REPORT OF COMMISSIONER OF FISH AND FISHERIES. CXIX

REPORT ON THE INQUIRY RESPECTING FOOD-FISHES AND
' THE FISHING-GROUNDS.

By Hucu M. SMITH, Jssistant in Charge.

In the accompanying outline of the work of this division during the
fiscal year 1899 there are considered (1) the investigations which have
been undertaken in the lakes and streams with reference to the abun-
dance, distribution, habits, ete., of the fishes and other animals; (2) a
number of miscellaneous investigations in the waters of the Atlantic
coast, including Puerto Rico; (3) special studies of important economic
fishes; (4) the researches at the marine biological laboratories of the
Cowmmission, and (5) various minor inquiries and duties.

INVESTIGATIONS OF THE INTERIOR WATERS.
BIOLOGICAL SURVEY OF LAKE ERIE.

For a number of years past the Fish Commission has appreciated the
importance of a systematic biological and physical investigation of the
Great Lakes, in conjunction with the extensive fish-cultural operations
which are there carried on by the Government and States and with
canvasses of commercial fisheries by the Commission. It has been
evident that the conditions affecting the supply of food-fishes could not
be thoroughly understood and the iustitution of proper weasures for
maintaining the supply could not be brought about without a knowl-
édge of the mutual relatious of all the organisms directly or indirectly
associated with the fishes, but more especially the minute animals and
plants known to have a pronounced influence on the abundance and
distribution of fishes.

As a preliminary step in the thorough exploitation of the Great
Lakes in-the interests of the fisheries and fish-culture, the Commission,
in July, 1898, began a biological survey of Lake Lirie. Headquarters
were' established at the Fish Commission station at Put-in Bay, Ohio,
on South Bass Island, which is conveniently located in a part of the
lake where commercial fishing is very extensive and where the artificial
propagation of white-figh, wall-eyed pike, and lake herring is prosecuted
on i large scale. Prof. Jacob Reighard, of the University of Michigan,
was placed in immediate charge of the work, and the following persons
were associated with him during the summer and fall: Prof. H. B. Ward,
University of Nebraska; Dr. H. S. Jennings, Dartmouth College; Dr.
Julia Snow, University of Michigan; Mr. A, J. Pioters, U. S. Depart-
meut of Agriculture; Dr, W, 0. Kendall and Mr, M, C. Marsh, U. 8. Tlish
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Commission; Mr. R. 8. Rowland, of the Univerity of Michigan, and Mr.
R.C.Young. The superintendent of the station, Mr.J.J.Stranahan,and
others connected with the hatchery, rendered assistance throughout
the season.

Professors' Reighard and Ward devoted some time to the designing,
construction, and experimental use of a number of pieces of apparatus
required in the plankton investigations, including a hydrophore (for
bringing up samples of water from any required depth), a large plank-
ton net, and an appliance for measuring the flow of water through
plankton nets. They also gave special attention to the determination
of the minute floating organisms preliminary to quantitative plankton
work; 103 true plankton organisms were found, of which 6 were proto-
zoans, 4 rotifers, 9 crustaceans, and 84 alge. It is interesting to note
that Apstein records 82 plankton forms from the German lakes, 6 being
protozoans, 23 rotifers, 19 crustaceans, 2 spiders, 1 mollusk, 1 turbella-
rian, and 31 algw®. The scarcity of protozoans and rotifers in the Lake
Erie plapkton, as regards both species and individuals, is somewhat
surpriging, as these animals are abundant in Lake St. Clair and Lake
Michigan at the same season. The crustaceans are quite numerous as
to individuals, but not as to species, while the algx are exceedingly
abundant as regards both individuals and species. The l.ake Erie
plankton, therefore, as thus far studied, consists practically of alge and
crustaceans.

