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APPENDIX.

1.—FISH COMMISSIONS.—AN HISTORICAL SKETCH.
S

DR. JOEL C. PARKER.

™ One of the first and most pertinent questions asked in this utilitarian age,
of any investment, whether public or private, is: - Will it pay? And of no
subject of a public nature has this been asked with more pertinacity than of
the establishment, endowment and continuance of the Fish Commissioners in
the several states of our union and that of the general government.

It is a fair and honest question, and a sincere desire on the part of the
commission of this state to answer it fairly and honestly is the object of this
paper; and to do this, it seems quite to the point to review the reasons that
firat led to the establishment of such commissions; their success and failure
so far, and to predicate from what has been done what may reasonably be
expected for the future.

It is generally conceded that the first successful modern experiment in the
artificial, propagation of fish was made by Stephen Ludwig Jacobi at Hoen-
hausen, in Westphalia, in 1784, and was carried on successfully on the Jacobi
estate for a period of more than eighty years; but the time had not yet come
when public attention could be aroused to the gradual but sure decrease in
the food supply furnished by the waters of the seas and rivers. Although
these experiments were known among the more progressive nations throughout
the world, yet nearly a hundred years elapsed before any particular attention
was again called to this subject. At this time, 1842, an illiterate fisherman
living among the mountain streams of the Vosges—Joseph Remy by name—
re-discovered the fact that the eggs of the brook trout could be artificially
fecundated and hatched, and in conjunction with a companion, Antoine Gehin,
the work was carried on until it became publicly known.

This was the germ out of which has grown the extensive and important
system of fish culture; for as soon as it was demonstrated that one variety of
fish could be successfully increased many hundred fold, the question of why
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duced, against 25 in the natural way. It is perfectly plain, then, that the

product of one fish artificially handled, is nearly equal to 1,000 fish left to

natural methods.

From meagre reports collected, the amount of whitefish caught in 1885-

86-87 was 13,572,370 pounds, an average of 4,524,723 pounds for each year.
The average weight of each fish is two pounds; 2,262,061 would represent the
number caught.  Admitting that this is an adequate supply for the country,
and if continued the supply would remain constant, then the number of
female spawning fish necessary to maintain this supply naturally, would be
90,482, and by the artificial method, 100 would suffice. Admitting that by
either method the young reach maturity, and the chances are equal, then as
soon as it can be ascertained—if it ever can be—how many fish a given arca
of water will support, it will only be a question of arithmetic as to how many
fish we must plant each y&wr to keep up the supply, and just what it will cost
to produce them. The most important factor, after all, and the one to which
the least attention has heen paid, is that of food for the fish we plant; prob-
ably the greatest failures made by the commissions are those depending upon
a proper food supply. It was almost taken for granted. by all primitive fish
culturists, that as all fish lived in water, therefore they would live and
thrive in ali waters; and so in the early days of fish commissions thousands
of fish were planted in unsuitable waters, and failures followed as a matter of
course. In this state considerable nnmbers of whitefish and lake trout
were planted in the inland lakes, and with the possible cxception of a few
planted with whitefish, were blooming failures. The cel experiment was
apother brilliant generalization. It was well known that the eel lived and
throve in the dull, muddy water of the east, and it was very reasonably sup-
posed that if transported a little further west he would be just as prolific and
toothsome as in the east; the failure in this case was not one of food, but one
of reproduction. We did not know then as well as we do now, that it was the
unvarying law of nature that the eel should go to the salt water to propagate
his species, and therefore we brought several millions of eels and distributed
through the state; they have grown to a large size, many of them, but have
failed to furnish any “little ones.”

The distribution of the California salmon has been another enrious experi-
ment. Planted in our brook-trout streams as ‘¢ fry,”’ they remained and
throve until the second year, when they disappeared eutirely. From those
planted in this state a few have been captured in the great iakes, these had
grown to several pounds weight. In c¢astern waters, where the conditions
seemed as favorable as in the waters of the Pacific, no results were obtained,
while on the other hand the eastern shad, (ransported to the west, has so re-
produced and multiplied that specimens have been gathered from San Diego
to Oregon, and his place among the food fishes of the west become a material
and economical fact.

Of foreign fish introduced, the German carp has proved the most succeas-
ful, and is to-day distributed and being successfully cultivated in nearly every
state in the union. And so in experimenting, successes have more than
balanced failures, and while many plans and theorics are still tentative, or
even questionable, still in its broadest generalization, fish propagation, as a
great public benefit, has passed the experimental point, and beconie a fact of
national importance.
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The expenditure for ¢ fishery service’’ for the entire Dominion for the
year 1883 was no less than $114,673.76, and in 1884 was $116,531.66, of which
the amounts for the province of Ontario were as follows:
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Purpose. 1883. 1884,

! m E
AMBRICAN FISIIERIES OF TH

£13,602 00 | $15,192 73
10,144 95 &011 17

g o0 <.

ANADIAN AND .
2.—THE 0O GREAT LAKES.

. Fishery officers, salarles and expenses....
Wish-breeding...._.... . e etvem e

$23,746 95 | $23,203 90

The total expenditure for fish-breeding in the Dominion for 1883 was
. : $25,776.87, and the amount for £

shery officers was $62,341.43. The total
value of the fish product of Ontario for 1884 was $1,133,724.26.
* The number of men employed in this province as fishery officers in 1884
was 82, for a coast Tine no longer than that of the state of Michigan. This

number of men, designated ag ‘¢ fishery officers,”” does not include the men
employed in fish-breeding, but only those employed as inspectors, oversecers,
. and wardeas to enforce the fishery laws.
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* During 1885 the expenditure for ‘¢ fishery service ”” for the Dominion was

$153,215.56 ; for fishery officers, $77,821.67; and for fish-breeding, $43,879.82.
For the province of Ontario, in 1885, there was expended—
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cost of which was $9,476. On the basis of these figures, the ontput of young
fish is about 20,000,000 in excess of the Canadian hatchery product, while the
excess of expenditure is only about $800. 1t should also be noticed that the
expenditure in Michigan for all purposes conneeted with the fisheries was,
for 1885, but $12,000 (not including permanent improvement), against the
Canadian expense for the same year, for gish-breeding and care of the fisheries,
$25,826.13, a8 given above.

The force of this comparison will be more fully appreciated from the
figuzes given helow, which show the product of Michigan fisheries to beabout
equal to those of Ontario in weight; and if the values are computed at the
game rate as the Canadian, the total value will be about the same.

1n the seventh Michigan report (1886) the catch of 1885, as there estimated,
is 26,381,875 pounds. Adding to the amount allowed by the Canadian report
for home consumption, not reporhed, 913,100 pounds, we, have, as the total
to be estimated, 217,294,975 pounde.

This, at the rate allowed in the Michigan report (three ceuts per pound),
is equal to $318,849.25. Buat if teken as the Canadian product is, not by a
general average, but ab their figures for each species, the result will be a8

follows:

Michigan product, 1883.

Kind. i Pounds. Price.| Value.
\ J centsr.
Whitefish ..oeemmemrerTt | 90015 | 11 ¢718.821 08
Troutb...-- 5460812 | T4 410,235 90
Herring 384 | 22-5 128,510 16
Pickerel, bass. 1,330,181 | B 76,608 05
Other kinds. .-----ommoeer 5,060,603 | 8 151,818 09
TOAL . ceoemmm o om0 _.,,.,.A.._..4_,_..‘,.,,.,,,,..._,.....\ 21,204 975 51—10\31.483,89327’
Product of Michigan and Ontario, 1885.

— . - e T T T T D IS

Younds | value.
Michigan 27.294.975 | 8, 893 27
Ontario...--- 28,777,018 1,342,601 ki

Taezoan | 8141200 60

Difference...-.

The excess of the Ontario product over that of Michigan i8 thus seen to be
1,482,043 pounnds, while the value of the Michigan product is $141,201.50
above that of Ontario. This resuly-is accounted for by the larger production
of whitefish in Michigan waters, as ghown by the following comparison :

! Pounds. Value.
9985015 4718.821 08

Michigan ..o
Ontario .- - | 3g38500 | 262,50 00

\ 6,046,515 3435871 08

e

Or if the Michigan product i8 figured at what is probably the exact Ontario

o

average price, a8 their figh run, that ig 4% cents per pound, it is $1,271,945.83.
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3._SOME EXPERIMENTS WITH THE FRY OF WHITE

e

BY DR. J. C. PARKER.
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Grand Rapids, Mich.
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4.—SOME OBSERVATIONS ON THE BLACK BASS.

PAPER READ BY MR. (. F. HOLT AT THE 17TH ANNUAL MEETING OF THE AMERICAN
. FISHERIES SOCIETY.

Having resided for the past 35 years on the bank of the Thornapple river,
a favorite resort for that king of Michigan game fish, the small-mouthed
black bass, I have had ample opportunity for studying their habits, and for
the past few years have given the matter considerable attention.

They leave their winter quarters, usually under heaps of drift-wood or in
hollow, sunken logs, about the middle of April, and in a short time repair to
their spawning grounds. I am quite sure that they pass the winter in hollow,
sunken logs whenever they can, for, about the 1st of April, 1885, while
removing some drift-wood from the river, we took out one hollow log that

 contained 18 small-mouth black bass, weighing from two to three pounds

each; and again this year, at abont the same time, I found six more under
the same couditions. ‘The spawning season here beging the last week in
April.  The first bed seen in 1885 was on April 28; in 1886, April 24; and
in 1887 and 1888, April 26. The places selected are in nearly still water,
near the shore, and in water from one to two feet in depth.

The beds are circular in form, from 18 inches to three feet in diameter,
and are formed by cleaning from the bottom all sediment, sand, etc., leaving
8 bed of clean pebbles. This is the joint work of both male and female fish.
The bed having been prepared, the female then moves slowly over it, depos-
iting her ova, and the male impregnates them as fast aslaid. The eggs,
which are very small, are glued fast to the pebbles. The impregunation is
almost absolutely perfect. 1In the past three years I have examined a large
number of beds by carefully removing one or. more of the pebbles covered
with eggs, and examining them with a microscope, and have never yet found
more than one per cent. of unimpregnated eggs.

After the eggs are impregnated the male leaves to the female the whole care
of the eggs and the young brood. She now passes constantly buckwards and
forwards over the bed, the motion of her fin and tail keeping the eggs clean,
which the fact of their being glued fast permits her to do without washing
them away. The following incident will illustrate the necessity for thiscon-
stant care and attention on the part of the female, as well as point a moral,
and furnish an illustration of how the greatest possible increase of this fish
may be brought about: One evening in the spring of 1886 I noticed a *“ jack
light”” coming down the river, and I felt certain that some of my pets would
have to suffer. I had endeavored to protect them as much as possible by

requesting such neighbors as [ could reach to respect my wishes and to avoid
the beds that I had under observation. Nearly all were willing to do so, but
this time one of them made a mistake, as I expected they might, and when I
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5.—CO-OPERATION IN FISH-CULTURE.
BY JOMN H. BISSELL, OF TILE MICHIGAN FISII COMMISSION.

Within the limits properly allowed for a paper in & meeting like this, it is
scarcely possible to do more than sketch or outline a subject such as I
have chosen. I am consoled, however, with the reflection that the manner
and style will be passed with indulgence if only there be some merit in the
subjects presented for consideration, or at least good faith on the part of the
reader.

I think it is generally agreed, that fish-culture has
mental stage. It is in fact fast becoming recognized as a practical art, and
an established dopartment of civil government, its definitely ascertained
results, which are now unquestioned, fully warranting the recognition it has
received from the states and the United States. Having so attained to
the period when it is capable of being made a useful factor iy the economy of
every civilized state, the persons charged with the public duty of administer-
ing its affairs and evoking useful results from its prosecution ought ever to
be looking for reasonable and practical ways to secure it the highest degree

of efficiencv. The United States Commission with a new and broader organic
law recently adopted and put in operation, with its departments of work new-
ly recast and systematized, and under most zealous and competent guidance,
is prepared now to apply in the solution of some economic problems, the
many lessons of experiment and scientific observation, gathered aud stored
up in the past. The states which have been dealing practically with the
fishery question in the last ten years have made good progress towards reliable
and permanent methods of fish-culture, and now at length are able to bring
forward some definite and tangible proof concerning its results.

Fish-culture, when appreciated and invoked in both its branches, artificial
propagation and legal regulation, has demonstrated its ability to restore
exhausted fisheries. Of that there is no need of citing evidence to this
audience. The next forward movement toward the realization of the great
promises of the practical Art of Fish-culture, in this country is, I believe, to
be the working out of & just and comprehensive system of regulation of fish-
ing as an industry, and as a recreation. A notable feature of this movement
will be the attainment of more substantial codperation amongst the organ-

ized bodies existing for its prosecution under the state and federal govern-
ment.

passed its purely experi-
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I have in mind two principal topics: 1. Cobperation between the United
States Commission of Fish and Fisheries and the several State Fish Com-
missions; and, 2. The limited codperation possible between the com-
missions of neighboring states, or betwcen states having similar fishery
interests. I am not unaware of the fact that the United States Fish Com-
mission has heretofore codperated with the state commissions. But I wish
to call attention to the fact that such codperation can be carried out on
broader lines with advantage to all concerned.

You are all as familiar—perhaps many of you more 0, than I—with the
organizations employed in prosecuting fish-cultural work in this country, so
that no detailed account of them is necessary. Here is the United States
Tish Commission with men, with means, with appliances and with scientific
knowledge, and while doing the same kinds of work that various state com-
missions are doing, yet doing much more than any single state organization.
Here ate the state commissions each prosecuting the particular kinds of
work required by local conditions under which in the different states fish-
culture is being carried on. At the points where these different organizations

have work common to each, why may there not be cordial and eflective
Not merely the negative, of not interfering with each other,
ve working together to cconomize expenditures and effort, and

thus increage general and permanent results.

Bordering the great lakes are six states having a population of sbout
fourteeen millions of people. The fisheries of these great lakes, as their
product enters into the general commerce of the country, caunot be regarded
as the concern of the six states—they are of national importance. If the fish
captured in these lakes were consumed along their shores I grant that the
states would have no special claim upon the general government for taking
part in maintaining such fisheries, or helping in any way to their re-estab-
lishment. 'This was the condition of aflairs ouce; but with the modern
facilities of rapid communication and improved methods of transportation,
their product is marketed all over the country, and for that reason the states
bordering the great lakes have, in my judgment, as good a right to assist-
ance from the general government, in the directions I ghall presently men-
tion, as the fisheries of the Atlantic and Pacific Oceans. Our lake fisheries
are not to be compared in extent and value to those of the seas, but it is a
difference in degree not in kind. The United States i8 doing & most neces-
sary work in the investigation and promotion of the Atlantic fisheries, is pre-
paring to investigate more thoroughly, and help develop the fisheries of the
Pacific; it has done the country an invaluable service in examiningand illus-
trating the seal and other fisheries in connection with the last general census;

for all of which it has earned the confidence and commendation of the coun-

try. Why should not a similar service be performed by it in co-operation
with the states bordering the great lakes in making an exhaustive survey

and examination of the fisheries from Duluth to the St. Lawrence river?
« The reward of having wrought well is to have more work to do.” If the
commission has not the equipment in steamers, the work already in hand
probably requiring them all, why not borrow one or more of the revenue cut-
ters that are lounging up and down the lakes? I may be doing that branch
of the service an injustice, but I never have heard within ten years of those
vessels doing anything more useful thap cruise on a sort of dress-parade

between Buflalo and Chicago.

co-operation ?
_ but the positi
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the commissioner, and the head of the Department of Scientific Research of
the United States Fish Commission, s practical method of co-operation in
carrying on further examinations of Michigan lIakes. Here isa field well
worth cultivating, If fish-culturists are to do anything for the interior
lakes they must know as well as possible the conditions under which their
efforts must be tried. There are six or seven northern states besides Michi-
gan, of which I have some knowledge, where such efforts ought to be made.
Aud while the lakes are being examined, why not the streams and rivers ?
Our experience has proved that that there are hundreds of spring brooks in
this state suitable for the growth of speckled trout where that fish was not
native. A systematic examination of all streams would in this state within
afew years secure the planting of trout only in waters entirely adapted in
temperature and good sapply to trout. It would in my judgment also result
in our being able to establish black bass in miles of water suitable for this
admirable game and food fish where now they are unknown. Definite and
comprehensive knowledge of the rivers and streams of the state, put into
the same permanent and accessible form as the reports Michigan is getting
" of thelakes, is of importance just as the work on the lakes is.

Secoudly, what co-operation can thore be between Btate I'ish Commis-
siong? The most obvious points for co-operation between states, arec where
they border the same waters, as on the great lukes, or have & common boun-
dary on a river,—as the Ohio, Mississippi, or Missouri. And here we
must touch upon the regulation of fisheries, asubject pregnant with difticul-
ties. Tor the states bordering the great lakes, a uniform system for every
mile of the great waters ought to be established. Not necessarily identical
enactments ; for the waters of a single state, like Michigan, require a diver-
sity in regulations to make complete for all its waters the operation of a
general system. The objects to be sought by-each state are the same, the
means to reach these objects will necessarily be somewhat modified by local
couditions. From our own experience, I assme that it is a difficult thing
to sccure the passage of suitable Jaws hy the State Legislatures for the pres-
ervation of industrial fisheries. We have no difficulty in obtaining fairly
good laws for the protection of game fish; but we have tried in vain thus far
to persuade the Legislature of this state to do for the fisheries of the great
Iakes what must be apparent to any man of common sense, who gives the
subject any attention, is essential to preserve them.

I think the common judgment of nren, who are entirely disinterested hut
careful observers of the past and present condition of our fisherios
with that which is always expressed by
practical fishermen and fish dealers, to t
three vital points :

1st. To regulate the size of the meshes of nets, the times and places of
fishing.

2d.  The market size of the various valuable kinds of fish, :

3d. The employment and authorization of competent state officers to en-
force the regulations and inspect the products being marketed; and there
should be confided to the chief officer discretionary power to suspend, within
prescribed limits, the regulation respecting the apparatus, when such sus-
pension will not result in the destruction of immature fish, and may be an
advantage to the fishermen.

Regulations should be as general, ag exact and as simple as is compatible

, accords
the most intelligent and candid of
he effect that our laws should cover
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with efficiency, in order that they may not be oppressive o obscure. Of
course, each state must enact its own laws. Bach state has exclusive juris-
diction of its waters to its boundary line; this on the great lakes is a matter
of greatimportance. It has many times been suggested by persons who had
not examined thoroughly the question of jurisdiction, that Cougress could
better provide for the regulation of the fisherics of the great lakes. because
these waters bordercd 80 mauy different states. This question has been set-
tled once for all by the Supreme Court of the United States, so that whatever
of advantage federal legisiation on this subject may seem to offer. it is a legal
and constitutional impossibility, and must be digmisssd. The states must
do all there is to be done, and do it in their own geveral ways. Thus far it
has been badly done,—or to speak more accurately, has not been done at all.
Can there be any co-operation between the stales to remedy this evil ? There
ought to be, is plain. Aud the fact of its recognized necessity ought to
bring about, eventually, an aflirmative answer. “Tho force of a substantial
and efficient example is the only constraint that can be brought to bear.
When any one of the states bordering the great lakes will enact laws that
are effective, its example will be followed. .

Full and candid digeussion between the fishery officers of the different states
will be useful, and ought to be employed more frequently chan in the past,
for the purpose of harmonizing the views of all. By fishery officers I do not
mean alone the fish commissioners, but include the wardens or officers em-

loyed to enforce the laws. by whatever names they may be known. And 1
believe that good results might be obtained from conferences between the
fishery committees of the Legislatures of Michigan and Ohio, aud Michigan
and Wisconsin, and Ohio, Pennsylvania and New York. At least this is
worth consideration.

A step in the right direction was taken by Michigan, in 1887, in the pass-
age of an act for the appointment of a Game and Fish Warden. The act was
not as broad nor the powers as oxtensive as bthe commissioners urged upon
the Legislature; but it was one point gained. The thorough. consistent and
intelligent course pursued by the gentleman gelected by the Governor as the
state warden will go far towards securing ab another gossion of our Legisla-
ture the required improvements in the law, as it has already demonstrated
the important advantages of the proper enforcement of such laws as we have.
Wisconsin took the lead in this class of legislation, but from all that 1 have
learned of its operation, I judge that the statute needs amendments in. some
important points t0 make it effective. Ohio, too, has started in the right
direction. This is all encouraging, because in each case it has been a move-
ment in the right direction.

