XV.—REPORT ON THE CONDITION OF PISCICULTURE IN FOR-
EIGN COUNTRIES FROM DOCUMENTS COLLECTED AT THE
INTERNATIONAL FISHERY EXPOSITION AT BERLIN, 1880.

By M. C. RAVERET-WATTEL.”

THE UNITED STATES,

To this day pisciculture has nowhere produced results which can be
compared to those obtained in‘the United States. In no other country
128 this industry attained to the same degree of development, perfec-
tion, and success. Butit must also be said that perhaps no other nation
%13-8 80 fully understood the great importance of pisciculture, and that
"n_no other country have such great efforts been made. Nowhere, cer-
tale, bas so much been accomplished by private enterprise; nowhere
a8 the government given so much enlightened care to the rational cul-
tivation of the waters, and afforded such efficient protection and gener-
0us encouragement.
o ﬁiAF Prgsent thirty-six States or Territories of the Union have each an
o clal piscicultural organization, called a State Fish Commission, gen-
N ally composed of tliree members, whose services are, in nearly all
aasesz given gratuitously,’ and whose authority is generally limited to
mtpemod of three or four years. These Commissioners may, however,
: t:he expiration of their term, be reappointed for another term; and
. ®Ir official position somewhat resembles that of the commissioned In-
npectOl‘s of Fisheries of Great Britain. Their authority, however, is in
Wo case very great. It is their duty to instruct fishermen, to stock the
a:;ters with young fish from the State piscicultural establishments,’ to
le a8 experts for the government, to point out desirable changes in
g’SIatlou, to repress abuses, to adopt protective measures,® introduce

Lo

a Pgap port | sur la | situation de la pisciculture & Détranger, |-d’apres les documents recueillis

RAVE?;oa:tion internationale | de produits et cngins de péche de‘Bcrlin | en 1880, | par M, C.
luncel«:’l‘-VVA'I'rl«:L. | Bulletin mensuel | dela | Société nationale | d’acclimatation | de

b » | 3¢ série, tore ix, | No. 2, February, 1882, | p. 69.—Translated from the French
T eRMAN Jacosson.

«luringi ‘fre only reimbursed for their traveling expenses, and for expenses inocurred
N clentific researches or technical labors performed by them.

who e;n“'““gement of each establishmont is generally contided to a superintendent,

3In th;v%a~ salary, and who is responsible for lﬁxiz; ﬂd:ministmtion,

©North nited States legislation affecting fishing differs in the different States. In

[llern States it generally resembles, more or less, the English legislation. Nearly
477
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improvements, &c. Every year they submit to the legislature a statis-
tical report, showing the work done during the year, the progress at-
tained, and the observations made respecting pisciculture or fishing in-
dustries, the quantity of eggs or young fish distributed, &e.

Twenty-one States have State-hatcheries for the production of young
fish, destined to restock the public waters. Some States, like Michigan,
possess as many as three of these hatcheries. There are, therefore, in op-
eration thirty-cight of these establishments, not counting those created
for the piscicultural work undertaken by the Federal Government, be-
sides that done by the States on their own account. In Connecticut
the commission, which does not yet possess a hatchery, has made a con-
tract with two private establishments for producing the young fish
which it needs annually, and pays to the owners of these establish-
ments a dollar for every thousand eggs which it hatches.

To the State of Massachusetts belongs the honor of having officially
introduced pisciculture in the United States. This State was the first
to intrust to a commission ¢ the duty of studying facts relative to the
artificial propagation of fish, and the ways and meaus of causing this
industry to contribute, under the protection of the law, to the wealth
of the State.” Various experiments were mdde (in 1856) by this com-
mission, which published a report on the condition of pisciculture in
foreign countries, including a translation of the remarkable article pub-
lished by M. Jules Haime in the Revue des deuz mondes in 1854.

But the idea was not yet fully matured;* the public did not fathom
the full importance of these experiments, which passed almost unob-
served; and it was only in 1865 that Massachusetts definitely consti-
tuted her Fish Commission on the present basis.