Dr. Jennings was engaged in the study of the protozoans and rotifers
of the adjacent waters. The former were studied chiefly in an experi-
mental way, with special reference to the influences which determine
the movements of aquatic organisms and the laws by which they are
regulated. Taking the common ciliated infusoriau, Paramecium cau-
datum, as a representative simple organism, its activities and reactions
to chemic stimuli were fully analyzed. The work was successful in
establishing general principles of much importance regardirig the fac-
tors which govern the movements of such animals. Two papers of Dr.
Jennings, embodying the results of these studies, were published, by
permission of the Commission, in the American Journal of Physiology
for May, 1899. These were ¢ T'he motor reactions of Paramecium ” and
“Laws of chemotaxis in Paramecium.” The region was found to be
exceedingly rich in protozoa, upward of 70 species being identified,
although these were only a small percentage of those observed. The
adjacent swamps furpished many interesting species, including the
gigantic infusorian, Bursaria truncatella, Volvox, and other related
forms. Special attention was directed to the forms of which cultures
could be kept in the laboratory, so that they could be obtained in large
quantities.

Studies of the rotifers were carried on from the systematic and
fannistic standpoints, The shore, bottom, and swamp rotifers were
exceedingly abundaunt, but those of the open waters were very scarce.
About 100 species of rotifers were identified, including some new and
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rare forms, one of considerable interest being T'rochosphera, originally
described from China and recently found in the Illinois River. An
extended illustrated report on the rotifers is in preparation.

In addition to his other duties Professor Ward was engaged in the
collection and study of the parasites infesting fish.

Dr. Snow gave attention to the determination of the microscopic
aquatic plants of the neighborhood, especially those occurring in the
plankton. By means of cultures the identification of many species was
greatly facilitated, and species were found in the plankton that would
otherwise have been overlooked. Experiments were conducted showing
the rato of growth of the lower forms of algx, and many iuteresting
observations were made on these important constituents of the plankton.
During the season 130 species were noted, of which 84 were found in
the plankton, as before stated.

Mr, Pieters’s inquiries were directed to the aquatic plant life in the
harbor of Put-in Bay, Bast and West harbors, ortage River, and
Sandusky Bay, and consisted in part in making an inventory of the
plants and in part in a determination of the laws of their distribution.
Intimate relations exist between the water-plants and the fish.

During August, September, and October, Dr. Kendall and Mr. Marsh
made collections of the fislies of the Put-in Bay region and other parts
of the lake, studied their food habits, and collected parasites and the
contents of fishes’ stomachs, Forty-two species of fish were detected
at Put-in Bay, and over 700 stomachs, representing 27 species, were
examined. Efforts to secure youung white-fish with shore seines, small-
mesh gill nets, and other apparatus were unsuccessful.

With slight modifications the hatching-room at the station was found
to be well suited for laboratory purposes, being commodious, light, and
supplied with gas and running water, as well as close to the dock, The
diversity of the surroundings makes the Put-in Bay region an excellent
place for the study of important general problems pertaining to the
fisheries of the Great Lakes. As a location for summer work it has
unusual advantages, and arrangements have been made for the renewal
of the investigations during 1899. There is, however, no deep water
near Put-in Bay, and this is a drawback to studics of the plankton and
of the life-history of the white-fish and some other species. Should it
be determined to establish a permanent biological station ou the lakes,
a2 more favorable site might Le found, but a decision on this matter
must depend on au examination of other regions.

THE SEBAGO LAKE BASIN.

Sebago Lake ranks second in size among the many large lakes of
Maine, and from the fish-cultural, angling, and scientific standpoints
is one of the most interesting bodies of water in the United States.
It was from this lake that Girard, in 1852, received the specimens of
landlocked salmon on which he based his description of Salmo sebago,
a fish which has since come into great prominence on account of its
superior game and food qualities, and has been extensively propagated
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by both national and State authorities. Various other features of the
fish fauna cf this lake and adjacent waters are also of general interest.
In pursuance of the policy of the Fish Commission of investigating
the biological and physical conditions and the fishery resources of the
important inland waters, Sebago Lake seemed to afford an inviting
field for the inauguration of an examination of the lake systems of
Maine, whose inland tishing resources are perhaps more carefully
guarded and generously fostered than those of any other State. The
facts that no systemutic examination ot the fish fauna of this lake had
ever been made, that it had been the fielu for extensive fish-cultural
operations, and that the supply ot its most noted fish was apparently
diminishing, were additional reasons for taking up this inquiry.

Accordingly, in 1898, Dr. W, C. Kendall, of this division, began an
investigation of the Sebago basin; ‘the, work commenced on July 1
and continued until the early part of August of that year, and being
resumed on May 20, 1899, was in progress at the close of the fiscal year.
That part of the extensive Sebago basin which was examined during
this period included Sebago and Little Sebago lakes; Thomas, Panther,
Rattlesnake, Pettengill, and Chism ponds; Songo and Presumpscot
rivers, and various small ponds and brooks.