The fisheries, in my judgment, have reached a point whereno half-meagure
will answer. What is needed ig to look the necessities of the case squarely
in the face and provide wholesome and sufficient remedies, that will put &
stop to the destruction and marketing of immature fish of all valuable kinds;
aud while it gives nature & chance to help repair the wmischief already done,
will likewise help to secure to the states the benefits of the artificial propa-
gation and planting.

A third suggestion in the line of coGperation that I think worthy of dis-
cussion is between the fish commissions and the educational institutions of
the state—as for instance, with the instructors in natural history in the
State University, or the Agricultural College. There are many Wways in
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careless or unskillful usage. Second, we try to increase the relative numbers
of the most valuable of our native aquatic animals above the limit fixed
originally by nature. This is as if we should collect and plant the nuts and
acorns in the woods, and gather and sow abroad the seeds of the most valuable
native grasses, in the hope that this artificial aid might enable our favorites
to surpass their rivals. Third, we have aimed to introduce foreign with our
native species in our natural waters. This is too much like sowing quantities
of apple seeds and wheat and corn broadcast in the woods and on the prairies
in the hope that if we use seed enough the plants we seek to introduce will
crowd out the native vegetation. And, finally, we do, on a small scale, partly
imitate actual agriculture by clearing or forming little patches of water here
and there, and planting in them an exopic fish, protecting it from the com-

» petition of the native species. Here we approach the agricultural practice of
the native Indian, who partly cleared his little patches in the river bottoms
and planted and harvested the exotic cora and beans and pumpkins.

But it will not do to push this parallel too far. There are some things
possible iu agriculture which the aguaculturist caunot do, We cannot plow
and till our lakes and rivers as the farmer does the prairie sod, ruthlessly
exterminating all the native forms of life in order to substitute other sorls
more useful to him. And even where we clear a little lake or gtart a pond,
stocking it with carp or croppie, we cannot keep out the frogs and bullheads
by auy artificial tillage, as the farmer can the weeds. We are compelled, in
other words, to work for improvement in the midst of things as they are.
Not being able to destroy the native population of our waters, we have to
take it into account and then make our adjustments to it. And right here,
it has long seemed to me, i8 where the work is most needed. If we cannot
get rid of the natural order we certainly need to understand it. If we cannot
destroy the native population, but must live and work with and through it,
we certainly ought to know what it is like and what we can do with it; what
we can do in spite of it, and what we cannot do because of it. It is because’
I have worked out some parts of an answer to these questions that I have
ventured to appear here to-day, in a gociety of fish-culturists.  If fish-
culture is merely the culture of fishes, then I can have little or nothing to say,
because I never raised a fish in my life; but if a scientific and rational fish.
culture must finally merge in the broader science and’art of aquacnlture; if
we must study to understand and improve the system of aquatic life into the
midst of which we thrust our little fishes,—then I may perhaps claim some
share in yonr deliberations.

What I have to report to-day is chiefly an answer to the question: What
do our native fishes eat ? - This is only a single item of what we really need
to know, and yet perhaps a larger one than might at first be supposed.
Although fishes are the dominant class in every fairly permanent body of
fresh water, they have no great variety of interests or occupations; but
oxcept for the relatively brief intervals devoted to thejr simple office of
reproduction, they do little but to search for food and to eat, and avoid being
eaten in turn; consequently, if we seek to measure or estimate their function
in the géneral system of life in any region or locality, we are limited chiefly
to their food relations, immediate and remote. . .

Among the purely practical results to be anticipated from such a study,
are a more accurate knowledge of the conditions favorable to the growth and
multiplication of the more important species ; the ability to judge intelligently

11
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APPENDIX, "

The common perch or ‘“ring perch,” excessively abundant throughout the
northern part of the country, varies in food according to the waters it in-
habits, those in the great lakes feeding almost wholly upon small flshes
(especially of the minnow family), and upon crayfishes—five or six times ag
many of the former ag of the Tatter. River specimens, however, eat few
fishes, but they find nearly half their food among the crustaces, partly cray-
fishes, but chiefly the smaller kiuds, known to zodlogists as amphipods and
isopods, and in common speech as water-lice and brook shrimps.  Aquatic
insect larve, especially those of day-flies, and small spiral-shelled mollusks
are eaten in about equal ratio,

The two pike-perch or “wall-eyed pike,” are exclusively piscivorous, if

W6 may judge from twenty-six specimens whose food I studied. More than a
fourth of the fishes taken consisted of the spiny-finned species, including
-eight per cent. of catfishes, but nearly half were tho common gizzard ghad.

We shall find accumulating evidence that this shad, not nsed with us for

food, is, notwithstanding, one of the most valuable fishes in our streams,
Nevertheless, not the slightest attention ig paid to its preservation, much less
to its encouragement. The fishermen commonly regard these fishes ag a
mere nnisance, and leave them to die on the bank by hundreds, rather than
take the troublo to return them to the water. They are a very delicate
species, and are easily killed by rough handling in the seine, but the major-
ity of those captured might be saved with a little care.

Their abundance ag compared with some other species in our rivers might
seem to tndicate that they are comwmon enough asitis Few realize, however,
the number of fishes needed to feed a pike-perch to maturity. Two or three
items from my notes wil| furnishwthe basis for an intelligent estimate.

From the stomach of a pike-perch caught in Peoria lake, October 27, 1878,
I took ten well-preserved specimens of gizzard shad, each from three to four -
inches long; and from another [ took seven of the same species, none under
four inches in length. Ag the gizzard is a very thin, high fish, with aserrate
Yelly, these were ag large as g pike-perch can well swallow; and we may safe-
ly suppose that not legs than five of this shad wonld make a full meal for
that fish. The pike-perch is a very active huuter, and it is not at all
probable that one can live and thrive on less than three such meals a week.
The specimens above mentioned were .taken in cold autumn weather, when
most other fishes were eating but little; but since fishes generally take rela-
tively little food in winter, we will suppose that the pike-perch eats, during

the year, on an average, at this rate per week for forty weeks, giving us a
total pier annum of six hundred gizzard shad destroyed by one pike-perch.
We cannot reckon the average life of a pike-perch at less than threo years,
and it is probably nearer five, The smallest estimate we can reasonably make

of the food of each pike-perch would therefore be somewhere betwoen
eighteen hundred and three thousand fishes like

he gizzard shad. A hun.
dred pike-perch, such ag should be taken each year along a few miles of a river
like the Tlinois, would therefore require from one hundred and eighty

thousand to three hundred thousand fishes for their food. Finally, when we
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about three-fourths of the food consisted of soft black mud, the remainder
being both animal and vegetable matter, chiefly the latter. These fishes all
had very long intestines and smooth grinding teeth in the throat. In another
group quantities of mud are also taken, but with it many Intomosiraca,
while in groups three and four, containing by far the greater portion of the
family, the food is essentially different, about three-fourths of it beiny inscets
and small crustaceans, and the remainder vegetation. T note especially here
the value of the mud-eating minnows as food for larger fishes, since while
abundant and easily maintained, they do not compete with the young of the
Jarger fishes to whose sustenance they may be applied.
Oue of the most striking characteristics of the fish-fauna of the Mississippi
valley is the prominence of the sucker family, several of which are among
* the most abundant of our larger fishes. About one-tenth the food of this
family, taken as a whole, consisted of vegetation, eaten chiefly by the buffalo
fishes, and in them composed largely of distillery slops. The family is, how-
ever, essentially carnivorons, mollusks and inseots appearing in nearly equal
ratio in the food. The former are taken much the more generally by the
cylindrical suckers, and the latter about equally by all except the stone
roller, which collects great quantities of insect food by pushing about the
stones in running water. A large proportion of the insects eaten are small
larva of gnats (Chironomus). Some of the deeper-bodied species with long
gill-rakers, especially the river carp, feed largely on Hniomostraca, this latter
species swallowing also considerable quantities of mud.

The catfishes, taken together, are nearly omnivorous in habit, and their
feeding structures have a correspondingly general character. The capacious
mouth, wide gullet, and short, broad stomach admit objects of large size and
nearly every shape. The jaws, each armed with a broad pad of fine, sharp
teeth, are well calculated to grasp and hold soft bodies as well as hard. The
gill-rakers are of average number and development, and crushing jaws in the
throat, broad, stout arches below, and oval pads above, covered with minute
pointed teeth, serve fairly well to break the crusts of insects and the shells of
the smaller mollusks, and to squeeze and grind the vegetable objects which
oceur in the food. The most peculiar feeding habit relates to the larger
bivalve mollusks, the bodies of which are frequently found almost entire in
the stomachs of these fishes and always without a fragment of ashell. I have
been repeatedly assured by fishermen that the catfish seizes the foot of the
mollusk while the latter is extended from the shell, and tears the animal
loese by vigorously jerking and rubbing it about. One intelligent fishermun
informed mo that he was often first notified of the presence of catfishes in his
seine, in making a haul, by seeing the fragments of clams floating on the surface,
disgorged by the struggling captives. Finally, theso are the only habitual
scavengers among our common fishes. The larger deep-water species from
the great rivers are strictly piscivorous, so far as known. Very small stone-
cats foed on the smaller insect larvee and the medium.sized crustacea, The

spotted cat, blue Fulton, or fiddler, feeds largely on mollusks, but is, never-
theless, chiefly insectivorous. It differs from most of the river catfishes by
eating water-plants to a considerable extent. The common bullhead is more
strictly omnivorous than any other kind, its food being composed about
equally of fishes, mollusks, aquatic insects, and vegetable structures, with a
very considerable ratio of crustaceans added. The great mud-cat, or Morgan

cat, reaching a weight of over one hundred pounds, seems to feed entirely
upon fishes.




92 EIGHTH REPORT—STATE FISHERIES.

[he abur dan and pecuh’m d()gﬁﬂh, Or gxmdle is strictly Carnivorous,.
' .. )
about one-third of the food being [181]85, a fOllIth of it small mollusks, and

. hiefly crayfish. . \ izzard
ne:}r}ly halﬁ erlés‘ﬁie:&si};slyliﬁgcivogouE’ feeding especially upon the gizz
he gar

ing habit, is the
shad. in structure and feeding habit, R
\ le of our fishes, in stru © . s, It is
Tho most remarkabe of O o esissippi and ifs largor tributaries. oth
ghovel-fish, or ?;ching a weight of thirty pounds andAliglwar }slaéo largo, the
r > © i 1t. oug N
. including the paddle-like sunout. ) and insect
of 5;;{ fee:rzrolfn(i)tr:’f:)gd cousigsts of the smfallest a;{ua(‘:(;zh?;;;s:)?:mms i the
greater pe 3 the water by meansof an extrao . ach arch
Tarva, strained from Y ill-rakers, a double series on e et
. and slender gi N the gill
gills, composeildugflr]eodngin a series. Interlockmg as these dr(;e;:;ht(ilne smal%est
and over ﬁ'veextendcﬁ they form a str.niner Sl.lﬂl(}le‘(l[’, to :;Jing % the mouth
apparatus 18 bove thé Protozoa, and with the immense op_n ohambor, enable
lmlng folﬁ';sfa;ee provision for the exit of waterffrshm 211(;%111“1;;3 animal forms,
and equa . § nantities o sl i
. t enormous q It takes also, in
this fish to strain ou 1 for young fishes. )
. 1monly reservec youn i tation
esplecmnyetrhoisnes;gﬁz:\?s of medium size, but evidently avoids vege ’
midsummer, o '

and never swallows mud.

o large species,

FOOD OF THE YOUNG.

i esenting twenty-
inati hundred and one spocimens, repre! i
By an exf‘mu;&t;gtl (ifsitxhgﬁem and twelve families of Illmg;;}1 gstl:)e;,g l .leand
that specxe(sl, ;vmrn)iy species of fishes differs 'greaply acioli ing bo pe’riods,
oot the foot tohe ]ilfe of most of our fishes divides into af f:od g takcon,
th?lt’t;l];tfg(fl 1’nany into three, with rc?peot to th:klzii)tllgss?mi]arity hily Lakon
b i rema y
i f these periods a ) milarity of tood Tha
Further, in the ﬁrs.t o A e el
i hose later feeding hab e s,
B Mk bass, fo le, feeds principally of fishes an ¥/
, for example, feeds p e o th
{Yu‘sﬁ:‘ggg;hz?dc 1;nb:‘.nsg]lusks, and the glzlﬁnzﬁ shadgizem;)dc?ggll; ignfefOOd o the
Y ‘ i ; yet a €80 &
ooy ﬁrih]:x:a;:lye 22:1?:1v§g?§<;ssygbly tell from the contents of the stomachs
very smaii, : t with. | . "
WhIiCI;hgmuxr)li};:th';g:ayﬁgthe fishes studied, exoeptlsuc(;l;e;; ﬁﬁ%ﬁgg?&ca,
ond for Y ns, commonly
the smallest crustaceans, e ety Targer
e st like larvee of gnats or gnat-like flie
; ; ally i the most
and on certain small worm-l ' s or g s far
nd usually occurring b e ot
t}l])nn ;h'eieo?rtu}f:::??xzz’c?]arvm was that knovi’)n.as (g:::,rt?]?g;?ﬁ{ﬂe{ery ety
abundan : e aing .
i r other fis y | y Jotng
- nlllmnowlfeilg((;fxlftfo\nvl}x?lz ourother hoothless'lf'lghes,t%;z&:ﬁ(slss;x:g;]\gv 111 toflehy
oto., hiavo in 4 t teeth, These 3y
i t of evanescen @ g et
etc., have in youth a se o e, taking ;
ling e elony. vart d Algs so minute
feeding in part on still & e o an 2
i 1 animalcules), yari T e
&nlmall for?ﬁle(z?::t consists of a sx'ngle vegetafled(ig:;.of'l;lﬁzmoin horge
gll?itt:ﬁl:h ‘fvry was determined by 'kgeplgﬁ‘l si;lleralle llliliring rocls which a fine
i t constantly supplied with 2 ing objeg
aqlmrmn}‘ kglp;ldc separate from the waters of Lake Mltg:nf:?or fo0d, this com-
gﬂl\l‘ﬁ) 'll‘e w11311 fishes of all sorts are evidently competitors|
vile s g

S —

*See n(»tre following this paper.

perch, the remaining sunfishes (those with small
and the croppie take but few fishes, these making
tions, not less than five nor mor

Those which nover ca

oxteut, are the white perch or sheepshead, the gi
the shovel fish among

APPENDIX,

petition is relieved to some extent by differences of breeding season, t)
species dropping in successively to the banquet, some commencing in ve
carly spring, or even, like the whitefish, depositing their eggs in fall, th
their young may be the first at the board, while others delay until June (
July.  The most active breeding period coincides, however, with that of t).
greatest evolution of Enfomostraca in the back-waters of our streams; th:
is, the early spring. That large adult fishes with fine and numerons rake;
on the gills—like the shovel fish and the river carp —many compete directl
with the young of all other species, and tend to keep their numbers down |
diminishing their food supply—especially in times of scarcity—is very probahl
but is not certainly trac as a general thing; for thesoe larger fishes have othe
food resources, also, and many resort to Entomostraca only when these ar
superabundant, thus appropriating the mere excess above what are require:
for the young of other groups.  Of the fishes which emerge from this earlies
stage through increase in size with failure to develop alimentary atructure
especially fitted to the appropriation of minute animal forms, some becom:
mud-eaters, like the Campostoma and the gizzard shad; a few apparentl
become vegetarians at once; but most pass into or through an insectivorou:
stage. After this a few become nearly omnivorous, like the bullhead ; other:
learn to depend chiefly on mollnscan food—the sheepshead and the red horsc
species; but many become essentially carnivorous. "In fact, unless the gars
are an exception, as they now seem to be (attacking young fishes almost as
soon as they can swallow), all our specially carnivorous fishes make a progress
of three steps, marked, respectively, by the predominance of Entomostraca,

insects, and fishes in their food; and the same is true of thoge strictly fitted
for a molluscan diet.

-

PRINCIPAL ELEMENIS OF TIE FOOD,
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relative importance of these elements in {1
have its separate interest for us, esp

fishes eating
ary of the class, and showing the
16 food of the various species, will

ecially ag it will exhibit the competition
of fishes for food, and also the nature and the energy of the restraints imposed

by fishes on the multiplication of their principal food specios.

The principal fish-eaters among our fishes—those whoge average food in the
adult stage consists of seveaty-five per cent., or more, of fishes—are the bur-
bot, the pike-perch or wall-eyed pike, the common pike or pickerel, the
large-mouthed black bass, the channel-cat, the mud-cat and the gars. Pos-
sibly, also, the golden shad will be found strictly ichthyophagous, this being
the case with the four specimens which I studied. Those which take fishes
in considerable but moderate amount—the ratios ranging in my specimens
from twenty-five to sixty-five per cent.—are the war-mouth (Chanobrytius),
the blue-cheeked sunfish, the grass pickerel, the d¢

vg-fish, the spotted cat and
the small miller’s thumb. The white and the striped bags, the common

er mouths), the rock bass
, according to my observa-
e than twenty-five per cent. of their food,
ptare living fishes, or, at most, to a merely trivial
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the larger species; and the darters, the brook silver-
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Rough_s?liledtlfi:hwe:llv:yed I}))ikz, the large-mouthed bl aé:k 3&53,02}::n(i;%p§1]“1
Gomglonr};{) et)he common perch, the burbot, the bunhc;tl,l’e ;:SB o erel. the
o (g wallidus), the small-mouthed black bass, the grs s pickerel, the
fish (cht(ﬂﬂffnlu(l-éat (l,}eplops). Among these, the .comtmotﬁe%r hand the
gﬁifiﬁis x:ere most frequently takgll—{ioill)lt;eiiogvg;\gthg beOtgl et g,
i —the perch occurring in > b ? Jarge
oo ﬂ}?ulndba]l;z?c bt:l«lses gnd the bullhead; and the sunlﬁﬂﬁe}?g‘r\,ﬂdsb(;tr:ldsllx)lud.cat,
mout _0‘1 iim the common pike, the gars, plgkerel, bu “;e e ke
Tine b sre taken from the common pike (fsoz), the e the
Bl‘m':k b“ZF:‘; ‘;eaﬁd the gar. Croppie and rock bass 1 l'ecogmged o o wore
(‘?ﬂlZOS[i: Ig:‘l the catfishes with their stout, sharp ftm;i ptof:iin D e
Do freq " aten than would have been expected—taken, acce 18 o
o f{;’lﬂgs%):ee:f;rll';;:g pike, both black bass, and a fellow species o
my notes, by |
g . ' o he whole, in
e o o fihes ch more abundant, on the w .
i ishes were nobt very much | ' : he whole. 11
t! Thte fw?’fg}?;:fedoafe;especies, than those \1v1t1'1 ctenotldnsgal‘(‘;s;izgm[ymnm)t d
ther dof ted circumsta o
i an unexpec 8 b
o gﬂff‘/n?}‘;‘(j Sf)reg::llégeiy(lo not know whether it efp{e:ks_gs:et:;rma.l anc
g;if:sl:el:gi%x;, o;‘ whether it may not be d(l]l01t(f)e::i[:ea:t;:c(gm~cs 1 o their
t em to have acquired deient § e el
On]y'theEl?éﬁﬂlees;t%ry apparatus of the cmrmvorous} ﬁs::::pg;;;sged oy
P{Oteglt:&z,“ in (}evélopment the protective armor of the
wise

. ‘ jsh is tho

Clels\.m”“% the soft- finned species the moit 'valuagﬂe ba:“fi?;dfxgotzrt)?r&}r]ne()rt:]iz)alsults
. P S this single fish being abou é the food

glzzﬁr&l:)lxi(l’l;xre)a\:of::?ilf; taken together. Itmade forty per cent. of the

as a >

¢ s3; nearly hall that of the
ike: ird that of the black bass; nearly 1
of the mxll'—ﬁyed Rll\iec‘k:rg]'u"’ tv::)-thirds that of the f(')\‘ll‘ spc(‘:lmingfﬁﬁ?elgt;?‘
CommﬂTl P]'nzg? aEd a thir)d of the food of the gars. lt}etoxt?}:;g P ot
e stom he it was recognized were the yellow cat, el a1 . 0;1 T
Tong St(l)l'lzgcbmss Roccus. It thus seems to be thg espectal fo
vhite bass, us. fhe ¢ |
ég;lr:]egﬁ:hes oty pﬂrtlc.ﬂli}lily)p;?;l?iegﬁi 1:/l;te:s especially appropriated
N i amily (Cyprinide priatec
b mllan\tV (f;"t‘{uz §m¥£grown game ﬁsl}cs, and thelsnz;illelegm(;elt(néla\ssy ons
%((;ntf};: su’f‘ﬁg; were found in the wall-e}yed I.nk:, t}:)igehrc ]t’he e ihe  tho
; the croppie, the pirate y y Hidle
blule(i}:jctﬁi (‘s};xl::{)ﬁir}:i’nnow, th(l: yellow cat, the mud-cat, the dogfish, an
pickerel, )

ar. )
& Suckers, Catostomatide, I
the blue-cheeked sunfish (cyanellns),

-ed in the pike, t » 1
B“fl?do ﬂllll(}]:22[:10;(1:155?15;;;&;108 gf the Mississippi valley are the native home
The po a

f 1 c { kab ariety and number, at hese for feature o

mollusks of remarka ev ber, and th orm a 1ea

O @ riety d y t f
of th ;’ e ncuon (b P an llxdll 1 € ng

the fauna e reglor ot less conspicuouns an 1 import tha 8 lea 1

groups of fishes. We Illlgl t, therefore, reasonably expec to find these domi-

nant groups éonm}cted b‘y the {ood relatmu, and C()llSlStGIl“y with this

grou

i ik heepshead,
.d only from the pike, the 8 ;
determnzfle 32]1y0w cat, and the dogfish (Amia).
he dogfish, and the above sunfish.
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expectation, we observe that the sheepshead, the catfishes, the suckers a
the dogfish find an important part of their food in the molluscan for
abundant in the waters which they themselves most frequent. The class a
whole makes about one-fourth of the food of the dogfish and the sheepshe
—taking the latter as they come, half-grown and adults together—about h
that of the cylindrical suckers—rising to sixty per cent in the red horse—n

