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To His Excellency the Governor and Honorable Council.

The Commissioners of Fisheries, appointed under chapter
238 of the Acts of 1866, beg leave respectfully to present their
Second Annual Report.

The fishways at Lowell and at Lawrence, as had been hoped,
were finished, and the water let on, last spring; and thus the
Merrimack was once again opened, after being closed for eigh-
teen years* Although the violent current could not be at once
regulated in the long fishway at Lawrence, it is gratifying to
know, that, notwithstanding this unfavorable circumstance,
salmon passed over this dam, and over that at Lowell, and
were taken early in June near Nashua in New Hampshire. It
seems therefore reasonable, that the five years “jubilee”
allowed by law to this river, assisted by artificial breeding,
should make fish abundant therein.

Shad also appeared at Nashua, but it is not certain that these
actually surmounted the Lawrence fishway, for about five hun-
dred were, by order of the Commissioners, carried above the
Lawrence dam; a difficult operation, because, this fish, like
most of those with loose scales, is extremely tender, and sur-
vives neither confinement nor rough handling. They were

* The time that these passes were kept open, during the season, was from April 25th to
July Ist, with a full depth of water ; and from August 25th to October Ist, with not less
than four inches of water. The Lowell fishway has been approved by the Commis-
sioners; that at Lawrence needs a little more regulation.

Commomocaltl) of illassadjusctts.
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taken with the seine about two miles below the clam; were at
once put into a tank of cold well water, and carried in a wagon
to the mill-pond, where the wagon was backed into the river,
and the fish speedily liberated. All attempts to transport them
long distances failed ; but it is yet possible that this might be
done by icing the water till the fish was nearly paralyzed.*
Just as a trout laid on moist snow will live for hours, though
it would speedily die if exposed to a warm sun. In addition
to those which were thus artificially transported, it is probable
that a few passed up the fishway, because fishes, resembling
shad or alewives, were seen going up. That eels found no diffi-
culty was quite plain when the water was drawn off, and the
whole floor of the pass was found to be alive with them, great
and small. Like unwelcome guests they came many and
early, and ready to devour all the spawn of useful fishes
that they could find.

New Hampshire has completed the work on this river, by
putting ways on all the important dams within her borders;
and the experiments there have fixed the conclusion that
“ Foster’s fishway,” described and figured in the last Report, is
by far the cheapest, simplest and most effective of those now
known. (Plate 111., figure 4 ; also Report for 1866, figures
6,7, 8.) It is only where the space is limited that the box-
way, or double stair, like that at Lowell, is desirable, f

The salmon ova, planted last autumn in the Pemigewasset, by
order of the New Hampshire Commissioners, are thought to have
done well; and the young parrs have been seen this autumn by
Dr. William W. Fletcher, of Concord, who has had this service in

* A very good tank for transporting live fishes is the one used by Mr. Francis Daviss
of Keene, N. H. It is 2 ft. 6 in. long, and 2 ft. 3 in. high, and is made of staves
sloping inward like those of a churn. Through the cover is inserted a little pump by
which the same water is aerated by pumping over and over. (Plate 111., figure 6.)
Within is an ice basket to keep down the temperature. The tank used to carry up the
shad was a simple box, with a slat cover, and lined with cotton stretched on frames to
prevent the fish from bruising themselves.

f On the Susquehanna, at Columbia, Col. James Worrall has made a fishway by
cutting a section forty feet long out of the dam, down to a level somewhat below that of
the water underneath the dam. Beginning at this, at its lowest point, an inclined plane
with sides (in other words, a trough,) is constructed up stream , in and beyond the thick-
ness of the dam. Through this—what may be termed reversed—fishway the shad passed
last spring in numbers, and, for the first time in nearly thirty years, were seen fifty mile,
above on this river and the Juniata. The result shows that shad not only return to their
place of birth, but will, when occasion offers, penetrate beyond it.
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charge, and who has successfully hatched and raised a number
of parrs in a little spring near his house. Dr. Fletcher is just
back from an expedition after salmon ova to New Brunswick.*

The great Hadley Falls dam on the Connecticut still remains
unbridged to the regret of all persons interested in the restock-
ing of this fine river. The last legislature, apparently assuming
what nobody had any ground to assume, that the Hadley
Falls Company would be ready, and were bound to build a pass
over their dam, made no direct appropriations for this struc-
ture. It is true that the $lO,OOO actually voted for restocking
rivers and ponds f might, in part, be applied to making a
fishway under the plea that this was among “ appliances and
structures useful for the passage of the fish.” J But then this
sum would not be enough. In their Report of last year (page
3,) the Commissioners stated that $lO,OOO was a minimum esti-
mate for this fishway; and subsequent examinations have
tended to raise this estimate to $12,000 at the lowest, and to
$17,000 at the highest. It was further implied that the Had-
ley Falls Company considered themselves exempt from any
liability in the premises. If the company has the law, it only
remains to be said that one of our legislatures has put this Com-
monwealth in a position to be thwarted by a water power com-
pany whenever the Commonwealth should seek to render an act
of simple justice to the States of New Hampshire and Vermont,
by giving free passage to the migratory fish of the Connecticut
River. It is true, that several lawyers of reputation have
given the informal opinion that this company ivas liable to
build a fishway; but the testing of such a question would
involve legal delays, and the shad wouldbe the sufferers. Moved
by these considerations, the Commissioners endeavored to make
a compromise, whereby the company should bear only a small
part of the first cost, but should continue its interest in the
structure by undertaking a portion of the expense of keeping

* He succeeded in bringing home 70,000 healthy ova, of which about 35,000 are at the
establishment of Mr. J. S. Robinson, Meredith, N. H. The rest are in the hatching
troughs of Rev. Livingston Stone, Charlestown, N. H.; and some of the fry are already
out and doing admirably. The first hatched in sixty-two days from impregnation, an
unusually short period.

t Chapter 344, Section 3, Laws of 1807.
t Chapter 238, Section 12, Laws of 1866.
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it in repair. This overture was met by a fiat refusal, accompa-
nied by a hint at damages in case the State should put up a
fishway. Waiving for the moment any rights in the case, the
Commissioners then ordered the immediate construction of as
much of the fishway as their money would pay for; but even
this beginning was found impracticable on account of the unu-
sually high water which would have made expensive coffer-
dams essential. Nor does the evil rest here ; for the company
at Turner’s Palls, also, relying on the condition in their Act,*
displayed a solers cunctatio, and wisely regarded the Holyoke
dam as a good shield between themselves and the enemy.
These delays, be they right or wrong, on the part of private
corporations, are the more to be regretted, because the State
has shown the utmost activity and good faith in trying to
repair any injuries to fisheries whether at home or abroad;
and it is proper to add, that on the Merrimack River the compa-
nies have shown a large spirit, and have been ready to go
beyond what the law absolutely required of them.

The law passed at the last session,! together with the progress
of the work in hand, have turned the attention of the Commis-
sioners to various plans for restocking our waters by artificial
or natural propagation. As this whole subject, though not new,
is certainly novel to our people, it is well to consider to what
point we have come, here in New England, in the matter of
animal food. We have come, then, to good beef at 35 cents a
pound, poultry at 33 cents, sea fish at 20 cents, and other things
in proportion. As to game, we have come to grouse, venison,
quails and ducks, brought 1,200 miles by railroad, and sold at
high prices to people who can afford such delicacies. Time
was, when our country boys could go to the next brook and
catch enough good trout for a meal; now, one may buy a pound
trout, if he has half a dollar wherewith to pay for it, and he
will probably get a newly spawned fish, speared in its bed, and
which the fish-monger is prepared to prove was “ caught out of
the State! ” People complain, and the legislature passes game
laws, and nobody pays any attention to them after they are
passed. Why ? Because we insist on considering wildanimals
as our remote forefathers considered them, when men were

* Chapter 275, Section 4, Acts of 18G6.
t Chapter 344, Section 3, Laws of 1867. See Appendix,B.
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scarce and wild animals were plenty. In a new country, the
first settlers may properly have, not only liberty, but in some
things license ; license to till land anywhere, to cut wood any-
whei’e, to shoot and trap game anywhere, to catch fish anywhere
and in any way. All such things are then too plenty. As
population increases, land and wood become property, until, as
in Tuscany, the one is cultivated by the square rod, and the
other, as in Paris, is sold by the pound. This is the march of
civilization; but in our march of civilization we have very
thoughtlessly trampled under foot a most valuable property

,

because of a vague idea that it was game, and, by immemorial
right, belonged to anybody and to everybody. And, to-day,
there is many an honest fellow who might safely be trusted with
untold gold, but who, nevertheless, would not scruple to steal
trout from your brook. This feeling gets strength from the
loose impression that game, like the Indian, is doomed, and that
the last shad or trout is soon to be caught,—a sort of Dr. Fear-
the-worst theory,—

“ The former did maintain
The man would take all medicine in vain.”

This kind of sentiment is shown by the uncomprehensive way
in which legislative committees often receive applications from
people who petition for the control of particular streams, or
creeks, or ponds, for the purpose of raising fish or oysters in a
systematic and economical way. At once the members begin
to ask whether this control would not abrogate some grant of
the Pequot Indians to Fear-the-Lord Crowell, in the year 1639;
or some ancient right of the inhabitants of Harwich Centre to
dig one peck of quahogs per man on that particular ground.

These same committee-men would not treat a petition for a
railroad or a cotton mill in this way, and simply because they
believe in the success of a railroad or of a mill, but they do not
believe in and do not know about the success of fish or oysters.
Let our people once clearly understand that these fish and these
oysters are real property , to be increased and to be raised in
value like other property, and there will be no more difficulty
about the rights of owners.

It must be confessed that such scepticism is not without good
grounds. Laws have hitherto done little to check the destruc-
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tion of valuable fishes, and that from the rivalry of the very
men who should support such laws. This state of things was
very plainly shown at the recent hearing before the Committee
on Fisheries of the Connecticut Assembly. There was a mass
of testimony, both sworn and informal, from fishermen. The
owners of pounds or weirs averred that the seiners were very
destructive, but that, as to pounds, they absolutely increased
the fish, because of the sharks and other predatory animals
which they caught. The “ dragmen,” or gill-netters, were
emphatic in declaring that theirs was, par excellence, the legit-
imate mode of taking shad. Their nets were only for a part of
the day in the water; they stood, not perpendicularly, but at an
angle ; they were not too long ; and, above all, they entrapped
so many spawn-eating eels that they might be considered as real
benefactors, who took but a small commission on the vast bene-
fit they did. If there was blame, it lay at the door of the weir
people, who took all the young fish. The seiners, or pier fish-
ermen, said that their nets were short and had large meshes;
that they made a sweep or two, and then left the river free; but
as for those gill-nets, they cut the fish cruelly, and wastefully
killed many that were not caught. Nearly all agreed, however,
that the fish had diminished in numbers and in size, but they
attributed this failure, with striking unanimity, to the Holyoke
dam; whereas the Massachusetts fishermen laid less emphasis
on the dam, and seemed to think that the seiners, pound-men
and gill-netters at the river mouth got the lion’s share of the
prey. Not even on such a question as the direction of the run
of shad could these men, some of whom had fished for seventy
years, be brought to agree; for, whereas many of them were
confident that the shad struck in from the direction of Montauk
Point, and consequently were only taken on the east sides of
the pounds set west of the river’s mouth, others were equally
sure that they came from the vjestward

, and were as often taken
on the west faces of the pounds.

A parallel to all this may be found in the proceedings of a
late royal commission on sea fisheries, of which the Hon. Shaw
Lefevre and Professor Huxley were members. Their industry
was extraordinary; and the piles of evidence were such as to
leave the impression that every fishwife in the three kingdoms
had had her say. The “ trawlers ” were vehement against the
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“ set-hook ” men; and the “ set-hook ” men were furious
against the “ trawlers.” The commission decided that they all
were right, and might fish when, where, and how they pleased ;

and, as to open sea fishing, what little man could do to abate
them was nothing, and the fish were, on the average, as plenty
as ever, and were likely so to remain. But, just then, Mr. Ber-
tram comes out with his “ Harvest of the Sea,” * in which, by
fact and figure, he aims to show just the opposite; namely,
that the open sea fish have decreased by over-fishing. In the
investigation of our river fisheries, we, at least, are thus much
better off, in that we agree the catch has diminished.