The primary object of the inguiry was a thorough study of the land-
locked salmon, its habits and eunvironment. Due attention, however,
was given to other fishes of the region. The physical features of the
waters (depth, temperature at different depths, character and contour
of bottom) and the general faunal and floral aspects were considered
because of their important bearing on the salmon and other fishes.

The salinon of Sebago Lake attain a larger size than those of any
other American lake. Their maximum weight is 25 pounds, and the
average is 8 or 10 pounds. The largest captured in 1899 weighed 17}
pounds. As soon as the lake is free from ice salmon-fishing begins,
the fish being then in eager pursuit of the smelt (Osmerus mordax),
which are running up the streams from the lake to spawn. The smelt
is the principal food of the salmmon at this and other times. When
the run of smelt is over salmon-figshing is considered as at an end, owing
to the erroneous assumption that salinon will not bite again during the
season. Although fishing lhias of late been comparatively poor and has
apparently not been improved by the planting of many thousauds of fry,
the salinon are still fairly numerous, as shown by the numbers observed
on the spawning-beds in fall. An abundance of natural food may have
caused the recent diminished catch; this theory is entertained by
gome persons. Another explanation is that the fish descend to the sea
over dams and other obstructions which prevent any return to the lake.

Whether the landlocked salmon is a distinet species or only a variety
of the sea-going fish (Salmo salar) is a question not yet settled to the
satisfaction of all zoologists, for the reason that no one has had material
enough for study to enable him to reach a definite opinion. The indi-
cations are that further research will reveal enough structural differ-
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ences to establish the landlocked salmon of the Sebago system as a
species distinct from the sea salmon, unless intergradations be found
through the various forms of landlocked salmon of Sebec Lake, Union
River, Grand Lake,and the Canadian streams.

Salmon locally known as ¢ jumpers” are found in the Presumpscot
River throughout the year, and may be taken at all times with artificial
fly or other lure; they douot enter the lake. These fish differ in size
and color from the regular lake salmon, and reach maturity when 10 or
11 inches long. Their maximum weight is 4 pounds, but the average is
only 1 to 14 pounds. The jumpers » subsist largely on insects and
insoct larvie. A eritical examination of the large series of those fish
that was preserved may show that they are specifically distinct from
the landlocked salmon, although it is more probable that they will
prove to be simply the landlocked form that has been modified by a
restricted habitat.

Swmelts are the most abundant fishes inhabiting the lake. During
warm weather they live at a depth of 100 to 150 feet. At times they,
rise to the surface, and for some unknown reason migrate in large
bodies, acres in extent, from one part of the lake to another. During
such movements salmon may usaally be observed in the vicinity. The
Sebago smelts represent two forins, one reaching maturity when 5 or
6 inches long, the other becoming much larger (from # to 13 pounds).

Other species inhabiting this lake are brook trout (Salvelinus fonti-
nalis), pickerel (Lucius reticulatus), horn-pout (Ameiurus nebulosus),
sucker (Catostomus commersonis), eel (Anguilla chrysypa), sun-fish (Hu-
pomotis gibbosus), black bass (Microptor&s dolomieu), yellow perch (Perca
Savescens), white perch (Morone americana), fresh-water cusk (Lota
maculosa), and various cyprinoids.

Little Sebago Lake has « fish fauna similar to that of the larger lake,
but, so far as known, contains no salmou. Black bass and pickerel are
the principal game-fish, the former being very abundant and attaining
a large size. Thomas Pond is connected with Sebago l.ake by a short
stream obstructed by a milldam. Tront-fishing is good here in spring
and summer, and an occasional salmon is taken, but it is always a long,
slender male, known as a ¢ racer,” probably a survivor of plants wade
in the pond a number of years ago. [Panther and Rattlesnake ponds
contain trout, and have been stocked with salmoun ; the latter, however,
are never caught, although sometimes observed in Panther Pond on
gravelly shoals in fall.

GREAT SALT LAKE.