& considerable ratio (fourteen to sixteon per cent) of the food of the perc

the common catfishes (Amiurus and Ietalurus), the small-mouthed sunfish:

the top minnows, and the shiner ( Notemigonus). Notwithstanding t

abundance of the fresh-water clams or river mussels (Unio and Anodonta

only a single river fish is especially adapted to their destraction, viz., t
white perch or sheepshead, and this species derives, on the whole, a farg
part of its food from univalve than from bivalve mollusks, the former eats
especially by half-grown specimens, and the latter being the chief dependen
of the adults. The ability of the catfishes to tear the less powerful cla:
from their shells has been alrendy mentioned. Large clams were eaten free
by the full-grown sheepshead-—whose enormons and powerful pharynge
jaws with their solid pavement teeth are especially adapted to crushing ¢l
shells of mollusks—and by the bullheads {Amiurus), especially the marble
cat. The small and thin-shelled Sphwritms are much more frequent
objects in the food of the mollusk-eating fishes than are the Unios. Th
genus alone made twenty-nine per cent of the food of our one hundred an
seven specimens of the sucker family, and nincteen per cent of that of a doz
dogfishes. Among the suckers it was eaten greedily by both the cylindric
and the deep-bodied species, although somewhat more frecly by the forme
Even the river carp, with its weak pharyngeal jaws and delicate teeth, fin
these suflicient to crush the shells of Spharium, and our nineteen specimer
had obtained about one-fourth of their food from this genus.  Besides th
above families, smaller quantities of the bivalve mollusks occurred in the foo
of one of the sunfishes (Lepomis pallidus), and—doubtless by accident only-
in the gizzard shad. The gasteropod mollusks (snails of various descriptions
were more abundant than bivalve forms in the sheepshead, sunfish, and all th
smaller fishes which feed upon Mollusca, but less abundant in the suckers an
the catfishes. In the sheepshead they made one-fifth of the food of th
twenty-five specimens examined, but the greater part of these had not ye
passed the insectivorous stage, this being much longer continued in th
sheepshead than in many other fishes, 4 few of these univalve Molluse
occurred in the food of the common perch and in certain species of sunfishe
—ospecially the superabundant bream or pumpkin-seed. They made fiftees
per cent of the food of the minute top minnows, and occurred in smalle-
quantities among the darters, the little pickerel, the mud minnows, and the
cyprinoids. The heavier river snails, Vivipara and Melantho, were eafor
especially by the eylindrical suckers and the catfishes, The delicate pons
snailg (Succinea, Lemna, and Physa) were taken chiefly by the smaller mol
lusk-eating fishes— a fow of them also by the catfishes and the suckers.

It is from the class of insects that adult fishes derive the most important
portion of their food; and, taken asa whole, this class furnishes thirty-eight
per cent of the food of all which I examined. The principal inscctivorous
fishes are the smaller species, whose size and food structures, when adult,
unfit them for the capture of Entomostraca and yet do not bring them with-
in reach of fishes or Mollusca. Some of these dshes have peculiar habits
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i insect life—the little minnow,
i specially dependent upon insec - oms
oo rekr)l.der tfléin;xemgple, vzhich, according to my stugles, trg:;(ses;nnsﬁgging
Phenacobius, ty-eight per cent.) from insects found under s o
its food (nlnteas;—e %ha pirate perch, Aphredoderus (x}lnety-onﬁtgthree o
&?ﬁr},heb{]e;ters (eighty-seven per ctem:.), thcr3 cc;;l['ltzp)pletshézeg’:vely S
a heepshead (seventy-one pe D 1, e Bla

e e the i Semotilus (fifty-six per cent.),

i the chub minnow, Semo i i o iyt von
nine T o ttus) and the brook silversides (gac :
war;i;)r sugﬁtshhe(gléfi;:ymgszhe cyprinoid genus Notropis (each fifty-two
cent.), an
per cent).

Those w i
ichthyophagous species,

d the
i i e mostly the mud feeders an
NSO IXZ??:S ?:hgogg;hsh) being the onl]y exbc:g:ltéofr;oﬁg
hus 1 i ts wholly or nearly a
i atement. Thus we ﬁnd‘msec Avadiy
e %lenlirgliestt;r?gf the burbot, the pike, the gar, theft;l}?sl;ilc);isrysmd all
ey Elk and the great river catfish, and from thntto Dickoryehad and
A 1e,ating minnows (the shiner, the fat-head, clz c.). et e
e mu<h»e ever, that the larger fishes all go through arfli hea/ o the oot
b(ir:t(%er gl‘:;air food when adult be almosthwhollly Odther'l‘hi n)l’ld-feeders, @ gar
wh L y ol .
i ks, as with the sheepsh : o
e II;:krfc;t(;:) ;:lzlslfl;]}?r;ugh this stage, but to adopt the limophagous habi
o8 50 seeas they cease to depend upon En{:omostraca.’.d tally or swopt in by
™ Porr trial insects, dropping into the water acciden (iedyupon o rore]
raifl(;rr::e evidently diligently sought andklar_gely(;getll)&utop upon by soversl
i irate perch, the broo minnow, n0Y -
?‘pim:?(?;;?isgdtgst?g;), I(jhe toothed herring aud several eyprinoids (Sem
ishe t
i i d Notropis). . ] Cablo
b meplﬁl&s& i?sects, miIt)mze, slender dlpterouslarvfaa a;;eogfqhe:}l;rﬁsms
. Ami“g eaqmn.king, in fact, nearly oue-t.'.welfth of t}:le. Ooﬁshes(as e an
1mp(')rlanc'l"hev amounted to about one-third the foo dln e st
gtud‘e; B:nt as the red horse and the river carp, am%l mzisne e
that o fitty-one buffalo fishes. They appear further R e aphales,
i 'Ofth }}-ood of a number of the minnow family (No ro‘gea,ms y A
s high habitually frequent the swiff water of }t:(!)]g)esof the‘.forms, o
etc-zl, ‘svand larvee, notwithstanding the abundnnci 0 T o te aroeions.
Bﬁireed in only insignificant ratios, but \gergixfg :;args y-six specimons,
5 face beetles, whose zig-zag dar o
;Iali]]z;dt\;l;g:{ce, were not once enclourétereda;:rrgkyi S;ﬁ:;e:eem lso completely
Ily well-known slender water- o completely
(')I;tgtiliml;);ttﬁgiurahgbits and activity from capture by fishes, only o
Hing i specimens. ool
l'mIgt; 'mfthzlft(,)](l)g glfrdaczl ON:;rg)ptera; that fishes dfrmz a la,rgle; gizt s(;i tiﬂle;rf od
From i i In fact, near -8i )
ngle insect group. s ] L b
oo fmmosggo(;ﬂfl(enr)slci)sumed by all the fishes ex%‘mmedlal;z;gf ((}1(;1; isted
en‘:'lre at":; larve of this order, the greater part of o le[?nil]er’s e
(')f dquaNl uroptera larvie were eaten especially by the o rtoon apacios
i I ed g’he white and striped bass, the commonﬁp}fr ; thirtoen species
Bhefips ii?'térs both the black bass, seven of tl}e sm}ds e:ile O e s, the
(tjlflet ::?'o(ppies the pirate perch, the brook sgve?rltdes,the e oo,
' i she
i top minnows, the giszar ,  foreing
?ue(}vr:ls?felgi‘;; :z]:(;?eof tge true mixinow family and of the suckers an s
w

i t of the
five catfishes, the dogfish and the shovel-fish—seventy species ou
ve ca 3 '
eighty-seven which I studied.
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Of the four principal classes of the food of fishes, viz., fishes, mollusk
insects, and Crustacea, the latter stand third in importance according to r
observations, mollusks alone being inferior to them. That insect larvae shou
be more abundant in the food of fresh water fishes than are crustaceans, is

) while the former make about twenty-five p
cent. of the food of our entire collection, the crustaceans amount to on
fourteen per cent, Crayfishes made about a sixth of the food of the burhn
about a tenth that of the common perch, a fourth that of half a donen gar
and not far from a third that of the black bass, * the dogfish, and our fo
rock bass, Young crayfishes nppeared quite frequently in some of the Iarge
minnows ( Semotilus and Hybopsis), and also in catfishes, especially th

pond and river ‘bullheads, averaging nearly fifteen per cent. of the entir
food of the two most abundant species.

The minute crustaceans commonly grouped as Entomostraca are s mucl
more important element. Among full-grown fishes, I find them especiall
important in the shovel-fish—where they made two-thirds of the food of th:

specimens studied—and in the common lake herring. Among the sunfishe:
at large they were present in only insignificant ratio; but the croppies, dis
tinguished by long and numerous rakers on the anterior gill, bad deriver
about a tenth of their food from theso minute crustaceans, In the early
8pring, especially, when the backwaters of the streams are filled with Ento.
mostraca, the stomachs of these fishes are often distended with the commonest
forms. Ten per cent. of the food of the sucker family consisted of them,
mostly taken by the deep-hodied species, in which they made a fourth or
a fifth of the entire food, Thig fact is explained, it will be remembered, by
the relatively long, slender, and numerous gill-rakers of these fishes. Farge
river buffalo were occasionally crammed with the smallest of these Entomos-
traca, only a twenty-fifth of an inch in length,

I have several times remarked the peculiar importance of Entomostraca to
the shovel-fish—oné of the largest of our fresh-water animals—a fact ac-
counted for by the remarkable branchial strainer of this species, probahly
the most efficient apparatus of itg kind known to the ichthyologist. Here,
again, the smallest forms were the most abundant.

Probably to those accustomed to the abundance of tru

subkingdom occurring in the courso of mig.
cellaneous aquatic collections in the interior, Similarly, we notice that in
the food of fishes the occeurrence of Vermes is so rarely noticed that they
might be left out of account entirely withous appreciably affecting any
of thé important ratios, Catfishes alone geem purposely to eat leeches,
these ocenrring in nine specimens of three different species of this family,
and also in one common sucker and in asingle shovel-fish. Ous of the fresh-
water Sponges (Spongilla) had been eaten in considerable quantitios by two
examples of the spotted cat taken in September, but this element was nof
encountered elsewhere in my studies.

That the minutest and simplest of all the animal forms, far too small for
the eye of a fish to sce without 2 microscope, should have been recognized in
the food of seventeen species of fishes is, of course, to be explained only as
an incident of the feeding habit. It ig possible, however, that these Prozo.

* Our snecimen!—cspeclnlly of the small-mouthed black bass— wors too few in number to make
this average reliable.
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ized in the mass by the deli-
ially abundant, may be recognized dolt
o essrésﬁctuzes of the ﬁ’sh ; and they seem in moszcas:tt(;fh:.}\‘rgm cen
e sem'[tjlrlymud and slime, rich in orgadic substances.f 8 mOnds Lhom aro
e vg erishable, and can scarcely lea've a trace 1?1 cﬁ):,‘t}ct})(\y c;mcribute
, extrem )i’npthe gastric juices of the fish, it is proba eh e L O e
mers}iorrrlmre generally than our observations indicate to the foo
g:;;gcially o Wi:iiCh f?ed' UI;OD t;}lllelzig?}?élearly take them purposely,
under six inches e
l}ri;;g%nf;cflfl?:tsn in great part for the Entomostraca taken by other fis
subs J [
e e inide, in the
Oflthde;:ezlt?d aIY"rotqoioa in the food of sevsral kgenei:;.eofﬁ%yj}[]);;rsléd'x;i’;zto“e
lo, the river carp, the chub sucker, the , one
yollinf f;f tb}:;ﬁ?;o(;nmon sucker, i1’1 a single gizzard shad, in a stone-cat, and 1
roller,
i ° . . m-
’ 't?ly mlxrlmos\gavenger fishes of our collection were three spectx);asdoz:th—e_a(l)i) n
moln imgflisl{es; the spotted cat, thti yelllow] c;;itl;gm}l)(ilezgs Or?a}xi”s]l} o
ich h imal matter, incluc  ham,
;:'lzlc}l hiiszﬁfsl?li;d all;u:ingle 1arge’-m011thed black bass had likewise eaten
ittens, .
i ription. ) . . the
foo(‘l o lthrlisn di‘S](‘cl wgealth of vegetation accessible to aquach(é &?ma}]\zg?dif 0
6011151(tef Wg other stricily aquatic kinds have the vege arl:;n " of,their
AN t1m 2rkable that fishes draw from plants an unimportan tpan o by
gl'df?m '{‘i‘;li(ng our nine hundred specimens toicthetr, the ve%ett,:fxgheir ben by
o less than ten per ce
ainly would have amounted to ) . holr eniin
}'2(2(?1 girdt(:z‘:cl“;ging vegetable objects apparently taken by chance, it pr y
, h five per cent. . . . "
WO’E;)d m;z':tegsctlv:get&ians are among the minnow f}zm‘lily;.on?oﬁ;\gltlggaggut
s o0 (unit I find that the family as a whole obtained fr 1 pd‘7 s abont
Event astl;L e,r cent of its food. The little Phenicobius, alrea ! ti(r;n bed
twesl:,f'iy(:tlyr(;?\:;ctivorous, was the only one studied in which vegeta
as >
g i T. )
50“1‘091)’. v ;atl}(}etgu?lcf?suhes evidently take plant food purposely on ozzzixs:gg;
_Cerm;:} . for example, nearly a tenth of the food of forty-stevgnnssp cimens
R Among the larger fishes, the principal vege Mé:‘ > are th
Oi LOE";{:}; in which this element was reckoffled z‘mlt allgl(l;t;gsid;:aéle pﬂr;;
Fomer ot i tities of mud. ;
sparately, but with quan om
howiver, ngsa:ieol;i“l?e:ey’included consisted of distillery slops ol?}f::ln:gosfsﬁ
Pt v’?‘ghe buffalo fishes are likewise largely vegetarians, {noxt;iird n o fourth
f);wtll:se.ir food coming from the veég'e{,'ai})leb kln%(l;x:f;ta{:gum;]e ird of this In
i ing tefuse from distilleries. ab o tho
})urdspicrl?snligcl:ggenera of catfishes (Amiurus and I{}:t}z:h;rus)on gome of i
d(')ot'l(l)er refuse—and nearly ag large & ratio of the grc]a 1'0 y(:wses. loaves of
I?NI b iifre uently terrestrial vegetable rubbish—seeds o .%r e, leaves of
1 (2 and gimilm‘ matter—was taken in quantity to maket} cegsiles that 1e
Appr s’rhtion was not accidental. The principal mud-ea lfng shes aro the
ﬂh}m/raor{)l ‘shad the common shiner, and certalhn g&ner}? 0lld rvr;as AT
flor intesti haryngeal teeth. Much m s0 t,
es and cultrate pharyng . kon
il;i.ll%ea:g'lli?ltf:it;:l lsnembers of the sucker family, but apparently asan incide

to their search for mollusks.
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APPENDIX.
CONCLUSION.

I canuot attempt to discuss the practical bearing of the mass of dats her
Presented, or of the much greater number which I have withheld, partl
because the time is lacking, and partly becanse I know too little of practic:
fish-culture; and I will merely call attention to a few illustrative poin:
which have occurred to me in writing.

It would seem that the fact that all young fishes compete, at first, fo

i i ing in various directions. ]
is probable that all fishes which are not especially adapted to the food require
ments of the more valuable fishes are hurtful to them, because they limit th-

food available for their young. Itseems possible that even the food species o

the predaceous fishes may multiply to an extent injurious to the latter, sinc

both robber and prey compete while young for the same elements of food. 1

would seem entirely likely that large fishes, like the shovel-fish, which destro;

when adult immense quantities of the proper food of the young, must b

reckoned as injurious.

Again, it is evident that the fishes most desirable as food for other kind:
are those whose own food is not eaten by valusble species, but exists jn prae-
tically inexhaustible supplies. The gizzard shad and the mud-feeding
minnows are examples of this sort; while the red-horse and other cylindrical
suckers answer the purpose almost equally well, since no valuable fishes feed
upon mollugks (especially preferred by suckers), and these are among the
most abundant animals in our western streams. The fact that they nave
likewise adapted themselves to civilization, so far at least as to relish distillery

/ slops, is, perhaps, an additional recommendation from this point of view.

The amaller catfishes, being practicaily omnivorous, are the rivals of every
other kind; and being almost perfeetly protected from capture by their stout,
sharp, poisoned spines, they contribute little to the-food supply of other
fishes. The common sunfishes are almost equally worthless and injurious
from this point of view.

I need scarcely say that the fish-culturist should examine the waters in
which young fishes are planted, in order to determine the amount of their
appropriate food available. It is not impossible that myriads of whitefish
have been sct free to perish by starvation before the fechle fry could disperse
widely enough Yo secure a single meal. It scems to me, also, that in every
case where it is proposed to introduce g new fish into waters already popa-
lated, the first question to be asked should be, what fishes do these waters
already contain—and in what numbers—whose food and whose relations to
nature generally are substantially the same as those it is intended to intro-
duce ?

And, finally, I would eall attention to the necessity of keeping continuoug
watch of the balance and abundance of plant and animal life in its various
leading forms in any body of water in which it is thought desirable to main-
tain especial kinds of fishes in the greatest number possible. The owner of
& fish-pond especially, who makes himself acquainted with the entire collec-
tion of animals and plants which his pond containg, and keeps the run of
these in their variations of number and habit, from seagon to season and from

year to year, will not only get some practical hints thereby, which will aid
him in the multiplication and preservation of his fish, but will derive no
small amount of pleasure from his observations,
reflections to which they will give rise.

and from the reasonings and
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NOTE ON THE FIRST FOOD OF THE WHITEFISH.

