited to the courser food-fishes native to the State, the most important among them
being the Llack Dbass, wall-cyed pike, castorn pickerol { Lucius reticulatus), buffalo-

shes, etc.  All of tho fmportaunt rivers mentioned supply many fishes to the markets
every year, and they may continue to do so if assistance shall be given toward
Testoring, 8o fur as possible, the balance of life in favor of those spocies which wan
h‘l’s done 8o much to destroy. .

Itllere is no doubt that Arkansas possesses piscatorial features of a high grade,
Which warrant more attention in the future than they have received in the past.

I{e angler may find awusement along the picturesique stroams of the Ozark Moun-
taing, while the fish-culturist will come to recognize in this region ono of his richest
fields in North Americn. Arkansas is as yot only thinly sottled, and a thorough
exploration of the streams of the State before their faunie have besn much changed

¥ cultivation would be of great sconomic and sciontific interest.  The inerease and
Bl‘ﬂtection of her food-fishes, both the native and introduced species, can not be suc-

- e8sfully accomplished without a more complete knowledge of the physical and
natu_"“l‘hist(ﬂ‘y features of the streams, and it is to be hoped that the meuns for
Wmaking such a survey will not long be delayed.

—_—

18;¥011>80{t of investigations respecting the fishes of Arkaunsas, conducted during
e‘th’E 92, and 1893, with o synopsis of previous exploratious in tho same State. By
ugene Meek, Bull. U. 8. Fish Comm. for 1894, pp. 67-94.
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CALIFORNIA.

From 1891 to the close of the fiscal year just past the fresh.-water
fishes of California have been made the subject of investigation for the
Fish Commission by Prof. Charles H. Gilbert, of Leland Stanford Junior
University, during such times as his college duties would permit. A
report upon these researches has been deferred until further obser-
vations can be made, but the field work so far accomplished may be
sumnarized as follows:

During the fiscal year 1891-92, the inquiries related to the streams
which, draining the eastern slope of the Santa Cruz Mountains and the
western slope of the Mount Hamilton Range, enter the southern arm
of San Francisco Bay, and those which drain the western slope of
the Santa Cruz Mouantains and enter the sea between San Francisco
and Santa Cruz. These two sets of streams were found to have very
different faunwm, the former containing, in addition to the fishes of
general distribution in California, many of the peculiar forms of the
Sacramento Basin, such as Ilysterocarpus traski, Archoplites inter-
ruptus, Orthodon microlepidotus, Lavinia cxilicaudu, and DPogonichthys
macrolepidotus, which are wholly excluded from the streams draining
the western slope of the Santa Cruz Mountains. The latter have only
species of general distribution, like the sucker (Catostomus occiden-
talis), trout (Salmo gairdneri), sticklebacks (Gasterosteus microcephalus),
sculpins (Cottus asper), and occasionally a minnow.

Within the past year further examinations were made in the same
region, and, in addition, the Pajaro River was studied from its mouth,
in Monterey Bay, to the source of its principal tributary, the San
Benito River. Los Gatos Creek, Fresno County, was also visited, but
was found to be without fishes. This will probably prove true of all
other streams entering the San Joaquin Valley from the west, as they
are likely to be without running water during part of the hot, dry
summer,

MISCELLANEOUS INQUIRIES.
MACKEREL INVESTIGATIONS.

The act of Congress passed in 1886, which virtually prohibited the
spring mackerel vessel fishery prior to June 1 of each year during a
term of five years, ccased to be operative after 1892. In order to
determine, so far as possible, if any immediate benefits had resulted
from this series of close scasons, and also to obtain information for the
use of the Joint Fishery Commission between Great Britain and the
United States, the schooner Grampus, Capt. A. C. Adams in command,
was detailed to follow the progress of that fishery throughout its entire
course in the spring of 1893. Sailing from Woods Hole at an early
date, Captain Adams was directed to conduct a detailed series of physi-
cal observations on the way south until the body of mackerel had been
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discovered, after which he was to keep track of the movements, habits,
aud abundance of the latter, and to study the conditions of their
environment as far north as Nova Scotia. The presence of a large fleet
of purse-seiners on the grounds afforded excellent opportunities for
learning of the distribution of the fish at all times, and through their
means it was expected that specimens for examination would be obtain-
able. The Grampus also made use of the fishing apparatus she had on
board, and an hourly record of physical determinations was maintained
day and night, besides which the surface tow nets were frequently
el.nploye(l to discover the presence of mackerel food. The natural-
history observations were conducted by Mr. W, C. Kendall. Mr. B. L.
Hardin was stationed at Fulton Market, New York City, to inspect all
arrivals of mackerel there from the purse-seine fleet, as well as from
the shore apparatus tributary to that market.

