XXIIL.—ON FISH-WAYS.

By CHARLES G. ATKINS..

A—INTRODUCTORY REMARKS.

In the present paper, it is proposed to discuss devices for facilitating
be brogress of fish over dams in their ascent only. The question of their
€8cent is by no means devoid of importance; but the difficulties and
Angers attending this stage of their migrations are of a totally difterent

.1‘1‘1 from those that assail them on their ascent, and are to be met by
% different set of expedients. Indeed, in most cases, neither the adult
U8h nor ghe young requires any sort of assistance in descending. If there
'8 2 sufficient body of water falling over the dam, they go with it safely
;i-n‘d readily, tnmbling down from great heights and rarely sustaining any
Nury, _ It is only where the peculiar configuration of the river and the
m or the scarcity of water leads threm into dangerous rocks or mill-
Cels that they require attention. The investigation of this branch of
© subject is therefore of less pressing importance than that of the
€ang of securing their ascent.

B—HABITS OF MIGRATORY FISHES.

Before discussing the mode of constructing ftsh-ways, it is necessary
fo Consider briefly the habits and pecualiar traits of the several species
¥ whose use they are designed, so far as these habits and traits con-
™ the present subject.
he only American species for which it has been thought expedient
as:;uild fish-ways are the salmon, shad, and alewife, All three of them
Dlacnd the rivers in spring and early summer in order to reach suitable
th, 8 to deposit their eggs. The salmon comes both earlier and later
an ﬂ‘l@ other species, and proceeds immediately to the vicinity of its
thev‘;nlng-grouuds on tl‘xe upper \YaterS, where it lies in quiet pools until
_ergllowmg autumn, its spawning-season. The shad comes while the
18 still in full volume, later than the earliest, and earlier than the
mst, Tun of salmon, and spawns within a short time of its arrival in
Dus}? gently-flowing part of the river. It neither ascends so far mor
in g es' lnto so swall streams as the salmon, The alewife, coming a little
°ftenv-dnce of the shad, but largely in company with that species, spawus
I the still waters of gentle tivers, but more generally in lakes and
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ponds from the largest to the smallest size, to reach which it will, when
necessary, push up extrewnely small brooks. '

It is a notable characteristic of all these migratory specics to returds
for the purpose of procreation, to the very waters where they themselves
were born. Thus, each river, and, in general, each branch, each lake
aund each pond, has its own army of migrating fishes, feeding and grow-
ing in the sea, and sending off each scason a detachment to the parent-
waters to continne the work of reproduction. The instinet that leads
them into their native waters, though not strictly infallible, is so remark-
ably strong that those fisbes that stray from the true way constitute 2
very small percentage of the whole army. Illustrations of this truth aré
to be found in many marked instances. The salmon of the IXennobeCs
where a small area of spawning-ground is still accessible, yearly pursu®
the course toward the upper waters of that river, so rarely turning 0
into the tributary, Androscoggin, that hundreds are caught in the for
mer to one in the latter, though in natural fitness for salmon-breeding
aside from the facilities for ascending it, the Androscoggin is certainly
not inferior. In a ecomparison of the 1’enobscot and Union, the case > 18
stronger still. This established trait has an important bearing on tb®
question of the ascent of migratory fishes past an obstruction that
has been for generations impassable. Though known facts hardly war-
rant the conclusion that fishes will not often try to ascend to a highe*
point on the river than was reached by their parents, there is nothing
to forbid the conclusion that they have less inclination to seek the highef
waters than they would bave hadif they had been born there.

The behavior of these three kinds of fishes while in the vicinity of
obstrugctions is found to correspond in some degree to the range of thei?
migrations. Salmon and alewives, whose migrations extend to hight*
and sinaller stremns than those frequented by shad, arve found to t2
more readily to narrow passage-ways than the latter.