. . i first
An elaborate account of this research was published in 1883, in the .
volume of the Bulletin of the Illinois State Laboratory of Na,t'u:'sl tIl_xImt(;gé '
but as this article wasg not widely distributed a.m(.mg'ﬁﬂh"“‘ltu]“s 8, eitgracts
practical importance of the subject will perhaps justify the fol ow1tnhg + fishos
from it: More light was thrown upon the earliest food habits 0{) tlfs dissec-
by the discovery of raptatorial teeth upon the'l'ower jaw than | {; 1 }(iad To-
tions of their alimentary canals. All the fm'mhes of fishes whlf(ﬁi triot] pde_
viously studied whose young were provided with teeth were fonn 8 hile{)nly
pendent at first upon Hntomostraca and the minuter insect larvu{a;, w o othor
those whose young were toothless fed to any considerable exten “Ii ced this
forms. The discovery of teeth in the young whitefish, therefor%hp ?act that
species definitely in the group of those carnivorous when young. ° because”
the adult was itself toothless interfered in no way with this mferqgﬁi’ th had

other toothless fishes ( Dorosoma) whose young were furnished with tee
been found carnivorous at an early age. . . .
The inconclusive character of t%e %esults thus far obt@”,‘ed m?dﬁllt n:ggs
sary to attempt to imitate more closely the natural conditions o htei ykindg-
when hatched in the l4ke. In February, 1881, 1 9btalned, thrﬁl'lgﬁ hle saved
ness of Mr. Clarke, twenty-five specimens of living young white éf{acine
from a lot which he was planting in the watersof Lake chhlgan,'g} ut loss,
Wisconsin. T encceeded in conveying them to the laboratory wi l'wd them
and there kept them for several days in a glass aquarium and gupp_ . a fine
with an abundance of the living objects to be‘opt?.med by mwmgigfed of
muslin net through the stagnant pools of the vicinity. Thﬁgf ‘30'8’ eolies of
many diatoms and filamentous fresh-water Alga'a. of two or three uI.’s among
Cyelops, of Canthocamptus illinoisensis, and Diaptomus sunlg umet Tus and
the Copepoda, and of two rather large Cladocera, Simocephalus ve 12 i
8. americanus. These little fishes were kept under careful Ob;e‘;va Lﬁlrin
several days, the water in the aquarium being frequent:.ly aérate ) y P . t}%;a
Many of them had, however, been injured by handling, andhetezﬁg (l)arger
specimens died without taking food. It was soon evident tha ite beyond
Entomostraca (the Simocephalus, and even the Diaptomus) “}7191‘9 qml]er (‘}Yo 6-
the size and strength of these little fishes, and that only the :Hflia " Thgse
poda, among the animals available, could afford them anyfood af f,rse'st ocoa-
they followed about from the beginning with signs of peculxa‘xi in erfte; ocoa-
sionally making irresolute attompts to cap ture them. Twod “’yi.zh roved
srrival one of the young whitefish had evidently takenjood, v 1inepothers,
on dissection, to be a small Cyclops. During the next two days n

Pl ? 3 bove mentioned
began to eat, dividing their aftention between the Cyclops a d
and the Cunthocamp%us, and on the 22d two others took a COyclops.each and

cemeouet SNSRI
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a third a Canthocamptus. One of these fishes contained still a large rem-
nant of the egg-sac, showing that the propeusity to capture prey must
antedate the sensation of hunger. On the 25th the fourteenth and last
remaining fish captured its Cyclops, and was itself sacrificed in turn. As an
indication of the efficiency of the raptatorial teeth, it may be worth while to
note that I saw one of the smallest fishes make a spring at a Cyclops, catch
it, give three or four violent wriggles, and drop it dead to the bottom of the
tank.

As a general statement of the result of the observations made on these
fourteen fishes, we may say that eight of them ate a single Cyclops each, that
one took two and another three of the same, that one took a single Cantho-

- camptus, that two specimens captured two each of this genus, and that finally
a single fish ate Cyclops and Canthocamptus both. The final conclusion was
a highly probable inference that the smallest Entomostraca occurring in the
lake would prove to be the natural food of the species,

In order to test this conclusion with precision, 1 arranged a similar experi-
ment on a larger. scale, and under more natural conditions. Through the

" genorosity of the Exposition Company, of Chicago, I was allowed the use of
one of the large aquarium tanks in the Exposition building, on the lake shore,
and by the repeated kinduess of Mr. Clarke,.of Northville, Michigan, I was
turnished with & much larger number of living whitefish. Five thousand fry
were shipped to me in a can of water, but through unfortunate delays in
changing cars at intermediate points, about two-thirds of these were dead
when they reached my hands. Those living were immediately transferred to
Hpe tank, through which the water, taken from the city pipes, had already
been allowed to run for several hours. As this water is derived from Lake
Michigan at a distance of two miles from the shore, and had to this time the
exact temperature of the open lake, the conditions for experiment were as
favorable as artificial arrangements counld well be made.

Sending a man with a towing net out upon the lake with a boat, or upon
the remotest breakwaters, immense nnmbers of all organic objects in the
watérs were easily obtained. After enclosing the exit of the tank with a fine
wire screen, to prevent the escape of objects placed in it, we poured these
collections of all descriptions indiscriminately into the water from day to day,
thue keeping the fshvs profusely supplied with all the various kinds of food
which could possibly be accessible to them in their native haunts, From this
tank one hundred fishes were taken daily and placed in alcohol for dissection
and microscopic study, to determine precisely the objects preferred by them
for food. These were examined at a later date, and all contents of the
intestines were mounted entire as microscopic slides, and permanently pre-
served. A careful study was, of course, made of the organisms of the lake,
a8 shown by the product of the towing-net, and when the experiment was
finally ended, it was followed by au equally careful examination of the living
contents of the water of the tank at that time.

These fishes, like those previously described, had already reached the age
and condition at which it is customary to ““plant” them in the lake. The
ventrals were still undeveloped, the egg sac had nearly disappeared, the four
mandibular testh were present, and the median fin extended from the tips of
the pectorals on the belly to a point opposite the middle of the same fins on

. the back. In most the egg-sac did not protrude externally, being reduced in

some to & droplet of oil, but remaining in a few of & size at least ag great as
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that of the head. The alimentary canal was, oft'cm;rse, a simple, straight
tube, without any distinction of stomach and _111ttla)sﬂln§ " akened the vitality

Tl;e sufferings of these fry in transit had dou elf e eop the wator of
of these survivors, and although every care was ta erf e ep i uring the
the tank fresh and pure, about one-third of those r'em:;‘ iere g e

0 r‘ess of the experiment. The aquarium in which e()i’ e e e
Il;ixi%t o‘f glass, and had a capacity of about one hfln}g:ﬁreg\}l)eit. A stondy
temperature, tried repeatedly, stood at f(')rty-two lh o ek, outoring
curr{)ent of the water of the lake was maintained th.rong._ erfect’ utering
through a rose, from which it fell in a spray, thus mtslm l:iteI:- e i, an

By far the greater part of the organic contents of }e ‘\ o mmense
h vZn by the product of the towing-net, consisted of dia I e e
iagiety, thich formed always & glr]genish n(;:(t:rlllrz:.gllen({)u: vz(;tiie;ygof l;otifers,
i i i 8 were 1 i :
1nt‘er1_0r (ifﬁtllalger:af\lllsnA?geg. afllcll t;m]my Entomostraca, the latter belongltxllg
(c)ﬁ(i:?ll;ntno the genera Cyr:ldps, Diaptomus and L1mno'ealanus among
Copepoda, and to Daphnia among the Cladocera. srtant olemonts of Ehis

As the Entomostraca proved to be far the most 1mp A ove fally given,

food supply. the particulars respecting thera may be pml}céc);ibed oy o andor
The smallestof all was a Cyclops, then new, but gince de

N I ol
the name of Cyclops thomasi.® This little Jintomostracan is only .04 inch

: ber
long by .011 wide. The next in size, and by far the most abundant memb

i i aper just
of this group, was a Diaptomus, likewise e, 'dcscrllmd 'mhtv}:)efg:ge; gne’
ited under the name of Diaptomus sicilis.  'This appearsin o wn,indi-
ovid ut? ung, in the stage just preceding the adult. Full-gro (ndi
e'wlderl‘ . y: OGgZ; inch long by one-fourth that depth. The Lm;noce:m s
s We; larger form evidently preying, to aconsiderable ext';on’ , “lP ho
oo § mtuc {tigned A,ll the Cladocera noticed were Da]'ﬂm'm ﬁyalzt(;,s o
Zzza]rilsngae:xtrem(;ly transparent species, occurring likewise in the la

Hurope. A single insect larval form (Chironomus) should likewise be men-

0 1 about the same size and consistence of
tioned in this connection, since it ha b y

availabl p
t}fle Euhtmfm:ilt:txcg(,)v?:p;vcﬁsc?:;i?‘;e(;tjgain quantity of these col&echlon‘snwax;z
gou?tced Oiu orc{er to give a definite idea of their rﬁilatfly;n;:)bclﬁlanalzcgy Db
lake; t}:e Diaptomus numbered 225, the Cyclops 75, ;\ oAl
i ?; and Chironomus larve 1. It was a curious fact, thy that e
E}:z W,at.cr was drawn off at the end of the experxmegt, m(l);?nedall)y o oo
Entomostraca were Limnocslanus; a fact partly to letienxpto e By e e
daceous habit of the latter and partly by the facts rle aTth o reiaeed in
fishes themselves, which are presently to be detailed. I yof e D
the tank and supplied with their first food on the even %d e o,
March. On the 14th one hundred speciinens were removed, and bvonsy:
SB:;(I}I of these were dissected. 'T'wenty were empty,'}z;t th}(: :f[:aten gydops
had already taken food, all Cyclops or Diaptomus. o refte:“ caten Oyelops
ly, and six Diaptomus, while two had eaten both. Kourt o hoso Finto:
o ven of each genus, were taken by these seven fishes. rom those
moswacg’t;e xt day, twenty five gpecimens were examined, of wD1.c Dine-
zﬂptm‘e e W?tﬁ?)ut fLZ&. Of the remaining six, three.hnd eateg ; mpof nus
a?({l ?::ee Cyclops; five of the former being taken in all, and ten

. ome Entromostraca of Lake igan an: J S EN aturalis
On s t trac: ake Michig: a Adjacent aters American Natb

En 3 f W N, 6
Val. XVI,, No. VI1I. (August, 1882), pp. 640 and 849
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latter. Three specimens were next examined from those caught on the 19th
of March, two of which had devoured Diaptomus, and a third a single
Cyelops thomasi and a shelled rotifer, Anurea striate, The character of the
food at these earliest stages was so well sottled by these observations that T
deemed it unnecessary to examine the subsequent lots in detail, but passed at
onee to the specimens taken on the 23d. Twenty-six of these were exwmined
and found to have eaten thirty-three individuals of Cyclops thomasi, fourteen
of Diaptomus sicilis, and fourteen of the minute rotifer already mentioned
(Anurma siriate). Two had taken a few diatoms (Bacillaria), and one had
eaten a filament of an Alga. Oyclops was found in sixteen of the specimens,
Diaptomus in nine, and Anures in eight, only two of them being empty.
The amount of food now taken by individual fishes was much greater than
before, one gpecimen dissected having eaten two Cyclops and six Diaptomus
siciis, male and female. Another had taken five Cyclops, one Diaptomus
" and five examples of Anwrea striata. Still another had eaten four of the
Oyclops, four Diaptomus and one Anurma.

Twenty-five specimens were examined from those removed on the 24th of
the month, at which time the water of the tank was drawn off and all the
remaining fishes bottled. Four of these hal not eaten, but the twenty-one
others had devoured fifty specimens of Diaptomus sicilis, forty-seven of
Cyclops thomast, fourteen of Auurea striata and a single Daphnia hyalina,
the latter being the largest object eaten by any of the fishes. A few examples
of their capacity may well be given. The ninth example had eaten six Diap-
tomus, two Cyclops thomasi and one Anwrma; the tenth had taken eight
Diaptomus, two Uyclops and an Anurea; and the twenticth gseven Diaptomus

nd three Cyclops thomasi. In two of these examples were small clusters of

orange globules, probably representing unicellular Algm,

Summarizing these data briefly, we find that of the one hundred and
8ix specimens dissected, sixty-three had taken food, and that the ratio of
those which were eating increased rapidly the longer the fishes were kept in
the aquarium. Only one-fourth of those examined on the {ourteenth of
the month had taken food, while more than five-sixths of those bottled
ten days later had already caten. The entire number of objects appropriated
by these sixty-three fishes was as follows: Cyclops thomasi, ninety-seven ;
Diaptomus sicilis, seventy-eight; Anurea striata, twenty-nine: Daphnin
kyalina, one. Seven of the fishes had eaten unicellular Alge, two had eaten
diatoms, and one filamentous Algm,

From the above data we are compelled to conclude that the earliest food of
the whitefish consists almost wholly of the smallest species of Entomostraca
occurring in the lake, since the other elements in their alimentary canals
were- evidently either taken accidentally, or else appeared in such trivial
quantity as to contribute nothing of importance to their sapport. In fast,
two species of Copepoda, Cyclops thomasi and Diaplomus sicilis, are certainly
very much more important to the maintenance of the whitefish in this earliest
stage of independent life than all the other organisms in the lake combined.
As the fishes increase in size, vigor and activity, they doubtless enlarge their
regimen by capturing larger species of Entomostraca, espacially Daphnia and
Limnocalanus.

A few words respecting the relative abundance of these species at different
seasons of the year and their distribution in the lake will have some practical
value. We may observe here an excellent illustraiion of the remarkable uni

13
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i \ ith that of smaller bodies of
ity of the life of the lake as contlgste.d wit
f‘?;tr::ty %Vl)ile in ponds minute animal life is larg]elf{ bdestroyenl or :;u:sg?él':;%
ing i i ing being attended by an enormor eq
during e e of maltioliation, Lake Michigan there is but little
in numbers and rate of multiplication, 1n lake g3 n thero ia bub ittio
iffer i ting apparatus at different seasons
difference in the products of the collect 1 e
' i i iner the number of individuals during
the year.* There is a slight increase 1n e o T e Tood
i 1, but scarcely enough appreciably to
spring and early summncr, o e s eqully
t upon them. They are not by any ¢
D o e v, through lake, my own observations tending to
distributed, however, throughout the lake, my obs ng o
' iv f these minute crustaceans to
show that there sre relatively very few o . taceans to
i i X hore, and that, in fact, by far the
found at a distance of a few miles from s X i oy far the
ally occur within a distance of two or three mil
e D o o mouths i flowing into the lake are ordinarily
. Indeed, the mouths of the rivers flowing '
g:l:’ch n?ore densely populated by these ammnl}s (t)l]l:'m the 1?\Ikeitll:’2(:'”fir(?stl}::;
articularly evident at Racine and South Chicago. [Ne h
posss p“hch?mﬁy distributed throughout the waters in wh_xch they are mo}ft
but, like most other aquatic animals, occur in shoals. In the
' e lake many species shift Lbeir level, agcordmg to the
to the surface by night and sinking again when the sun

commeonly
abundant,
decper portions of th
time of day, coming

* fli'rllgl]ct.facfs make it important to the fish-culturist that the particular situ-

ation when it is proposed to plant the fry should be searched ab tl‘)g time
when these are to be liberated, to determine whether fflllley w.llll ﬁmllﬂg 0::;::
i i i ena
icient food for their support. A little experience will eastly ¢ :
:;ltf:]n?:tl the relative abundance of the Entomostraca at any given 1t]med£'{fr;§
place, and they tequire nothing for their capture m?rte] comp!nc%}lte; gfqtelrial
1t of i ? -cloth or similar ma
agement than a simple net of cheese-cloth i
E(l)lxlvte((l)fbgll?;]:lgn boat. This may be weighted and suis to atng'l dels)lr&d (]eptl;,y
i face or at the bottom, m
at the contents of the water either at the sur ‘ ottor 'y
f)?} I\ls]clérta?ngd by a few minutes’ rowing.—Slale Laboratory of Nalural His

tory, Champaign, Il

a rvati how-

ol 1esa to my own obaervations (which aca.
?\qnl:;"[l('fIZ:féllx‘-,mmené of B.W. Thomas, Esq., of Chicago,
) has collected nnd stndied all it
er by atiaching a strainer to a

+For definite assurance of this fact L a

B3 with it so far as they ;;n)‘.t

S\"vﬁ;' c\?]‘:.ilxsl:\?s&king a specialy of l:\p 'D!1‘10[{‘)1‘:;:\i"‘f|(-‘<;t-nNL‘)?eh:')f:)‘r has
i 5 for several yéars, obtaining ) o
l?;%ll;'“;:;ti;;gl‘;; times during every month throughnut the year.

7.—SOME OBSERVATIONS UPON THE GRAYLING.

BY J. ¢. PARKER, OF THE MICIITGAN TISH COMMISSION.

The question as to whether the grayling ( Thymallus tricolor) could be
successfully propagated artificially being practically undecided by this com-
mission, it was decided to prepare waters as nearly in accordance with natural
conditions as possible and make as careful and systematic an attempt as wo
could to solve it. Accordingly ponds were made on the Buck Iorn creek, of
just sufficient depth to admit of screening and through which the whele
creek flowed, with the hope that if placed here they would in the gpring—the

\ spawning season—give us an opportunity to observe and handle them under
less difficult circumstances than in their native streams. We hoped that as
the Buck Horn had originally been a good grayling stream, it would place at
our disposal the most advantageous conditions.” The ponds being in readiness,
the several members of the Michigan FFish Commission proceeded on the 20th
of August to the west branch of the Manistee, fifteen miles from the railroad
station at Kalkaska, with boats, cans, and camp equipage, prepared to make
a week of it. The fish were to be captured with rod and line, it having been
demonstrated that this was more certain, and the results more satisfactory,
than any attempt to use nets of any description. The resalt was that at the
end of the week we had caught and had in excellent coundition about one
hundred fine specimens. From five to six of these were put into a can, the
temperature of the water—which was comparatively low—kept down by the
addition of ice, and nine of these cans loaded into a lumber-wagon and the
journey to the station over a bouucing corduroy road commenced. Only one
opportunity to change the water en route was afforded, but, notwithstanding
all this rough handling, they reached their destination with only the loss of
some four or five specimens.

During the winter they were watched and cared for, but the loss was about
twenty-five per cent. When the spawning season arrived a close walch was
kept to see when any signs of spawn-laying should commence, but we watched
in vain. So far as could be ascertained there was nothing to indicate that
they had, would, or could ever spawn, and to-day we are no nearera practical
solution of the vexed question than when we commenced. During this, and
2 subsequent visit to the same locality, I was enabled to make some observa-
tions upon their food and their babits in feeding, which may be of interest.
Near the camp was a pool in which two small fish had their haunts, one about




106 EIGHTH REPORT—STATE FISHERIES,

gix inches in length, and the other half the size. The larger one when at
rest was on a bit of clean sand in plain view ; the other lay under some sunken
drift-wood, dark in cotor, and under which he concealed himself, only the
tip of his nose being visible, and the contrast in color corresponded exactly
with their resting places; the larger one was so nearly the color of the sand
on which he lay as hardly to be distinguished from it; only when in motion
ag he arose Lo the surface for his food; the other was as dark ag the sticks
wnder which he lay, showing that the question of color is one of bottom
locality and undoubtedly a circumstance of more or less light. I was some-
what surprised at the tenacity with which they adhered to a locality when
once domiciled in it. Three or four times [ drove them out.of their haunts;
one afternoon chasing the larger one several rods up the stream, only to find
him in the same spot the next day, and when I returned to the samne locality,
after an nhsence of four weeks, I found the same fish apparently in the same
places. In rising for food I never saw either of them more than a yard from
their haunts, and only varely but a few inches. They wonld detect their prey
at a considerable distance and slowly rise to weet it ag it floated to them, and
then a sudden flash, and they were back to their respective resting places.
Tho deviation from the point where they lay was, from side to side across
the stream, hardly ever but a few inches up or down. One day, when
they were rising with more than nsual frequency, I carefully crept out
on a projecting log nntil I was nearly over them, and could watch their every
movement, and, with watch in hand, counted the ‘‘rises’” of* the larger one
for fifteen minutes. In this time he came to the surface and secured his prey
fifty times. Sometimes he would rise nearly to the surface and then slowly
gettle down again, but whenever he actually seized anything he was back to
his haunt again with a motion so quick the eye could scarcely follow him.
After considerable observation I could detect the particular insect I was sure
he would rise for, sometimes before he would show any motion in that
direction. Watching his quick, unerring sight, and his ability to detect what
was food, and what was not, led me into some generalizations on what their
food really was, that were new to me.