The Grampus sailed from Woods Hole on April 10 and reported at
Lewes, Del., April 21, having experienced heavy weather up to that
date, Very few fish had been observed, and the fishing fleet had
accomplished comparatively nothing. The latter also sought shelter at
the same place. I’oor success, both in the catch of fish and in the
opportunities to make observations upon them continued thence to the
close of the season, and by the middle of May nearly all the purse-seiners
had left the southern grounds for the coast of Nova Scotia. The small
catch made this season was partly due to stormy weather, but, even
Wwhen all the conditions seemed favorable, mackerel were either scarce
or difficult to capture. More light will probably be thrown upon this
question when the elaborate series of notes obtained have been worked
up, but the fishermen have failed thus far to recognize any beneficial
results from the restrictions placed upon their spring fishery during
the previous five years.

Obn May 23, the southern fishery having ended several days before
that time, the Grampus left Woods Hole, where she had put in for
Supplies, and proceeded to Nova Scotia, to continue the inquiries on
the same plan as at tho south. The entire fleet bad assembled there,
bUt_no fish were taken on this coast, except in trap nets on the sliore,
until after June 1. By June 5 some of the fleet had done fairly well, the
Others poorly. After their first appearance ou this coast the mackerel
moved rapidly eastward, the purse-seiners and the Grampus following
them as far as Cape North on Cape Breton Island, the former as a
“"hOle making a good catch to the eastward of Halifax, as compared
With former seasons. Thero were 75 seiners on the Nova Scotia shore,
and thejr average fare was about 160 barrels each. The Grampus
I‘eturn‘ed to Woods Hole the latter part of June, bringing a large
gtl’lcmltlty of specimens bearing upon the breeding habits, food, size,

s Of the mackerel, together with very complete records of the daily
observations.

anl(vlh. B. L. Hardin remained at New York from April 12 to June 3,

éxamined every fare of mackerel landed from the southern fishery,
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as well as the smaller catches made in the pound nets along the shores.
Notes were kept upon the abundance, sizes, and spawning conditions
of the fish, and interviews were held with the masters of the different
schooners relative to the more important incidents connccted with
their several cruises.

INVESTIGATIONS IN CHESAPEAKE BAY AND ADJACENT WATLRS.

The fishery investigations begun in June, 1892, in the lower part of
Chesapeake Bay and the adjacent waters of the open ocean by the
schooner Grampus were continued until about July 20, when that ves-
sel proceeded to Woods Hole to take up the physieal inquiries along
the continental platform, as described above. A few trips were made
out to sea during this period, but the examinations were principally
confined to the waters of the bay, in which the beam trawl, seines, etc.,
were employed with good results.

FISHES OF CASCO BAY, MAINE.

During August, 1892, Mr. W. C. Kendall was engaged in collecting
and observing the habits of fishes in the more inclosed waters of Casco
Bay, Maine, including the lower parts of some of its tributary streams.
The special object of his inquiries was to ascertain if the menhaden
spawn in that region, and if the young occur in the brackish waters
there during the summer mounths, as is the case south of Cape Cod,
No specimens of young menhaden were secured, however, and no evi-
dence was obtained to show that this species has been in the habit of
spawning in this bay during recent years at least.