Alewives are hardy, venturesowe, little fish, following the main strea?
where it is practicable and casy, but ready enough to turn aside a
seek a narrow way around a difficult poinf. They have been known
rush up a fish-way between the legs of the carpenter who was giving it th
finishing strokes, and a trough only eight inches wide, divided into 00"l
partments, which were connected by passage-ways only four inches wi
has afforded ready passage to large numbers of them.* They exhibib
strong, gregarious instinct, moving in dense bodies as if by a commo
impulse. They always move over falls by day, and their favorite "
is a bright sunny afternoon. On the approach of night, they drop bad
and rest in still pools until the next day is well advanced. So groal
their inclination at night-fall to yield a little to the current that som?
times a large body of fish that has passed out of a fish-way just at dus
will settle back into it and rest in its bays, if they avo easy enougls

i8

*Report of the Magsachusetts Commissioners on Inland Fisheries, January, 1869, P+
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m‘{rning. In a fish-way without bays, I supponse they would pass down
Quite through it. Their movements, except in very difficult places, are
Awayg leisurely. At BEast Machias, when ascending the rapids below
the fish-ways, they are generally several hours in accomplishing a dis-
tf”nce which they are capable of doing in a few minutes. When occa-
Ston requires, they exhibit great agility and hardiness.. They will turn
on their sides and push themselves up a steep inclined plane against a
Sheet, of water not half as thick as their bodies. Nevertheless they are
Ordillarily easily frightened, and one dip of a net or even the sight of a
°Vi,llg torm will often drive them back from a fall or deter them from
Cutering 4 fish- way.
riszleou are less inclined than alewives to leave the main current of a
€r, and their superior size and strength enable them to pass with
zﬁm[)itx-ative ease over falls that alewives would attempt in vain. It is
se'nmouly supposed that the scaling of a perpendienlar fall of six or
) Ven feet marks the limit of a4 salmon’s power; but it is a well-attested
‘f“t that under favorable circurastances they have surmounted perpen-
'eular falls of more than twice that height. A case in peint is Carra-
"k Falls on the Kennebee, where the whole river rolls over a
i‘:‘;‘{ipi.ce into a gorge only about GO feet wide. The height of the fall
audbé feet, and it is as near perpendicular as the great volume of water
the narrowness of the gorge will admit. The depth of water at
® foot of the fall is uuknown; a pine log more than 50 feet long,
;’“lg' down endwise, disappears with great velocity, but is never heard
eus_tl'lke bottom, and when it re-appdhrs, after a prolonged absence, it
‘Yogs nearly its whole length into the air. I have it from several trast.
_ fa“;h.)" sources that many §almou have been seen to surmount these
éir . "[‘hey were observed in all the reported cases to leap .t-hrough the
1 ;)bllq.uely and strike the golamn of falling W‘a-t:er at the helght.: of 10 to
fa)) et from its base, and swim from that point to the summit of the
+ Only those succeeded that struck the face of the fall with head
e:;}ght against the current, and the majority of the l‘ea,ps were unsuc-
o al.  Phis feat would probably be impossible, were it not iox; the great
fo Pt of the water at the base of the fall, which affords suflicient space
lorshe salmon to acqnire a grea momentum. In the popd at Bucks.
doy r’ Salmon have been seen to leap from still water 10 feet deep and
bue . O hedge 54 feet high. In passing over low falls they rarely leap,
SWim up in the sheet of fulling water, which must have a consider-
iy € body to make the ascent possible, a thin sheet of water often caus-
CCul-l,.e Salmon to expose parts of his organs of locowotion to the air; an
Do 1 cUCe which sends him back to the foot of the fall. From what
een said to illustrate the strength and agility of the sulmon, it is
0 be inferred that they will pass all falls where it would be possible
em 1o do so. Leaping is something rarely observed, and it is
likely that salmon hesitate long before attempting it, and that a
bart of them will never attempt it. At the Augusta dam,
8. Mis, 71——38
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below which, in favorable seasons, some hundreds of salmon are caught
one is so rarely seen-to leap, that I have never heard of an instance, ¢ dlld
for a salmon to surmouunt it by swimming up the sheet that falls over it
can hardly be thought possible.

. Salmon move both by night and by day. It is generally assumed by
European authorities that they will pass damns more readily by night
than by day. It is the opinion of the Penobscot fishermen, however;
that they rarely, if ever, attempt the passage of difficult places by night-
In support of their opinion, they state that at Ayer’s Talls, when it was$
customary to fish on the dam and in the passage-way now set apart for
a fish-way with dip-nets, no salmon could be canght during the night;
the drift-nets plied on the shallow rapids a short distance below being
weanwhile quite successful. At daylight, however, fortune deserted
the drift-nets, and from that time till the day was well advanced it
rested with the dip-nets on the falls.

