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

By Huan M. SMith, Assistant in. Charge.

RIVER AND LAKE FISHES OF MAINE.

The fresh-water inquiries in Maine, referred to in previous reports,
were continued in 1900 by Dr. William C. Kendall. In the latter
part of the summer and early fall the Sebago Lake region was visited,
principally with a view to obtain further data on the spawning of
the native salmon (Salmo sebago). It was observed that there are
distinet spring and fall runs of these fish into the streams for feeding
and breeding purposes respectively. The spring salmon cnter the
streams in pursuit of smelts, and at that time will take the hook. They
return to the lake with the downward movement of smelts. The fall
fish very seldom bite. These facts suggest an explanation of similar
habits in thesea salmon.  The early seasalmon take the hook, while fall-
salmon seldom, if ever, do. It is quite possible that the early run isf r
feeding purposes. The fact that food is seldom found in the stomachs
is not proof that the salmon do not feed, for after confinement in traps
or when caught in gill nets they naturally get rid of their stomach
conlents, perhaps by disgorging, but more likely by digestion.

Some interesting notes were obtained on the habits of fresh-water
smelt in Sebago and Liftle Sebago lakes. Later Lake Auburn was
visited and a collection of the native fishes was made. Iere Hon.
I1. O. Stanley, one of the State {fish commissioners, rendered assistance
in various ways. A short trip was made to the Rangeley Lakes, in
order, if possible, to study and collect the blueback trout (Salvelinus
oquassa), but only one specimen was obtained. The fish have become
scearce alost to extinetion, but in the last ten years they seem to have
changed their habits to some extent and have inercased in size.  For-
merly a fish 10 inches long was the largest, and a weight of one-fourth
of a pound was probably the heaviest.  T'he specimens now caught on
ly or spoon, or by bait-fishing at the bottom, weigh as much as 24
pounds  This inerease in size is aseribed to the abundance of smelts,
the result of the plants made about 1851, '

Sebee Lake, one of the original landlocked-salmon lakes, was also
visited. It was learned that there the salmon had the same migratory
habits as the Scbago fish. From there Dr. Kendall went to Mataga-
mon or Grand Lake, near the headwaters of the east braunch of the
Penobscot. A few years ago o gentleman from New York called at
the Fish Commission Office in Washington to ascertain the identity
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of some small trout or salmon-like fish that he had ecaught at the upper
end of the east branch below the foot of Grand Lake.. ITe reported
that they ran from 6 to 10 inches long and were sexually mature at
that size. These interesting fish seemed to be identical with the
small salmon found in the Presumpscot River below Sebago Lake. A
specimen of a ripe male only 6 inches long was obtained. No adult
salmon were observed there, though it was learned that not longer
than four years ago they were plentiful on the spawning-grounds
within 2 miles of the dam at the foot of Matagamon Lake.

At least 17 species of fishes inhabit Matagamon Lake and neighbor-.
ing waters. At one haul of a 12-foot seine in the mouth of a small
brook 12 species were obtained. Of these, 3 were previously unknown
from Maine waters, and the recorded range of ‘4 more was extended.
The most interesting feature of this collection scientifically was the
discovery of 2 unrecognized species of the minnow Leuciscus and the
occurrence of the minnow Notropis muskolka, previously recorded only
from Muskoka Lake, Ontario, together with the finding of the ‘“shore-
fish” (Fundulus diaphanus), the stickleback (Gasterosteus atkinsti),
and the chub (Semotilus atromaculatus) in these new localities.

" Incidental to the clam-planting experiments on Casco Bay, a number
of interesting observations were made in the ITarraseekett River, a
tidal estuary. The usual littoral fishes of the region were found in
abundance. Young blue-fish (Pomatomus) were very common, and
some had been seen the previous season, when they were supposed by
fishermen to be butter-fish (Poronofus). Their presence in such large
numbers is remarkable, since_adults of this species have not been
noticed in these waters, and only now and then has one been caught
in pound-nets in the outer waters of Casco Bay. In October young
menhaden (Brevoortia) from 3.75 to 4.75 inches long were seined, and
were also observed in brush weirs. The young of this species had not
before been positively known to occur on the Maine coast. White
pereh (Morone) were uncommonly numerous, and the fishermen, owing
to their unfamiliarity with the species because of its provious scarcity,
identified it as the sea bass. On October 21 a jumping mullet ( Mugsl
cephalus) was taken in a weir, this being the first record of the occur-
rence of this southern species in Maine waters.

MODEL STUDY OF AN INDIANA LAKE.