Tn eviscerating fish for any purpose, I have always been in the habit of ex-
amining the contents of the stomach, and the stomach of the grayling had
always puzzled me by the quantity of vegetable matter so often found in
them ; but the e priori conclusion was that he was necessarily a carnivorous,
or insectivorous fish; the thought that he was a vegetarian as well, never
occurred to me. I had observed that the fronds of the white cedar—ardor
vite—were quite usually among the contents of the stomach, but I had al-
ways considered it as something adventbitions, an accident, occurring in the
procuring of his food, and not deliberately taken, But a somewhat singular
circumstance that occurred upon this last expedition staggered me some-
what. Ou the afternoon of the day of my arrival, after the tent was pitched,
and camplife organized, T proceeded to a pool below a flooding dam near
camp, thinking I counld secure enough grayling for the supper of myself and
little danughter, who accompanied me. I succeeded in secnring two nice ones,

weighing probably about six or eight ounces each, and upon dressing them
and examining the stomachs as usnal, judge of my surprise upon finding one
of them full of oats; there were eight kernels stored away in first-class style,
and my first question was, where in the name of the Prophet could they have
come from, for I knew that there wasn’t a spear of grain growing within a

APPENDIX, 107

dozen miles of this pool and the conditi i
115 E ition the grain was in sh
1?oul%)ha,ve been in the stomach but a short time. I finally s?)‘lvfgltf]}?g xtxfmy
neoréyn yfz?lniqmlbenng that the man who brought us out—we arrived 'Lbob;st.
— 118 horse some oats at a point just above the 1 : erai
was either blown into the water or carelessl] i by somo e, £ ran
; ¢ a arelessly thrown in by so 1 -
g;l:r;lgy:gfotlx}d in ﬁl;lelr stomachs portions of the leaves ang se:rgg g?((’.ho {Mffrsr
a rowing in the streams. Among the latter was in soveral nees
' 1 the 0 lat 2 everal instances g
1roulzld seed about as Lnge as a No. 4 shot, which I at first 1:11ought1:\]':151}»](‘1?1801(l
tgsﬂ;ea spkec(;es oftspgerlllim, but on examining it with a glass what 'Ip'}‘)e'ired-
naked eye to be the striations of the shell proved to b veinatio
o oo b to e oo shell proved to be the veination of
. Lt s gainst the vegetarian theory that many fi
that which in no way resembles their otdinary food, as tyhe artiﬁf:;zl IE? t'?lll((({

- the different varietics of 8poon and spinning baits, and that this particular

fish conld in no way have had an i
: ad any previous knowledge of oats as
Eig?gqllx)exzt}y]the ttaklug ofblt must be in the nature of a freak r::lng(;:(lll’rling
abit, but 1do not remember to have ever found in th y ¢
fish any eubstance other than their fo oh could b g O pther
] od but which could be
accidental, while in the graylin X o e ot a8
: g the presence of vegetabl tter i
forms is of so frequent an occurrence i e G tho fam. o
3 d ) as to po s
a Ij)\art (;f their food at least is vegetable. point sirongly fo the fact, that
nother point in favor of this theoryi i
h i V0! i y is the peculiar flavor of the
g}é:ﬁ w?wﬁ has gl;’en it its specific name. It is a well-known f-m}:,e tf;ls':lt 1?1(;
f of all animals is to a greater or less degree flavored by jis f (
if this fish fed upon exactly the g . s the bupow foans Now,
actly the same materials as the brook ¢
:here be a reasonable doubt but what its flesh would taste likertoli]fff’ (?J'mtllld
\ ro;;t, while tll;ebf]act ig, that it is distinctly different - e
ou are probably aware of the differerice between g liv
are ! v ] o erfed trout
z:]au%ht In its native wilds; a difference so patent, that a person rgluyh?mzl ())(];10
islimisats]alo?et\voulqtl)?ongullce them an entirely different fish Onegthling1
» Whatever its food is, it must have existed in unlj 't‘ 1 iti
]!:Z lg{:ze surg)orted tsuch a large multitude of this fish as a‘bs:;ll:ltee(]yg:i:gltlleils
norbhern streams of this State at an early day DlA Blodget
n | } & ay.  D. A. Blodget
%vmg'a.t Grand Rapids (and one of the pioneers ofythe Musko;((n%p:’t nt(])z
térsey-b;anc%x), told me that when he first built a dam at the mouth o‘f this
8 Jemtn, that in the spring, during the spawning season, when the grayling
_W(ireb.;ymg to find their way to the spawning grounds, that he hag znen u;Z
;]1'1)11:; i ar&ts fill “t,lle box of a common lumber wagon full of this fish i;l a few
s and carry them out into the country, not onl 1ch ha
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e o of oach spring. ; Stve years, while as many more must
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of the bends in the stream, and cuttin in tho Joo, T paugy 15 Lo, a0y
t a ing a hole in the ice, he could i ittle
while get all he wanted by’ thrustin hi imiti ! ot randlom inte e
b g this primitive spear at rand i
waters beneath; and as the number of fish ti ! o Tornio e b
;a2 hat auy stream can furnish i
& great extent limited only by the food su i ‘ e
pply, it secms that so great 1
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] 0 icular stream, but i b oa
streams in which they were found ml%st 1 ot : o et vt
have had some food i h y
abundance than what is ¢ i r ordi roame okt
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8.—THE DISTRIBUTION OF FRESH-WATER FISLES.

1
BY PROF. DAVID STARR JORDAN.

' New York, L

t fishing in the brooks of western x

When : Wﬁ ad??fzrtr;% a?rirzlxms did iot always }mve the same kénfdasroff:i:r}rllei;y
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these species back permits others more adventurous to pass; and a wider
knowledge of the geography of the region showed that such is the case.
Farther down in its course, the Oatka falls over a ledge of rock, forming a
considerable waterfall at Rock Glen. Stiil lower dowa its waters disappear
in the ground, sinking into some limestone cavern or gravel-bad, from which
they refippear, after some six miles, in the large springs at Caledonia. Rither
of these barriers might well discourage a quiet-loving fish; while the trout
and its active associates have sometime passed them, elss we should not find
them in the upper waters in which they alone form the fish-fauna. This
problem is a simple one; a boy could work it out, and the obvious solution
seems to be satisfactory.

Since those days I have been a fisherman in many waters~—not an angler
exactly, but one who fishes for fish, and to whose net nothing large or small
ever comes amiss; and wherever I go I find cases liko this.

We do not know all the fishes of America yet, nor all those well that we
know by sight; stiil this knowledge will come with time and patience, and
to. procure it is a comparatively casy task. It is also easy to ascertain the
more common inhabitants of any given stream. It is ditficult, however. to
obtain negative results which are really results. You cannot often say that
a gpecies does not live in a certain stream. You can only affirm that you
have not yet found it there, and you can rarely fish in any stream so long
that you can find nothing that you have not taken before. Still moro
dilficult is it to gather the results of scattered observations into general
statements regarding the distribution of fishes. The facts may be so few as
to bo misleading, or so numerous as to be confusing; and the few writers
who have taken up this subject in detail have found both these difficulties to
be serions.  Whatever general proposition we may maintain must e stated
with the modifying clause of ““ other things being equal ; and other things
are never quite equal.

Still less satisfactory is our attempt to investigate the causes on which our
partial generalizations depend—to attempt to break to pieces tho ' other
things being equal ” which baffle us in our search for general laws.

We now recognizo about six hundred species of fishes as found in the fresh
waters of North America, north of the 'Iropic of Gancer, thess representing
thirty-four of the natural families. Asto their habits, we can divide these
species rather roughly into the four categories proposed by Professor Cope,
or, as we may call them—

» (1) Lowland fishes; as the bow-fin, pirate perch, large-mouthed black
bass, sunfishes and some catfishes.

(2) Channel fishes; as the channel catfish, the moon-eye, gar pike, buffalo
fishes and drum.

(3) Upland fishes; as many of the darters, shiners and suckers, and the

- small-mouthed black bass.

(4) Moantain fishes; as the brook trout, and many of the darters and

" minnows.

To these wo may add the mworoe or less distinet classes of (3) Lake fishes,
inhabiting only waters which are doep, clear and coll, a3 the various species
of whitelish and the great lake trout; (6) Anadromous fishes, or those which
run up from the sea to spawn in fresh waters, as the salmon, sturgeon, shad
and striped bass; (7) Catadromous fishes, like the eel, which pass down to
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spawn in the sea; (8) Brackish-water fishes, which thrive best in the debat-
able waters of the river-mouths, as most of the sticklebacks and the killifishes.

As regords the range of the species, we have every possible gradation from
those which seem to be confined to & single river, and are rare even in their
restricted habitat, to those which are in a measure cosmopolitan,* ranging
everywhere in suitable waters.

Still, again, we have all degrees of constancy and inconstancy in what we
regard as the characters of a species. Those found only in a single river
basin are usually uniform enough; but the species having a wide range
usually vary much in different localities. ‘Continued explorations bring to
light from year to year, new species; but the number of new forms now dis-
covered each year is usually less than the number of recognized species which
are yearly proved to be intenable. Three complete lists of the fresh-water
fishes of the United States have been published by the present writer. That
of Jordan and Copeland, § published in 1876, enumerates 670 species. That
of Jordan} in 1878 contains 665 species, and that of Jordan§ in 1885, 587
species, although upwards of 75 new species were detected in the nine years
which elapsed between the first and the last list. Additional specimens
from intervening localities are often found to form connecting links among
the nominal species, and thus several supposed species become in time
merged in one. Thus the common channel catfish (lefalurus punclatus
Rafinesque) of our rivers has been described as a new apecies not lcss than
twenty-five times, on account of differences, real or imaginary, but compara-
tively trifling in value.

Whore species can readily migrate, their uniformity is preserved; but
whenever a form becomes localized its representatives assume some charac-
ters not shared by the species as a whole.

Comparing a dozen fresh specimens of almost any kind of fish {rom any
body of water with an equal number from somewherc else, one will rarely
fail to find some sort of differences—in gize, in form, in color. These differ-
ences are obviously the reflex of differences in the environment, and the col-
lector of fishes seldom fails to recognize them assuch; often it is not difficult
to refer the effect to the conditions. Thus, fishes from grassy bottoms are
darker than those taken from over sand, and those from a bottom of muck
are darker still, the shade of color being, in some way not well understood,
dependent on the color of the surroundings. Tishes in large bodies of water
reach a larger size than the same species in smaller streams or ponds. Fishes
from foul or sediment laden waters are paler in color and slenderer in form
than those from waters which are clear and pure. Again, it is often true
that specimens from northern waters are often less slender in-body than
those from farther south; and so on. Other things being equal, the more
remote the localities from each other, the greater are these differences.

1t is evident, from these and other facts, that the idea of a separate crea-
tion for each species of fishes in each river basin, as entertained by Agassiz,
is wholly incompatible with our present knowledge of the specific distinctions
or of the geographical distribution of fishes. 'This is an unbroken gradation

* Thus the chub-sucker (Ertmyzon sucelia) in some of its varieties ranges everywhere from Maine
to Dakota, Florida and Texas; while a number of other species are searcely less widely distributed.

+ Check List of the Fishes of the Fresh Waters of North Awerica, by David 8. Jordan and Herbert
T. Copeland. Bulletinof the Buffalo Society of Natural History, 1876, pp. 133-164.

$ A Catalogue of the Fishes of the Fresh Waters of North America. Bulletin of the United States
Qeological Survey, 1878, pp. 407-442,

§ A Catalogue of the Fishes known to inhabit the Waters of North America North of the Tropic o
Cancer. Annual,Report of the Commissioners of ¥ish and Fisheries for 1884 and 1885.
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cansed chiefly by the difference in temperature occupying the difference in
latitude. That a similar difference of Jongitude, with free water communi-
cation, has no appreciable importance, is shown by the almostabsolute 1(v10.n-
tity of the fish-faunwm of Lake Winnebago and Lake Champlain, While
many large fishes range frecly up and down the Mississippi, a majority of the
speeies do not do so, and the fauna of the upper Mississippi hasmore in com-
mon with that of the tributaries of Lake Michigan than it has thl} that of
the RRed River or tho Arkansas. The influence of the climate is again shown
in the paucity of the fauna of the cold waters of Lake S‘uperlor, as compar_cd
with that of Lake Michigan. The majority of our species cannob enfl_ure the
cold. In general thercfore, cold or Northern waters contain fower species than
Southern waters do, thongh the number of individuals of any one kind may be
greater. T'hisisshownin all waters, fresh or salt. The fisherics of the Northern
seas are more extensive than those of the Tropics. There are more fishes
there, but they are less varied in kind. The writer once caught scventy-f‘ive
specics of fishes in a single haul of the seine at Key West, while on Cape (Jo’d
he obtained with the same net but forty-five species in the course of a week’s
work. Thus it comes that the angler, contented with many fishes of few
kinds, goes to Northern streams to fish, while the natgraljst goes to the Sout.h.

But in some streams the difference in latitude is significant, and the chief
differences in temperature come from Cifferences in elevation, or from the
distance of tho waters from the colder source. Often the lowland waters are
so different in character as to produce a marked change in the quality of
their fauna. These lowland waters may form a barrier to the free movements
of upland fishes; but that this barrier is not impasguble is shown by the
identity of the fishes in the streams (for example, Elk river, Duck river, etc.)
of the uplands of middle Tenncssee with those of the H(_)lston and French
Broad, Again, streams of the Ozark mountains, similar in character to the
rivers of Xast Teunncssee, have an essentially similar fish-fauna, although
between the Ozarks and the Cumberland range lies an area of lowland bayous,
into which such fishes are never known to penetrate. We can, however,
imagine that these upland fishes may be sometimes swept down from one
side ot the other into the Mississippi, from which they might ascend on the
other side. Bub such transfers certainly do not often happen. This is
apparent from the fact that the two faunwm* are not q}ﬁte ivdentlcnl, m}d in
some cases the same species are represented by perceptibly different varieties
on one side and the other. The time of the commingling of these faunw is
perhaps now past, and it may have occurred only when the climate of the
intervening regions was colder than at present. .

The effect of waterfalls and cascades as a barrier to the diffusion of most
species is self-evident; but the importance of such obstacles is less, in the
course of time, than might be expected. In one way or another very many
species have passed these barriers. The falls of the Cumberland limit the
range of most of the larger fishes of the river, but the streams abovg it havo
their quota of darters and minnows. It is evident that the past_ ]11:st01'y C_»f
the stream must enter as a factor into this discussion, but this past history it

*There are three species of darters {Ethcastoma capelandi Jordan; Ethcostoma cvides .Tm'rl:m_nnd
Copeland; E‘Nlr,mlnlum seierum Swain) which are now Known only from lep Qzark region or lw)nh(%
and from the uplands of Indiana, not vet having been found at any point between h\\n{um‘?l_l(
Missourl, These constitute perhaps isolated colonies, now separated from the parent stoc “m
Arkansas by the prairie districts of Hiinojs, a region at present uninhabitable for these fishes. Bug
the non-vceurrence of these species over the intervening areas nueds confirmation, as do most similar
cases of anomalous distribution.
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is not always possible to trace. Dams or artificial waterfalls now check the

free movement of many species, especially those of migratory habits: while,

conversely, numerous other specics have cxtended their range throngh tho
agency of cauals (thus, Dorosoma cepedianum Le Sueur, and Clupea ch ryso-
chloris Rafinesque, have fonnd their way into Lake Michigan through canals).

Every year fishes are swept down the rivers by the winter’s floods; and in

the spring, as the spawning season approaches, almost every species is found
working its way up the stream. In some cases, notably the Quinnat salmon
(Oncorhynchus tschawytsche Walbaum) and the blueback salmon (Oncorhyn-
chus nerka Walbaum), the length of these migrations is surprisingly great.
To some species rapids and shallows have proved a suflicient barrier, and
other kinds have been kept back by unfavorable conditions of various sorts.
Streams whose waters arc always charged with silt or sediment, as the
Missouri, Arkansas, or Brazos, do not invite fishes; and even the occasional
floods of red mud such as disfigure otherwise clear streams, like the Red river
or the Colorado (of Texas), are unfavorable. Iixtremely unfavorable also is
the condition which obtaing in many rivers of the Southwest; as for example,
the Red river, the Sabine, and the T'rinity, which are full from bank to bank
in winter and spring, and which dwindle to mere rivnlets in the autumn
droughts.

In general, those streams which have conditions most favorable to fish-life
will be found to contain the greatest number of speciecs. Sush streams invito
immigration; and in them the struggle for existence is individual against
individual, species against species, and not a mere struggle with hard con-
ditions of life. Some of the conditions most favorable to the existence in
any stream of a large number of species of fishes are the following, the most
important of which is the one mentioned first: Connection with a large
hydrographic basin; a warm climate; clear water; a moderate current; a
bottom of gravel (preferably covered by a growth of weeds) ; little flactuation
during the year in the volume of the stream or in the character of the water,

Limestone streams usually yicld more species than streams flowing over
sandstone, and either more than the streams of regions having ntetamorphic
rocks. Sandy bottoms usually are not favorable to fishes. In general, gla-
cial drift makes a suitable river bottom, but the higher temperature usual in
regions beyond the limits of the drift gives to certain southern streams con-
ditions still more favorable, These couditions are all well realized in the
Washita river in Arkansas, and in various tributaries of the Tennessee, Crim-
berland and Ohio; and in these, among American streams, the greatest num-
ber of species has been recorded.

The isolation and the low temperature of the rivers of New England have
given to them a very scanty fish-fauna as compared with the rivers of the
south and west. This fact has been noticed by Professor Agassiz, who has
called New England a ¢ zodlogical island.”” *

In spifo of the fact that barriers of every sort are sometimes crossed by
fresh-water fishes, we must still regard the matter of freedom of water com-
munication as the cssential one in determining the range of most species.
The larger the river basin, the greater the variety of conditions likely to

** In this isolated region of North America, in this zoological island of New England, as we may
call ir, wo findi neither Lepidosteus, nor Amia, nor Polyodon, nor Amblodon {Apdodinofus), nor
Grystes (Micropterus), nor Centrarchis, nor Pomoxis, nov Amploplites nor Calliurus, {Cheenohry-
tu), nor Carpiodes, nor Hyodon, nor indeed any of the characterisiic forms of North Ameriean
fishes so common everywhers o se, with the exception of two l’omotis (L pomis), one Boleosoma, .
and afew Catostomus."—AGASSIZ, dmer. Journ, Sci, Arts, 1854,
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is due in part to its great height, still more to its great breadth, and most of
all, perhaps, to the fact that it is nowhere broken by the passage of a river.
But two species—the red-throated or Rocky Mountain trout (Salmo mykiss
Walbaum [=purpuratus Pallas]) and the Rocky Mountain whitefish (Core-
gonus williamsoni Girard)—are found ou both sides of it, at least within the
limits of the United States; while many genera, and even several families,
find in it either an eastorn or a western limit to their range. fu a few in-
stances representative species, probably modifications or separated branches
of the same stock, occur on opposite sides of the range, but there are not
wany cases of correspondence even thus close.

1t is easy to account for the separation of the faunm; but how shall we ex-
- plain the almost universal diffusion of the whitefish and the trout in suitable
waters on both sides of the dividing ridge ? We may notice that these two
are the species which ascend highest in the mountaing, the whitefish inhabit.-
ing the mountain pools and Inkes, the trout ascending all brooks and rapids
in search of their fountain-heads. In many cases the ultimate dividing
ridge i3 not very broad, and we may imagine that atsome time spawn or even
young fishes may have been carried across by birds or other animals or by
man—or more likely by the dash of some summer whirlwind. Once carricd
across in favorable eircumstances, the species might swrvive and spread.

I have seen an examplo of how such transfer of species may be accomplished,
which shows that we need not Le left to draw on the imagination to invent
possible mneans of transit.

There are few water-sheds in the world better defined than the mountain

\ range which forms the  backbone® of Norway. 1 lately climbed a peak in
this range, the Suletind. From its summit I could look down into the val-
leys of the Liira and the Bigna, flowing in opposite directions to opposite
sides of the peninsula. To the north of the Suletind is a large double lako
called the Sletningenvand. The maps show this lake to be one of the chief
solirces of the westward-flowing river Lira. This lake is in August swollen
by the melting of the snows, and at the timo of my visit it was visibly the
source of both these rivers. From its southeastern sido flowed a large brook
into the valley of the Bigna, and from its southwestern corner, equally dis-
tinctly, came the waters which fed the Lira, This lake, like similar mountain
ponds in all northern countries, abounds in trout; and these trout certainly
have for part of the year an uninterrupted line of water communication from
the Sognefjord on the west of Norway to the Christianiafjord on the south-
east—from the North Sea to the Baltic. Part of the year the lake has prob-
ably but a single outlet through the Lira. A higher temperature would
entirely cut off the flow iuto the Bigna, and a still higher one might dry up
the lake altogether. . This Sletningenvand,* with its two outlets on the sum-
mit of a sharp water-shed, may serve to show us how other lakes, perma-
nent or temporary, may elsewhere have acted as agencies for the transfer
of fishes. We can also sce how it might be that certain mountain fishes

* Since the above was written 1 have been informed by Professor Joln M. Coulter, who was one
of the first explorers of the Yellowstone Park, that such a condition stili exists on the Ro: Moun-
tain Divide, Inthe Yellowstone Park Js & marshy tract, traversablo by flshesin the rainy season,
and known as the ' Two-Ocean Water.” In this fract rise tributaries both of the Snake river and
of the Yellowstone. Similar conditions apparently exist on other parts of the Divide, both in Mon-
tana and in \\'f‘uming.

Professor John C. Branner calis my atieniion to a marshy upland which separates the valley of

the La Plata from that of the Amsazon, and which permits the free movenient of fishes from the
Paraguay river to the Tapajos. Itis well known that through the Cassiquiare river the Rig Negro,
another branch of the Amazon, is Joined to the Orinoco river. It is thus evident that almost all the
waters of eastern South America form a single basin, so far u(the fishes are concerned,
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should be so transferred while the fishes of tho upland waters may be left
behind. In some such way as this we may imagine the trout and the white-
fish to have attained their present wide range in the Rocky Mountain region ;
and in similar manner perhaps the Eastern brook trout (Salvelinus fontinalis
Mitchill) and some other mountain species (Noiropis rubricroceus Cope;
Rhinichihys aironasus Mitchill, etc.) may have been carried across the

Alleghanies.