The shad, saperior to the alewife in size and strength, is far inferiof
in courage. Timidity is one of its prominent characteristics. It is said
to be frightened by the shadow of & bridge across its path. Ina broad
curreut it sometimes surmounts impetuous rapids, but I have never
heard of its ascending a perpendicalar fall, and it rarely ventures to fol-
low up a small side-current, such as would suffice for the passage 0
salmon and alewives.  So little success has attended the efforts to-induce
shad to ascend fish-ways, that in discussing most of the devices voticed
in this paper they will be almost entirely left out of the account.

C—THE CONSTRUCTION AND LOCATION OF FISH-WAYS

In the planning of a fish-way, there are several important things to b°
considered. The fish demand that it be accessible, attractive, and easy
of ascent. The parties at whose expeuse it is built demand that it b
durable and reasonably cheap. The owners of the water-power demah!
that it be not wastetul of water. To meet these varvious desicderat”
requires a careful consideration of the questions of location, capacity~”
form, material, and mode of construction. For our present purpoS®
however, it will be snfficient to discuss briefly the questions of access
bility, attractiveness, and ease of ascent, and then notice the princil’“
devices by whieh it has been sought to attain them.

1.—SITUATION,

Aceessthility may be set down as the first essential quality. To secur®
t, the foot of a fish-way must be so located that the fish will readi
find it. Now, as has been before remarked, salmon, shad, and alewiv®
all follow the main current of the river until they meet some obstr ructio
sufficiently formidable to check their progress; at the base of thig the?
swim many times back and forth, extending the search at each t“ro
but a short distance down the shore on either hand. If there be ”0
convenient pool at the base of the fall, they drop back occasionally
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Pools farther down, but on starting afresh the chances are that they
Will again follow the main current, to be again baffled by the insurmount-
able fall. Tn this way they will repeatedly pass the mouth of a fish-way
th‘a,t, opens into the main stream at some distance below the obstruction
“.'lthout noticing it, being attracted by the superior volume of the main
Tiver, while one whose entrance is in close proximity to the fall will soon
€ discovered. :
The mode of securing an accessible location is sufficiently simple. It
a8 Leen the general practice heretofore, in building ways for salmon
and alewivés, to place the upper end at the crest of the dam, or very
T'(‘-ﬂr it. If the height to be overcome is very small, only a short fish-way
lsl'equired, and it can generally be built for its whole length straightdown
the river, without carrying its tower cud too far from the dam. But if
2 great length is required, the simplest way of avoiding ditticulty is to
tury the lower part of the fish-way at whatever angle may be required—
Cven directly reversing it in many cases—and bring the lower ¢nd back
0 the vicinity of the dam. Thus, if the fish-way must be 350 feet long,
t'“ily be carried from its upper end 200 feet down stream and then
fought back 150 feet, so that it will discharge its waters 50 feot from
€ dam. These reversed fish-ways have Deen bLuilt in many places,
ud thig may be considered the most eligible forin of Smnitl’s, Foster’s,
A gimilar devices. In Pike’s and Cail’s spiral fish-ways, the same end
1g Sought and attained by keeping the whole structure within a few feet
o the dam, so that, on whichever side the water is dischiarged, itw ill
N Vays be sufficiently near the dam. In some cases it is practicable to
A¢e the upper end of the fish-way in a canal at such a distance below
€ dam that it may slope directly toward the latter and end near it.
atuch alocation bas been adopted in plans recently devised for a fish-way
) Augusta, on the Kennebee. [n devising a way for shad through the
U q¢ Columbia, on the Susquebhanna, the Pennsylvania commissioners
omeq i essential that the foot of the fish-way should be no farther
O%n the stream than the face of the dam, so that in searching for its
Mranee the shad should not bo compelled to fall back at all, bat should
X it as a gap in the dam itself, in and above which the wholo body of
0: »f'lsh-wa_v was placed. So far as accessibility is concerned, such a
Ation is perfect.
; ﬁsh-\my may with propriety helocated at either end of a diam which
°the:“t .stmight across the riv‘er' and at rigl.lb augles with 'its courses
things Leing equal; but it is always desirable to have it nearer to
l‘aleusltt‘ongest current and the main channel of approac}f. This deside- -
o Cannot, however, always be secured; considerations of conven-
“ 8 anq safety oftener dictating the locatioun.
. uthe dam crosses the 1‘.ive1‘ obli‘quely, tho best location is generally at
Cop "tl‘;l?el‘ end, towm"d Whl(}]l. th‘e !‘18]1 naturally tend as soon as they ?n-
Way llt':l\the obstruetioun. 'lfhls is illustrated by the suceess ot‘ the fish-
A Warren, on the Saint George, where both the obliquity of the
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dam and the tendency of the current lead the fish directly to the fish-
way. .