Vermont and New Hampshire, and later, Connecticut and Pennsyl-
vania followed the example set by Massachusetts, and created Fish Com-
missions whose duty it should be to restock the public waters. Iu 1864
Mr. Seth Green founded, near New York, the first American piscicul-
tural establishment, on thorough business principles, and he soon found
many imitators.

The results obtained by private enterprise proved the importance of
similar establishments for rapidly restocking water-courses, and, it

- 1867, the State of Massachusetts established at South Hadley Falls, ot
the Connecticut River, a hatchery for the artificial propagation of shad

In the same place and the same year Mr. Seth Green, who had als?
occupied himeelf with the propagation of shad, invented his hatching .
apparatus, consisting of inclined boxes floating in the water. Theseé

everywhere, even in the largest rivers, such as tho Mississippi, the right of fishing ¥’
longs to the inhabitants of the banks, but only to the point where the tide makes itsel
felt, and where the maritime domain commences. In the Southern States, on the ¢0%
trary, the right of fishing in the great wator-courses belongs to the State.

*It is only three years since Mr. Theodotus Garlich and Prof. H. B. Ackley of Cleve”
land, Ohio, the two pionecrs of American pisciculture, made their first attempts at 85
tificial fecundation.
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boxes bear lis name, and are as simple as they are ingenious, easy to
Wanage, and inexpensive, and have ina very short time been adopted
throughout the whole of the United States.®
A beginning had been made. The States of Maine (1867), New York
(1868), California, New Jersey, and Rhode Island (1870), Alabama,
(1871), Ohio and Wisconsin (1873), &c., soon possessed their official pisci-
cultural service.
) The year 1871 marks an important era in the history of pisciculture
I the United States; from this year date two institutions, which have
®xercised a very beneficial influence on piscicultural industry through-
Out the entire territory of the Union, viz., The American Fishoulturists’
A“Otn'ation, and The United States I'ish Commission.
_ William Clift, A. 8. Collins, Fred. Mather, Dr. J. H. Slack, and Liv-
!ngston Stone, all distinguished pisciculturists, well known by their writ-
Ings and their practical labors, were the foundersof the association, which
asrendered such enormous service by influencing public opinion, and by
8ving o powerful impetus to piscicultural enterprise.
.The useful character of the work accomplished in wmany States by the
8h Commission had not escaped the attention of the Federal Govern-
Went, which, advised of the decrease of the results of both river and
Sea fisheries in all parts of the Union, did not hesitate to institute inves-
'8ations as to the causes and remedies of this evil. A law passed
¥ Congress on the 9th of February, 1871, authorized the appointment
of & «United States Commissioner of Fish and Fisheries.” The law
eIf’POW‘ered the President of the Republic to appoint said Commissioner
Vith the sanction of the Senate, and stipulated that his services should
® renderea gratuitously.
T,he President appointed to this important position Prof. Spencer F,
alrd, then Assistant Secretary of the Smithsonian Institution, well
00wn by his valuable works on zoology. No better selection could have
oen made; a vast knowledge, a prodigious capacity for work, great
pf)r“eVerance, enlightened zeal, indefatigable activity, a devotedness to
'8 Durpose borderin g on self-denial, such are the eminent qualities which
- Yofessor Baird has brought to the exercise of those useful and absorb-
‘Ulg. duties which have been confided to him, and by the fulfillment of
,ch he hag justly become entitled to public gratitude, not only in the
i;llted States, but also in foreign countries benefited by the investiga-
08 and labors of the United States Commission of Fish and Fisheries.
inAs 8oon ag Professor Baird was appointed, he began work by conduct-
€00 the coast of New England for several months during the year

6 R 4 . :
fo A d{’scnptlon of these boxes, and of other apparatus employed in America, will be

:md farther o,
oe “:lll here only recall the large number of embryonated eggs of various kinds of
(luent;lOIds (Salmo quinnat, S. fontinalis, S. sebago, Coregonus albus, §-c.) which so fre-
o e§ and liberally have been sent to France, Germany, England, Austria, the
tnds, Russin, Cannda. Australin, Now Zealand, &e. :
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1871 exhaustive investigations relative to the condition of the fishing
industries, and the causes which influence the development thereof.