In the summer of 1899 the Commission began a physieal and bio-
logieal survey of Lake Maxinkuckee, Indiana, the desire being to
make such a study of this lake as would serve as a model for the
investigation of all similar lakes. The objects and scope of this
inquiry are indicated in the report for 1900. It very early became
manifest that satisfactory data coneerning many of the problems that
came up for consideration could be secured only by carrying on the
observations throughout at least one entire year. Therefore, when the
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work was resumed July 1, 1900, it was with the intention to continue
as many of the lines of observation as possible until July, 1901.

The investigations were again placed under the direction of Dr.
B. W. Evermann, who, during the summer months, had the following
assistants: Dr. J. T. Scovell, teacher of biology, Terre Haute, Ind.,
High School, whoso time was devoted chiefly to a study of the plants
of the lake and its immediate shores; Mr. Leonard Young, teacher of
biology, Evansville, Ind., High School, who was put in charge of the
plankton investigations; Mr. Millard Knowlton, student, Indiana State
Normal School, and Mr. II. W. Clark, of Fort Wayne, Ind., general
assistants, and Mr. W. F. Ilill, assistant engineer, U. 8. Fish Commis-
sion, who, with Prof. R. G. Gillum, teacher of physics and chemistry,
Indiana State Normal School, and Mr. T. B. Evermann, student,
Cornell University, made the survey for accurately mapping the lake.

This survey was completed early in September, and the volunteer
assistants returned to their respective school and college duties about
the first of September, leaving ouly Dr. Evermann and Mr, Clark to
continue the investigationsduring the fall.  When the former returned
to Washington Mr. Clark remained at the lake and carried on the
observations during the winter and spring.

The results of Mr. Clark’s observations are important and interest-
ing. They cover a period of the year during which but little study
has been given to any American lake, and it is believed that they will
add materially to a knowledge of the physics and cecology of small
lakes. DPerhaps the more important series of observations made
during the winter pertained to the behavior of various species of
fishes, mollusks, turtles, and aquatic plants, the feeding of coots and
other water birds, the series of temperature records, and the action
of the ice in its relation to the life in the lake and in modifying the
shore line. In spring the observations regarding the breeding times,
habits, and places of the different species of fishes, turtles, frogs,
crustaceans, and mollusks, the growth of the aguatic plants of the lake,
and the development of the plankton were of much interest and value.

The report on these investigations is now in preparation, and when
published will constitute a fairly complete monograph of Lake
Maxinkuckee.

BIOLOGICAL SURVEY OF THE GREAT LAKES.

This work, which had been in progress for several years, was
continued under the direction of Professor Jacob Reighard, of the
University of Michigan. The plan of operating a central laboratory
at Put-in Bay, which should serve as the headquarters of the survey,
was temporarily abandoned, and a number of independent inquiries
were taken up by field parties.

One of the most important of the fundamental biological investi-
gations which must be undertaken in lakes is the nature, abundanece,
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and distribution of the minute floating organisms comprehended
under the general name of plankton, for it is on these that all the
fishes and other large forms are ultimately dependent “for their food
supply. Besides the mere determination of the species of animals
and plants which comprise the plankton, if. is desirable to ascertain,
by means of specially devised apparatus, its volume and its vertical
distribution. Since 1898, Professor Reighard, in association with
Prof. II. B. Ward, had been at work on a net which would register
automatically the volume of water from which a given amount of
plankton had been abstracted; and thissubject was continued in 1900.
During the summer of 1899, it had become evident that, in order to
determine the amount of water passing through a plankton net when
in use in the lake, it would be first necessary to ‘‘rate” in a labora-
tory the meter placed in the net opening for the purpose of indicating
the rate of flow of ths water through the opening. It was required
to measure the volume of water passing through the net opening at
different net velocities in a unit of time, and to determine the number
of revolutions of the meter corresponding to such volume for each
velocity. This could be done only in a hydraulic laboratory, and
after investigation it was decided to make use of the facilities of the
hydraulic laboratory of the Ohio University at Columbus, Ohio. The
Commission had the services of Prof. William T'. Magruder, of the
Columbus laboratory, and the rating was carried out under the joint
direction of Professor Magruder and Professor Ward.