It is sometimes the case that the approach to the dam from below i8
obstructed by a natural fall of sufficient difficulty to seriously impede the
ascent of fish, Under these cireumstances it is often admissible to place
the mouth of the fish-way at a distance from the dam, which, under ordi-
nary circumstances, would prove fatal to ite success. Departure from
the general rule is, however, to be taken only with extreme cautioB;
since an error in this respect is often irremediable.

When from any caude it is impracticable to place the mouth of the
fish-way in close proximity to the dam, it is sometimes practicable to turd
the fish into it by a hurdle or other artificial obstruction placed across
the stream. It would be better to place the hurdle obliguely; the mouth
of the fish-way being at its upper end. Extensive contrivances of this
sort cannot be maintained in our larger rivers, nor in those smaller ones
where timber-refuse and other rubbish abound. A hurdle extending
short distance into the streaun is frequently serviceable. Onehas been™
devised to turn shad into the fish-way at Holyoke, on the Connecticut

2,—~ATTRACTIVENESS,

The sccond essential requisite in a fish-way is attractiveness. TFish
must be invited to enter, and the only known means of extending such

* The following extract from a letter of Mr. J. W. Milner throws additional light 0’3
this subject. Speaking (from personal observation) of the Holyoke fish-way, he sa§8’
“Tho reverted portion of the fish-way faces the dam at the point where the sheet of
water coming over the crest is the deepest, and where, of course, the most anple vO0 ’
nme of water flows. At a high stagoe of water in tho river, the cribs at the mouth ¢
the fish-way are entirely submerged, and the outilow is directly into the face of t
strong counter-current coming from the dam. The chaunel-way on this side next tb
fish-way is guite clear of rocks, and a free, ample volume of water flows un? -
structed by the end of the fish-way, and, deflected by the wing-dam, turns outward o’
til it has passed it. Outsido of the channel-way are numerons large rocks and broked’
fuaming water. The shad seek the open channel-way iu their passage up stream, ap:
are led, in following it, close by the mouth of the tish-way; but, feeling the strong, fred
force of the current from the dam, they strike boldly into it, not in the least t-emPto,
by the weak current from the fish-way. Standing on the cribs above, I saw this hal”
pen day after day. Frequently as many as twenty shad in a school would past ut
toward the dam, and they always quickeued their movement as they feolt the fresh oF
of the water coming.

“There were two methods which I thought of for inducing the shad to ente
was to continue the fish-way along the wing-dam, instead of turning it up stream,
then, by means of o low wing-dam placed a short distance above the mouth, ‘tur®
portion of the strong currentinto the cribs of the fish-way. For a short distanceit wou
be well to take out the bulkheads, s0 as to make a giide-way to the beginning of ¥
winding emrent of the ladder. The: other mothod was, to open the side of the
next to the wing-dam, and make the outlet in the upper compartment of the revel
portion. Heavy iron rods should then be set in the rock-bed of the river in the ProF
order, and a heavy netting stretched upon them, in the form of one side of the ‘ 1e? P
of n pound-uet, in this way utilizing a priuciple which the fishermon make so offect?
in extern nating the fish in aiding them to perpetuate their race and specios.”