In 1872,Congress added to the duties of the Commissioner of Fisheries
that of restocking the waters, and his labor was henceforth divided into
two distincet branches, viz:

(L.) Investigations relative to the fisheries: Statistics, zoological re-
searches, dredging, sounding, &c.

(2.) Piscicultural operations. Artificial increase and propagation of
the principal kinds of food fish? throughout the whole extent of the
Union. '

Each of these two branches of work has its special appropriation, the to-
talamount of which, in 1872, amounted to $20,000, and has been gradually
increased, so that at present the annual appropriation exceeds $80,000.°

The strictest economy is constantly practised in the expenditures:
The Commissioner receives no salary whatever. Only a few assistants,
charged with special duties (voyages of exploration, superintendents of
the hatcheries, stocking operations, &ec.), receive salaries. Specialists,
who are occasionally employed, receive some remuneration, but only tem-
porarily. Three or four clerks constitute the entire foree of the Commis-
sion,which every day receives and dispatches a considerable amount of
correspondence. : ' :

The establishments founded by the Commission are liberally supplied
with all the necessary material, but no concessions are made to luxury
and elegance. .

Since 1872 eight zoological stations have been successively organized
on the coast of the Atlantic for the purpose of carrying on researches
in the interest of the fishing industries.® These investigations have been
carried on in different localities each year, and the arrangements aré

.

7 A report on the work accomplished and the results obtained is every year made % -
Congress by the Commissioner. This annual report is always accompanied by appe?”
dices (varioustreatises concerning the fisheries and pisciculture), which are generally
documentsof exceedingly great value both from a scientific and practical point of vie™w-
Six large octavo volumes of these reports have, so far, been published.

8 For the period 1871 to 1880 the total expenditure of the Fish Commission has beed
$476,200. .

9 During the same period sounding and dredging operations have been carried on 12
more than 2,000 different localities by government vessels placed at the dispossl ¢
the Commission. These investigations have been productive of many good resulté:
Besides a large number of very interesting observations respecting the temperatt™®
of the water, the currents, the nature of the bottom, &ec., very important colleotion®
have been made and numerous species of crustaceans, mollusks, annelides, &o., h“f'a )
been studied and described. Two new kinds of food fish have been discovered in
depths to which the fishermen had not yet extended their researches, viz, the Loph"lfr
tilus chameleonticeps and the Glyptocephalus cynoglossus. The first mentioned is foundi®
considerable quantity on a bank where its presence was not even suspected ; the 800°
ond, which belongs to the family of the Pleuronectes, ind so far been entirely unkno®?
because the small size of its mouth did not permit of ite being caught with lines, &2
because, owing to the great depth at which it lives, it can only be taken with ve
strong nets.
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€8sentiully of a temporary character. * Some of the establishments are
Specially devoted to various experiments in pisciculture, such as the arti-
ficial. propagation of the shad, of the codfish, the herring, and some
Other fish. But there are, besides, some permanent establishments,
Dearly a]] of which are each devoted to one special kind of fish, producing
he embryonated eggs or the young fish needed for stocking the waters.

our of these establishments are of special importance; these are the
one at Bucksport, Me., for common salmon; the one on the McCloud

Iver, California, for California salmon ; Grand Lake Stream, Maine, for
ake salmon, called “land locked salmon”; and Northville, Micly, for

fish of the Coregonus species.