For » number of years the citizens of Utah have from time to time
agitated the question of utilizing for fish-cultural purposes the waters of
Great Salt Lake, and have expressed the wish that the general gov-
ernment, through the U. S. Fish Commissiou, would make the necessary
investigation to determine the feasibility of the project. The Conmnis-
sion has also been importuned to make experimental plants of fish and
other animals in the lake and its tributary streams. While it was
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known that the salinity of the open lake is so great as to preclude the
possibility of the acclimatization of useful marine animals, it had been
suggested that in certain bays or arms of the lake, in which the rivers
discharge, and where the density is lowered to a point somewhat less
than that of oceap water, it might be possible for oysters and clams,
crabs, terrapins, and even fish to survive and multiply.

In September, 1898, Dr. H. I'. Moore was ordered to Utah, and spent
about 2 month in studying the physical conditions of this lake near
the mouths of Bear, Weber, and Jordan rivers, and in ascertaining the
availability for aquiculture of several brackish springs in the vicinity
of the lake. A report* on this investigation will be found amoung the
appendices in the present volume,

Great Salt Lake has a length of 80 miles and a maximum width of
35 1niles, the area in 1898 being about 1,750 square miles. The drainage
area of the Great Salt Lake basin is about 54,000 square miles. Nearly
all the fresh water entering the lake is discharged by the three rivers
pamed. The density of the open lake in November, 1897, was 1.168, or
more than seven times the maximum density in which oysters will grow.

It was appreciated by the Commission at the outset that the only pos-
sible chance for acclinatization experiments was in those parts of the
lake where the rivers debouched. It was found, however, that the zone
of mixed water was not ouly very narrow, but also had no fixed posi-
tion, moving irregularly back and forth under the influence of several
agencies beyond control. To attempt, therefore, to introduce oysters,
crabs, or marine fishes in the lake would be manifestly useless. The
objections to the planting of suth animals are based on physical rather
than on biological conditions, as there is an abundant food supply,
brine shrimp ( Artemia gracilis), insect larvwe, and minute plants being
very numerous. While it is not improbable that oysters could be
raised in suitably counstructed ponds fed by some of the brackish
springs, the venture would be costly and might not prove financially
successful, even if feasible as an experiment.

While the results of the investigation were thus entirely negative as
regards the praeticability of introducing useful animals into the lake,
the work was useful in setting the question at rest and in providing
definite data with which to answer those persons who have cherished
the belief that the lake might be thus utilized.

Attention may be drawn to the probability of increasing the fish
supply of this region by introducing cat-fish and other hardy species in
the fresh-water sloughs near the mouths of the rivers. Efforts to secure
a run of shad or other anadroinous fishes in the rivers entering thelake
will, however, undoubtedly fail. Considerable numbers of young shad
have been deposited by the Commission in these streams, but there are
no evidences of their survival.

*An inquiry into the foasibility of introducing useful marine animals into the
waters of Great Sult Lake. By H. I*. Moore. Report U. 8. IFish Commission 1899,
PP 231-250.
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DISTRICT OF COLUMBIA.

- Btudies of the fish life of the District of Columbia and vicinity, which
had been in progress for several years, rggulted in the preparation of
a preliminary report* on the subject by Dr. H. M. Smith and Mr. B. A.
Bean., Although the food and game fishes of the region have received
considerable attention, there has been little notice taken of the smaller
species which are important as food for the others, and no list of the
fishes of the locality has been published.

The observations and collections so far made show a more extensive
fish fauna than has geuerally been attributed to the region, while
further inquiry will doubtless disclose the occurrence of other species.
The number of species at present known is 81, of which about 30 are of
direct economic value. The work of the Commission in acclimatizing
useful fishes has been very successful in the Potomac, some of the best
species having been introduced. Among those which have become
abundant are the large-mouth black bass, small.-mouth black bass,
calico bass, and crappie. One ot the most interesting features of the
District fauna is the regular or accidental appearance of typical salt-
water fishes, about a dozen of which have thus far been recorded.

SAN PEDRO RIVER, ARIZONA.

This stream is one of the southern tributaries of the Gila River, a
branch of the Colorado. It rises in Mexico and pursues a northerly
course of about 130 miles in Arizona before joining the Gila. The fish
fauna of the river has been practically unknown. In the spring of
1899 Dr. P. H. Kirsch, formerly fish commissioner of Indiana, but now
residing in Arizona, volunteered to make an examination of the fish
life of this river for the Commission and prepare a report thereon. The
inquiries began in the vicinity of Benson, aud will be extended so as
to embrace the entire basiu ot this river.