0
T Opd
ap
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a0 invitation, after securing a proper location, is to pour out a fair flood
of water from the -lower end of the fish-way. As has already been re-
Marked, the migratory fishes prefer a large stream rather than a small
One. Though any stream, issuing from the obstruction or near it, pos-
Sesses the capacity to attract them to a cortain extent, the attraction of
the smaller is wholly or partially overcome by that of the larger stream.
fish-way nay discharge a volume so small as to escape for many days
t_he Dotice of the fish for whose useit was designed. So far as can be judged
from jgg observed conduct, a fish is guided in its ascent of a river almost
Solely by the current, knowing little more than that its way is upward.
hen it meets the obstruction of a dam, there are several distinct cur-
Tents beckoning it on; there are the currents from the waste-way, the mill-
Wheels, and the leaks, all competing with the current of the fish-way.
¢ ¢ommonly chooses first the largest stream, and not learning rapidly
r(_’ln experience, nor early losing courage under repcated and constant
?alllil‘e, it may pass days in repeated iueffectual straggles against the
"Mmpassable flood of the main stream, alternating with unsuccessful
Searches for an easier way. Itis quite evident that the larger the vol-
tme flowing from the fish-way the sooner will the fish find and enterit.
t_"is a reasonable proposition that this volume should bear some defi-
Dite proportion to the total volume of the river, or to that part of it
,hich passes down by the same channel into which the fish-way emp-
ey, The only attempt to fix sueh a ratio of which I am informed was
ade by Mr. Samuel U. Roberts in 1869. In discussing the coustruction
Of‘s‘&lmon-ladders in Ireland, Mr. Roberts laid down the following rules:
_Theleast quantity which will supply asalmon-ladderefficiently is that

. ich will pass through an opening 8 inches wide, with a depth of 18
exches of water flowing through it, and the maximum quantity need not
de(;)iid that which will flow through an opening 3 feet wide with the sane
WI:I am of opinion that between these two limits a scale may be formed
1eh will secure an adequate supply for salmon-ladders. It occuars to
tk: th:.w the fair basis on which to regulate the quantity is the twtcnt‘of
o Yain-bagin of the river, and I am of opinion that on all new weirs
Ilstx‘u<:ted on rivers, whether for navigation or mill-power purposes,
Wi?l Minimum opening to be provided should not be less than 8 inches in
th, the sill being 18 inches below the apex or top of the weir;
th:t the depth should be fixed in all cases at 1S inches, but that
Width should increase in the following proportions: ¢ When

o Tain.-basin exceeds 50 square miles, the width to be incroased at
fate of 1 inch for every additional 50 square miles until it amounts
Qré&s)inches; when it exceeds 250 square miles, the width t‘.o bo i{\
i mn‘*d at the rate of 1 inch for every additional 100 square miles I}nml
to Of"lts to 18 inches. When it exceeds 830 square miles, the width
© luersased at the raté of 1 inch for every additional 200 square
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miles until it amounts to 3 feet, which may be tixed as the maximum
breadth required.”

In the paper from which this extract is made, Mr. Roberts instances
three examples of successful fish-ways of the most approved pattern,
and we may infer that his conclusions were drawn mainly from obser-
vations on their performance, which was certainly very satisfactory:
Yet, if the size of the drainage-basin, or the voluwme of the river, be
taken as a basis on which to fix the volume of water admitted to the
fish-way, it is hard to see why the ratio between them should not be con-
stant, or why the size of the fish-way should be limited while the size of
the river coutinues to increase. It is quite probable that Mr. Roberts’s
maximum of 3 feet in width and 1% feet in depth will be found insuffi-
cient for the passage-ways of fish-ways on our larger American rivers
The three exanples given by Mr. Roberts are fish-ways on two Irish rivers
the largestof which, the Corrib, drains a basin of about 1,200 square miles;
about the size of the basin of the Saint Croix. Between the Saint John
aud the Hudson aresix or seven rivers with larger drainage-basins thatt
that. The Kennebec drains 5,800 square miles; the Penobscot, 8,2005
and the Conunecticut, over 10,000. In poiut of volume, however, ther®
does not appear to be so great a disparity. The Corrib discharges
during the summer-season, 120,000 cubic feet of water per minuté
while the discharge of the Kennebec at Augusta is estimated at onlyY
380,000 cubic feet per minute through the year ;* being probably quité
up to the average during May and June, when fish are ascending. The
Conuecticut, at Turner’s Falls, in the winter of 1866, discharged ab
various times from 300,000 to 600,000 cubic feet per minute,t The conv
parison of these rivers with the Corrib is not complete without a stat®
ment of the peculiar way in which the water of the latter is used. oub