The first of these establishments is in charge of Mr. Charles G. Atkins,
Ormerly Commissioner of Fisheries of the Stute of Maine, who has made
1}0 raising of salmon the subject of special studies. Weareindebted to
m for treatises and observations of great practical utility, of which we

Sha) have occasion to speak below. The establishment, located on the
€obscot River,® is eutirely constructed of wood, with double walls,
© 8pace between being filled with sawdust, which shelters the interior

“Qually well from the heat and cold. The large incubating room, 23
eters lon g and 9 meters broad, is occupied by 40 long wooden troughs,

Elaced parallel with each other and lengthwise of the room, in groups

four, and furnished with wire frames for receiving the eggs to be
a'tched; 4,500 liters of water every 24 hours feed these troughs. This
Atching establishment annually produces 6,000,000 to 7,000,000 of em-
Yonated eggs, and hatches 4,000,000 to 5,000,000 young fish.

tamwo interesting facts must be mentioned respecting the Bucksport es-

itg ‘?hment, viz, (1) the application of the so-called ‘dry method,” whl'ch

dll‘ector, Mr. Atkins, has applied from the very beginning to artificial

e.cundation; (2) the system of ¢ parking” salmon, also practiced by the

a::gc,:?;é S0 a8 to insure, at the proper time, a sufficient quantity of eggs
ilt.

m.A‘fCOrding to Mr. James W. Milner,”! an assistant in the Fish Com-
18sion, a note on pisciculture in Russia, published in 1870 in the Bul-

n de la Société @acclimatation had at the time drawn the attention of
‘vil:!erlgan pisciculturists to the happy results obtained.by Mr. Vrassky
in g his method of fecundation, which consists in placing the eggs dry
vessel, and moistening them with milt diluted in water. This is
pu(;hs.0<calle(1 “Russian” method. Mr. Atkins conceived the idea of
Ing the application of thissystem still further by moistening the
'Y eggs Wwith undiluted milt, and addihg the water afterwards., The

10

em::his establishment is not maintained entirely at the expense of the Federal Gov-
angd r:nt-; Several States generally subscribe a certain sum for the annual expenditure,
they,, °elve & number of embryonated eggs proportioned to the sum subscribed by

ug, .

Lp A?' Mrxer: The progress of Fish-culture in the United States.

B L VELREL: Détablissement do Nikolsk pour Véducation des poissons de luze.
®tin 1870, p. 5og,

S. Mis. 203
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result was excellent, as very fetv eggs failed to be fecundated. This
mode of procedure, which constitutes the so-called ¢ dry” method par
excellence, is at the present day generally employed throughout the
United States.’® Its advantage over the ‘“moist” method will easily be
understood when one calls to mind the rapidity with which the sperma-
tozoa of the milt lose their vitality when diluted with water."

In operating on so large a scale Mr. Atkins occasionally found it dif-
ficult to procure the number of male and female fish, ready to spawn,
which he needed for his artificial fecundation. He therefore took caré
to “park” in advance (according to the necessity of the case five or siX
months, and according to the number of fish caught in the Penobscot
River) a large number of salmon.’® These salmon are kept imprisoned
till the moment they begin to spawn, when they are caught again for
the purpose of gathering eggs and milt. At first they were placed freé
in a pond of an area of 24 heciares, but with this extent of water it be-
came very difficult to catch them at the exact time when they weré
needed. It therefore became necessary to ¢“park” them in a more lim-
ited space. A. wire barrier extended across the pond only left them
abont 4 hectares; but as this barrier was not strong enough to offer
resistance to powerful fish, which always found means of forcing a pas
sage, it had to be replaced by a permanent barrier or wall of clay.

More recently, a small water course, a tributary of the Penobscot
River, the Dead Brook, has been used for ¢ parking” these reproducing
fish. In this water-course an inclosure has been made by means of tw0
barriers across the stream, formed of poles, placed in such a manneras t0
keep the salmon imprisoned whilst leaving a free passage for the water
In this inclosure are placed all the live salmon which can be procnred
during the season when fishing is permitted. These salmon are bought

31t is, a8 we have seen before, also very generally employed in Germany, and is the
only method actually followed at Hiiningen. .