How are these shad fisheries conducted ? In three ways
chiefly, viz.: by seines, by gill-nets, and by weirs. Seines or
sweep-nets are made of a depth which varies with that of the
river, and of a length yet more variable. Those of the Merri-
mack usually do not exceed 300 feet; while those used on
the Potomac are so bulky that they must be paid out from
a barge rowed by twelve or sixteen men; and they suffice
to inclose considerable bays in that stately river. The method
of hauling the seine differs with the weight of the instrument
itself, and with the nature of the landing-place. Commonly
one end is kept on shore while the other is swept round the
school. If the bank or beach be smooth and sloping the seine
is at once drawn in, either by hand or by a capstan, as soon as
the water end is brought ashore; but, if there be extensive
flats, or a bad bottom, between the channel and the firm land,
then a pier is sometimes built out, and the seine is brought in
at the end of it. At Fancy Hill, on the Delaware, this difficulty
is got over in another way: a line is carried out for 400 fath-
oms over the flats; the seine is swung across the channel, and
a similar line, attached to the water end of the seine, is brought
back to the river bank, and by these lines round capstans, the
haul is laboriously made. It takes two hours and a half.f

Gill-nets are simple in form, like seines, but made of a fine
twine not easily seen in the water, and with a 5* inch mesh.

* A useful book on account of the statistics and the scattered information it contains.
But it -would be for his advantage if Mr. Bertram would study the rudiments of icthyol-
ogy. He describes the “ Vendace ” and the “Pollan ”as if they were land-locked her-
ring ; while he states that they are Coreyoni, being plainly ignorant that Coregonus is a
genus not of Clupeoids but Salmonidse.

f Letter from Mr. B. P. Howell.

2
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The regulation mesh of the Connecticut used to be 6 inches;
but it is agreed that this size would now-a-days take few fish,
which corroborates the general opinion that the average shad
are smaller than they once were. This diminution is laid by the
estuary fishermen to the favorite Holyoke dam ; but, inasmuch
as the best spawning beds are below that dam, and furthermore,
the principal growth of the shad takes place in the sea, it seems
reasonable rather to lay it to over-fishing—a result that has
followed the same cause in the salmon rivers of Scotland. In
depth the gill-net is usually about 16 feet, and its length varies
with the breadth of the river. Those of the Delaware were lim-
ited to 60 fathoms; but this restriction, like those of the Con-
necticut River, has been ignored. It is a snare that needs
concealment, and is therefore used by night, or in turbid water.
It is allowed to drift with the current, or with the tide, and
the tender shad getting entangled by the gills are speedily
suffocated. It is pretty well established, also, that a very great
number break loose, but die of their injuries ; for a small hurt
will kill a fish, if that hurt be in the nature of a scrape or
bruise. Even the hardy trout is often killed by the gentle
handling necessary for obtaining the spawn. In this case
a growth, apparently confervoid, appears on the bruised sur-
face, and the fish soon sinks under it. These skin injuries
among fish seem truly comparable to those superficial burns of
the human body, which, apparently far from serious, are in
truth so often fatal. It may be further noticed that a clean
cut through of some severity, is, in both examples, curable. It
is often said that few dead fishes are seen floating in the neigh-
borhood of gill-nets; but, as a fact, fish killed in this way often
or even generally sink. Another sort of gill-net is stretched
on stakes along tide-flats, and the shad get gilled as they try to
retreat with the falling tide. These are used near New York
to take the Hudson River shad. The night work of the
“ dragmen ” has given them a cause of opposition to the
present law of Connecticut, for, say they, the close time is
between Saturday evening and Monday evening, so you take
two nights from us, but only one day from the seiners. Such
objections only illustrate the impossibility of making laws to
suit everybody, or even anybody. It is the old fable over again
of the miller and his son who took the donkey to market. The
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miller at last determined to act as lie thought best; and legis-
lators may well come to the same determination without the
miller’s whiffling experience.

A pound, or weir, is an old and singular contrivance whose
success depends upon the fatal principle of fishes never to turn
a sharp corner. A place is chosen, where it is known that
large schools are accustomed to coast along, parallel with the
shore ; and there a barrier is run out in a straight line. This
barrier is called the “ leader; ” and may be a stone wall, a
fence of laths or of brush, or a net stretched on poles. At the
end of this leader, and like a spear-head on its handle, is con-
structed a heart-shaped inclosure or “ pound ” having a narrow
opening on either side next the point of the leader. On its
off-shore end this heart again opens into a circular inclosure
called the “ bowl.” A school coasting along shore is suddenly
stopped by the leader, and immediately the fish turn towards
deep water, and, swimming parallel with the barrier, pass into
the heart, whence there is no escape save by a sharp backward
turn, which, as before stated, is against their principle. There-
fore they swim round and round, and pass into the bowl,
where they are left by the tide, or, if the bowl be in deep
water, they are hauled up by a net-bottom. The pounds of the
Connecticut have a net leader of from 700 to 1,300 feet, set on
poles, 25 or 80 feet long, driven into the sand.

The mesh of the leader is usually from 4| to 5 inches ; that
of the bowl from to 2| inches, and capable, therefore, of
taking very small fish.* These pounds are all outside the
mouth of the river, and to the west of it, because, for what-
ever reason it may be, very few shad can be got east of the
river mouth. It is maintained by some, that the fresh water
from the river “ bows out ” to the westward, and that the shad
* The average yearly take of shad in Connecticut is estimated as follows;

82 gill-nets, within Connecticut, 164,600
16 pounds, “ 112,000
Pier Seining, “ 150,000
Seining, above Essex, “ 100,000
Seining, within Massachusetts, 102,000

Total, 628,500
There are, however, some years of scarcity, as in 1853, when the best Saybrook pound

got but 1,700, or one-fifth the average. The take on the Merrimack, only from Lowell to
the sea, thirty-two years ago, was estimated at 365,000, which will give an idea of what
our fisheries aught to be. (See Report for 1866, page 39.)
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seek it: by others, that the fish come from the west, and are
not affected by the fresh water which spreads on both sides of
the mouth ; and still by others, that they come from the direction
of Montauk Point, diagonally, and that they strike directly into
the river, or glance to the westward of it, seeking the little
Crustacea known as sand-fleas, and which are said to be their
favorite food.

To the general question of the periods and directions of the
migration of fishes we can look for no reliable answer until we
can get the facts in a scientific form. And it is, therefore,
gratifying to know, that Professor Peirce, the present Superin-
tendent of our Coast Survey, has answered the Resolves of
several of the New England States * by directing such informa-
tion to be got along our coast, as may, when combined, furnish
such an answer. The chief elements of the general questions
are these:

1. At what periods do the salmon, the shad, &c., come into,
and go out from, our rivers ?

2. When they go out, do they remain near the river mouth,
or do they stand out far into the deep sea, or do they retreat in
a direction parallel with the coast, to the warmer waters of the
South ?

3. When they come back do they pass from south to north-
ward, like the brigades of one great army, which, as it passes,
gives off to each river its quota, or do the natives of each river
simply stand in from the sea, immediately outside its mouth,
where they have lain till the instinct of propagation should
once more call them to fresh water ?

Doubtless many people feel already prepared to answer these
questions, but should we put to them such queries as these: How
many successive “ runs ” of shad are there in each river ? On
what does the succession of these runs depend ? Do they always
spawn before leaving a river, or do they pass several times in and
out before that act ? How long does each school of shad remain
in a river ? What is its rate of progress up stream, and on what
does this rate depend ? How do you regard the so-called “ bar-
ren ” shad, which are taken near Monomoy Point, at a season
when others are spawning in the Connecticut ? etc., etc., or,

� See Appendix, B.
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again, What are the precise periods at which the salmon of
different ages (the smolts, the grilse, and the grown salmon,)
go to and return from the sea ? What are the so-called early
and late runs on some Canadian rivers, for example, in the
north branch of the Miramichi ? Are these runs of different
individuals, or are they of the same individuals which have
gone down and have come back again ? How do you regard
the salmon taken at sea, and in fine condition, at seasons when
most of them are in the rivers ? etc., etc. To all a very insuf-
ficient answer would most likely be given.

The different classes of fishermen, and the different modes of
fishing, have been considered at some length, in order to show
that laws alone will scarcely provide for a great increase of our
valuable fishes, and this because there is a greater or less oppo-
sition and rivalry among those classes, which breaks up una-
nimity of protection , while the effect of their combined action
is unanimity of destruction. That good laws will be a whole-
some check there can be no doubt, but they alone will not suffice
to make our rivers and ponds a sure source of abundant food in
the same sense that our pastures are so.

There lies perhaps a remedy in our own hands, and that
remedy is Artificial Breeding , a sowing of fish, just like a sow-
ing of corn. People will at once ask, what advantage is there
in artificial over natural propagation ; why not let the fish breed
in their own way ? This question may best be answered by
another: What advantage is there in sowing, over wild growth ?

Why not let corn grow and sow itself in its own way ? Or, in
a less striking form, what advantage is there in good cultiva-
tion over bad ? Suppose two equal quantities of corn sown,
and the product gathered and again sown, for three successive
seasons, and suppose the one were ill cultivated, and so pro-
duced only ten bushels to an acre, while the other were well
cultivated and produced seventy bushels to an acre. Then the
increasing ratio of the two products, at the end of each season
would be as seven to one, and for the three seasons, 7 :1—
49 :1—343 :1. In other words, at the end of the third season
where the poor cultivation had produced one bushel, or one
quart, the good would have produced three hundred and forty-
three bushels, or three hundred and forty-three quarts. Turn
now to a living animal and see if there be any analogy in what is
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called the “ waste of nature,” (though more properly the prod-
igality, or the balance, of nature.) We may select the salmon,
because the long study of this animal in Great Britain has given
us many good data to go upon. The problem will be complex,
but a simpler one will follow in the shad. We must premise
in general that newly-hatched salmon are called new parrs;
they remain one year in fresh water, then one-half the brood
take on silvery scales, are called smolts, and go down to the
sea; the other half of the brood remain another year in fresh
water, and are called yearling parrs, when they too change to
smolts and go down to the sea. We will assume (what may
not be true) that all smolts going down to the sea return the
following autumn as grilse, i. e., half-grown fish, of three or
four pounds weight, and ready to spawn. These once more go
to the sea, and on their return are called full salmon, and
weigh eight pounds or more. We will further assume that
grilse and salmon lay about one thousand eggs to each pound
of their weight, and that about five in every seven are females,
of which some pair with the male parrs in the river. In order
to make a table of yearly increase we have now only to find
what proportion of young fish survive each stage of their exist-
ence. Comparing the statistics of Mr. T. T. Stoddart* with
those of other authorities the following fraction may be
deduced:

i i °f eggs hatch, and become new parrs.

-J of these parrs grow to be smolls.

Tstf jV °f these smolts grow to he grilse.

T'Soo iV these grilse grow to be salmon.

Hence it would appear that of fifteen hundred eggs of salmon
laid in the natural way, only one at last produces a full grown
fish. From the foregoing data the following table may be cal-
culated, which is intended to exhibit what twenty thousand
eggs would come to in three years if naturally deposited in a
river.

* Bertram —Harvest of the Sea, p. 111, etc.
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Beginning of First Beginning of Second Beginning of Third End of Third Year
Year. Year. Year.

( 3,500 YearParrs. 70 Grilse.
20,000 Ova. 7,000 New Parrs. ■<

I 70 Grilse. 7 Salmon.

150,000 Eggs.* 50,000 New Parrs.

200,000 Eggs.f

That is to say, these 20,000 eggs would, in three years, give
less than eighty fish fit for the table, and a quantity of young
ones and eggs, of which a very small proportion would ever
arrive at maturity.

By the shad, thanks to the admirable experiments of Green,
(Appendix A,) we may illustrate the results of natural and
artificial propagation side by side. We assume that the male
is fecund at one year, that the female carries spawn at two
years, and lays from 10,000 to 12,000 eggs to each pound of
her weight, and that males and females are in equal numbers.
Considering what is known of the hatching of the eggs, by the
natural process, and assuming that the young are destroyed in
the same proportion as those of the salmon, the following frac-
tions may be deduced :

■| |of all eggs laid, get impregnated and escape being eaten by other
fishes.

A tV °f these hatch,

-j.Anj -jV °f those hatched grow to one year.

vniisn i°f the yearlings grow to two years.

tows' i°f the two-year-olds grow to three years.

It would hence appear, that of 40,000 eggs of shad laid in
the natural way, only one arrives at the age of three years.
Now suppose two pairs of adult shad should come to a river
each year, for three successive years, and there breed; what

* Say from 50 female Grilse of 3 lbs. each.
t Say from 50 female Grilse of 3 lbs., and 5 female salmon of 10 lbs,
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would they and their descendants amount to at the end of that
time ? The following table calculated from the data foregoing
will answer this question.

Natural Breeding.

Beginning of Second
Year.