The work of practically testing the efficiency of plankton nets was
then transferred to Put-in Bay. Ilere four nets were constructed of
bolting cloth of four different degrees of fineness. Each of these nets
was then hauled repeatedly in the open lake from the steamer Shear-
water, and about seven hundred such hauls were made. The auto-
matic record of each haul showed the time occupied by the haul
(recorded in fifths of a second) and the number of revolutiouns of the
meter during the haul. From the curve constructed from the labora-
tory tests it was possible to determine the amount of water filtered by
each net during the entire haul, as well as during each fraction of the
haul. The results so far obtained may be stated as follows:

1. All of the nets experimented upon become clogged during the haul, so that
they filter less water toward the end of the haul than at its beginning. This clog-
ging is 8o serious as to make it doubtful whether such nets can be, in any way,
made to yield quantitative results ot value.

2. The records show that the pitching of the boat affects the agount of water
passing through the net, a downward motion of the boat decreasing the amount
and an upward movement increasing it.

3. The records show that currents in the water or the drifting of the boat
noticeably increase the amount of water passing througi the net.

4. It was rendered probable that the nets filter & much larger part of the water
through which they are drawn than the work of Hensen has indicated.

This work yields the first direct measurement of the water passing
through a plankton net, and when completed will show under what
conditions, if at all, such nets may be used. The conclusions stated
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abovoe involved the careful tabulation of all the meter records, a tedi-
ous operation involving a large amount of calculating. This work
was completed in December. Upon discussing the results with ecom-
petent physicists and engineers it seemed best, in order to avoid all
possible sources of error, to continue the work for a short time during
the summer of 1901. By making slight alterations in the apparatus
it is hoped to reduce to a4 minimum some of the unavoidable errors.

The work on the biology of the plankton alge of Lake EKrie was
continued by Dr. Julia W, Snow in the botanical laboratory of the Uni-
versity of Michigan. Material collected at Put-in Bay was frequently
forwarded to Dr. Snow in the living condition and was used in prepar-
ing cultures. The results of Dr. Snow’s work during the summers
of 1898, 1899, and 1900 have been embodied in a paper, with numerous
colored figures, which is an important contribution to the subject.

Mr. R. H. Pond continued his investigation on the source of nutri-
tion in the larger aquatic plants. This work was carried on chiefly
at Ann Arbor by means of aquarium experiments. Mr. Pond also
visited PPut-in Bay at intervals and there conducted experiments in
which large numbers of aquatic plants were cultivated nnder various
conditions. Briefly stated, Mr. Pond’s work shows that in the case
of several species of the larger aquatic plants there is, contrary Lo
the usual opinion, undoubted dependence on the soil for nutrition.

In April, 1901, an investigation of the breeding habits of the stur-
geon in the rivers of western Michigan was undertaken by Prof. S. O.
Mast, of Hope College, ITolland, Mich. A study was made of the
ascent of western Michigan rivers by this fish, with a view to deter-
mining where fish might be obtained for artificial propagation. Mv.
Mast collected a considerable body of facts by correspondence and
made some observations in person. The observations show that the
sturgeon still ascends these rivers (Kalamazoo, St. Joseph, Grand, and
Manistee) in small numbers, but it is not apparent that artificial
propagation on a profitable scale could be undertaken there.

In May and June Professor Reighard maintained, under the auspices
of the Commission, an observation camp on the Huron River, Michi-
gan, for the purpose of studying the breeding habits of various fishes.
Among the species to which special attention was given was the dog-
fish (Amia calva), which wvas under constant observation from the
time the young fish, attended by the males, left the nests in swarms
until they had attained a length of 34 inches. The adult fish also
came in for study. Other species which were studied in some detail
were the common sun-fish (Eupomotis gibbosus), the bullhead (Amei-
urus nebulosus), and the black bass (Mrcropterus).

The large collections of invertebrate animals of Lake Krie obtained
since the beginning of the survey have been distributed as follows for
study and report: Mollusks, to Mr. Bryant. Walker, of Detroit; nemer-
tine worms, to Dr. C. M. Child, of the University of Chicago; leeches
and oligocheetes, to Dr. .J. P. Moore, of the University of Pennsylvania;
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bryozoa,to Dr. C. 3. Davenport,of the University of Chicago; cladocera,
to Prof. E. A. Birge, of the University of Wisconsin, andflat-worms, to
Myr. Raymond Pearl, of the University of Michigan.

NATURAL HISTORY OF THE CALIFORNIA SALMON.

Mr. Cloudsley Rutter, scientific assistant, has continuned his studies
of the salinon of the Sacramento basin. His field observations on the
migrations, habits, food, diseases, etc., of the adult and young salmon
have been supplemented by laboratory work addressed to the embry-
ology, anatomy, and histology of the species. Much new information
has been acquired, and additional or confirmatory data have been
obtained on subjects previously considered. .