EMBRYOLOGY OF THE STURGEON,

Arrangements were made, in the spring of 1893, for the study, by
Dr. Bashford Dean, of Columbia College, New York, of the embryology
of the sturgeon (Acipenser sturio oxyrhynchus Mitchill), on board the
steamer I'ish Hawlk, while stationed in the Delaware River off Glou-
cester City, N. J,, during the shad-hatching season, the object of this
inquiry being to supplement the investigations respecting the same
species carried on for the Fish Commission several years before by Prof.
Johm A. Ryder. As the necessary material could not be obtained
conveniently in the locality named, however, Dr. Dean proceeded to
Delaware City, Del.,, where he made his headquarters, and where he
was fortunate in securing an abundance ot ripe sturgeon of both sexes,
His experiments and observations were carried on with entire sucecess
in all particulars. No difficulties were encountered in fertilizing the
eggs and in holding them in good condition until they hatched. They
were kept in improvised floating boxes, which were moored in several
places in the river and canal, those placed in the mid-current atfording
the best results. Very few eggs were lost in any of the boxes, and
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Wwith proper facilities Dr. Dean is confident that he could have produced
enough fry to have made his work exceedingly profitable from a prac-
tical standpoint. He considers the vicinity of Delaware City especially
well adapted to the propagation of the sturgeon, and thinks there
would be no trouble in securing a sufficient number of spawning fish at
the nroper season. He was there from May 14 to 23. Observations
were also made respecting the breeding and other habits of the stur-
geon, and Dr. Dean has now in course of preparation a comprehensive
account of the results of his investigations.

MORTALITY AMONG ALEWIVES, LAKE ONTARIO.

Reference has frequently been made in the Fish Commission publi-
flations to the extraordinary mortality which occurs among the alewives
In Lake Ortario during every spring and suramer, and which also, to
Some extent, affects other common fishes in the same waters. The cause
of this annual epidemic has never been determined; it has a widespread
distribution, and the number of dead and dying fishes which are often
Cast upon the shores in some places is sc great as to occasion much
Inconvenience to rosidents and summer visitors from the unpleasant
odors arising from the decaying bodies, Mur. C. II. Strowger, of Nine-
Mile Point, near Webster, N. Y., has paid a great deal of attention to
Fhis phenomenon, and the Fish Commission is indebted to him for much
Information respecting it, as well as for specimens of the discased fish.
In order to reach a more.complete understanding of the subject, Dr. R.
R Gurley was dispatched to Lake Ontario in the early part of June,

?37 and remained there about a month, visiting Nine-Mile Point,

ilson, Charlotte, aud Cape Vincent. He spent the most of this time
at the place first mentioned, where laboratory accommodations were
s1}Pplied by Mr. Strowger, who also assisted Dr. Gurley personally in
his Investigations.

From the statements of persons living along the shores of Lake
Olltario, the epidemic appears to begin in April, occasionally as early
a8 the latter part of March, reaches its maximum in May, and decreases
through J une, although in some cases it may be found as late as August.
The May and June maximum of the epidemic coincides with the period
When the alewives are most abundaut inshore. The diseased fish have
3 patch of saprolegnia, usually from three-fourths of an inch to an inch
;‘:)1 dmmeter, on some parts of the body, but no other parasites were
X u?ld o any of the dead alewives examined. None of the vital organs
vere aﬂecteq by the fungus, the gills in particular always appearing
;llear, and otherwise also the fish seemed to be in good condition. An
Dflamed area was almost always noticed on the general surface of the
0dy under the pateh of saprolegnia, and very generally a sore or ulcer,
th: :l(l!ales in such places being loosened or detached. In some cases
Dgus appeared to have effected a lodgment in places where the

F. R, 93——4g
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surface of the body had been injured; in others the fungus seemed to
be primary and the sorc or ulceration secondary, but it was impossible
to tell whether the fungus was causative or not. Numerous specimens
were preserved for future examination,

PROTOSED INQUIRIES BY SPECIAL TREASURY AGENT TO ALASKA.

In April, 1893, Mr. John K. Luttrell was appointed a special agent
of the Treasury Department, in accordance with the act of Congress
providing for the supervision of certain fishery interests in Alaska.
Although his services in this respect were not connected with the work
of the Fish Commission, Mr. Luttrell kindly offered to make collections
of fishes at the different places visited, and to conduct investigations
relative to the distribution and habits of the more important species.
He was accordingly supplied with a proper outfit for preserving speci-
mens and was given full instructions respecting those matters on which
information was especially desired. He left for the north during the
latter part of the fiscal year.