The Sierra
of species. This s, however, broken by the pas
and many species thus find their way across it. That the waters to the west

of it are not unfavorable for the growth of eastern fishes is shown by the fact-
stern catfish (Ameiurus nebulosus Lo

of the rapid spread of the common ea

Sueur) or horned pout, when traneported from the Schuylkill to the Sacra-

This fish is pow one of the important food fishes of the San Fran-
ial favorite with the China-

It has become in fact, an espec
esenting certain analogies with the

Nevada constitutes also a very important barrier to the diffusion
sage of the Columbia river,

mento.
cisco markets.
man—himself also an immigrant, and pr

fish in question, as well in temperament as in habits. )
The mountain mass of Mount Shasta is as already stated, a considerable

barrier to the range of fishes, though a number of species find their way
around it through the sea. The lower and irregular ridges of the Coast Range
are of small importance in this regard, as tho streams of their east slope
reach the sea on the west through San Francisco Bay. Yet the San Joaquin
contains a few species, not yet recorded, from the smaller rivers of south-
western California.
The main chain of the Alleghanies forma a barrier of importance separat-
ing the rich fish-fauna of the Tennessec and Ohio basins from the scantier
faunw of the Atlantic streams. Yet this barriet is crossed by many more
species than is the case with either the Rocky Mountains or the Sierra
Nevada. 1t is lower, narrower, and much more broken—as in New York, in
Pennsylvania, and in Georgia there are geveral streams which pass through it
or around it. The much greater age of the Alleghany chain, as compared
with the Rocky Mountains, scems not to be an element of any importance in
this connection. Of the fish which cross this chain, the most prominent is
the brook tront ( Salvelinus foniinaliz), which is found in all suitable waters
from Hudson’s Bay to the head of the Chattahoochee. A few other species
are locally found in the headwaters of certain streams on opposite sides of
the range. An example of this is the little red “fall fish > (Notrobis rubi-
crocens Cope), found only in the mountain tributaries of the Savannah and
the Tennesseo. We may suppose the same agencies to have agsisted these
species that we have imagined in the case of the Rocky Mountain trout, and
such agencies were doubtless more operative in the times immediately follow-
ing the glacial epoch than they are now.

The passage of species from stream to stream along the Atlantic slope de-
serves a momont’s notice. It is, under present conditions, impossible for any
mountain or upland fish, as the trout or the miller’s thumb (Cotlus richard-
soni Agassiz), to cross from the Potomac river to the James, or from the
Neuse to ihe Santee, by descending to the lower courses of the rivers, and
thence passing along either through the swamps or by way of the sea. The
lower courses of these streams, warm and muddy, are uninhabitable by such
fishes. Such transfers are, however, possible farther north. From the rivers
of Canada and from many rivers of New England the trout does descend to
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determining the range of species. Many of the distinctively northern fishes
are found in the head-waters of the Wabash and Scioto. The considerable
difference in the general fauna of the Ohio Valley as compared with that of
the streams of Michigan is due to the higher temperature of the former

barriers betwean the river and the Great

region, rather than to any existing
Lakes. In northern Indiana the water-shed is often swampy, and in many

places large ponds exist in the early spring.
At times of heavy rains many gpecies will move through considerable dis-

tances by means of temporary ponds and brooks. Tishes that have thus
emigrated often reach places ordinarily inaccessible, and people finding them
in such localities often imagine that they have “ rained down.”” Once, hear
Indianapolis, after a heavy shower, I found in a furrow in & corn-field a
small pike (Bsox vermiculatus Le Sucur), some half a mile from the creek in
which he should belong. The fish was swimming along in a temporary
brook, apparently wholly anconscious that he was not in his native stream.
Migratory fishes, which ascend small streams to spawn, are especially likely
to be transferred in this way. By some guch means any of the water-sheds
in Ohio, Indiana, ot Itlinois may be passed.

It is certain that the limits of Lake Eric and Lake Michigan were once
more extended than now. Itis reasonably probable that some of the terri-
tory now drained by the Wabash and the Illinois was once covered by the
waters of Lake Michigan. The cisco (Coregonus artedi stsco, Jordan), of
Lake Tippecanoe, Lake Geneva, and the lakes of the Oconomowoc chain, is
evidently a modified descondant of the so-called lake herring (Coregonus
artedi Le Sueur). Its origin most likely dates from the time when these
small deep lakes of Indiana and Wisconsin were connected with Lake Michi-
gan. The changes in habits which the cisco has undergone are considerable.
The changes in external habits aro but trifling. The presence of the cisco in
these lakes and its periodical disappearance—that is retreat into deep water
when not in the breeding scason—has given rise to such nonsensical discus-
gion as to whether any or all of these lakes are still joined to Lake Michigan
by subterranean channels. Several of the larger fishes, properly character-
istic of the Great Liake region (as, Tota lota maculosa; Percopsis guttatus;
Esox masquinongy), are occasionally taken in the Ohio river, where they are
usually recognized as rare stragglers. The difference in physical conditions
is prob ably the sole canse of their scarcity in the Olio basin.

The similarity of the fishes in the different streams and lakes of the Great
Basin is donbtless to be attributed to the general mingling of their waters
which took place during and after the glacial epoch. Since that period the
climate in that region has grown hotter and drier, until the overfow of the
various lakes into the Celumbia basin through the Snake river has long since
ceased. These lakes have become isolated from each other, and many of
them have become salt or alkaline and therefore uninhabitable. In some of
these lakes certain species may now have become extinet which still remain
in others. In some cases, perhaps, the differences in surrounding may have
caused divergence into distinct specics of what was once one parent stock.

The suckers in Lake Tahoe (Calostomus tahoensis, in Lake Tahoe; Catosto-

mues macrocheilus and discobolus, in the Columbia; Catostomus fecundas, Catos-

fomus ardens; Chasmistes liorus and Pantosteus generosus in Utah Lake) and
those in Utah Lake are certainly now different from each other and from
those in the Columbia. The trout (Salma mykiss, et vars. henshawi and vir-
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co-operation. Tvery individual is for himself, every struggle is a struggle
of life and death. Each fish is a cannibal, and to each species each member
of every other species ig an alien and a savage. Now all this has & practical
gide to it, although the practical side has been as yet little developed.

A leading feature of the work of the Fish Commissions must be to help
the fishes over the barriers, to sssist nature in the direction of colonizing
streams and lakes with fishes which are good to eat, to the exclusion of the
kinds of which man can make no use.

This help may be given by the introduction of vigorous kinds of fishes into
waters into which they had been unable to find an entrance before. The
work judiciously done may be of the greatest value to the people of our coun-
try. Numerons as are the tood fishes of the Mississippi valley, it must be T T
confessed that the rank of the great bulk of bhem is pot high. Our rivers ‘o
onght to raise something better than suckers, paddle-fish, drum and buffa- ) BY D
loes. To bring in better fishes with success, it is necessary for us to know T J. O, rakKER,
something of the habits and necessities of the species in question, and also
something definite as to the character of the waters which are to be stocked. )

It is of no use to plant brook trout in a muddy bayou, or channel-cat in T

THE COMMON FISH.
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e thI‘Oﬂ'glllofph for waters in their vicinity, ‘z]]lq,n’nny D e on
thow then}l w{:‘t]; lizld better Bl L0 e };O(é?lilxglgo: fox‘" the general public to
e arnish. f the most important things tho gone
R, furtllne:!hv.-\lu(znnefoneglected thingls rggl]ttiti‘)t,ntll()ggreggry oore - sh 3,lt ag;
K ho fndiscrimi apture and destruc f it e ooy
. indls'cnmn?ﬂtlemfggr is a constant aud cr{xtng csa;'é Jhat cm o0 ok
SO e &1 )11 eneral public can be brought to see it I oot
remedied when zlr]; ogne and more especially tg; R?O:ﬁeiy B o
that concerns ev ,1 more especially
° ropor In snforced.
o Ilné)neyﬂt; bguiridtiliz proper laws were made and enfo
might eas

i « American sardine
production of the An

NO 11. —REPORT OF THE FISHERY COMMITTEE 0

F THE 110USE
OF REPRESENTATIVES IN THE SE

SSION OF 1887,

Wayne ; Paris, county of Mecosta; and P

etoskey, county of Bmmet,
On February 7, 1887, y

our committes on fisheries mot at the office of the
State Board of Fish Commissioners, located at Dotroit, and were shown the

accounts of said board and the manner of the keeping of the same; also the
method of gathering statistics regarding the interest of the state in fish and
fisheries, together with al] the facts regarding the labors of gajq commission
in any way pertinent to the interest of the state, Tn this connection we wonld
state that it is the object of the co opagate and cultivate fish

for the purpose of planting in the inland lakes and streams; and in the bays,
harbors and chain of great lakes of the state, so far ag its jurisdiction ex-
tends, and to take such steps and use such action ag will best promote and pre-
serve the fish industry of the state, under the powers delegated to them by
law.

In order that your honorable b
the details of this item of trade,
of the fishermen of Michigan am

mmission to pr

ody may be made better acquainted with
your committee would state that the catch
ounted in the past year to nearly 26,400,000
pounds, yielding to the parties so engaged not less than £800,000, employing
over seventeen hundred persons, sixty-six steam tugs, three hundred ang

eighteen sail boats, two hundred and thirty-two pound net boats, and one
hundred and sixty-five skifFs.

The value of nets, boats, docks and buildings engaged in this trafficis esti-
mated at $1,100,000.

We would also state that the territory of the fishing grounds within the
jurisdietion of the state, in the great lakes, amounts to 30,000 square miles,
or an area equal o three-fifths of the total land area of the State; that
the coast line extending along the east and north shores of Lake Mich;

gan,
the south shore of Lake Superior, the north and west shores of Lake Huron,
and the shores of Lakes St. Clair and Eri

6 is over two thougand miles in
length. The coust line so designated is tot
waters of the state, and is given for the p
the members of the legislature to the f

attention and support in behalf of thi

ally exclusive of any of the inland
urposo of calling the attention of

acts in the case, and of enlisting their
s industry,
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DETROIT STATION.

Visiting this station your committee found a commodious wooden build-
ing, in size forty by eighty feet, consisting of a main room aund office, with
storage room attached, devoted to the sole purpose of the propagation and
hatching of whitefish.

Its capacity is 50,000,000 annually, and it was estimated at the time of our
visit that 40,000,000 eggs were in process of hatching. Of this number it is
believed that not more than ten per cent will fail to mature while in process
of incubation.

Whitefish eggs hatch in the months of March and April, and as soon as the
n readiness they are placed in cans provided for the purpose
them, and forthwith distributed and planted in the various
according to the orders received by the commissioner for

young fry are i
of transporting
waters of the state,

them.
From this station of Detroit alone there were sent out for distribution and

planted during the season of 1886, 36,420,000 whitefish. These were planted
in the waters of Lakes Michigan, Huron, 8t. Clair, Traverse and Saginaw
Bays, Detroit river and some of the inland lakes.

Mr. Eli Tinlan is the overseer of this station, and your committee report
it complete in its appointments, and faithfully, compatently and economic-

ally carried on.

PARIS STATION.

This fish hatchery is situated on the Grand Rapids & Indiana, Railroad, in
the county of Mecosta, and at present is used exclusively for the propagation
of brook trout. It comprises 118 acres of land, traversed by two streams,
named Cheney and Little Buckhorn creeks, respectively. It is equipped with
a hatchery, and a superintendent’s and overseer’s house. ~These streams
empty into the Muskegonriver. Along Cheney creek several fish ponds have
been formed in which many thousande of stock brook trout are kept for
breeding purposes. The hatchery has a capacity of 1,500,000 brook trout per
annum, and when visited by your committee 1,300,000 young trout were
beginning to hatch out.

Mr. 0. D. Marks is the overseer of this station, and everything connected
therewith exhibited knowledge, care, and attention. TFrom this station
during the season of 1886, 719,000 brook trout were hatched and distributed

for planting.

PETOSKEY STATION.

This station is used for the hatching of whitefish, and is situated on the
line of the Grand Rapids & Indiana railroad, on the shores of Little Trav-
erse Bay, in the county of Emmet. The capacity of this station is 33,000,-
000 whitefish per annum.
geer ; comprises & hatchery and residence,
plant about 25,000,000 whitefish.

It is well managed by Mr. A. W. Marks, as over-
and in this sesson (of 1887) will

APPENDIX,
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GLENWOOD STATION,

This station, situate {
¢ ate in Cass
Your committee have not ag yego};::lty,ti
report to make concerning it.

18 used for the propagation of carp
me to visit it, and therefore have no'

IMPROVEMENTS.

1. Your ¢ i
exmndin;raggzglé}tie?rz?;)g}?}elgthhte })ttl;'ldillg of a platform and veranda,
) Detro 4 ildi ssary
a§2a srllx‘ltable_ap'proach and protective sllmd;mhery building, made necessary
. .diff}éi bltu]dmg of a second hatchery :
o .
e ;Lrlgr}:srrovements suggested in the estimates of the bo d h i
dinch r,o h eason that the facilities of said station wil] endily st
right g}ddipt?bg:a]logxof 5,00t(),000 brook and other trout a::vrlm Ny
pbense to that now 1 g

Thahi ¢ 8 ow mcurred, togeth i
fhoor ec;rcse::cg;vi% from all parts of the state for tﬁoutefrrwagl}rl {;het'fact fred
hatohing berier :Vsupply, and in excess of the capacity (?fa?l S g
i ; ng, warrants the committee in r i o wont
n(I:reased capaoit h ecommending more room and

n conclusion, your committ, i

e > Jour committee desire to say that i
assurre;nd, lt)l;'e!)];;]]ade‘mquny Into the results oy; ﬁ;}al pﬁiﬁ;}igver e oty
s Iakzsplv:}f:;zal;}(;ﬁs%r;xn}g persons that in the gref{ f:l:lesw:nge're
o elist have been planted  gratifying
8 are to be seén, and that in the many inlaﬁd st:ef;nf:;hlg:estbimltliymg
ok trout

have been plant +
manner, planted they have thrived and grown in the most satisfactory

de:’ggegi:h tt}(l) say too, that the board of f
0 their work, who give a ] i
ovoted. ork, g1ve a large share of their tj :
rgocomméfl%nsﬂti(;tt}zl}ij work, an(_i a8 a result of our invel;?ie’a:;v'mwut gidd
© appropriations asked for by them gf 1;ll;)il:zlew9 thould
» gislature,,

may be granted.
E. Z. PERKINS,
Chairman.

house at Paris station, and making

sh commissioners are gentlemen
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PARIS STATION.-Continued.
1887,
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PARIS STATION.—Continued.

1888,
- 40° [ May 1.._
38 2-

DETROIT STATION,

Temperature of water during the whitefish hatching season from Nov, 13, 1886, to
April 15, 1887.

1886.
Nov. 13-15..
18

18-27.
During whitefish hatching season from Nov. 16, 1887, to April 18, 1888.

]

1887,
Nov. 16-18....
19

Feb. 1-22.

BEIBR

R

PETOSKEY STATION.

Teroperature of water during the whitefish hatching season, from Nov. 24, 1886, to
April 4, 1887.

23-31.
April 14_.
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PETOSKEY STATION.—Continued.

During whiteflsh hatching season from Nov. 20, 1887, to March 25, 1888.

1887,

The catch of fish for 1886 actually reported to the Fish Commission by 180 firms,.
employing 625 men, was as follows:

Pounds.
2,652,326
122,986
1,173,912
15,89

440,978
514,824
¢l ,000-
Other kinds 201,623
Total pounds...oooevee oo aiiloe o 8,156,148-
62,824

Caviare.... c.cooooeeamaonaais !
Tgml value at wholesalo cos sﬂ;?%’%
Total value at market price........ e

The following nets were in use: - Xo
356+
Pound nets. 2
17
54
The following boats were used:
Steamers. .. 132
8ail boats. . 104
Pound bonts . 1
Skifts._____.__

The catch of fish for 1887 actually returned to the Fish Commission by 146 firms,
employing 555 men, was as follows : Pounde

Whitefish. 2,756,419

998,985
200,843-
447,043
238,142

Total PONnds ..... oL e e 6,263,079
Caviare. ... .....o...oo.o...
Total value at wholesale cost

Total value at market price..

The following nets were in use:

Pound nets.

1,617,818-

. 30,202
$215,526.16-
501,046,323

A ST

g
¥
,
2

T
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INVENTORY.

PARIS STATION.

118 acres of 1and, with overseer's house and meander of Cheney creck
%uperintendent‘s house
arn

Shop and office.
Old hatehery.
New hatchery
Car house.____..

Ponds, races, and other improvements to ponda........oo .. ... 8,300 €0
—_— 8,943 00
£12,43 00
Pump logs $260 00
Apparatus and tools 620 00
Two camp outfits.__ 17 00
—_— 1,125 00
Total...o....... .. F4,068 00
Car for transporting flsh ... 13.550 00
DETROIT STATION.
Buildings, with framesa and tanks $6,710 00
Chase automatic glass jars. ,216 30
Fish cans._.._._..__._ ... 875 00
Toolr, apparatus and furniture 836 87
Fishery at Fort Wayne........ 100 00

Building, water pipes and fixtures
Residence....... ... ..

- $3513 00
5

50 00

Four-inch main water supply. . 5'14 00
GLENWOOD STATION,
gV[nter house b - 8151 00
Ans.... ....... . 75 00
Tools, apparatus aud fixtu 25 00
TOBAL - e e a0 00
SECRETARY’S OFFICE.
Furniture..._._...._
Books and stationery. 51}3 3?)
Library ......._....... 30 00
TOLAL et e " $t80 00
R RECAPITULATION.
Paris station_._. 4
Detroit station s 0:23‘8( 2(7)
Petoskey station 4,777 00
Glenwood statlo: 250 00
Oar for transportivg fish 3,550 00
Secretary’s office._....__. 180 00

TOUAY cemooiee e — . . $B2A22 6T
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Wm. A, Butler, Jr., Treasurer of the State Fish Commission, in settlement with Board
' of State Auditors, for year ending Sept. 30, 1887.

NSURANCE, : 1886, Current Account, Quarter Ending Dee. 31, 18586,
! ' Oct. 1. | Cashonhand. ... £396 18
From State Treasurer 3,000 00
From other sources. .. 630 2
PARIS STATION. Disbursements as per vouchers $4,729 67
New hatchery... ‘2'5’38 % Quarter Ending March 31, 1887,
Qld hatchery. . .- 600 00 d 1887, From State Treasurer..... .. ...
gﬁgg:;::ggggm‘: oy }% % .3 Disbursements as per vouchera........ 2,899 83
Overseer's residence.._. 350 00 3
‘Trays, etc.,in new hat M 200 00 E
Trays, etcﬁ, in old hatchery. 300 00 .

b} outfit, etC.. .o..m.. . R
%’\?:;gns, harness, cte., fn Su 288 % 2375 75
Gonianta of oice Al ah X Quarter Ending Sept. 30, 1867.

Car house........onco-oe o From State Treasurer..........
L V- (U, $5,225 00 Disbursements as per vouchers 2,326 82
O reeemrene e Balance on hand....... 873 46
DETROIT STATION. o420 43
. Spectal Account, Quarter Ending Dec. 81, 1886. o - -
............................ $4,125 00 Oct. 1. | Balance on hand
TOtAL et e e Disbursements as $272
Quarter Ending Sept. 80, 1887.
PETOSKEY STATION. 1887, .
$1,200 00 July. From State Treasurer..__.__ 5,635 00
Hatchery.. "800 Disbursements as per v . 4,922 87
Dwelling. - Balance on hand.. 612 13
Total $1,600 00 o
. $5,537 72 $3,537 72
A 1887.
3 July.
8350 00 350 00
) OFFICE OF BOARD OF STATE Aunrmns,}
Lansing, November 30, 1587.

I hereby certify that the Board of State Auditors this day examined the within aceount current
of the recelpts and disbursements of William A. Butler, Jr.. Treasurer of the Board of Fish Com-
missioners of the State of Michigan, for the year ending September 80, 1887, and find the same to
agree with his vouchers on file in the office of the Auditor General, and find the balances on hand at
thaz, (ll)nt? to agree with the books of the Auditor General and have settled with said Treasurer on.
that basis.