Beginning of Third
Year.

Beginning of First Year. End of Third Year.

f 4 Shad. 4 Shad.( 4 Shad.

{ 1,750 Young.4 Shad. 35 Yearlings.
L 1,750 Young.

35 Yearlings. 7 two-year-olds.

3 three-year olds.(7 two-year-olds.

(1,750 Young.
1,750 Young. 35 Yearlings.

35 Yearlings.

84Total,

Even at this rate, and allowing that all shad die at three
years old, the number of three-year-old fish in a river, derived
from a single pair, would double in about eight years, although,
for several years, there would be, of course, no three-year-olds
at all in the river, the original pair having died. But, since
the number of the largest fish is always small, compared with
those of less size, and as these large ones are most liable to get
caught, it may well be understood that the river fishermen
think that both shad and salmon have “ decreased in size,” and
that they are obliged to make their net-meshes smaller. The
gain by artificial propagation of shad, lies .at the very outset,
and consists in the increased percentage of spawn that may thus
be hatched ; the ratio of the artificial to the natural being at
the most moderate estimate, as seventy-two to one. Starting
with this difference, and taking the other proportions just as in
the above table, we should have the following results from the
artificially hatched spawn of two pairs of large shad, taken three
years in succession, added to the spawn of their mature progeny
within that period :
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Artificial Breeding.

„ Beginning of SecondBeginning ofFirst Year.
Year.

Beginning of Third
End of Third Year.

Year.

*126,000 Young. 2,520 Yearlings.

*126,000 Young. 504 two-year olds.2,520 Yearlings.

252 three-year-olds504 two-year-olds.*126,000 Young.' 2,520 Yearlings.

f3,969,000 Young. 158,760 Yearlings.

Total 162,036.

Compared with the former table, the results in favor of
artificial propagation are as 162,036 to 84, or, as 2,000 to 1,
nearly. This is nothing unbelievable, when we see what a
difference was made in corn, by a poor or a good cultivation.
But it is a difference that ought to call the attention of all
thoughtful persons to this subject. It would be very little labor
or expense to set free 100,000,000 young shad in the Connec-
ticut, and these might reasonably be supposed to return us
nearly a half million of two-year-old fish. Fifteen hundred large
females would yield the required amount of spawn, and this is
not more than a half of one per cent, of the females now yearly
taken in the river.

The Commissioners intend, if possible, to make experiments
next summer on a large scale, both in the Connecticut and Merri-
mack Rivers. If seconded by the authorities of Connecticut,
there is no reason why the fisheries, within two or three years,
should not be a good deal augmented. Once show the fisher-
men that shad are increasing, and salmon are coming in, and
they m£iy be relied on to support measures which they now
regard with excusable indifference or incredulity. All new
things are hard of introduction. When the fishway at Lowell
was building, some of the factory superintendents (very intel-
ligent men about factories,') said, that the fish must have a
schoolmaster to teach them to go up those steps! The next

* From the eggs of two females: of 140,000.
t From the eggs of the two-year olds.

3
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year shad and salmon did go up, and without any schoolmaster.
The nearer we get to the truth, the more it stands out, that
artificial propagation and free passage over dams, are the two
great conditions of restocking rivers. The question of pollu-
tion assumes a smaller proportion. It now appears that saw-
dust does not kill trout, but their spawn only, and that
chemicals, unless in unreasonable quantity, do not much affect
a great stream. The dreaded Winsor Locks turn out to be
comparatively innocent of the destruction of young shad. Rea-
sonable care and just regulations will keep all these pollutions
within bounds, and render our streams fit habitations for their
people. Shad are by do means the only fish that may be
increased by artificial breeding. The salmon has already been
spoken of, and a table has been given to illustrate this part of
its history. Indeed, it may be bred with more certainty than
the shad, because the young may conveniently be kept and
protected from natitral dangers, till the age of one or two years.
The fisheries of the Tay have increased ten per cent, in value,
by the annual introduction of 150,000artificially hatched smolts,*
and this is an important increase in a river whose yearly yield
is 70,000 fish; 150,000 ova may be hatched in a shallow
trough, a foot wide, and fifty feet long, and the fry may be
kept in pools of small extent, provided the banks afford abund-
ant insects, worms, etc., for food ; and provided further, that
there be a strong current of cool spring water constantly flow-
ing through. Of the smolts liberated, one in twenty-five was
afterwards caught, as a marketable fish. If this be a fair gener-
alization, it would follow that if, 1,000,000 smolts were yearly
set free in the Merrimack or the Connecticut, the annual catch
of the river, from this source alone, should be 40,000 grilse
and salmon, which, at an average of eight pounds, and at forty
cents a pound, would be 320,000 pounds, worth $128,000. A
million of ova would be the product of one hundred females,
each of ten pounds weight; sixty or seventy males, and small
ones at that, would be plenty for the impregnation of the batch.
Two hundred fish (to allow a proper margin,) ought to produce
enough impregnated eggs to raise a million of smolts.

Therefore the return of marketable fish should be as two
hundred to one. Let it be remembered that what here stands

* Bertram—Harvest of the Sea, p. 111.
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only on paper, may, with the same pains that produces a crop
of wheat, be illustrated by an accomplished fact. It has been
so illustrated in England, Scotland and Ireland.* And yet our
clever people go on, year after year, putting up more thousands
of spindles, and flooding the market with unsalable cotton
goods, when, from the very water which turns their wheels,
they might coin money, with no other machinery than a net
and a hatching trough! Thirty years ago, no fresh salmon
were brought to our market from the British Provinces, simply
because the Penobscot, the Kennebec, and the Androscoggin
were full of them, while the Canadians had already exhausted
the tributaries of the St. Lawrence above, and including, the
River Jaques Cartier. Now, we have shut out the fish by high
dams, such as those at Augusta, at Great Works, &c. But the
Canadians, by wise legislation, have re-peopled their streams,
and the St. Lawrence at present boasts eighty-seven salmon
tributaries.! The English are pursuing a similar course, and
in such rivers as the Wye, where the salmon was extinct a few
years ago, there are now many. The English have gone fur-
ther, and after several failures, have triumphantly succeeded in
getting salmon spawn to Australia, which have hatched, and the
young have gone to sea, and have returned large fish to the river.
After the salmon proper, the so-called “land-locked salmon”
deserves attention. It is found at the upper waters of the St.
Croix River, and in Sebago Lake, in one of whose tributaries,
Crooked River, it is captured when it runs up to spawn in
November. They average there, about four pounds in weight,
but grow as large as sixteen pounds. The young are very
agile. Some of them, bred artificially by Mr. Robinson, at
Meredith, N. H., were put, when quite small, in a tank, into
which, from a height of nine inches, fell a stream of water
flowing through a one-and-a-half-inch hole; whereupon the
lively parrs leaped up the stream, and into the upper tank, like
harlequin going through a clock-face. | There is a similar

* In 1863, Scotland, Ireland and Wales, a territory about the size of New England,
furnished to the London market alone, 3,712,016 pounds of salmon. The fishing rental
of the Tay, in 1852, was less than £8,000; in 1864 it had risen to .£15,000. Now let any
one look at the map of Maine, with her thousand lakes and rivers, and imagine what
riches ought to dwell in those waters!

t Communication from Mr. Nathan Cummings, of Portland.
| Report for 1866, p. 10.
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Dr. Gunther* considers it a distinct species of lake trout, and
describes it under the name of Salmo hardinii. The best
defined specific difference he points out is, that the tail-scales
are smaller than those of S. salar; but as he had only a single
specimen for study, his conclusion must be taken with caution.
Nor can his assertion be accepted that “ we have no evidence
whatever that a migratory species has ever been changed into
a non-migratory one. In Jamaica Pond, Massachusetts, and
in Lake Winnepisseogee, New Hampshire, the common smelt,
(Osmerus viridescens) lives entirely cut off from salt water.
They were put in Jamaica Pond, near the close of the last
century; and they have been introduced for many years in
Lake Winnepisseogee. As in the land-locked salmon, their
size has diminished a good deal. That captivity is not neces-
sarily fatal to the salmon, is shown by the fact that a smolt has
been kept three years, in the Stormontfield ponds, and con-
tinued to thrive and grow.f The trouts in general, but espe-
cially the salmon proper, are fish of a hard, rich meat, which
keeps well, and is nourishing food. The salmon has the fur-
ther advantage of getting a great and rapid growth, by going
to the sea. And in general, the migratory fishes are especially

salmon .in Lake Wenern, the “ Yetterns, Silfver-lax” of the
Swedes.

* Catalogue of the Physostomi of the British Museum. A. Gunther: 1866. Dr. Gun-
ther makes a very creditable attempt to get some data by which the maze of this group
may be unravelled. From the form of the preoperculum, the number of rows of scales
above the lateral line, the length and number of the appendices pyloricas, the number of
vertebra, &c., he hopes to draw such data. It is, therefore, much to be regretted that the
British Museum afforded this learned ichthyologist such meagre materials for some parts
of his study. He names whole series of species, without quoting any specimen at hand.
And this is especially true of the American trouts. It is hardly to be believed that his
collections contained nothing of our common brook trout save stuffed skins, which, in the
present state of science, are next to useless, and are fitted rather for amateur show cases
or curiosity shops than for the shelves of a greatmuseum. This poverty of material has
led our author to admit a great number of ill-described species, and, consequently, we
have the appalling array of 82 under the single genus, salmo. It is true that he criticizes
here and there, as in the case of Mr. Brevoort’s Japanese plates; and it is a great pity
that he did not go further and demolish the species of Girard, in the Pacific Railroad sur"

vey; for nothing can be more preposterous than the attempt of this writer to manufacture
zoology out of dried heads, and skins without fins! In regard to those trouts described
from personal examination, we cannot too much thank Dr. Gunther for the admirable
details given by him; at the same time, we may be allowed to suspend judgment as to
the existence of so many species as he gives, when we reflect that in Great Britain alone
he establishes six distinct charrs, (S. umbla,) and wr hen we further observe that he uses

the hypothesis of hybridism to explain some intermediate forms.
t Perth Courier, May, 1861; quoted by Bertram, p. 109.
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to be encouraged, because they require no feeding, and are sure
of abundant nourishment in the ocean. Next may be men-
tioned the several species of our White Pish, ( Coregonus,) all
excellent for the table. Could they be artificially bred in our
larger ponds, they would form an important addition to our
water culture. Besides those of the great lakes, ( C. albus,
C. sapidissimus, etc.,) there is a smaller one (C. Nova Anglia,')
in Lake Winnipisseogee, where it is known as the “ Shad-
waiter.”

The black bass ( Grystes fasciatus) is a perch-like fish,
and lives by preference in lakes and large ponds. Its flesh is
excellent, and it attains a size of from 2 pounds to 7 pounds,
according to food and situation. In 1850, Mr. Samuel T. Tis-
dale, of East Wareham, -succeeded, after much care, in bring-
ing twenty-seven from Saratoga Lake alive, to his place, where
he put them in Flax Pond, close to his house. In 1851, and
again in 1852, others were brought, and several of the neigh-
boring ponds were stocked. The matter was kept secret, and
a “jubilee ” of five years given to the fish ; at the end of which
time, they were found to have peopled these ponds, and to
have grown finely. So soon as this fact was known, all the
neighborhood at once gave its assiduous attention to poaching,
indignant that any one should be so aristocratic as to try to
furnish cheap food to the community! Their efforts were so
far successful as much to reduce the number of the fish.

The black bass takes a fly, a “ spoon,” or a moving minnow,
during the summer months, and makes, when hooked, a hard
fight; rushing hither and thither, and springing into the air as
actively as a trout. In late autumn it will bite at a standing
bait.