_of the 120,000 cubic feet flowing in summer past Galway, 100,000 aré
drawn away above the dam for the use of mills and navigation; only
the remaining 20,000 flowing over the dam and down the main channel
Of this small residue, 720 cubic feet (being %) flow through the fisb-
way, the passage-ways of which are 2 feet square. Evidently, the sal
mon, baving followed the main ehannel up to this dam, will mnuch more
readily find the fish-ways than they would if the entire volume of the
river were pouring over the dam. Such will be the case in every rive™
and I think it quite plain, in view of these facts, that the size of the
drainage-basin is not a safe basis on which to fix the size of the fish-ways
but that the volume of water flowing over and through the dam, 3P
the amount discharged from the mills in its immediate vicinity, must 0
considered in each individual case. Tho consideration of so maV
diverse circumstances will, of course, prevent the strict application ©
any rule; but it may, nevertheless, be instructive to observe the @
_60_0,—000,0(’5,000 cubic feet per annum.—The Water-Power of Maine, by Walte?
Wells, Buperintendent Hydrographic Survey of Maine. Augusta: 1869, p. 91.

t 1bid, p. 106.
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8ions demanded in our large rivers by an application of the ratio that
a8 been adopted in all suceesstul fish-ways, All she suceessful fish-ways
that have cowe to my kunowledge have been built on small rivers,
ma'ilﬂy, it should be stated, because their construction has rarely been
attempted on large rivers, and because various unfavorable cireum-
Stances, such as a dearth of fish, have interfered with the testing of thoso
Yhat have been built. I do not think there is an instance of a tested
Sh-way for salmon and alewives on a river of larger size than the Saint
Toix, which is, in drainage-basin, equal to the Corrib, in volume not
Quch inferior, and has on its lower dam, at the head ot the tide, a fish-
Way discharging about the same quantity of water as that at Galway,
n“mely, 720 cubic feet per minute, which is about - part ot the aver-
ge totul volume of the Saint Croix. This fish-way has boan fairly suc-
“essful with alewives, great crowds of which have been seen passing
l‘l‘Ough it, and it is presumed that salmon, when they could not sur-
m_ollnt- the dam itself, passed through the fish-way, considerable numbers
Ot them Leing secn in the river above. The capacity of this fish-way
Way thsrefore be considered sufficient for its place.
Yo carry out the same ratio in the construction of a fish-way on the
10“'61‘ Penobscot, regarding for the mowment only the total volume of
¢ river, would require a capacity equal to the discharge of 5,133 cabic
8t of water per minute, a volume which could hardly pass through an
°Dening in a Smith or Foster fish-way less than two feet deep and twelve
et wide. Reverting now, for a moment, to the case of the Galway sal-
Ou-ladder, and recalling the peculiar features of its location, to which,
or h&pé, its success was largely owing, we note that the volume of water
ﬂSSing through it was ; that passing over the dam. To apply the
Same ratio on the Penobscot, we will ussume that one-half the water is
DasSing over the dam ; the volume passing through thefish-way must then
Cabont 6,700 cubic feet per minute, which would perhapsran through an
Vening two feet deep and sixteen feet wide. Thus, we find that if-it is
9"0nmrm' in relative capacity to the tested fish-ways on the American
I¥er nearest approaching the size of the Penobscot, or to the best for-
'gn 8almon-ladder of whose performance I am informwed, it must dis-
Gharge either 5,100 or 6,700 cubic feet of water per minute, and this will
mf(:il’“bly require passage-ways two feet deep and twelve or sixteen feet
1de, . . . At ] {s essential : cp b
Oty of motise Sont n bR Brazs with pascu e oty oo
°rthreefeo‘ n Tiv ' size of the Penobsco s depart-
; et wide on rivers of the size of the Penobscot, we are depart
ig Widely from the proportion heretofore found sufticient, reducing the
rzlt?tiv(l voluine, in fact, 70 or 90 per cent., and diminishing inan unknown
0 the chances of fish finding the entrance.
large number, perhaps the majority, of the salmoun-rivers of the
rn United States are circumstanced like the Peunobscot; half or
@ of the water at the fish-season passing over the dam. Others,
mO“g Which the Merrimack at several points is a conspicuous examplo,
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