It should be mentioned that several practical pisciculturists have by their expeﬂ'
ments been led to identical resnlts, Mr, Seth Green one of the veterans of Americd?
piscicalture, has followed the “dry” method for & long time, the procoss of which he
has for several years kept secret. The employment of this method gave him &(.ie'
«cided advantage over other pisciculturists who followed the *“moist” method, and i
variably sustained losses by large numbers of their eggs not becoming focundated:

“From experiments made by our eminent vice-president, M. de Quatrefages, it ap”
pears that the vitality of the spermatozoa only lasts—

In the milt Of the DATDEL..nuee seseee seemen saemrs eae seamce ecne e g/ 10"

In the milt of the perch............ eeeeeeeeeeeeeceeeesmeens cmaccsseennn cun g 40/

In the milt-of the CATD .cecen ci it e iacacicccameccccactooner L

In the milt of the roach ........ e eceece eeeeeeeccceeaccscaacesecanne ans 310

In the milt Of the PiKe..eee. cecmcececonc coaocmsranccscccscs snnaneasnnnsnnns ¢ lgs
B,

The above figures, however, must be considered as maxima, which are aot alw
attained. (Memoir read at the Academy of Sciences May, 1853.)

16In Switzerland live salmon are sometimes bi‘ought in close proximity to the Pl“oea
where they were to spawn; or salmon ready to spawn have been kept ¢ parked” for &
few days 80 a8 to procure eggs or milt for artificial fecundation; but nowhere, 88 8 o
.88 wo know, have grown salmon been kept captive as long as at Bucksport for B
purpese of procuring .a sufficient number of reproducers.
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from the owners of the weirs or permanent fisheries, and are taken to

Fhe Inclosure in boats furnished with fish boxes. The depth of water

10 this « park ” varies from 70 centimeters to 5 meters. An abundance

f aquatic plants and shrubs on the banks, whose branches overhang
© 8tream, furnish ample shelter and protection from the rays of the

Sun, for even in places where the water is deepest the temperature at
® surface durin g the hot summer days ouly reaches 75 to 80 degrees
ahrenheit,

.Thl‘oughout; the whole extent of the inclosure the bottom is covered

th a thick layer of mud, so as to prevent the salmon from spawning,

Ich many of them would undoubtedly do if they found a sandy bottom.

® upper barrier islocated in a place where the stream is shallow
only 4 meters broad. A small shed, close by, holds the necessary
P’ateria] for gathering the eggs and transporting them to the incubat-
€ establishment, which is located at a distance of about 5 kilometers,
4 ben, in October, the days begin to grow cold, the instinct of repro-
Uction makes itself felt in the salmon, which begin to seek favorable
©8 for depositing theireggs. They leave the deep places where they

a've_ Spent all summer and go up the stream until they reach the upper

ATier, near the shed or pavilion above referred to. Twenty meters

Ow this barrier a solid net stretched across the stream only leavés in
ti ® middle a narrow passage, on the principle of the fish-pot, permit-

U2 the salmon to enter without difficulty, but preventing their getting
Wh again. They are thus kept prisoners within a very small space

°re they can be caught without the least trouble.

o Y are thereupon distributed, according to sex, in floating boxes,
arem Which.they are gradually taken by the operators whenever they
o Deedenq for artificial fecundation. These tish generally number five

Six hundred and are capable of furnishing five to nine million eggs.
. 1e fecundated eggs are immediately placed on wire frames and car-
me to t_he hatching establishment, where, without delay, they are im-

I8ed in the incubating troughs. At the end of sixty days they are
Yonated and may be sent to any distance.!

ls .

arg i%gs have thus been sent as far as Australin, where, at the present day, there
eral water-courses which have salinon that originated in the Penobsacot River,
sy ;;n all the eggs have been gathered, the total number is ascertained, which isan
2 000 atter, ag every incubating frame having a single layer of eggs contains about
the el;t sg you have only to count the frames. According to the total expenditure of
thig > ablishment during the current year the retail price per 10,000 eggs is fixed, and
pmpon(;e 98rves to determine the quantity of ‘eggs to be given to_ ca_ch subscriber in
p°rt10na,::: to the amount of his subscription. * In 1831 the subscription and the pro-

Quantitios of eggy were as follows: )

| Proportionate
Suabeoription.| quantities of
eggs.