COLLECTIONS, PREPARATION OF REPORTS, ETC.

No changes have been made since the last report in the laboratory
and other quarters occupied by this division in the*Central Station at
Washington. Very large collections have been received from the ves-
sels and field parties during the year, but undue crowding of the same
has been obviated by an arrangement with the United States National
Museum, whereby many of the specimens have been furnished temporary
storage-room at the Jatter place.

The study of certain parts of the colloctions, especially the fresh-
water fishes, by Prof. B, W. Evermann, has progressed rapidly, and
some collections have also been placed in the hands of specialists out-
side of the Iish Commission staff for working up. The mollusks from
all sources have been turned over to Mr. William H. Dall, curator in
the National Museum, as fast as they were received. Arrangements
have also been made with Dr. Alex. (ioes, of Kisa, Sweden, to report
upon the foraminifera from the dredgings of the steamer Albatross on
both the Atlantic and Pacific coasts, and likewise with Prof, F. E,.
Schulze, of Berlin, Germany, with respect to the siliceous sponges
from the same source. Prof, William E. Ritter, of the University of
California, has offered to study the collections of ascidians made by
the steamer Albatross in the North Pacific Ocean, and they will soon
be seut to him. .

There has been transferred to the custody of the National Museum a
very large quantity of specimens, representin g both the reserve series
and duplicates of collections examined during the year. These consist
chiefly of fishes and marine invertebrates, but include also representa-
tives of many other groups, conspicuous among which are the skins
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and bones of several species of Pinnipedia. Duplicate specimens of
marine invertebrates from the collections of the Fish Commission have
been supplied by the National Museum to the following institutions:
State Normal School, Oshkosh, Wis.; Clark University, Atlanta, Ga.;
Columbia College, Van Allstyne, Tex.; Grammar Sclool, Salem, Mass.

Preparations were made during the year for illustrating the objects
and methods of work of this division, and the results so far accom-
Dlished by it, at the World’s Columbian Exposition in Chicago. The
exhibits were completed and transmitted in time for installation before
the opening day. As this subject will be reported upon in full by Dr.
Tarleton I, Bean, the representative of the Fish Commission at Chi-
€ago, an account of the material displayed need not be given in this
connection,

The following reports from persons not in the employ of the Fish
Commission, but based partly upon materials from its collections, were
completed and submitted for publication during the year:

A roview of the Sparoid Fi ica and I . By David Starr Jordan and

aroid Fishes of America and Europe. By i

Bort l"cnlcrl. Report U. 8, Iish Comm. for 1889-91, pp. 121-544, plates 28:62.

On the Viviparous Fishes of thoe Pacific coast of North America. By Carl H, Eigon-
maun,  Bull, U. 8. Fish Comm. for 1892, pp. 881478, plates 93-118, .

The Genug Salpa, a Monograph, with fifty-seven plates. By William K. Brooks, with
& supplomentary paper by Maynard M; Metealf. Memoirs from F!w lfl‘ologu‘.al

aboratory of the Johns llopkins University, 11, Baltimore, 1893, Two vol-

umes, quarto, text and plaies. .

Report o tﬁc Actinw (tolloctlml by the U. 8. Fish Commission steu)mcr Alb‘ahv'oaa
({uriug the winter of 1387-1888. By J. Playfair MeMurrich, Proe. U. 8. Nat.
Mus., Xvi, pp. 119-216, plates 19-35, 1893. . .

Repory on 'the ,I}tlt):ropodn I{IE(I }lou:ropdds collected by the U. §.l'm‘h Co_lmms§10n

steamer dlbatross during the voyage from Norfolk, Va., to San Franeisco, Cal.,

%37—1888. By James I. Peck. Proe. U. 8. Nat, Mus., Xv1, pp. 4561-466, plates

93-55, 1893,

of Di:{tomacom from n deop-sea dredging in the Atlantic Ocean off Delaware

Bay by the U, S. Fish Commission steamer Aibatross, By Albert Mann. Yroe.
U. 8, Nat. Mus., xv1, pp. 303-312, 1893,

List