Among the topics to which special attention was given, conclusive
evidence has been obtained as to the essential completeness of natural
spawning and of natural fertilization. It has also been shown that
the death of the female salmon after spawning is not due to exhaus-
tion incident to the spawning process, and that the fish remain on the
spawning-grounds even after all the eggs are extruded and continue
the spawning exertions until death. Some interesting observations
were made on the diseases to which the spawning fish are subject,
fungus and gill parasites being very destructive in September, but
of only slight effect in November. Some additional facts in regard to
the migrations of adults and fry were secured; but the rate of migra-
tion of adulfs is still an unsettled question and should be further
investigated. It would be useful for the fish-culturists on the upper
waters of the Sacramento to know definitely when to expect a run of
salmon that had passed a given point in the lower river—say, Sacra-
mento—at a certain time.

It has been approciated that by tagging or branding much light
may be thrown on the growth and movements of salmon that could
not be obtained in any other way. Accordingly, tests have been made
of the relative advantages of tagging fish, of marking numbers or
characters on their cheeks and opercles, and of mutilating non-vital
parts in various ways. Some 10,000 eggs were set aside with a view
to holding the resulting fry until the fall of 1901 and liberating them
after marking. .

A complete study of the circulatory system of the salmon, with
drawings, has been made; a full set of drawings has been prepared,
showing the changes in the alimentary tract of the salmon during
migration, and material has been preserved for histological study of
the various organs and tissues. Series of specimens for a full embryo-
logieal study have been prepared.

In the course of the work along the river a new stream was found
affording special facilities for artificial propagation, especially in dry
seasons, like 1900, when many of the fish fail to reach the upper
courses of the river. This stream, Mill Creek, is already provided
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“with a dam, and in 1900 would probably have yielded three or four
million eggs.

At times from July to December, 1900, Mr. I¥. M. Chamberlain,
assistant of the Commission, was engaged in an investigation which
had its origin in the continued reports of a periodic mortality among
the fishes of the Sacramento River between Keswick and Redbluff,
this mortality being chiefly noticeable among the salmon at the time
when they were ascending that part of the river in abundance on their
way to the spawning-grounds. These reports were current topics of
conversation among the citizens of Redding, Anderson, and neigh-
boring communities, and, owing to the undoubted veracity of the
people who claimed to have personally noted this mortality, it became
necessary for the California State IFish Commission to take the matter
in hand. Asthis remarkable death rate had not been noticed previous
to the extensive operation of the copper works at Keswick, and as
those works are known to dump their waste into an affluent of the
river, popular rumor at once assigned the mortality to this cause.

During the summer of 1899 Mr. N. B. Scofield, an assistant of the
California Fish Commission, was detailed to make an examination of
the conditions existing in the river at the aflfected point. Ie carried
on a series of experiments mainly directed to the effect of the drain-
age from the works upon the salmon fry. The matter of the supposed
injurious effect of the smelter refuse was first officially brought to the
attention of the U. 8. I'ish Commission by the superintendent of the
Baird station in 1899. As this was a matter that ordinarily comes
wholly within the province of the State authorities, and affected the
government only through the diminution and eventual destruetion of
the hatchery operations at Baird and Battle Creek in case the notice-
able decrouse of the salmon run was traceable to the alleged causes,
no investigation was then undertaken by the U. S. Fish Commission
and the matter was dropped for the time being, though verbal reports
of numbers of dead salmon in the river continued from time to time
to reach the station. In June of tho following year, however, the
testimony of reputable citizens of Redding so strongly substantiated
reports of a remarkable and unnatural mortality among the salmon
then ascending to their spawning-grounds, that the superintendent
was impelled to again lay the matter before the Washington office, at
the same time suggesting that an investigation be made. Accordingly,
Mr. Chamberlain was directed to begin an examination of ‘‘the phys-
ical, chemical, and biological conditions of the various parts of the
river where the fish are affected.”

Personal inspection of the river in the vieinity of the copper works
diselosed (1) the presence of many dead fish, not only salmon, but
trout, suckers, earp, ete., either in the water or on the banks near the
water line, and (2) the discharge of particles of slag and chemicals
into the Sacramento from the turbid creck on which the smelter is
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located. On sand bars in the ereek there was found an abundant
deposit of copper salts, and a preliminary test demonstrated the pres-
ence of large quantities of acid, copper, and iron in the creek water
discharged into the river. 1t was thought advisable to take advantage
of the run of adult salmon at the Baird and Battle Creek hatcheries
for the purpose of conducting a series of tests as to the susceptibility
of fish to the materials in the water.