Peq, -

Ta]

Rtate op 81,757 50,000

Stare of 2, 000 1, 080, 000
tate of 580 270, 000

300 162, 000
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At first, tin boxes of various sizes were employed for transportation,
but the high price of these boxes caused them to be verysoon replaced bY
boxes made of light wood, where the eggs are kept wrapped up in cloths
and moist moss, according to the method generally adopted in Europe-
For long distances a double box is used, with an intermediary and iso-
lating layer of sawdust between the two walls which protects the fish
both against heat and cold. ' _

The results of the experiments in stocking water-courses with fish by
means of eggs from the Bucksport establishment soon became evident
While the common salmon (Salmo salar) were formerly unknown in mosb
of the streams of the United States (only being found in some rivers it
Maine, the Penobscot, the Kennebec, &c.) they are, at the present days
found in many rivers and streams where they have been artificially in-
troduced. In fact they are found in nearly every water-course from the
river Denny in Eastern Maine to the Susquehanna in Maryland. The
Merrimac, the Delaware, and the Pemigewasset are particularly rich in
salmon. The same applies to the Connecticut River, where fish weigh-
ing 10 to 20 pounds are caught by hundreds and are sent to the Ne“"
York markets. Such are the results which have been attained with1®
the short space of six years.’ :

The introduction of the common salmon, however, cannot be acco™’
plished everywhere; for only in sufficiently fresh and clear water wil
there be any chance of success. The Fish Commission has, therefore
endeavored to find a species of fish which is less exacting as to the naturé
of the water; and its attention has been directed to a species of galmo?
(Salmo quinnat) found in a number of streams flowing into the Pacifi
Ocean,” and particularly abundant in California streams, notably thoe
Sacramento and McCloud Rivers. This species of fish is robust an
endowed with a remarkable power of resistance to heat, and seems
specially designed for introduction into those water-courses where the
Salmo salar could not live, either on account of the temperature of the
water or on account of its being muddy.

‘We have in a former article!® pointed out the great interest whiol
attaches to the propagation of the California salmon, and given SO“’.O
information regarding the labors of the Fish Commission to spread this,
valuable kind of fish as much as possible. We think, however, th‘f'
we must add some details calculated to give an idea of the giganmo
scale on which the labors of the Fish Cominission are carried on.

The first experiments were made in 1872, at the suggestion of Mr
Robert B. Roosevelt, Member of Congress. Mr. Livingston Stone, who

17The so-called * Celifornia salmon” is considered to be absolutely identical W ith $0°
Sacramento salmon (Salmo quinnat, Richard), one of the largest members of the salme &
fomily. The salmon canght in the S8acramento River generally weigh 20 pounds;
there are some weighing 100 pounds. The flesh of this fish is equal in quality tot
of the Salmo salar. tor

18RAVERET-WATTEL: Le saumon de Californie. Bulletin de la Société d’acclim®
tion, January, 1878,
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Wag placed in charge of these experiments, went to California during
Sf311'0<3mber of that year, thinking that he would arrive before the begin-
Ding of the spawning season, but he was too Jate, and it was only possi-
le to gather a few thousand eggs, because the California salinon spawns
Tuch earlier than the common salmon, towards the end.of August.
Mr, Stone, however, did not make his first journey entirely in vain,
83 he gathered much valuable information which enabled him to repeat
® experiment during the following year under more favorable circum-
Stances, The river McCloud was selected as the center of operations.
?is Tiver, fed by the melting snow of Mount Shasta, has plenty of very
cold water; which is not, like many other California rivers, made turbid
by the waghing of auriferous minerals. The hatching places are there-
Ore always visited by numerous salmon.
On the banks of this river, and surrounded by Indian tribes, who, if
ﬁ(’t Openly hostile, are at any rate not very kindly disposed towards the
Dt?le faces,” Mr. Livingston Stone pitched his tent, and laid the foun-
ation of g fishing and piscicultural station, whither he goes every year
01: four or five months, to gather salmon eggs, to fecundate them arti-
Clally, and to submit them to the beginning of the incubating process’
€cause only when the eggs have become embryonated can they be sent
great distances without much difficulty.