During May they come by pairs, and make a spawning bed
on a sandy bottom in from 4 to 6 feet of water. This they
sweep with their tails after the manner of trout, and the male
remains on guard over the spawn, and drives away the many
intruders which hang about greedy for this savory food. In
June, the young,—recognizable by a black band across the
tail,—are first observed, and these, by autumn, have grown to
a .length of three or four inches. At one year old, they weigh
from \ to \ pound, and increase about } pound yearly, till they
arrive at 6 pounds or 8 pounds, according to food and water.
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They are in prime condition in August and September, but in
winter are black and lean. The objection in certain cases to
this species, is its great voraciousness. It destroys almost
everything before it except the perch, and even kills out
pickerel by devouring the young. But in ponds already
infested with pickerel and abounding in “ shiners,” it may be
introduced with much profit, because it replaces bad fish by
good. It should be carefully excluded, however, from all
waters that contain trout, white fish, or other valuable species,
and from ponds communicating with such waters, for it is a
most restless and pushing robber, eagerly searching and follow-
ing the inlets and outlets of its pond. Of this propensity the
Brookline reservoir gives the most curious instance. Nine
black bass of 2J to 3 pounds were put there in July, 1862.
Since then, in the examination of the water pipes leading from
this reservoir to Long Pond, these fishes have been found in
considerable numbers and of large size; and, moreover, either
by their young or their eggs, they have penetrated the screen
at the mouth of the pipe, and have appeared in the pond
itself!* So these black bass, apparently impelled by no other
feeling than that of restlessness, performed an underground
journey of fifteen miles, in a brick aqueduct whose greater
diameter was six feet! f

The alewife, (a/osa tyrannus,') although very inferior to the
species above cited, is valuable, first, on account of its great
prolificness, and secondly, because in its ascent from the sea, it
will penetrate in vast numbers the smallest brooks. At the
spawning season it is extremely tame, and will crowd into the
locks of a canal, or any unusual place, whereas the shad is
much more shy, and only affects the more open parts of a
stream. On the Agawam River, the alewives, after passing up
a small ditch, whose lower end was among the clatter of mill-
wheels, and 250 feet of which were covered, pushed through
an under-ground drain a thousand feet long, in order to get to
the pond where they spawned. This under-ground drain
became stopped, and the young alewives could not get to the
* Communication from Mr. John H. Thorndike, President of the Water Board.
t Arrangements have been made with Mr. Tisdale to stock several other ponds, and

the work is already begun. The best time to move the live fish, is in the cool weather
of late autumn or of early spring. *
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sea. Some of them were taken in January, and had not grown
since October, for they were no bigger than in that month.
Others, taken afterwards, were two-thirds of their natural size ;

but whether these last were old fish, that had been shut in, or
whether they were land-locked young of a previous season, or
of the same season, could not be determined. In a brook
whose water was so cold that the alewives avoided it, Mr.
Tisdale tried an important experiment. He put a dam across,
and in the pond thus formed put live alewives. These bred
there, and they and their young passed over the dam to the
sea. The next spring, large numbers of alewives passed up
this brook, for the first time on record, and were seen leaping
at the face of the dam, in vain attempts to surmount it. This
is a crucial experiment, so far as concerns the theory that a fish
returns to its birthplace to spawn, even under an unfavorable
condition, (cold water,) but it does not certainly prove that the
alewife gets its growth in a single year. For those that were
seen might have been the original breeders, together with some
companions which they led from their usual course up the
warm stream. So far as is known, neither the alewife nor the
shad get their growth in less than four or five years. The
instinct of return to birthplace is not absolute among these
migratory fishes; there are apparently certain stragglers—-
wrong-headed individuals, which, like some men, refuse to do
a thing simply because others do do it. And again, the instinct"
may be modified by circumstances. Thus in 1846, when the
Merrimack was closed by the Lawrence dam, the alewives,
finding their path barred at that point, faced about, descended
the river, coasted along shore to the Ipswich River, and, to the
astonishment of the inhabitants, suddenly filled that little
stream almost solid. A similar fact was reported in the Britith
Provinces, where the salmon, alarmed at the change in shape
of a river’s mouth by new stake-nets, quitted the Natashquan,
and entered the neighboring Kegaska, where they were recog-
nized by their superior size.* On almost all our streams, the
alewives have been exterminated by weirs, by scoop-netting, and
especially by dams, which shut them from their favorite ponds.

* It was some such straggling salmon that last spring ran up the Merrimack. Five
were taken below and four above the Lawrence dam, whereas a single visitor is usually a
rarity.
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But if our people will imitate the action of those interested in
Mystic River,* they will get the fish back in great abundance.
The Act (chap. 149,1867,) simply forbids fishing for five years,
and the people themselves have seen that a suitable fishway is
made over the dam at the outlet of the pond. This action
must come from the people themselves. It has not been the
policy of the Commissioners to force reforms upon the public.
They have tried to publish all important information on the
subject, and have held themselves ready to aid those who asked
for advice or for the protection of the laws. To extend and to
unite their influence, the Commissioners of Maine, New Hamp-
shire, Vermont, Massachusetts and Connecticut have made an
informal association under the name of New England Commis-
sioners of River Fisheries.f They hold meetings from time to
time, and endeavor to establish a common policy for New Eng-
land, in the attempt to restore our indigenous fishes and to
introduce new ones. In conclusion, the Commissioners beg
leave to present the following summary of their present posi-
tion and requirements.

1. As to money. Of the appropriations respectively of
$7,000 and of $lO,OOO, there will probably remain subject to
their draft, at the close of this year, about $10,500. During
the next year there will be needed, for the prompt erection of
the great fishway at Holyoke, a sum of $15,000 to $17,000,

for the important attempts in the artificial breeding of fish,
on a large .scale, not less than $5,000, or a total of $22,000.
As there will doubtless be over $lO,OOO on hand to begin with,
afurther appropriation of $12,000 ought to suffice.

2. As to laivs. Those now in force seem enough; and it
only remains for this Commonwealth to comply with the condi-
tion made by Connecticut in the law passed by her last Assem-
bly, [Appendix B,] by which the taking of shad in the Con-
necticut River is forbidden, except between the 15th of March
and the 15th of June, and between sunrise of Monday morning

* See Appendix, B.
t The following are the names and address of the members:
Maine—Charles G. Atkins, Augusta; N. W. Foster, East Machias.
New Hampshire—Hon. H. A Bellows, (Chairman,) Concord; W. A. Sanborn, Weir’s.
Vermont—Prof. A. D. Hagar, Proctorsville; Hon. Chyles Barrett, Grafton.
Massachusetts—Alfred R. Field, Greenfield; Theodore Lyman, (Secretary,) Brookline.
Connecticut—H. Woodward, Middletown; James Rankin, Old Saybrook.
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and sunset of Saturday evening ; and further, that no salmon
shall be taken before March 15th, 1872; all, however, on con-
dition that Massachusetts should impose the same limitations
of time. The Commissioners therefore recommend that these
restrictions be extended to that part of the Connecticut River
lying within the limits of this Commonwealth, provided that
the fish commissioners be allowed to take all fish needed to
re-stock this or any other waters of the Commonwealth.

All of which is respectfully submitted.

THEODORE LYMAN,
ALFRED R. FIELD,

Commissioners.
4
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[A.]

The artificial breeding of fishes is, in theory, familiar to most people,
but in practice, very little is known of the necessary details.

In Franee, thanks to the labors of Professor Coste in carrying out
the discoveries of Joseph Re my, pisciculture has become a true indus-
try. The Imperial establishment at Huningue, founded fifteen years
ago, produced, in 18G1, 16,000,000 of eggs. These were of several
species, (all, however, of the Salmonidm,) viz., the Fera, (coregonus
fera,) which is like our white fish ; the Ombre chevalier, (Salmo umbla,)
called in the Tyrol, Salbling, and in England, Charr; the large and
valuable Danube salmon, (salmo Jiucho,) called Huchen by the Ger-
mans ; the great trout of the lakes, (Salmo Trutta,) which is the
Seeforelle of the Germans, Truite Saumonee of the French, and sea
trout of the English; the common salmon, ( salmo solar,) and the
European brook trout, (Salmo fario,) called Forelle by the Germans-
This excellent establishment is (or was) nevertheless defective in two
respects ; first, in the imperfect means of getting eggs, which are col-
lected at distant points, and consequently arrive often in bad condition;
whereas, so extensive and well appointed a place should, in most cases,
raise or keep its own breeding fish; secondly, in the small variety of
fish cultivated, and those all of one family. All of which is said not to
criticize what has been effected, but to point out what may be in future
expected. To breed trout successfully there are needed (1,) good and
abundant water; (2,) proper apparatus ; (3,) a regular supply of breed-
ing fish; (4,) general skill and care in the operation; (5,) plenty of
food. The water shouldbe of a spring; pure, clear, and as near 47° the
year round as may be. Moreover, it should flow constantly. To avoid
the mud and overflow of freshets, the breeding ponds should never be
in the main stream. But this should be dammed, (PI. 111.,jig. 2, d,)
and from the mill-pond thus made, a canal or a flume {PI. 111,jig. 2, hh)
should be led to supply the needful water. At the mouth of this canal
may be a sluice-gate against freshets, and there must be, also, a barrier
to prevent the escape of the fish. {PI. 111., jig. 2, a c.) I his may be

either a water-wheel moving below in a casing {PL 11, Jig. 6) and
turned by the current, or, if there should be a little fall, a horizontal

ARTIFICIAL BREEDING OF TROUT AND SHAD.
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raised grating may be placed just under it. (PI. 11, jig. 4.) These
contrivances are better than a vertical screen, which gets clogged with
leaves, &c., and does permit floating food to pass, which is a very
important item. This food consists of an immense variety of organ-
isms, such as larvae of dragon flies, minute Crustacea, water worms and
beetles, young fishes, aquatic snails, &c., &c. Its quantity may be
increased by placing a slanting boom at the mouth of the canal in such a
wtiy as to turn into it whatever the current brings down. (PL 111,

Jig. 2, 7i.) The lower part of the canal should be about 4 feet wide
and 2 feet deep, and its bottom should be of clean gravel, while the top
is loosely covered with boards. (FI. 111, Jig. 2, bb.)

This is the spawning bed. Beyond comes a pool or a pond (h. k.)
for breeding-fish, and furnished with a screened outlet (o.) Such a
pool should be four feet deep, and its bottom weedy or earthy and in no
case covered with gravel. Other and smaller pools may be provided
for the young fish of different sizes, (m. m.,) each with a good conduit
of running water (e.) and a screened outlet (o.) The hatching house
(FI. 111, Jig. 2, I; PL 11,Jig. 5) must also be supplied by a conduit of
running water (FI. 111, Jig. 2, e ; PI. 11, jig. 5, a) and with a screened
outlet (FI. 111, jig. 2, o.) This building is a simple close shed with
small windows which can be darkened at pleasure. (PI. ll.,Jig. 5, e. e. e.)
Within are double ranges of shallow troughs (c. c. c.) communicating
by little sluice-gates (Jig 3, e) with a supply trough (Jig. 5, g; Jig. 2, d)
which, in turn, is filled from the lower end of the conduit (a.) out-
side the building. This lower end is fitted with three flannel strainers
(b. b. b.) through which the water passes, and then enters the supply
trough through a little sluice-gate. (Fig- 3, c.) These strainers should
be placed at an angle, so as to present much surface, (PI. 111, Jig. 5, a,)
and should be made to slip in and out, so that they may be frequently
washed. Moreover, a sluice-gate should always be placed beloio
strainers, (b. c.,) otherwise it gets clogged by leaves, etc. Each spawn-
trough (PL 11,Jig. 3,f) in therange is 18 inches long by 12 wide, and
is separated from its neighbors by a ridge inches high (h.) The
sides may be as high as 8 inches, which gives a chance to back up the
water, and make a trough of that depth, after the fry hatch. The
water furnished to each single range by the sluice-gate, (e.,) should be
equal to an inch stream with a three inch head. The water runs down
the range with a gentle current about an inch deep, to secure which, a
fall of 1 inch in 6 feet is enough. Hatching-troughs are usually made
of wood, with a bottom of half an inch of perfectly clean gravel about
the size of peas.