BASIN OF THE COLUMBIA RIVER.

Lake Chelan, Washington.—In August, 1898, Prof. B. W. Evermann
visited Lake Chelan, Wasbington, for the purpose of determining the
general features of the fish fauna, and whether any species of salmon
resort to it or its tributaries for spawning purposes. This lake is one
of the largest bodies of water in the interior of the Northwestern States,
and is by far the largest lake in Washington. It is located wholly in
Okanogan County, and extends in a geunerally northwesterly direction
for 60 or 65 miles, its width varying from three-fourths of a mile to 2
miles, It occupies the bed of an old glacier, and on the north is sur-
rounded by high mountains of the Cascade Range, but at the lower end
there are only hills. The lake discharges into the Columbia River
through an outlet—the Chelan River—8 or 9 miles long, the descent
from the lake to the Columbia of 445 feet being broken by a series of
Fapids and cascades. While the falls are quite high during low water,
1t is thonght they do not coustitu‘te a barrier to passage of fish when

—_—

* List of fishes known to inhabit waters of the District of Columbia and vicinity.
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there is high water in the Columbia. The lake water-is very cold, but
never freezes except in the bays. The elevation of the lake surface is
1,108 feet; and the maximuig known depth is 1,449 feet.

Among the fishes inhabiting the lake are the following, all of which
are more or less abundant: Bull trout (Salvelinus parkei), lake trout
(Salmo clurkii), sucker (Catostomus macrocheilus), squaw-fish (Ptycho-
cheilus oregonensis), chub (Mylocheilus caurinus), white-fish (Coregonus
williamsoni), and fresh-water cusk (Lota maculosa). 1t is the general
opinion among people living in the vicinity th.\t no kinds of salmon
ever reach the lake. Further study of the fishes “and the other animal
resources of this lake would prove interesting, and a small party might
well devote a season to the investigation.

Kootenay Lake and River.—Kootenay Lake and its tributaries are
in the basin of the Upper Columbia River, and are of importance in
connection with the extensive studies of the salmon and other fishes
of that streamn that have been carried on by the Comnnission in recent
years. The Kootenay is a large stream rising on the slopes of Mount
Stephen and Mount Lefroy in British Columbii; it flows south into
Montana, then west and northwest through Idaho, and then back into
British Columbia, where it widens into Kootenay Lake, which extends
north and south about 100 miles. The lake is peculiar in having its
outlet on the west side about equally distant from the two c¢uds, aud
the flow of water is thus from both ends toward the middle. The.
outlet, Kootenay River, is about 50 miles long, and flows into the Colum-
bia. It is a very rapid stream, full of cascades and turbulent rapids.
Altbough perbaps no one of tue falls forms a barrier to the ascent of
salmon, it seems almost impossible that fish woulil be able to surmount
the entire series. For a distance of about 90 wiles the upper part of
Kootenay River is approximately parallel with aund only  few miles
from the Columnbia, but flows in an opposite direction. It then trends
toward the west and runs within a few rods of Upper Columbia Lake,
the source of Columbia River. It is reported that several years ago a
channel was ent between these waters and that boats were thus enabled
to pass from one to the other; though no longer used for such purposes,
the water connection is said to still exist.

A p:ellmmzuy examination of this region was made by Prof. B. W.
livermann in August, 1598. Kootenay Lake was visited at Nelson, Brit-
ish Columbia, 200 miles north of Spokane, Washington, and ingniries
a8 to the lake and river were made at Bonuers Ferry, Kootenay IFalls,
and Yakt, on the Great Northern Railroad. The fishes ascertaived to
iuhabit these waters include sucker (Catostonus macroe I«cttua) squaw-
tish (Ptychocheilus oregonensis), white chub (Mylocheilus caurinus), sev-
eral trouts (Salmo), locally called “ lake trout,” ¢ brook trout,” “rainbow
trout,” and ¢salmon trout;” white-fish (Coregonus williamsoni), and
red fish (Oncorhynchus nerka). 'The small form of the red-fish was found
in several creeks in the vicinity of Nelson, and seems to be generally
distributed throughout the region. It is utilized to a limited extent for