G, R. OSMUN,
Chairman of the Board of State Auditors.
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1 tchiy Fish Commission, in
troit, Michigan, Treasurer of the State
. Aéezlztetfrfghﬂ;hifz;%rd of State Auditors for Year ending Scpt. 30, 1888.

i Current Expenses to Dec. 31, 1887, »
g $87
1887,
2a on hand Pt
Oet. 1. 2:;%“{0;:71)1 State Treasury. (i1 12
Cash from other sources. TN
Vouchers........._.. 91 08
Dec, 8l. | Balance overdrasn v
45,484 95 $5,484 95
Current Expenses to March 31, 1888. ——
1838. §2108
R B SRR IS

$4.178 83
41 51

Cash from State Treasury.
('ash from other sources
Vouchers._.
March 31| Balance...

$4,226 34

Current Erpenses to June 80, 1888.

$583 98
4,179 4¢
20 07

1888,
April 1. { Balance on hand v

From State Treasury

From other source RTTRTY
Vonchers . &5 31
June30. | Balance... ~ -
$4,783 49 $4,783 49
Current Expenges tn Sept. 30, 1688. —
s : $635 34
Ju}y 1 Ralance on hand .. : S
From State Treasury §is i
Vouchers..._._.____ 118 13
Sept. 30. | Balance overdrawn, e
$4,932 45 24,932 45
Specral Lxpenses to Dec. 31, 1887, — —
1887, s $612 13
Oct. 1, Balance on hand 355
Vouchers....... o
Dec. 31. | Balance on hand } -
$612 13 2612 13
Spectal Expensges from Jan. 1, 1888. e -
1888, o o2
Jan, 1. Balance on hand .. R
Vouchers,
36 2¢ $36 24

CE OF BOARD OF STATE AUDITORS,

O Lansing, Dec. 26, 1888. }
i bove account current of

v i d of State Anditors this day examined the a !

T e e S i il e

Sept. 30, 1888, and find th S i
gls;:'ng?;?Ias;l(‘(;“;irelrzlldtil?gb:l‘;&lcovon hand at that date to agree with the books of the Auditor General,

and have settled with said Trensurer on that basis. @ R OSMUN,

Chairman of the Board of State Auditors.

1 INSTRUCTIONS T0 CHARLES H. BOLLMAN WITH MICHIGAN
') FISH COMMISSION’S CREW EXAMINING INLAND LAKES,
SEASON OF 1888.

WasniNgTON, D.C,, July 6, 1888.

Charles H. Bollman, Esq., care John H, Bissell, Esq., President Michigan Fish Com-
mission, 33 Moffat Block, Detroit, Michigan:

‘] DEAR SR : Your duties in connection with the Michigan field party will be mainly
: : those of a naturalist, to cellect and preserve specimens of fishes and other aquatic
i animals, and make observations upon thejr distribution, abundance, habits, usefuluess,
: ete.
The main objectof your work will be to obtain 2, thorough and comprehensive knowl-
-edge of the aquatic fauna of the region, looking toward economic results.

; The fishes are of greatest importance, and should receive most attention, You will not
g be able to carry a very large stock of alcohol with you in the field, and must therefore
exercise due judgment in the selection of specimens to be preserved; always taking in
preference the rarer 8pecies or those requiring comparison with types for their proper
identification. It will be best, however, {0 make ag large a collection as your means
will permit, A careful record should be kept of all 8pecies not preserved.

. Complete lists should be made of all the fishes found in each lake or stream ; and as
k full notes as possible on the abundance of each species, its special habitat, its habits so
4 far as they can be observed, itg spawning season, size, and uses in the region where

collected, sither for food, for bait, or for other purposes, its comimon name, food, life

history, ete.

The food of the more useful species should be ascertained by an examination of the
stomach contents. As you will probably not e able to make this examination in the
field, the stomachs, properly opened to permit the entrance of alcohol, should be pre.
served separately, either in bottles or in cloth bags placed in jars.  Always save the
e stomachs with the contents, in order that their nuwmber may be known,

; Relative to the life history, the most that you can expect to do will he to keep a
diligent outlook for the young and eggs of all species, preserving a sufficient quantity
of each in alcohol, Evidence respecting the time of spawning may also sometimes be
obtained by examining the ovaries.

If any of the useful species have decreased in abundance, obtain as much evidence
as possible respecting the amount of decrease, and its extent and causes,
Note all introduced species; ascertain the time of their original planting, it possible;

-observe whether they have become acclimatized and breed naturally,

Carefully examine the exterior surface, the gills, mouths and stomachs of fishes for
‘parasites, which should he carefully preserved,
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Preserve all specimens (or a fair number) of crayfishes and other cruslaceans

mollusks, worms and other aquatic invertebrates which vou collect. In fact it is my

i i ic i riebrate -
desire to obtain as much information as possible respecting the.aquatlf': m}velt,; :
fauna of the region you are about to visit—the names of the specics, their abundanc -

distribution, their value to man in any way, and their r'elalive.impormnce ns 1'00;)1t fo;
ﬁslhes The dredge which has been forwarded to Mr. Bissell \.\“111 enable y.'ou too 0 ai
mqter.i'\l from the bottom of the lakes. Crayfishes are sometimes taken in the seinecs.
Some species live under stones. : : ,
sl?(r)lll'e pThe dip-net should be used among the aquatic plants; and where such p]ant;
are qi)nndant and the water sheltered, small organisms, such as Entomostraca an
insec i t numbers.
insect larvee, generally swarm in grea i o ;
Preserve all the invertebrates {from each special locality in a separate bottl.e OI; v ml.‘
If you hve sufficient botanical knowledge record the commo'ner aquatlc];lv :nts ltn
each lake, their relative abundance, and their distribution. It will filso be we 0.111‘0 ]
tll‘]e gener:’ﬂ character of the land vegetation of the region; especially the prevailing
trees, and their proximity to the water. o ) ]
The amount of time at your disposal will necessarily influence the scope and minute
ness of your inquiry, and I shall simply expect you to .do the best you. can, 4 all other
Label all specimens very fully and casefully; giving date, locality, and all othe

necessary information; and make such additional memoranda in your note book as

the occasion requires. Fack bottle or lot of specimens should have a separate labe;
plainly written with lead pencil. By using one series of numbers for your labels an

( ily be made.
note book, cross references can readily !
and do no,t trust too long to memory. Suitable paper for labels will b.e sent you.

Trusting that you will have a pleasant and successful season, I remain,

Very respectfully,
M. McDONALD,

(Siened Commissioner.

Mollusks often inhabit the shallow water near the -

Keep your notes well written up, .

MICHIGAN FISH cOoMMISSION,

INSTRUCTIONS TO EXAMINING CREW.
SEASON OF 18sg,

DeTrort, July 6, '88,

The superintendent will direct the crew where to begin operations in Kalamazoo
county.  The aim will be to finish that county and then come east in Calhoun county
at the point most convenient for reaching the lakes to be examined there. If Calhoun
county is finished before the superintendent calls the crew to g0 north, Jackson
county will be visited. If the latter county is reached, it will he best to work in the
fame systematic way as formerly, so that if the whole county cannot be covered it wil}
be completely done as far ag the crew can &o. For instance, it will be best to take the
four northwestern or southwestern townships, or to finish up a chain of lakes,

The examinations this season are to be made in codperation with the United States
Fish Commission. To that end Mr, Charles H. Bolliman will accompany the crew as
the representative of the U. S. Fish Commission and as naturalist of the rarty. The
officer in charge will see that Mr, Bollman is comfortably provided for at the camp,
that his baggage is cared for and disposed of at his convenience, and that every facility
is afforded him for the prosecution of his special work connected with the examina-
tions. Ag g large part of the results of Mr. Bollman's work is for the benefit of this
commission, we are interested in having it as complete and satisfactory as possible.
Some of the ways in which agsistance should be rendered him are as follows :

Whenever Necessary sece that he is provided with a boat, with one man to row if he
requests it to take his direction as to times and ways of using drag ; to report to him
overy new [urm of life observed in or on the waters ; to procure for him, if possible,
any species of fish or duplicates he may need ; under his direction to procure and fur-
nish to him the stomachs of fish caught in the nets or by other apparatus,

Mr. Bollman will be expected to assist the crew in making up their regular report by
identifying species if they are in doubt, by identifying varieties of food found in the
stomachs of fish, and in making any observations on the characteristics of the waters
or their fauna pertinent to the reports, Tt is hoped that as there js opportunity he may
instruct the crew in matters connected with the examinations, and that he will make
any suggestion that may tend to simplify, expedite or improve the work of the exam-
ining crew, or the result sought through their work.

So far as possible, the crew will examine the Kalamazoo river and spring brooks
flowing ?c, looking for springs and spring-holes ag indicating suitable water and places
for brook-trout, The same for any large streams that can be reached from camp,

Get from all sources of information reports of brook-trout planted by the commission,
taking names and addresses of informants, names and locations of streams referred to,
and making notes of all points. In looking over streams inquire specially for indicg-
tions of kinds and quantities of food,

JOHN H. BISSELL,
DPresident.

19
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"

3 FISH PLAN TS.
[TERS FROM FISHERMEN REGARDING WHITEFL
LET

FraNkFORT, MICH., Aug. 15, 1888.

In re 0 yours of the 15th I will sa 28, think the catch has increased, an
y ¥ SL 1 Y, ¥ atce 1, d
ply t

ishing i t of the great lakes.
i3 the only thing that will preserve the fishing mter:fsu”y
i s the e , |
T o resp Crias. BURMEISTER.

ALCONA, MIcmn., Sept. 17, 1888.

DEAR Sik:—In regard to the fish planting, I think it is doin; a great deal of good. It
g " t fi p 8, 1 t gag g
i8 increasing tl h in the lakes, have fished on grounds where fish have been
g the fisl the lakes, I have e g
anted and have caught them. I can tell you more after the fall fishir g 18 over.
plante g ¥
JACKSON GGREENMAN.

PENTWATER, MICH., Aug. 22, 1888.
. . i, Lot d here for three
Mich. Ffﬂ!h 00"1":1:‘:26}1 I would say they have been straugerfa afr;);xi:g. o oo
e some’small ones this summer where Wew]e{eklin pla,nting' o ik
i 'se)enfrom one-quarter to one-half pound. I thin e g tho T
A, w‘?lgt]h big lakes iﬁstead of the small ones, because the
should be put in the

fish that eat them.
b to get away from the perch and other small fis

ter chance o

o ROBERT VERM,

o whitefis & 4 1 8 veral yea ast,
r P
N ritefish have been pl anted i mall lakes for seve lCI( ears o

ST. JAMES, MicH., Aug. 22, 1888.

. 1 : s st n T e fishi this Year I
BAR Y I’ ived yours of the 15th inst. I regard to th fishing
DgAr SIR: recet 8 I

would say the summer fishing is over, and has been ver y goo w . he
d th fist 1 b d h pound nets
& en g 1 t: T
& s
small mesh thllle is done away with, and this gives the small fish a chance to get blg.
I have seen a class of whitefish that I never saw elore, he ends of their fins are a
e hat I bef: T}

little dark. I believe they are fish planted by your commis sion, and that the fishin

£t y p: y g

Yours respectfully,

i tter again.
will be better ag .

DETROIT, August 22, 1888.

‘

t—Your cir Lo} o t sking fo; for Ol s to the success of
BAR Y ‘hcular fJ15th inst., a g r information as t
DEAR SIR :

itefish, is at d, and in re would say that in the increased catch o L:]
lanted whitefish, is at han y y C 47 f th
P h , Al rep
same, especially in Lake Erie, this present year, and the size o sh (being not o
) Y f fish (b tof full

APPENDIY, 15
ize), there jg no reasonable doubt of their.heing planted figh, The increased catch in

smaller and more 80ft and tender than the usyg] Detroit river whitefish,
fishermen anq fish dealerg with whom | have discussed thig matter claim they are
Planted fish,

With anitable laws, Properly enforced, to keep our lakes and rivers free from the
refuse of sawmills, I believe jt practicable to stock our waters again with the delicious
whitefigh.

\Vishing Jou success, I am

Very respectfully yours,
JAs. Craig.

IsLanp Housg, TRAVERSE Bay, Micn,

Geo. D. Mussey, Secretary:
SIr :—In answer to yoyur printed questions of August, 15, I will 82y that I have fished
Of courge
there are not 80 many fish here NOow as there used to be; that i8, not so many for me, I
am a gill-net fisherman ang always fish jn deep watger, Eleven years ago, 80 far ag
I know, there was not more than half 4 dozen pound nets in the bay, but five Years ago
the pound netters began to fock in here and have come more and more every year, and
this fall there will probably not be far less than 5 hundred pound nets in the bay, You

mouth or north end of the bay. I am now getting about half whitefish ang half trout,
but in 5 month from now, when the pound nets gre all in, a whitefish il be a rare
thing here, The law makesg these poung nets 84 inch megl A8 manufactured ; when
seamed and tarred they are less than three inches ang will hola very small figh, Now,
inasmuch ag you have asked me for my Opinion of whitefish planting, 1 must gay that
in my opinion, if Pound nets are not prevented from sweeping whole schools of spawn-
ing whitefish oft their shoa] SPawning grounds, the amount of fish can never be kept
up by planting or in any other way, for they wij be 8wept clean every year. 8o far
the law hag been against gil] nets and in favor of pound nets, for, so far ag I know, 5
gill netter dare not geg his nets on shoal Spawning grounds, for if e does the chances

Last faj 1 &0t more fish thap any aother fa}]
since I have been here, byt they were a1 black fins or long jaws ang trout. After the

there was ouly nine pounds of whitefish among them, There are g 8reat many more
tons of whitefish caught in the bay now thau there used to be, byt the fish are smajl

It is my opinion the whitefish 1 8et are planteq fish,
but those who planted them failed ¢o put any ear marks on them, so [ cannot tell for
sure. In fact | don’t see how they can help being planteq fish, for it seems impogsible
for any figh ¢ spawn on any 8pawning grounds jn this bay without being caught in a
Ppound net firg,

I have 4 remedy for a)| this, but it jg not likely I wijj ever be alaw-maker, and we wij]
continue to haye our fish laws dealt out to us by men who are not practical fishermen
and know Jegg than nothing abont the fishing business, 8ay plant fish, by all meang
plant fish; plant a5 hard as you can with both hands, Ttigga good thing, but for God’s
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]

ake give them fhive or €3 some W, y stop
k t f i to spawn Bay 8
ime during the fall
i r ten minutes som: > 1 ’
everybody fro fishing in twent, -five feet or less of water for ten or twenty days 1nl
body from y ¥
spawni n(g season and we will soon have whitefish again-—plenty of them.
‘ | r“a I been salmon planted here. T caught one last summer that weighec
I think there has g
" . R. S. BASSETT.

St. JaMEs, MicH., August 23, 1888.

Mussey, Sec'y Michigan Fish Commission : ) — My e
Geo. D. ! 8y ood results have followed the pla'ntmg o e o o
) ITQheve : onvinces me that the catch of whitefish has inc reta ; n.Sh *caught
P Seazotl?iteﬁsh this season and believe them to be plantec ,
a different run of

a good catch. Wi, J. GALLAGHER.

HoLuavp, MicH., August 27, 1888,

. Mussey, Sec'y : . . Thave catughta
eo. D :—1I have caught more whitefish this season than ]:asl;on T will try a0
Doar Slrt{"t— which I am sure were fish planted by the commission.
large quantity w ! son
5 re information next season. espectfully,
give you mor Yours resp Gus BAKER.

FRANKFORT, Micu., August 23, 1888.

Michigan Fish C"mmmlo?g:u, I would say I will give, with pleasure, all the 1220;::;
In reply to yours of t‘!]\e ,]m,\ting of fish. 1 have watched very Cax’ntitlllytehvat o
tion I can in regard to the l,lgate fish artificially, and am very glad to sa}]' the State,
the State undertook to plrir:vé seen plenty of fish which had bee.n planted by 18 of my
as my knowlfedgefi(;: th;c have come to my knowledge Surmf-::;g:e;z:,qit thote
I will give a few 8 ing time, as all know, the whitefis )
experience as a ﬁsherm::;\.anlll“’zifl’:‘:yaxi;;iery close to shore. I have knmvvtzlhth:zht(;:;
eggs on honeycomb roc four feet of water. All these places swarm :)1 ;’re depon.
deposited as close as i "|] feed continually on these eggs fl'()l'fl the time \:yI NN
crawfish {cra ?)s), “‘;;lcmlt aere not devoured are washed ashore 1ntstc.)rlnqsr,l(.']ul{n thoone ahol.
ited until spring. N . spawn. Winter sets in a . i
the beach C(’]"er"it‘;:til: El(i:fx?iﬁ :?;llr(r)stl;tlxxl;n(l the eggs killed or carried away: In
3 W3 & a
10“.' P]'a(\'ps fl:f:t one per cent or less are ]"fthd. ion is a success are these: First,
e optmon believing that artificial propagation is a - rs gone by no
My reasons for beli ] shore, away from spawning beds, where in }'eak g . cecond
there are places along t le,-th x;und-nets, but where whitefish ore now @ ent, the; ar;
whitefish were caught wi t},;n 10 per cent. contain spawn, which shows ftht; 5 :wn-
o the f;’Slll Ca;gi:'l(: nooft :;lmt'ie fish caught in pound-nets in the proximity of the sp.
young fish ; third,
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ing beds about 40 ber cent. contain s
fourth, in all localities a i
caught, ahout 93 per cent, of
the shore as soon as the
that,

Pawn, shoswing that m
le or more from shore a gre
which contain s
Y attain full growt

aby now reach fyl] growth;
at many full-grown fish are
Pawn, which shows (hat all the fish leave
h, and do not swim along the shore after

Yours,

THOMAS RIEDECE.

Geo. D, Mussey, Secretary :

DrAR Sir :—In regard to fishing,
since 1886. That fal | cangh
pound. T letthem £0 in the
never saw a young w
it will be a big thing

ALCoNa, Micu., August 25, 188s.

I would say that1 h
t eight or ten youn
lakeo again, T 1
hitefish until they comme
in the course of time.

ave not fished for whitefish
& whitefish that woulq weigh about one
ave fished since I was a small boy and

nced planting them in the lake, [ think
Respectfu“y yours,

SaMm. HiLw,

FORESTER, Mrich,
Geo. D. Mussey, Secretary :

DEAR SIR 1 —In reply to your lettor of August 15, will s
planting of whitefish is a success.

We notice more small fi
that would average ah
planting,

, Seplember 5, 1858.

Ay we are confident that the

sh than usual the bresent season,

We got a, good many fish
out 24 pounds.

In our opinion, these are some of the firgt

Yours very respectfully,

ALLUE Bros.

Geo. D, BMussey, Seeretary
Dear SIR:~—Yours of 15th received, in w

has increaged during the last two seasons in
not fish have been caught

Clesoyaaw, Micw., August 28, 1588.
hich you ask about whitefigh. The catch
this vicinity, bug I cannot say whether or
anted by the commission,

Yours truly, «

which were p!

ANDREW TROMBLE Y,

MAcCKINAW Ciry, M

Geo. D. Mussey, Esq., Sec'y Mich,. Fish Com,, Detroit :
In reply to yours of Aug. 15 woulq
one than usual, Tpe catch of whitef;
since 1880, and [ am satisfied that i ig
mission, which I believe is the
your inquiries and Four work,

IcH., September 3, 1888,

say the present season bas been a much better
sh has been more than dou
caused by the plantin
ay to keep the supply

ble that of any year
g of whitefish by the
good,

only w.
Tam

com-
Thanking you for

Yours truly,

ALEX. Durpina,
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ST1. JAMES, MICH., Seplember 17, 1888.

tchi ish Commission :
ssey, Secrelary Michigan Fis, ; ) .
o ?1]‘1:"1; caught a large run of whitefish this season, and I do thmk(;hif‘;:ng
or i issi av r
Smo( the whitefish that were planted by the fish commission. 1 have goo
some §
to believe that it benefits the fishermen to plant fish.

s respectfully,
our " JANES MOONEY.

was wri ked
| i . Mooney was written and as

> t of the above letter, Mr. N ) : !
t wir:'(;nsct)]rllfer(ffcetl}l:e reasons for believing that the fish caught by him were
0g

planted. In reply the following letter was received:

St. JAMES, Ociober 11, 1588,

N Co"llzlri;zoi? aDte::rifli You make inquiries as to how I know that it

e Septem)'Because one-third of the whitefish we caught this sunn.ner wer‘ﬁz
- ‘ﬁSh‘(;n'ufin.refore I know they came from fry planted, as the Lake Erie ﬁ.Sll are
o E“e'ﬂb K _.1.]9[ s eci’es of whitefish, with the tops of ins and tail black, while 0':111'
atoeal ‘;:(Ile'” s;;?chipan whitefish are long and slim, with one color of fins and t-al t
n{:mm]er as\'terv the iake Erie fish here until we caught a few last season and great
:1‘11(:1::)2:3 thi; season in gill nets as well as whitefish nets.