But unquestionably some sort of glazed pottery or coarse glass would
be much cleaner, and not liable to the black mould which appears on
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wood, (especially were there is a knot,) and which, penetrating the
gravel destroys the spawn. In Europe the ova are placed on glass bars;

but it would probably suffice to have the bottom of the pottery trough
made rough and uneven, so that the ova should be raised, to allow a
flow of water under and about them. After flowing the length of the
range the water falls through a wide cut in the floor, (h,) and passes
out under the shed. In addition to the strainers above mentioned, it is
well to make one or more piles of gravel in the supply trough, which
act as filters. To render the hatching house comfortable in the
a stove (f) may be placed beyond the troughs. The pools, if four feet
deep, twenty-five broad, and forty long, will each contain several thou-
sand breeding fish, weighing from half a pound to a pound and a half.
The bottom is left earthy, in order that they may not deposit their
spawn on it. As soon as late autumn approaches the trout pair, and
seek the congenial gravel of the covered spawning bed. (PI. 111.,fig. 2,
b. b.) Once or twice a day the entrance to the spawning bed is sud-
denly closed by a bag, the mouth of which is held open by a wooden
frame, then the boards are thrown off the trench, and the spawners,
seeking to escape into their pool, are caught in the bag, whence they are

gently transferred (by untying the bottom,) to a tub of clean water,
which is at once taken to the hatching house. In this way none but
ripe fish are secured, and those in the pool are not bothered by being
constantly netted and examined. Each trout is now taken in turn
from the tub, and held over a milk-pan half full of pure water. The
fish should lie on its back, on the sleeve of the right arm, which should
be covered with cotton flannel; the right hand grasps gently but firmly
the body just above the tail, the loft hand rests below the gills, and near

the pectoral fins. (PI. 111.,fig. 3.) The animal, being thus firmly held,
the forefinger of the left hand is passed repeatedly down the belly, with
a slow, steady, and moderate pressure, and the ova flowing out fall into
the pari of water. The male fish gives out in like manner the seminal
fluid, which looks like thick milk. Each fish, after being stript, is
quickly put in another tub, and the whole are at last returned to their
pool. This operation requires some dexterity, otherwise the fish get
bruised, which is liable to produce on them a fatal vegetable growth.
They are said to be much more docile in fine weather than in stormy,
when they are apt to flap about and hurt themselves. For very large
fish, like salmon, it is convenient to have a second man, who holds the
tail, giving the other full use of his left hand. It is not necessary to

pay attention to the different pairs of trout; males and females may be
taken indiscriminately, and the product of the whole mixed in a com-

mon pan. The water now assumes a milky tinge, from the milt of the
male, while the ova sink at once to the bottom, and there stick fast.
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They appear as little round bodies about three-sixteenth of an inch in
diameter, (or larger, if the parent be large,) of a pale yellow or an

orange hue, according as the parent has white or pink flesh.* They
must be left in the pan as long as they will stick, which will be fifteen
or twenty minutes.f Then the water must be gently drained off, fresh
water poured in, and this washing repeated once or twice. And here
is the golden rule for treating eggs of fishes: never touch them, but move
them, by moving the water in which they lie. The washed eggs are now
ready to be spread in the hatching trough, which is done by tilting the
pan, and allowing them to slide gradually out, so that they do not lie on
top each other, and are not overcrowded. They may be further
arranged by agitating the water with a turkey’s wing feather. There
may be placed about four thousand in each square, which is eighteen by
twelve inches. They should be allowed to remain undisturbed, but
should be constantly watched, and those which die or are attacked with
by mould, should be removed with forceps. The minute vegetable
growth, so fatal to eggs and even to young fish, is very likely a true con-
ferva,\ at least we may judge so from Vogt’s description of the para-
sitic plant that attacks the eggs of Coregonus. To avoid it the precau-
tions are : Ist, pure running water of the right temperature ; 2d, very
clean gravel washed in boiling water ; 3d, the use of wood for troughs,
that is well dried, and free from knots and acid juices ; 4th, the protec-
tion from dust, dirt and sediment; sth, protection from strong sunlight.
Green discovered this by observing that, where a band of sunshine fell
from an uncovered window across the troughs, the ova within that limit
died. A dead ovum may readily be recognized by its dull opaqueness.
It looks like a drop of tallow. Furthermore the troughs should be
guaranteed against mice, water-insects and snails. Where sediment
chances to settle on the ova the water should be stirred with a feather
until the current has carried off the deposit. If spawn is to be sent
away, the best time is from twenty to forty days after impregnation,
when the eyes show through the eggs as two black specks. Take live
moss, with long fine stems, and wash it till perfectly free from dirt.
Place a layer of it, while moist, in a tin box with holes in the bottom,

* The color of the flesh plainly does not depend on the crustacean food which the trout
gets, according to the theory of Dr. Gunther. Trout raised in Green’s pools and having
the same chance for food of this kind, are sometimes pink and sometimes white fleshed.
There is some reason to think this peculiarity is hereditary.
f This temporarysticking is an extraordinary provision of nature, to enable the eggs to

cling to the bottom, and resist the current, until the parent has had time to cover it by
sweeping gravel over it with her tail. It is probable that Vogt was mistaken in suppos-
ing the eggs of salmonidse had no viscous coat; it is perhaps in a soluble form. (Agassiz
and Vogt in Poissons d’eau douce.)

| See Kiitzing Tr. E. Phycologia generalis, Plate 11.
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place therein a layer of spawn, then another layer of moss, then another
of spawn, till the box is full. Put on a tin cover firmly and pack the
box with sawdust in another and considerably larger one. If kept cool
the spawn will be good for at least fifty days, and it has been thus preserved
for eighty-five days. The best temperature is about 50°. At over 65°
eggs suffer severely. The minimum time for hatching is fifty days* the
maximum one hundred and fifty days. Then the little troutling lies
feebly on its side, and for forty-five days subsists entirely on the gradu-
ally absorbed yolk-sac, which in nature seems to serve the double end of
food and of an anchor to hold it down among the gravel. At the end of
that period the little fish is free, and needs feeding. Now the water
should be backed up several inches deep in the troughs, and the fish fed
twice a day with raw beef liver cut as fine as jelly and bruised with
water, and very slowly given to them so that it may be eaten up clean.
It is still necessary to keep the troughs perfectly clean, and to maintain
a constant current. At the end of two mouths feeding the fry may be
removed to small pools out of doors, (PI. 111,Jig. 2, m. m.) and at this,
or a subsequent time, may be sent long distances, in a can of water or a
tank, (PI. 111, Jig. 6.)

The successful growth of the fish now depends on (1) plenty of food,
(2) proper water of a sufficient depth. A little trout kept in a shallow
hatching-box, will cease to grow at three or four inches, feed him never
so much. Water is to be had in plenty, hnifood is the turning point
of profit or no profit in fish breeding. The little ones will get enough
food in a proper pond or brook if simply left to themselves; but to
grow the larger fish rapidly, extra food in large quantities will be
required. The way to get this is the way of Comacchio : to breed
one fish to feed another; and to let the first gain its own living from
insects or water-plants. Near the sea-coast vast quantities of little
fish may be had for the catching; among which may be named the
“ friars ” (fundulm) that swarm in salt water ditches and creeks.
These scalded and given to trout produce a rapid growth, some getting
to half a pound and more in a year. There seems no reason why every
inland fish-breeding establishment should not hatch artificially large
quantities of small fish entirely as food for the more valuable trout.
Probably the cyprinoids (“ shiners ”) would be the best, because they
breed rapidly. A certain amount of beef liver could be used to advan-
tage, but would be too dear and too hard to get for a constant food.
The shiners would be kept in small ponds, whence the pickerel and
pouts had been removed, and where they would get their own living.
The breeding establishments already in existence depend for their profits

* Mr. Stone has, however, hatched trout in thirty-five days, in water at 55°.



chiefly on the sale of spawn and young fish. With them this question
of food for their breeders is not so important. Besides the ponds of
Seth Green at Mumford, near Rochester, N. Y., there are those of Rev.
Livingston Stone, Charlestown, N. H.; Benj. Kilburne, Littleton,
N. II.; J. D. Bridgman, Bellows Falls, Yt., and Mr. J. S. Robinson,
Meredith, N. H.

But all these, however creditable, so far as they go, are, in com-
parison with what should be, mere boys’ play. A trout-breeding
establishment should have five artificial ponds of an acre each, and four
feet deep. These would hold 1,000,000of marketable fish. It should
have two or three natural ponds, of a dozen or twenty acres each,
where fish could be bred wherewith to feed the trout; and finally, it
should have pools for the breeding fish, and hatching-houses in propor-
tion to the quantity to be raised. If other species were cultivated, a
proportional number of ponds would be necessary. Salmon for breed-
ing should be treated like trout. They should be taken in nets (from a
late run if possible,) and confined in a running stream of some depth,
and of a proper bottom, with shady banks, and with hiding-places.
From the stream should lead gravelly, covered trenches, suitable for
spawning beds, into which the pairs of salmon would go in their season,
and whence they could be taken for breeding. The only difference
would be that, whereas the trout are kept from year to year, the salmon
must be returned to the river in order that they might go to the sea.
Seth Green, who sat two days in a tree to watch the salmon spawn,
corroborates the account given by Shaw * a quarter of a century ago.
The nests, or excavations, are made not with the nose, but with the tail.
Many of the ova are neither impregnated nor covered, and are carried
down stream where shoals of trout await them. The method of the
trout is almost identical. The female lies close to the bottom with her
head up stream, and gently fanning with her tail; a few inches above
lies her mate keeping a sharp look out for all intruders, at whom he
darts furiously whenever they approach ; even the female rushes at
them when they are numerous. From time to time, she, by a spiral
contortion of the body, brings her tail with a strong sweep against
the gravel; and this, after a while, makes a rough depression or “nest.”
Over this she stays and begins a kind of serpentine motion of the body,
the object of which seems to be to work the eggs from the ovary into
the abdominal caviiy. Presently the ova are ejected with a convulsive
tremor of the muscles, and simultaneously the male throws the milt
into the water. The eggs are covered in part by the current, in part
by the tails of the fish; but many are not impregnated at all, and many
more are swept down stream, where they are eaten by expectant fish.
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*

The trout themselves, too, come on the spawning beds, and root the
gravel with their noses, and then fall back, watching for eggs that may
be washed out. Trout, however, will not eat their young, if they can
get other food.

It may be noticed that trout are here mentioned as if there were but
one species (salmo fontinalis,) in our ponds and brooks. This mayor
may not be. Doubtless artificial breeding will throw light on this ques-
tion before many years have passed. Our trout shows many variations
even in neighboring localities. Old John Trout, the veteran angler of
Webster’s day, could distinguish unfailingly a fish from Monument River,
Red Brook, or Marshpee Brook (all streams emptying near each other
on the south side of Cape Cod;) and that not from color, but from
shape. The Dublin lake trout of New Hampshire are well known for
their peculiar delicacy of form.*

Now it will be the study of intelligent breeders to obtain these differ-
ent forms, and breed them together; then, to take their progeny and
breed them together to see if the second generation be fertile among
themselves, and to observe all the forms produced by the different inter-
changes. Well-determined species, too, should be taken ; the salmon
artificially impregnated by the trout, if this be possible, or the white
fish tried with the salmon, in order to determine the limits of inter-
fertility. Such experiments might be continued almost indefinitely,
and with the greatest advantage to science ! Then some of the little
land-locked brook trout of Cape Cod shouldbe marked and placed in a

situation to seek the sea, if they chose so to do; when retaken, we
should find out whether they did go to the sea, and whether they proved
identical with the sea-trout, so called, which there reach a weight of
3 lbs. or lbs. These sea-trout come up into the brooks in the middle
of May, spawn in October, and return lean in November to the sea,
where they recuperate ; for they are fat in winter, though not highly
flavored. They go well out, as is plain from the fact that they are
occasionally taken several miles from any stream or harbor. The little
yellowish “natives ” remain in fresh water; but these may be only the
parr form of the same species.

Artificial Breeding of Shad.—Early in last summer, Seth Green
offered to come, at his own expense, and try to hatch the eggs of the
shad at Holyoke, provided the New England Commissioners would fur-
nish the necessary apparatus. This man bids fair to prove the Remy of

* As to color, it counts for little; and it is commonly known that it varies according
to the hue of the bottom. It is not commonly known, however, that the trout changes
its tint almost like the chameleon. A fish from a while gravel going suddenly over dark
weeds, for a few moments stands out as a light spot against an obscure ground, but soon
it shades off, and in perhaps two minutes, is similar to the new bottom over which it lies.
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this country, not because he has succeeded in hatching a certain number
of trout, hut because he has originality, as well as skill, and large ideas,
as well as originality. He has a living failh that our rivers, ponds and
bays may, by artificial breeding, be so filled with fish, that, to use his
own words, “ the people can’t catch ’em out, if they try.” With more

truth than fancy, he says, “ Let your State spend a tenth part in plant-
ing fish, of what it spends in planting corn, (that don’t pay for the rais-
ing,) and every poor man may have a fish dinner the year round.” The
newspapers and periodicals have spoken of him, only to say that he is a

noted sportsman. To be a crack shot, and to throw a fly eighty feet
are things of no great matter, but to increase and cheapen the food of a

whole people, is worthy the devotion of a lifetime. *

Green began his experiments the first week in July. He put up
some hatching troughs, like those already described, (Plate 11, jigs.
3 and 5,) in a brook which emptied into the river. Having taken the
ripe fish with a sweep-seine, he removed and impregnated the ova in
the way already described for trout. These, to the number of some
millions, he spread in boxes; but, to his great mortification, every one
of them spoiled. Nothing daunted, he examined the temperature of the
brook, and found, not only that it was 13° below that of the river
(62° to 75°,) but that it varied 12° from night to day. This gave the
clew to success. Taking a rough box, he knocked the bottom and part
of the ends out, and replaced them by a wire gauze. In this box the
eggs were laid, and it was anchored near shore, exposed to a gentle cur-
rent that passed freely through the gauze, while eels or fish were kept
off 1. To his great joy, the minute embryos were hatched at the end of
sixty hours, and swam about the box, like the lavas of mosquitoes in a
cask of stagnant water. Still, though the condition of success was
found, the contrivance was still imperfect; for the eggs were drifted by
the current into the lower end of the box, and heaped up, whereby
many were spoiled for lack of fresh waier and motion. The best that
this box would do, was ninety per cent., while often it would hatch only
seventy or eighty per cent.