Careful experiments properly controlled established the fact that
copper sulphate in solution is decidedly injurious to fish life, and
even in amounts as small as one part to 582,000 parts of water caused
the death of salmon in a few hours. Other copper salts and free
sulphuric acid, the product of mining and allied operations, were also
injurious, but not so markedly as copper sulphate. The manner of
death resembled that of the death of fish from simple asphyxiation
from the products of their own respiration. Questions are raised as
to the exact rdle of the salts in causing death (whether absorption and
resulting poisoning of nerve centers, or peripheral irritation at gills
and skin, or a destruction of the osmotic function of gills and conse-
quent asphyxiation), and whether the metal or acid component of the
salt is the more active agent.

Copper sulphate is produced at the ore deposits by natural causes,
and leaches into the drainage of the region. This process has beon
in operation continuously, and is increased upon opening the depos-
its by the greater oxidation permitted. The extensively practiced
process of roasting ores produces large quantities of copper sulphate
and of sulphuric acid, both of which find their way into the drainage,
which is acid in the immediate vicinity and so heavily charged with
copper that efforts are made to save it by precipitation in tanks.
The smelting yields the slag which is turned into the streams and
which has been popularly supposed to be the chief factor in the
mortality of salmon. It is compuratively unimportant, however, and
the smelting process adds but little to the pollution from mining and
roasting. While the small tributary which carries the drainage from
the mines investigated is acid and has no fish life whatever, the Sac-
ramento itself is mainly alkaline.

There has been for three seasons an undoubted falling off in the
salmon on the batching-grounds, while there is not apparent a corre-
sponding diminution in the fish entering the river at its mouth.

The case against the mining and allied operations is not proven, as
it, does not yet appcar certain that the mortality known to occur is due
vo artificial conditions; and if so due, that these conditions consist in
the products of iining, roasting, and smelting thrown into the stream.

Mr. Chamberlain’s summary of the results of his observations and
experiments is as follows:

It is well known that during the past three seasons the salmon run at the

spawning-grounds has fallen off to a point where the suspension of the fish cultural
work is threatened. At the same time the fishing at the entrance of the river
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ington. This, with similar material from other waters taken at various
seasons, will, when studied, be sufficient; to establish the food of the
carp—a question about which conflicting opinions arc held—and also
afford a basis for comparisun of the food of other fishes with similar
habits found in the same waters.

Some cursory observations on the food of carp and buffalo-fish were
made incidentally to the collecting and preserving of their viscera.
The season was apparently the least favorable for finding large quan-
tities of food, but this was anticipated; and the material probably
shows adequately the food for the season. The stomachs were usually
empty. The food was largely microscopic and contained in what was
apparently a mass of mud passed on into the intestine, where, rather
than in the stomach, doubtless the digestion of such nutritive ele-
ments as the mud contained occurred. TFood portions recognizable
macroscopically were rarely seen. In a few cases fragments of higher
water plants, such as Ranunculus, were found in the wsophagus and
may have been taken in accidentally. The color of the small amoant
of fluid contents often found in the stomach indicated that green
algse had been fed upon. In the Maumee River carp fed constantly
and largely upon whole wheat lost in the river a season or two previ-
ously by a grain elevator fire.

Observations carried on from Central Station in the Potomac River
near Washington, D. C., during the spawning time of the shad have
shown that the carp is not at all destructive to shad spawn, the carp
not frequenting that part of the river bottom where the shad resort
for reproduction. ' ,

Cat-fish are known to consume immense quantities of the spawn of
shad and other river fishes, and, with the eel, must be reckoned among
the most destructive of the natural enemies of the shad in all the
streams of the Atlantic coast. A seine haul on Albemarle Sound,
North Carolina,witnessed by the writerin April, strikingly exemplified
the spawn-eating proclivities of the cat-fish. A large shad seine was
hauled in the early evening over a ground where a school of shad had
apparently just spawned. Many shad and alewives were caught,
but the principal part of the catch consisted of about 5,000 cat-fish
(Ameiurus albidus), ranging in length from 6 to 18 inches, every one
of which, so far as observation went, was gorged with shad eggs.

EXAMINATION OF WEST VIRGINIA STi!EAMS.

The examination of the general physical and biological characters
of the streams of West Virginia, and more especially the nature and
abundance of the fish life, was continued in the summer of 1900 by a
party in charge of Mr. W. P. Hay. Field work began at Hinton in
July, and was carried on for two months, during which time numerous
streams in the southwestern part of the State, tributary to the Ohio,
were visited, and extensive collections of fishes and other water ani-
mals were made.