Yours,
JAMES MooNEY.

ori i i id
1 lanation of above reference to Lake ]‘;r{e Whlteﬁsh,)t rzmgf bfe rfftli.
tl Itlﬁzgt)rly :;11 spawn taken by the commission since Lhe.beg‘{umg:ho 3
ﬁ;?nl }3fopqv-1ti011 has been taken from Lake Erie or Detroit river fish.
age

TR NTS.
LETTERS FROM CITIZENS REGARDING BROOK TROUT PLA}
MT. PLEASANT, August 13, 1888.

Qeo. D. Mussey, Sec'y: .
DEAR SIr:—Your circular at hand and in reply would say that Mr. Geo. (i:a::;g -
been‘ab the head and front of trout planting in this county, :'md ‘repm(;ﬁ e; myan o
ﬁrq/t—chss condition and every planting successful. The ﬁshm%r is goo an((] 1. iois bl
Lh;mselqu of the opportunity to engage in the sport of securmg a most de l;ears -
ir b tain the earliest planting was seven

for their tables, Asnearas I can ascer b pl ‘ e
inrthe town of Holland. This spring a brook trout we]gh.mg 2% p:l)u.:d.s w a;g:?ji e
g Itiplied very rapidly, and it is ex e ?

Mr. Granger telis me. The fish have mu : : £ ot peontn e vers

v 1i 3 1l supply the tables of our j

bundance of the gamy little fellows wi e . o
?;: years. We appreciate the good the fish commission of the State has done fo.

Yours,
uB- A. 8. CONTANT.
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Paw Pa w, MicH,, Ang. 13, 1888,
Geo. D, Mussey, Esq., Secretary Mich. Fish. Commission:

DEAR SiR:~—Your circular of the 16th ult, at hand. In reply would say that the re-
sults that have followed the planting of brook trout in the streams of {his locality have
proven fairly satisfactory, and that the streams 50 planted bid fair to furnish a good
supply of that choicest of all fish,

Our citizens are highly pleased with the work that has already been done, There ig
still an opportunity for still further profitable work in the same direction,

Yours, etc,,
0. W, Rowranp,
Ed. True Northerner.

NEWAYGO, Micw,, Ang. 16, 1688.
Geo. D, Mussey, Secretary, Detroit:

The results of planting brook trout in this vicinity have heen highiy satisfactory,
They grow rapidly, some very fine ones being taken every season. OQOur people are
greatly pleased with the system, and without an exception that I know of,

s are deeply
interested in it,

Respecttully,
B 0. Snaw.

GALESRURG, Sept. 70, 15858.
Geo. D, Mussey, Secretary Mieligan Fish, Commission:

DEAR Sir:—Your letter of inquiry in relation to the planting of brook trout in the
streams in this locality is of special interest to me as well as to my readers. In reply,
1. The results have been very gratifying, so much s0, that trout fishing in season is
now considered : {he rarest sport by all piscatorial artists. Two beautiful fpecimens
have been caught in Canel’s Creek, near lere, 12 inches long, and worthy of the
editorial notices they received throughout the country. 2. Qur citizeng universally
* commend it, anq only regret that all available streams are not more fully stocked.

Respm-tfu]ly yours,

E. E. Tnresner,

EvARrT, MicH., September 11, 1888,
Geo., D, Mussey, Lsq., Detroit, Mich. -

DEAR SIR :—Yours of the 10th inst. at hand and contents noted,
that there is brook trout in every creck on northwest side of My
Hersey to the Big Clam river, You will see by map that there ig
streams that are not named, and there is trout in every one of th
caught. It seems that they run up and down Muskegon river
Years. This is the way that we account for them being in all the small streams. (O
the southeast side of Muskegon river they are very scarce. In some of the creeis they
ran up in the spring, but the water is not adapted for them, and as soon as it gets warm
they leave and run out into the Muskegon river again. Some of the largest trout that
have been caught here were caught in the Muskegon river. In your letter you have a
Bull creek and a Kill creck. There is only one; it shonld e Bull Kill creek. This is
on southeast side between Evart and Hersey. There are a few in that, but notbing
compared with the streams on other side of Big river. Twin creek is the hest fishing

of any, If there ig any further information that I can assist you in will only be too
pleased to do so. .

In reply would say
skegon river from
a number of sma]
em and have been
and have for three

Respecifuily yours,
J. C. CreiTH,
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LANSING, September 14, 1858,

. i tesion :
ecretary Michigan Fish Commiss ; T nission
Geo. D. Mussczl/, .:':) your circular, I would say the work of the State Fish Comi
SIrR:—In reply o

idedly successful, as I know
i i ty has been decided '

i brook trout in Berrien coun ) ’  now
o g l)r bservation. I have had good fishing and have tav..kenl l'u'(r.lr.licgﬁon e

oo bersona) o d by the state, and know that your efforts in this .n' °
with et e Y le e.vpecially as we find by experience that the
. ral approval among our people, es Iy a nts  caerotioe that ihe
‘Vltlltgf'ner:l}aé)fl)ere is good trout fishing in our vicinity at;:ll a(/tts '11(.:2:::(0 prabors and

commor us and add not a li sines

i 1 money freely among us
summer tourists who spend

Yours truly,

prosperity: J. H. Harcw, of St."Joseph.-

SHARON, October 29, 1888.

:I we ly °q ut in r brook a year
DEA SIR write to tel you that had 5,000 brook tront putin ou y
DeARr SIR: i

st March and 4,000 last Marc, W e rht e of them nine and one-
ago last Mar a *h. e hav caught some o
BO la ’

Wl inches in IE‘Dgﬂl and w elghmg four ounces. There are smaller ones, of course,
b nc
and there may be largel.

ours respectfully,
Yours respee ) F. J, WiLrians.

.ALPENA, October 7, 1888

E ‘—- he Tou 00 ¥ & Vi Ai Yy rlit seven
(;)' . SI:: The 10,000 brook trout fry sent me have done splenr‘hdL A | caugi
AR : s p

th k in reek, ex one, which weighe ree-quarters o

his fall and pub them back in the cre k, es cept one, 'll ict igh r[] h q ) '

18 {4 ! iy & ‘f
ound and was thirteen inches long. The creek is full o young ounes two an

a pound and k is full of ones t 1 one

i Yours,
half to three inches long. sty Borroms.

Bia Rarins, October 31, 1888,

I can say that every stream in this
anting them in the streams

Gro, D. Mussey: .
DEAR SIR :—Your circular was referred to me.

county is now filled with brook trout, and the scheme of pl

is generally regarded as a grand success,
( Very respectfully,
W. F. Sraw SON,

City Editor Pioneer.

A LANTS.
NOTICES FROM PAPERS IN REGARD TO BROOK TROUT P

3 8, says :

The Shelby Independent, of Oceana Co. . ofISepI;:mh;\,lﬂll?S, iii;:;ﬁs that g prove

« y kled troutin the brooks of o y prove

i te;l;}:;?i:igs tt?)l gl;)rfrteh;;i;l')se(;t ghis time, Thslz Oé:e(;tpa t%;gn;?t;aﬁgo(rjs&llgncl N g' s

organt : 3 nted in the s s . y -

i 1 d 30,000 young trout plar camined by the Stare i o Feb

T ey D18, an, " years later the plant was examine ¥ o

“ec b t were planted

;llliasgoggrth:g({;?:nogr‘xvc%d) a cnnmletelsuccess. Aflé(‘)‘l.ltpzr')l,r(l)t()é)dyalll::ﬁ ttrl(l): s{fring o el

ing Si then there have been very A

;?2:8;“]1;1’;2}; :ll;]ec: perhaps 20,000 to 25,000 were planted.
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““Thus it will pe seen that ahoyt 130,000 trout have been planted here, and they were
Protected by law in all seasons until May 1, 18384, since which time it has been lawful
to catch them with hook and line in the monthg of May, June, July and August of cach
year. And the strings of speckled beauties that have leen taken from the running
waters of our county since then gre numerous and fine, One specimen caught the
Present season weighed five pounds and one ounce, and dozeng have been brought to
this place weighing from three to four and three-quarter pounds each. Sportsmen

and gone Way convinced that, thera wag something more substantial than tall aboyut
the fish stories of our citizens. Thoge Wwho were most influential in securing the plant,
placing young fish in the waters, watching their growth and Protecting them from
marauders while young. are, so far a5 we can recali their names, the following gentle-
men: E. J, Shirts, Shelby; E. D, Richmond. A. 8. White and L. 3. Ruther[orrl, Hart;
D. C. \Vl’ckham, (George) and . Al Romlds, Pent\vater, and every one of these
chaps knows how to fish for and catch the h:mdsmnest, most speckled tront that
swim.”

The Battle Creek Moon of August 3, 1888, says ;

‘““Some years ago a fish commissioner Va8 appointed for the purpose of stocking the
streams of the state with choice varieties of figh, As long ago as 1881, trout were
Pplanted in brookg in this vicinity, and thejr 8rowth has been a maftter of watchfy] care
on the part of the Sportsmen’s Club, of this city. Thig morning, in speaking of the
trout fishing in this locality witp one of the club, we were told that they were thrivipg
beyond the most sanguine expectations of the members, Hp related the fact that
several large trout, weighing in the neighborhood of two pounds and a half, had been
taken, and they were supposed to belong to the first plang made in this locality, The
cateh of one-half anq pound trout has heen large this season, no less than 300 having
been known to be taken from the Pratt hrook alone, while the catch in the Austin
brook could not be estimated, as it appeared to be the fishing grounds of many of our

generous in their supply of small fry, every year large invoices being sent here, which
were judicionsly and carefully distributed” and planted by the Sportsmen’s Club, and

mission in this locality have been a grand success, the details of which have been
written up by competent members of the Sportsmen's Club anq printed in the annual
report of the commission, Battle Creek can now boast of ag 800d fishing as many of
the resorts, and eople do not have to £0 niiles away to enjoy a day with the rod and
lines, thanks to the State Fish Comuniission,

—_—

The Whitehai Forum of August 16, 1888, says :

““ Wo believe every sportsman, both Iocal and transient, who hag visited the broalks
in this vicinity during the trout season this Yyear hag been amply repaid for his paing.
The fish have attained a good srowth and the brooks are prolific "of them, Several
trout weighing g high as three Pounds have been killed here, and those weighing from
a pound and a half tp two pounds have been ordinary, The flesh'is firm and savory
and the brooks which thread the Woods hereabouty appear to be perfectly adapted to
the thrift of the speckled beautieg,”

The Ypsilantian of August 30, 1888, says:

“ Mr. Walter Pack, who Probably knows ag much of the subject as any one here,
assures us that the experiment in the streams south and west of this city has been very
Buccessful, and thag those streams are well stocked with trout, byt are not yet open
because of successive plan tings,

‘A three pound trout, owaver, has bpey takeua, showing the stream well adapted to
the development of this dainty and fastidious species.”

20
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The West Branch Times of August 17, 1888, says:

‘“ At least twenty spring brooks in this county have been planted with brook trout
from the State hatchery during the past ten years. The experiment has proven very
successful and the growth and increase of the fish has been most gratifying. Only a
few of the streams nearest town cau yet be fished, many of those farther away having
been planted within the past two years. But trout fishing is now an attractive amuse-
ment for our lovers of sport, and in a few years Ogemaw county will be celebrated
as a resort for seekers after these most delicious of the finny tribe.”

The Jackson Pafriot of August 22, 1888, says:
TROUT FISHING.

WHAT THE WATERS OF JACKSON COUNTY WILL SUPPLY IN THIS DIRECTION WITHIN A
FEW YEARS.

** Upon inquiring yesterday of C, B. Bush, Levi French and Jothers who assisted
in planting the fry it was learned that quite a number of good sized trout have been
captured in Crouch’s creek, some weighing a pound and a half.

* Those conversed with on the subject appear to be very confident of the success of the
undertaking, and beliave that within a few years the waters of this vielnity will per-
mit as good trout fishing as any in the State.”

LIST OF FISH COMMISSIONERS.

THE UNITED STATES:
Col. Marshall McDonald, Commissioner, Washington, D. C.
Capt. J. W. Collins, Assistant in charge of Fisheries Division.
Richard Rathbun, Assistant in charge of Scientific Inquiry.
Col. John Gay, Inspector of Stations,
Alabama :
Col. D, R. Hundley, Madison.
Hon. Chas, 8. G. Doster, Prattville.
Arizona:
J. J. Gosper, Prescott.
Richard Rule, Tombstone,
J. H. Taggart, Business Manager, Yuma,
Arkansas:
I1, H. Rottaken, President, Little Rock.
‘W. B. Worthen, Secretary, Little Rock.
J. W. Calloway, Little Rock.
(This state has never made an appropriation for fish culture.)
DOMINION OF CANADA :
Hon. John Tilton, Deputy Minister of Fisheries, Ottawa.
(Tnspectors of Fisheries for the Dominion of Canada, 1888: W. H. Rogers, Ambherst,
N. S.; A. C. Bertram, North Sydney, C. B. N. S.; W. 1. Venning, St. Johun, N. B.;
Wm. Wakeham, Gaspé Basin, P. Q.; J. H. Duvar, Alberton, P. E, 1.; Thomas
Mowat, New Westminster, B. C.: Alex McQueen. Winnipeg, Man,) .
(Officers in charge of the Fish Breeding Establishments: S. ‘Wilmot, Superintendent
of Fishculture, Newcastle, Ont.; Chas, ‘Wilmot, officer in charge, Newcastle
hatchery, Ont.; Wm. Parker, Sandwich, Ont.; L. N. Catteilier, Tadoussae, Q.;
Philip Vibert, Gaspé, Q.; A. H. Moore, Magog, Q.; Alex Mowat, Ristigouche,
Matapedia, P. Q.; A. B. Wilmot, Bedford, N. S.; C. A. Farquharson, Sydney,
N. 8.; Isaac Sheasgreen, Miramichi, N. B.; Charles McCluskey, St. John River,
Grand Falls, N. B.; Henry Clark, Dunk River, P. E. L; Thos. Mowat, B. C.
hatchery, New Westminster, B. C.)
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California :
Joseph Routier, Sacramento,
J. D. arvey, Los Angeles,

(Commissi N
Colorad! ssioner T. J, Sherwood resigned March 15, 1888,)

G. F. White}
Connecticut ; ‘wehoad, Denver.
Dr. Wwm, M Hudson, 1
: » Hart
Robert G. Pike, Middlet(?r;. ford.
El’?ln_les A. Bill, Lyme,
M8 state has no official superi
Perintendent,
Delawgreen:ry J. Fenton, Poquonnock.) '
Charles Schub,
Georg! chubert, Odessa,
J. H, Henderson Atl
b ta.
Super; Dr. 11 ]
Illin(ois? intendent, Dr, H. H. Cary, La Grange.)
N. K, Fairbank, Presid Chie:
(S}. P. Barl.lef.t. Quiuc}. onts Ohicage.
Indiane;.: Breuning, Centralia.
IowaE:nos B. Reed, Indianapoiis,
E. D. Carlton, Spiri
: C » Opirit Lake,
Kang:::peuntendeut, Ole Bjorenson.)
S. Fee, Wa
Kentucky ; mego:
Wm, Griffith, President, Louisy
P A, Darby, Princeton. ovile.
‘IIlolm B. Walker, Madisonville.
Hon. C. J. Walton, Munfordville
on.‘ John A, Steele, Midway '
w. c. Price, Danville, '
on. J. M. Chambers, Independ
.II\.I}II. Goble, -atlettsburg, pendence.
Mainé: . Mallory, Bowling Green,
E. M. Stillwell, Bangor
gex&:y(?. Stanley, lgzixf'ield.
'Mary‘lam.l : ounce, Thomaston, Sea and Shore Fisheries,
Dr. E. W, Humphri i
. bhries, Salisbur
G. W, Delawd v
Mas%whusetts ; wder, Oakland,
- A. Bracket, Wincheste
]FE‘. ;I’V Il’L;llnaru, (,‘al.nbridgef.
Michiéan': “Rthrop, Springfield.
John H. Bissell, Detroit,
Hersc}lel Whitaker, Detlroit.
Joel C. Parker, M. D., Grang Rapids
(Supermtpndent, Waller D. Marks P
g%%x;esvtua:y', (‘E‘v)‘r;o. D. Mussey, I)etroi’t.)
Minnesnt(n: er, Wm, A. Butler, Jr., Detroit.)
William Rird, Fairmount,
Niles Carpenter, Rushford.
(Ié(l)lbt, .Qrmsby Sweeny, St, Paul,
Miss.;ur[i)e:untendent, S. 8. Watkins,

aris.)

Willow Brook, st. Paul,)

I M. Garlichs, Chai

J. L. Smith, Jefrersgxr:n(?i?;'r i Joseph.
H. ()3 West, St. Louis, '

A P Campbell, Secretary, St, Joseph,

: Philip Kopplin, dJr., St. Louis; Eliag Cottrill, St, Joseph,)

(Superintendents

161

most of the hatching being done by
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Nebraska :
Willim L. May, Fremon.
R. R. Livingston, Plattsmouth.
B. E. B. Kennedy, Omabha.
(Superintendent, M. E. O'Brien, South Bend.)
*Nevada :
W, M. Cary, Carson City.
New Hampshire :
George W, Riddle, Manchester.
Elliott B. Hodge, Plymouth.
John H. Kimball, Marlborough.
(Superintendent of Plymouth and Sunapee hatcheries, Com. E. B. Hodge.}
New Jersey :
William Wright, Newark,
Frank M, Ward, Newton.
J. R. Elkinton, Pennsgrove.
New York;
E. G. Blackford, President, New York.
Gen. R. U. Sherman, New Hartford.
Wm. H, Bowman, Rochester.
A. 8. Joline, Tottenville.
Henry Burden, Troy,
(Secretary, E. P. Doyle, room 311, Potter Building, New York city.)
(Superintendents: Fred Matber, Cold S ring Harbor; Monroe A. Green, Caledonia,
James . Marks, Bloomingdale; E. E Marks, Fulton Chain, and E. F. Boehm,
Mill Creek.)
(Shellfish Commission: E, G. Blackford, Commissioner; William G. Ford, Engineer;
J. W, Merserau, Oyster Protector, 80 Fulton Market, New York.)
North Carolina :
Win. J. Griffin, Chairman, Elizabeth City.
J. B. Watson, Englehard.
Wm. T. Caho, Bayboro,
Ohio :
C. V. Osborn, President, Dayton.
A. C. Williams, Secretary, Chagrin Falls,
J. C. Hofer, Bellaire.
John H, Law, Cincinnati.
Hon. Emory D. Potter, Toledo.
(Superintendent, Henry Douglass, Sandusky,)
(Chief Warden, L. K, Buntain, Dayton.)
Oregon:
F. C. Reed, President, Clackamas.
E. P. Thompson, Portland.
R. E. Campbell, Renier.
(Terms expire in February, 1889.)
Pennsylvania # ’
Henry C, Ford, President, 524 Walout street, Philadelphia.
James V. Long, Corresponding Secretary, 75 Fifth avenue, Pittsburgh.
H. C. Demuth, Secretary of Board, Lancaster,
S. B. Stillwell, Scranton.
A. 8. Dickson, Meadrville.
Treasurer, W. L. Powell, Harrisburg,
(Superintendents: John P, Creveling, Allentown; William Buller, Corry.)
Rhode Island:
John H. Barden, President, Rockland.
Henry T, Root, Treasurer, Providence,
Wm. P, Morton, Secretary, Johnston.
South Carolina :
Hon. A. P. Butler, Columbia.
*Tennessee :
W. W. McDowell, Memphis.
H. H. Sneed, Chattanooga,
Edward D. Hicks, Nashville.
Jtah :
A. Milton Musser, Salt Lake City.
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Vermont ;
‘Herbert Brainarq St. AlL
. F.H, Atherton, \i’aterhu;g-l.m.
Virginia:
Dr. J. T. Wilki i
West Vinginin! ms, Bridgetown,
. 8. White, President, Romn
}:; l‘x{e f%xtﬂr.,] l'I‘reasurer, Suttol?v'
Wisoonnes He iller, Secreta,ry, Hinton.
Thg Govern_or, ex-officio.
(l;hlrlo gu{:nltqg, I'Sresident, Madison,
. 1. Valentine g g i
Mark Douglas Meﬁ(;;eet.ary and Tleasurer, Janesville,
A. V. H. Carpeuter, Milwaukee,
Ca.lvert.Spensley, Mineral Point.
& 5 MutxerHStm'geon Bay.
uperintendent, Jas, Nevj i
Wyom_ir]g Territory: ag. Nevin, M:\dmon.)
Louis Miller, Laram ie,