The spawn box he at last hit on, is as simple as ingenious. It is
merely a box with a wire gauze bottom, and steadied in the water by
two float-bars, screwed to its sides. {PI. 11, jigs. 1,2, 7.) These float-
bars are attached, not parallel to the top line of the box, but at an angle
to it, which makes the box float with one end tilted up, and the current
striking the gauze bottom at an angle, is deflected upwards, and makes
such a boiling within, as keeps the light shad eggs constantly free and
buoyed up. The result was a triumph. Out of 10,000 ova placed in
this contrivance, all but seven hatched 1 In spite of these delays, and
of the imperfect means at hand for taking the fish, Green succeeded in
hatching and setting free in the river, many millions of these tiny fry.
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As no way is now known of keeping shad in ponds or pools, they
must be watched at their breeding grounds, and when the spawn begins
to flow freely from them, operations may commence. The fishing must
take place by night, because (near Hadley Falls, at any rate,) no ripe
females are captured by day; those taken are all spent, or not yet ready
to lay. This may be because they are in the deep holes, spawning, or
because they are above, in the quick water. The seine must not be
hauled quite ashore, but the bight of it must remain in the shallow
water, that the fish may be kept alive. Thence they are taken out, and
the spawn impregnated in a tub, or a large pan of water. Many scales
will fall in the water, and must be carefully picked out, before the ova
are distributed in the floating boxes, wherein they may lie about one-
fourth of an inch deep. The boxes must bedashed end to end, in lines
of convenient length, and it is well to surround them with a log boom,
to keep off rubbish brought down by the stream. They should be
placed conveniently near the shore, in a gentle current, but not so near
as to risk being left dry by a fall of the river. They will now appear
as if tliey had nothing in them, for the eggs are almost as transparent
as the water itself; but if they turn milky, and look like half-boiled
sago, they are spoiled.

The contents are not, however, to he thrown away, without taking
up some in the hand, when it will likely appear that but a small part
are addled, while the rest remain transparent. With further progress
the embryo may, with a weak glass, be easily seen moving in the egg,
which then is not so clear, and at the end of sixty hours (with sunshine
and water at 75°,) the box will be found alive with tiny fry, almost
transparent, except the eyes, swimming freely, with their heads up
stream. In confinement they cannot be kept, because the yolk-sac does
not suffice for their support for more than one or two days. But care
must be taken to liberate them in a safe place. Green observed that,
on setting them free among the shallows near shore, the dace (Argyreus )

and other little fishes rushed to the spot, and commenced jumping at
them. In the stomach of a dace, he found fourteen shad fry. Then, by
a series of most ingenious experiments, he discovered that the fry, so far
from frequenting the shallows, like many minnows, made directly for the
main current, in mid river. How different this from the young trouts
that lie almost helpless for forty-five days, and then are fain to hide
behind stones and roots! Whereas, these minute, transparent, gelatin-
ous things push boldly for the deep, swift current, where they are too
insignificant to be attacked by the great fishes. Will the physicists tell
us what “ correlation and conservation of force ” produces this ? or will
the Darwinians set forth how, some millions of years gone, a particular
shad fry, finding by accident that he did not get eaten in deep water,
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transmitted a deep-water instinct to his children, who thereby flourished,
while the shoal-water fry got in due time exterminated ! *

So the fry must be let go in the proper way by towing the boxes into
mid stream, or by liberating them during the night, when their enemies
do not feed. In either case, the trap-slide {PI. 11.,fig. 2, d.,) must be
raised, when they will be carried gradually through the coarse netting
by the current. This operation must be performed as soon as all the
ova are hatched out. There ends the nursery care ; for we know
no method of keeping the young till they have gained size and strength.
What we may hope to avoid is, the enormous loss which the eggs them-
selves suffer, when deposited by the natural method.f

The ovaries of a full-grown shad (Alosa praestahilis) weigh at the
spawning season about thirteen ounces, without the membranes. With
a common lens, three sizes of ova are at once distinguished. The first
have a diameterof to of an inch. These are transparent and
ready to be laid; the second, to of an inch ; the third, of
an inch. These two smaller sizes are opaque; they are still found
after the fish has spawned, and are the crops ready to mature the next
year and the year after. This state of the ovary \ has its parallel in
the turtle, and possibly in all of the vertebrata.

It is scarcely necessary to add that the microscope shows other and
smaller ovarian eggs. An ovary of the size above mentioned contains
about 70,000 ova, ready to be laid. Their diameter increases, as soon
as they are put in water and impregnated, from to of an inch.
This is by the endosmosis of water between the yolk and the shell
membrane.§ Of the embryonic development, we have, as yet, only an
imperfect outline to present. Forty-one hours after impregnation, the
condition of the embryo is, on the whole, in advance of that ofcoregonus on
the thirty-third day. || The under surface, from the nose to the begin-
ning of the ventral, is in close contact with the yolk, which is composed
of a great number of rounded divisions, such as are seen in the com-
plete segmentation of that body, while its surface is flecked with pigment
stars, (PL I, jig. 1, d.,) of which a less number may be distinguished on
the forward part of the trunk. That part of the embryo which swings

* Did it ever occur to anybody that the Darwinian hypothesis was, after all, suggested
by Lamb’s “ Origin of Roast Pig? ”

t With the utmost care to secure every favorable surrounding, Green was never able
to hatch more than two per cent, on the natural river bed. Only those eggs hatched that
chanced to catch in an angle of the gravel, where they had the current all about them.
This does not take into the account those that are not impregnated, or are devoured, or
covered by mud, &c., &c.

\ Agassiz, L., Contrib. to Nat. Hist, of U. S., Vol. 11. p. 489.
§ The same takes place in a less degree in the egg of Coregonus (white fish.) (Carl

Yogi, loc. cit. p. 27, PI. I. fig. 9.) Accustomed only to eggs of trout, Green was much
astonished to behold the mass of ova swell to near twice its first bulk.

[1 Vogt, loc. cit. PI. 6, fig. 142.
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free makes a spiral half turn, so that the dorsal fin is turned toward,
instead of from, the yolk-sac. The head, which is pointed in front, and
flattened, bears no resemblance to that of the grown animal, and it
would be perhaps fanciful to compare it even to such forms as Petromy-
zon (Lamprey eel.) A large portion of it is occupied by the eye, which
fills proportionately at least four times more space than in the adult,
(fi( J s• 1) 2, 3 h.) The choroid coat, not yet closed below, partly encircles
the crystalline lens, above which may be distinguished a clear space,
which is a portion of the vitreous humor. The form of the brain may
already be distinguished, especially when fore-shortened from the front,
(fiff• 3; a ) It is probable that the pectoral fin already exists, but,
from the extreme transparency of the tissues, its outline could not be
caught. From the well-marked nuchal bow, {fig. 1, n,) the flattened
body tapers gradually to a fine point, and is bordered, above and below,
by an embryonic dorsal and ventral {fig. 1, e. g.,) which spread into a
spatula-like caudal fin {Jig. 1, f. ;) and it should be observed, that
neither in this stage nor in the newly-hatched, {fig. 4, e, fig,) does
there exist any unevenness of the margins of these fins, that should
indicate their approaching separation; whereas, the newly-hatched
salmon {PI. 111.,fig. 1 , b, c, d, e,f.) already shows very distinct dorsal,
adipose, caudal, anal and ventral fins ; and the little Goregonus, though less
advanced in this respect, shows plainly the boundaries of these organs.
Near the base of the caudal is now to be seen the end of the aliment-
ary canal, passing at an angle across the breadth of the fin. {PL 1.,
fig. 1, h.) The heart may be observed beating, and the embryo itself
moves itself round and round within its prison, by a series of convulsive
jerks. This motion is called by the breeders, “ life in the egg.” *

The specific gravity of the eggs at all stages is very small—barely
enough to sink them, in still water,—a great contrast to those of the
trout, which go down almost like shot.

The newly-hatched young is f'fij of an inch long, {figs. 4,5.) It
swims actively by a continuous and rapid vibration of the body, and
keeps its head to the current, perhaps to get the food that is carried
past.f The yolk-sac, whose longer diameter, already in the egg, was
parallel with the body, now appears still more ovoid in form, {fig. 4, d.)
The pectoral fin {fig. 4, k,) is easily seen, and the finger-like canals in
it indicate that its rays are forming. The embryonic, dorsal, caudal and
ventral fins are continuous one with another, and extend round the

* In this stage Green succeeded in keeping eggs alive in damp moss for six days, in a
low temperature. But they are very hard to transport long distances, and cannot be
hatched in cold water.

f The current carries the fry gradually seaward. Hence it is, that since the erection
of the Holyoke dam, young shad are no more seen there; because, by the time they are
large enough to be noticed, they have all drifted lower down the river.
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whole body, back of the yolk-sac. In the caudal a few faint, radiating
fibres indicate the formation of rays. The choroid has completed its
circle, {fig. 4, b,) and the eye has nearly the outward look of that in
the adult. Along the course of the alimentary canal, quite to the anal
opening, {fig. 4, h,) and over the yolk-sac, the pigment stars are more

numerous and defined. A little indentation indicates the mouth, which
lies under the eye, and opens as a curved slit. {Fig. 5, c. Compare
that of the salmon, PI. 111., fig. 1.) The general mass of the brain
(PI. 1.,fig. 4, a,) is easily made out. Along the centre of the body, a
more translucent stripe indicates the dorsal cord, {fig. 4, o,) above
which the range of muscular bundles begins to be distinct {fig. 4, mi)

Within eighty-two hours after hatching, {figs. 6,7,) great develop-
ment has taken place. The tail, though not forked, has taken on its
triangular form, and is made up of fine, radiating fibres (fig. 6 ,f.) The
embryonic dorsal and ventral (fig. 6, e, g.) are reduced in breadth,
whereby the anal opening (fig. 6, h,) is brought close to the body, and
at the point I (fig. 6 ,) may be seen the base muscles of the true dorsal,
beginning to form. Along the body the transverse muscles (fig. 6, m,)
show themselves distinctly both above and below the lateral line. The
pectoral fins (fig. 7, k,) have now their fibres complete, and resemble
two little flat brushes. The mouth (fig. 7, c,) is pushing forward
towards its normal place. It seems to have, in the under lip, a notch,
perhaps the point of future union of the maxillaries. The yolk-sac
{fig. 7, d,) no longer plays an important part, and is reduced to very
small dimensions. But the most striking change is the development of
gills, four on a side, and each in its gill-pouch {fig. 7, i, i, i, ii) The
gills themselves can be distinguished, like little bows, along which run
their veins and arteries. These, together with the size and position of
the eyes, give the under surface of the head, rather the look of that of a
skate embryo than of a shad.

Such is a hasty sketch of three periods of embryonic life in this
Alosa. Of the young, at three months, outlines have already been
given.* It should be added, that their jaws are, at this age, armed with
fine, sharp, slightly curved teeth, nearly continuous along the upper
maxillary and intermaxillary pieces, with a few at the point of the lower
maxillaries. None, apparently, on the vomer. These are necessary
for the capture of the water beetles that then constitute a part of their
food. The jaws of the adult are, as is well known, smooth.f

Report for 18136. Plate, figs. 1,2, 3.
t This brings to mind.that the eternal “ white-bait ” controversy has recently come up

in England, in its usual crude form. The fish is a small clupeoid that comes in shoals, at
certain seasons, into the Thames and some other English rivers; and, when fried, fur-
nishes a poor excuse for good wine. Periodically, there is somebody who begins to
wonder what the white-bait really is. So, in the “Pall Mall Gazette,” of October 29th,
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Of the further growth of the shad, we cannot as yet speak with cer-
tainty, although there are pretty good grounds for an opinion. Mr.
Frederic Russell, late commissioner from Connecticut, first called atten-
tion to some small Alostz, about nine inches long, called by the fisher-
men, “ chicken shad,” or “ Connecticut river alewives.” He was led to
consider them partly grown fishes, from the fact that they all were
males. Of many hundreds examined, only one female could be found
and there the ova were not developed. The fish taken for artificial
breeding, at Holyoke, were then compared, and it was found that they
were of three, if not of four distinct sets or sizes. The smallest were
the “ chicken shad,” and were all males ;

* the next were but half the
size of the largest, and were males and females ; so also were the larg-
est of all. Hence we may at least guess, that the young of the autumn
go down, as minnows of four inches, to the sea. The next spring the
males are fecund, (so too in the salmon parr,) and seek the fresh water,
urged by the sexual instinct, and are the chicken shad or yearlings.
Not so the females, which, not yet sexually developed, remain in the
salt water, or in the estuaries. When two years old both sexes are
fecund and seek the river together. These are the half-grown or two-
year-olds. The third season they are large fish, and may be termed
three-year-olds. But these three-year-olds have, in the ovary, at least
two crops of eggs ready, though undeveloped, for the next two seasons.
Nature does not prepare her seed only to die ! Old fish become barren.f
These two crops of eggs are to be laid, and for that the fish must live
at least two years more. The impression that prevails among fisher-
men, both here and in Europe, that shad die after spawning, the first
year, comes only from the familiar fact that fishes are in meagre con-
dition after spawning, and that some of the weaker probably do die,
and are seen floating. There was a similar idea about lamprey eels,
which was to the effect that they made fast by their sucker and then
slowly decayed.

Mr. Francis Francis comes out with a column and a half offine print, to say, that he once
caught some little fishes, that to his mind, were young herring; and that they looked,
according to his memory, a good deal like white-bait. Ergo, white-bait are young her-
ring! He is followed by two or three other correspondents with equally important
remarks. Now it may be that white-bait are young herring, but Mr. Francis does not
prove it. Therefore, we must be content with Valenciennes, (Cuvier et Valenciennes
Hist. Nat. desPoissons, vol. xx. pp. 30 and 341,1847,) who, thirty yearsago, declared that
the white-bait was not only not a young herring, (Clupea herengus,) but was even of a
different genus, (Rogenia alba.) And, as he was one of the best European ichthyologists,
and as he devoted two hundred and twelve pages to the detailed consideration of the
former fish, his authority ought to stand, until somebody has examined the question as
carefully as he.

This sexual peculiarity is well known also to some of the Merrimack fishermen.
t Consult von Siebold. Siisswasserfische.
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a, brain; b, eye; c, mouth; d, yolk-sac; e, embryonic dorsal fin; f caudal; <7, embry-
onic ventral; h, anal opening; t, i, i , i, gills; k, pectoral fin; I, muscles of the dorsal fin;
m, transverse muscles of the body; n , nuchal bow; o, dorsal cord.

Fro. 3.—Upper part of a hatching-trough. The water comes by a conduit, a, through
strainersb, b , b, {see PI. 111., Fig. 5, a,) by a sluice, c, to the supply trough,
d, whence it is fed by a sluice, e, to the hatching-trough,/, g, wall of
hatching-house, h, cross-bar separating two squares. ( See Fig. 5, c.)

allows the passage of floating food.

Plate I.—Embryos of the Shad.

EXPLANATION OF PLATES.

Fig. 2. —Head of the same from above.

Fig. 3.—Head of the same from the front.

Fig. 4.—Embryo, just hatched; from life.

Fig. s.—Head of the same, seen diagonally,

Fig. I.—-Embryo, 41 hours old, in the egg; from life.

Fig. 6.—Tail and hind body of a young fish 82 hours after hatching. Alcoholic.

Fig. 7.—Head of the same from below. All the figures are enlarged 17 diameters.

Figs. 1,2, 7.—Green’s patent hatching box seen from the side, end and bottom. Scale,
l-20th. a, side floats 3.4r/ long; 2r/ by V' square, set with screws, b ,

bottom cross-bar, bevelled, to throw the current upward, c, wire-net bot-
tom 14 wires to an inch, d, trap in hind end for escape of young fish, covered
by wire-net, Bto an inch, and with a covering slide, e, anchoring cord, f
water-line, g, spawn.

Fig. 4.—Horizontal screen, to stop trout from passing up a fall.

Fig. s.—Plan of a hatching-house. Scale, l-120th. a, water conduit, b, strainers.
c, hatching-troughs, d, door, e, e, windows, f, stove, g, supply trough.
h, space cut out of floor for escape of water.

Fig. 6.—A current wheel, to stop fish from running up stream; while, like Fig. 4, it
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Plate 111.
Fig. I.—Young salmon just hatched (enlarged from Agassiz’s Poissons d’eau douce, PI.

7, tig. 170.) a, pectoral fin. b, dorsal, c, adipose, d, caudal, c, anal.
f, ventral, g, yolk-sac.

Fig. 2.—Trout ponds and breeding apparatus, a, grating. (See Plate 11., Fig. 4.)
b, b, spawning beds, c, current wheel. {See PL 11., Fig. 6.) d, dam, to
make a supply pond, e, e,e, water conduits, f, strainers, g, house, k, h,
streams to fish pools, h, h, fish pools. I, hatching-house, m, m, pools for
young, n, booms, to direct floating food to the ponds, o,o, outlets.

Fig. 3.—Position of fish in taking the spawn.

Fig. 4.—Section, to show details of Foster’s fishway, a, a, side timbers, 4" by *J.,r b,
plank floor, c, 10-inch spikes driven from timber to timber, and into the
sill d, which is b" by 6.7/ e, e, bulk heads. /,/, openings for water g,g,
outer planking of two-inch plank nailed with six-inch spikes.

Fig. s.—Section of a trough, with a screen, a, b, gate, c, sluice-way.

Fig. 6.— Tank, to transport live fish, with a pump to aerate the water. Within, at
the point a, may be a basket for ice.

The most important details, both in text and plates, about trout breeding, have been
taken from the establishment of Seth Green.
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[B.]

LEGISLATION.

By the law of this Commonwealth, all persons who may build dams
on streams annually frequented by fish, do so under an obligation to
keep open sufficient fish-ways for the passage of such fish ; unless they
are relieved by a special Act of the legislature.

The following is the legislation which concerns this Report more
particularly.

[Chap. 62.]
An Act to protect the Shad Fishery in the Connecticut River.

Be it enacted, Sfc., as follows :

Sect. 1. No person shall set, draw or sweep any seine or net, the meshes
of which are less than two and one-fourth inches square when new and dry,
for the purpose of catching shad or any other fish in that part of the Con-
necticut river which is within the limits of this Commonwealth, and below
the dam across said river at Holyoke, between the first day of May, and the
fifteenth day of July, during each year.

Sect. 2. Every person violating the provisions of the preceding section,
shall be liable to a fine of not less than ten nor more than fifty dollars for
each offence, to be recovered in any court competent to try the same; one-
half of said fine to inure to the use of the town in which the offence shall be
committed, and the other half to the person who shall prosecute therefor.

Sect. 3. This act shall take effect upon its passage. [Approved March 2,
1864.

[Chap. 238.]
An Act concerning the Obstructions to the passage of Fish in the Connec-

ticut and Merrimack Rivers.
Be it enacted Ifc., as follows:

Sect. 1. The governor, by and with the advice and consent of the coun-
cil, is hereby authorized to appoint two persons to be commissioners of fisher-
ies in the Merrimack and Connecticut rivers, who shall hold said office for
the term of five years, unless sooner removed therefrom. And in case of any
vacancy in said board, the governor shall have power to fill the same.

Sect. 2. Said commissioners shall forthwith examine the several dams on
said rivers in this Commonwealth, and shall, after notice to the owners of
said dams, determine and define the mode and plan upon which fish-ways
shall be constructed suitable and sufficient in their opinion to secure the free
passage of salmon and shad up said rivers during their accustomed seasons.
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Sect. 3. It shall be the duty of the commissioners appointed under this

act, when they shall have determined upon the method and plan for such
fish-ways, to submit a full and specific statement and description of the sameto any board of commissioners empowered to act by the state of New Hamp-shire, upon the same or similar subjects, for their approval.

Sect. 4. If any plan so submitted shall be approved by the said com-
missioners for the state of New Hampshire, the commissioners under this act
shall forthwith upon such approval being expressed, furnish a copy of theplan adopted for each dam to the proprietors thereof, and shall file a copy of
each of such plans in the office of the secretary of the Commonwealth, withan affidavit of the fact that the same has been furnished to said proprietors,which affidavit shall be full proof of the facts therein stated.

Sect. 5. If the several proprietors of said dams shall consent to constructsaid fish-ways according to the several plans adopted for their respective dams,at their own expense, the commissioners under this act may agree with the
proprietors of the several dams so to do. And when the same shall havebeen constructed within such reasonable time as said commissioners shall pre-
scribe, and according to said plans, with such minor variations therein as said
commissioners shall approve, the said commissioners shall certify said con-
struction to the secretary of the Commonwealth, and the same shall for the
period of five years from the passage of this act be taken and deemed as in
lieu of the fish-ways, which said proprietors respectively are now required by
law to keep and maintain over, at or around their respective dams. But said
proprietors respectively shall be required to keep said fish-ways on their
respective dams in good repair, and to maintain the same for the period of
five years from the passage of this act to the satisfaction of said commission-
ers ; and during the period of said five years the liability of said proprietors
respectively to build and maintain the fish-ways now by law required of them
shall be suspended.

Sect. 6. When said fish-ways shall have been constructed as aforesaid,
the commissioners under this act shall prescribe in writing the times when
the same shall be kept open and unobstructed, with power to change such
times as they may deem judicious. And a copy of such prescriptions shall
be served on each of such proprietors, and the certificate of said commis-
sioners of the manner in which the same have been served shall be full proof
of the fact.

Sect. 7. If any proprietor of any dam shall refuse or neglect, for the
period of thirty days from the time said commissioners shall have furnished
said proprietor with the plan, as herein before provided, to agree with said
commissioners for the building at, over or around his dam of the fish-way
prescribed by the plan furnished such proprietor by said commissioners, then
said commissioners shall be authorized to contract in behalf of this Common-
wealth for the construction of the fish-way at, over or around the dam of
said proprietor so refusing or neglecting. And said commissioners shall there-
upon cause such fish-way to be constructed with all reasonable dispatch.
And the expense thereof shall be a charge against the owner of such dam,
and the same may be recovered of said proprietor in an action of contract in
the name of the Commonwealth, with costs and twelve per cent, interest on



1868.] 45HOUSE—No. 60.

the amount of such expense from the time when the same shall have been
demanded of such proprietor by said commissioners.

Sect. 8. Whenever, in the construction of any such fish-way, the
property of any person not liable by law to provide a suitable and sufficient
fish-way at, over or around such person’s dam, shall be taken for the purpose
of such fish-way, the said, commissioners shall, upon the application in writing
of the person aggrieved, assess a reasonable compensation therefor, to be paid
by the Commonwealth. And any person aggrieved by such assessment shall
have the right to have such compensation determined by a jury, in the man-
ner provided by the General Statutes for the assessment of damage occasioned
by the laying out of highways.

Sect. 9. Said commissioners shall have power to contract with the pro-
prietor of any dam on either of said rivers, for the suspension for five years
from the the passage of this act of the liability of said proprietor to construct
at his own expense any fish-way at, over or around his said dam, upon the
payment by said proprietor to the treasurer of the Commonwealth of such a
sum of money as said commissioners shall deem reasonable, and a copy of any
such contract, attested by said commissioners, shall be filed in the office of
the secretary of the Commonwealth.

Sect. 10. Said commissioners shall have power to contract with the
Essex Company for the construction of the fish-way prescribed by said com-
missioners over the dam of said company, at Lawrence, by said company, at
an expense to the Commonwealth not exceeding seven thousand dollars, the
said Essex Company to pay the expense of such building over and above the
said amount so to be paid by the Commonwealth.

Sect. 11. The compensation of each of said commissioners shall be
determined by the governor and council.

Sect. 12. The commissioners appointed under this act shall have power
to construct, or to contract for the construction of, such appliances and struc-
tures as they may think essential or useful for the passage of the fish herein
named up and down said rivers, and for their protection in such passage.

Sect. 13. Said commissioners may in their discretion delay the definite
construction of fish-ways on the Connecticut river, until they shall be satis-
fied that such legistation has been adopted by the state of Connecticut as
shall in their opinion be necessary to secure the free passage of the fish above
named through the part of said river running through said state of Connecticut.

Sect. 14. There shall be appropriated and paid from the treasury of the
Commonwealth a sum not exceeding seven thousand dollars, to defray the
expenses of the commissioners herein created and of constructing the fish-
ways herein provided for.

Sect. 15. Any person who shall neglect or refuse to keep open or main-
tain any fish-way at the times prescribed by the commissioners under this act,
shall forfeit the sum of fifty dollars for each day’s neglect or refusal so tokeep
open or maintain said fish-ways, to be recovered by indictment in the county
where said dam or a part thereof, is situated, one-half thereof to the use
of the complainant and the other half to the use of the Commonwealth.

Sect. 16. This act shall take effect upon its passage. [Approved May 15,
1866.
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[Chap. 249.]
An Act for the protection of Trout and Black Bass.

Be it enacted §- c., as foliates:
Sect. 1. Whoever takes or catches any trout in any rivers, streams or

ponds, between the twentieth day of September and the twentieth day of
March, or within the time aforesaid sells, buys or has in his possession any
trout so taken within this state, shall forfeit one dollar for each trout so caught
or taken, sold, bought or had in possession.

Sect. 2. Whoever shall take or catch any fish called black bass in any of
the ponds within the limits of this Commonwealth, from the first day of
December to the first day of June, or at any time, except with hook and line,
shall forfeit a sum not less than two nor more than twenty dollars for each
offence, to be recovered by prosecution before any court competent to try the
same.*

Sect. 3. In all prosecutions for forfeitures under the provisions of this
act, the fact of sale, purchase or possession shall be evidence that the trout
or black bass so sold, purchased or had in possession, were taken within this
state. [Approved May 22, 1866.

[Chap. 187.]
An Act to authorize Towns and Cities to establish Herring Fisheries.

Be it enacted fyc., asfollows ;

Sect 1. The mayor and aldermen of any city, and the selectmen of any
town, in this Commonwealth, are hereby empowered to authorize, in writing,
any three or more persons and their associates, to organize a corporation,
with a capital stock of not less than one thousand, and not more than five
thousand dollars, for the purpose of opening outlets, canals or ditches, for
the introdution and propagation of herrings and alewives, in the ponds, creeks
and rivers within the limits of such town or city, as aforesaid ; and said corpo-
ration, when organized, shall have all the powers and privileges, and be sub-
ject to all the duties, liabilities and restrictions, set forth in the sixty-first
chapter of the General Statutes, and in all general laws which now are or
may hereafter be in force relating to corporations.

Sect. 2. Said corporations may purchase and hold real estate necessary
for the purpose of opening outlets, canals, sluiceways or ditches, for the pas-
sage of herring and alewives to and from said ponds and other waters.

Sect. 3. Towns and cities, in their corporate capacity, may open ditches,
sluiceways or canals, into any ponds within their limits, for the introduction
and propagation of herrings and alewives, and for the creation of fishery for
the same; and the land for opening such ditches, sluiceways or canals, within
such town or city, may be taken under the provisions of the statutes which
now regulate and limit the taking of land for highways and other purposes.

Sect. 4. Any fishery so created by any town or city shall be deemed to be
the property of such town or city, and such town orcity may make any proper
regulations concerning the same, and may lease such fishery for a period not
exceeding five years, upon such terms as may be agreed upon between such
town or city and the lessees of the same. And any town may lease for a

* Repetition of Chap. 59, Laws, 1862.



1868.] 47HOUSE-No. 60.

like period, and upon like terms, any fishery now owned by such town,
or any public fishery which has heretofore been regulated and controlled by
such town.

Sect. 5. No person without the permissson of such town or city, or of the
lessees of such fishery in any fishery created by such town or city, or in any
fishery created by any corporation, without the permission of said corporation,
shall take, kill or haul on shore any herrings or alewives, in any fishery so
created by any town, city or corporation, for the introduction and propagation
of herrings or alewives.

Sect. 6. Whoever violates any of the provisions of the preceding section,
shall forfeit and pay a sum not less than five nor more than fifty dollars for
each offence, to be recovered by prosecution before any court competent to
try the same.

Sect. 7. All prosecutions under the preceding section shall be instituted
within thirty days from the time the offence was committed.

Sect. 8. Nothing contained in this act shall be held to impair the rights of
any person under any law heretofore passed, or to deprive any person of any
right under any contract now existing, or to authorize any town, cityor corpo-
ration to enter upon or build any canals or sluiceways into any pond which is
the private property of any individual or corporation.

Sect. 9. This act shall take effect upon its passage. [Approved April 25,
1866.

In this Act the word herring ought to be used (if at all) as identical
with alewife, which fish is wrongly called herring in some places. But
the true herring is an open sea and bay fish, and does not frequent fresh
water.

[Chap. 344.]
An Act to regulate Fisheries.

Be it enacted, If c., as follows:
Sect. 1. The commissioners of fisheries appointed under chapter two

hundred and thirty-eight of the acts of the year eighteen hundred and sixty-
six, in addition to their powers and duties under said act, are hereby author-
ized to examine all the dams upon rivers in this Commonwealth over and
around which the proprietors are now required by law to keep and maintain
fish-ways, and said commissioners shall determine whether said fish-ways are
suitable and sufficient for the passage of such fish as are found in said rivers;
and if, after inspection, the said commissioners shall find said fish-ways are
unsuitable or insufficient for the passage of fish, or are out of repair, or are
not kept open at suitable times, they shall give notice to the proprietors of
said dams of any defect in or that the fish-ways are not kept
open the proper time. And said commissioners shall further, in writing, pre-
scribe the times for keeping open and unobstructed said fish-ways, and what
repairs may be necessary, and what changes, if any, should be made for
improving said fish-ways.

Sect. 2. Any person or corporation who shall neglect or refuse to keep
open or maintain any fish-way at the times prescribed by the commissioners
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under this act, shall forfeit the sum of fifty dollars for each day’s neglect or
refusal so to keep open or maintain said fish-way, to be recovered by indict-
ment in the county where said dam, or any part thereof, is situated, one-
half to the use of the complainant and the other half to the use of the
Commonwealth.

Sect. 3. There shall be appropriated and paid out of the treasury of the
Commonwealth a sum not exceeding ten thousand dollars, to defray the
expenses of the commissioners, first, in restocking the rivers of Massachusetts
with shad, salmon and alewives; second, in restocking the ponds in this
Commonwealth, for the purpose of propagating black bass and other fish.
[Approved June 1, 1867.

[Chap. 289.]
An Act to regulate Fishing in Merrimack River, and for other purposes.

Be it enacted, Sfc., asfollows:
Sect. 1. No person shall fish with a seine in Merrimack river, nor in

any manner take or catch shad, salmon or alewives in said river, until the
fifteenth day of April, in the year eighteen hundred and seventy-one, under
penalty of the forfeiture of the seine and of five dollars for each shad or
alewife and fifty dollars for each salmon taken: provided , that the fish com-
missioners shall be allowed from time to time to take such fish as may be
required to re-stock the Merrimack or any other rivers.

Sect. 2. No person shall fish within four hundred yards of any fish-way
on Merrimack river, nor trespass within the limits of the same, under a
penalty of fifty dollars.

Sect. 3. The fish commissioners are hereby empowered to cause any
tributaries of the Merrimack river to be opened to the passage of shad,
salmon and alewives, by directing the proprietors of dams in such tributaries
to build suitable fish-ways over their dams.

Sect. 4. The mayor and aldermen of any city and th,e selectmen of any
town bordering on the Merrimack river shall appoint one or more suitable
fish-wardens and fix their compensation, to see to the execution of the pro-
visions of the first and second sections of this act.

[Approved May 31, 1867.

[Chap. 149.]
An Act for the re-stocking of Mystic River and its tributaries with Fish.

Be it enacted, Sfc., as follows;
Sect. 1. The right to take alewives or shad from Mystic river or its

tributaries, or from Mystic pond, shall be and hereby is suspended for the
period of five years next ensuing, and net, seine or weir shall be set
therein during said period.

Sect. 2. Any person violating the provisions of this statute shall forfeit
one dollar for every alewife or shad so taken.

Sect. 3. All prosecutions under this act shall be commenced within
thirty days from the time of committing the offence.

Sect. 4. The several “ committees for the preservation of fish ”of the
towns of Medford, Somerville, West Cambridge or Winchester, may remove
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and destroy any and all nets, seines or weirs found in said waters during the
said period of five years. [Approved April 13, 1867.

• The following is the Act of New Hampshire, and it has been fol-
lowed by another, prohibiting the taking of shad and salmon in the
Merrimack—-

“That if an'y person shall erect or maintain any dam or weir upon the
Connecticut or Merrimack rivers, or upon the Pemigewasset or Ammon-
oosuck or Winnipisiogee rivers, or Baker’s river, without providing a suitable
fish-way over or through the same, which shall be approved in writing by the
Fish Commissioners, and be kept open during the months of May and June,
in each year, he shall forfeit and pay, for each day’s continuance of said dam
without such fish-way, the sum of ten dollars, to be recovered by indictment)
[Or the use of the county in which the offence is committed. Provided, that
this law shall go into effect whenever, and not before, suitable fish-ways for
the passage of sea-fish over the dams on said river or rivers, below the bound-
ary of this State, shall have been commenced; which fact is to be determined
by the proclamation of the governor.” [Approved July 1, 1865.

The following is the Act of Connecticut touching the investigation by
the Coast Survey; also the Act referred to in this Report, and which
regulates the fishingO O

[Private Acts and Resolutions of the General Assembly of the State of Connecticut,
May session, 1867. Page 254.]

“Resolved by this Assembly, That the fish commissioners who may be
appointed by His Excellency the Governor be, apd are, hereby authorized to
take steps necessary to procure information through the superintendent of
the United States Coast Survey, in all matters pertaining to the fishing
interest; to learn, as far as possible, what general laws govern fish along our
coast in regard to propagation, migration, &c.; provided, however, that the
investigation of (the) same shall not be attended with any special outlay
from the state treasury.” [Approved July 27, 1867.

[Chapter 111.]
Ax Act in addition to “An Act for Encouraging and Regulating Fisheries.”
Be it enacted ifc.:

Sect. 1. No person shall take from the Connecticut river any shad, at any
other time than between the fifteenth day of March and the fifteenth day of
June in each year ; and no person shall set or draw any net or seine for the
purpose of taking fish in said river, at any other time than between therising
of the sun on Monday morning and the setting of the sun on Saturday even-
ing of each week; and every person who shall at any other time, take any
shad, or set or draw any net or seine, in said river, or aid or assist therein,
shall forfeit the sum of one hundred dollars to the treasury of the state; pro-
vided, that nothing in this section shall apply to taking of fish by order of the
commissioners for the purpose of artifical or natural propagation of the same.

7
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Sect. 2. No person shall take from the Connecticut river, any salmon,
before the fifteenth day of March, A. D. 1872, and any person so taking
salmon, shall pay to the treasury of the county where such offence is committed
a fine of twenty dollars for each fish so taken.

Sect. 3. All complaints for violation of this act, and of the act to which
this act is an addition, may be made to the snperior court by the state’s
attorneys of the several counties where the offences are committed, and where
the nuisances exist; and whenever the superior court is not in session, such
state’s attorneys may make complaint to a justice of the peace in any town
adjoining the water at the place where such offence is committed, and such
attorney shall receive the same fees for services as for trials in superior court,
which fees shall be taxed as part of the costs of prosecution.

Sect. h. For the purposes of this act and of all acts regulating and
relating to fisheries, the rivers, streams, coves, inlets and bays and sounds,
and all parts thereof, within the jurisdiction of the state, shall be deemed to
be entirely in either county and in either town adjoining said waters, at a
place where any violation of this act is committed, and the state’s attorneys
sheriffs and deputy sheriffs of said counties respectively, and the constables
and justices of the peace of said towns respectively, shall act in relation
thereto, in the same manner as though said river was entirely in the county
to which said sheriffs, deputy sheriffs and state’s attorneys belong, or in the
town to which said justices of the peace or constables belong.

Sect. 5. The governor shall appoint three commissioners, who shall hold
office for one year, and until their successors are appointed, and whose duties
shall he to make complaints of all violations of the acts relating to fisheries,
to the proper informing officer, to consider the subject of the introduction,
protection, and culture of fish in our waters, to co-operate with fish commis-
sioners of other states, and to make report of such facts and suggestions as
may be material to the legislature.

Sect. 6. Such commissioners shall receive for their services, the sum of
three dollars per day.and their actual disbursements while employed in such
official duty.

Sect. 7. The limitation of the time of taking shad and salmon in the first
and second sections of this act, shall not take place until the legislature of
Massachusetts at its next session shall prescribe the same limitations to the
catching of shad and salmon in said river as are contained in said sections.
All parts of the act to which this act is an addition and inconsistent herewith,
are hereby repealed. [Approved July 26, 1867.