D account of the large number of fish operated upon,® and the
e(.lua'ny large number of eggs harvested (often nearly 10,000,000) these
ril erent operations represent a considerable amount of labor. A bar-

Or stretched across the river stops the salmon in their ascent, and
s:l’lnits their being captured by means of immense seines. It is neces-
clly that this barrier—a sort of palisade composed of poles placed

08¢ t0 each other—should be very solid, for the legions of salmon,
ften of enormous size, which throw themselves against it sometimes

01:06 a breach and succeed in making their escape. The labor of re-
Pairing such breaches, which of course ouglht to be done just as quickly
'i Possible, is very difficult, obliging men to stand in the wa..ter, some-
smes up to their neck ; and this water, produced by the melting snow,
lways very cold, even in summer resembling ice-water.
als Or the purpose of storing the captured fish, a “park” or corral has
of © been constructed here, by means of a row of pal.xsades in the bed

the river, ¥rom this “corral”, containing the direct products of
Wl?‘ ﬁsheries, the men in charge of the fecundation, draw the salmon
_ich they need. But it is no easy matter to free these fish from their
ofl;\]'?uh; °P°ﬂlnpmont has been called Baird, in bonor of the distinguished Commissioner
€ries,

20
but Til;" eggs and milt which are harvested are all furnished by 5,000 or 6,000 salmon ;

‘ ti order to procure that number of fish ready to spawn immediately, forty or
from 711:)&; asmany have to be caught. It isnot a rare ocourrence at Camp Bz?ird, that
bﬁngs’n to 0,000 salmon are caught a duy; for a single haul of the seine often
on) P 1,200 to 1,400; but it Jikewise often happens that, among several thousand,

& few hundred are able to furnish spawn immediately.

i
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eggs or their milt; for they nearly all weigh from 15 to 20 pounds (often
more) and are not easily managed. A veritable struggle with the fish
has to be gone through; g struggle all the more fatiguing, as the back
has to be bent in order to be able to gather the spawn.?! Frequently
the men have their hands lacerated by the rays of the fins or by the
hard teeth of the male fish, which inflict painful and slow-healing
wounds. .

It should, moreover, be remembered that this operation has frequently
to be carried on during the night, when the air is quite cool; for in this
mountainous region the nights are, during the summer season, as cold
as the days are hot. The station men who have often, during day time,
to do hard work in a broiling sun, at a temperature of 54°.C., are fre-
quently at night while engaged in fishing or in artificial fecundation
subjected to a cold air of +11° C., and, moreover, with their clothes con-

- stantly soaked in ice-water. Very few of them escape the consequences
of such fatigues and exposure to a rapidly changing temperature; and
this generally shows itself even during the first week by attacks of
fever and rheumatic pains. Only men possessed of very strong consti:
tutions can stand this work and carry it on without interruption.

"~ In spite of all these difficulties the number of eggs gathered and
fecundated every day generally exceeds 300,000, and often goes as high
as 800,000 or 900,000. The gathering, that is the spawning, commences
generally about the 20th of August, and comes to a close about the 15tk
or 18th of September. - )

The incubating process takes place in wooden tronghs arranged p8r
allel to each other on a scaffolding about breast high, and sheltered
by a vast tent 20 meters long and 10 meters broad. These troughs, t0
the number of ten, are grouped two by two, leaving sufficient spac®
between them to allow the watchful care and the manipulations which
the eggs require. Each large trough is formed of three smaller ones
five meters long, placed end to end, with a difference of level of a fef"
centimeters, to give fall to the water which is necessary to keep it _
fresh. In spite of the rapidity of the current and a sufficient quantity
of water, the eggs at the end of the troughs are sometimes exposed to
a lack of oxygen, the water having yielded to the eggs higher up the

greater portion of the air which it contained.?? -

31 Bnt as the object is not to keep the fish, and as it consequently does not matter
even if thefish are a little hurt, skillful operators often manipulate only small salmo?:
They hold the head of the fish tightly between their knees, hold the tail in the left
hand, and with the right extract the oggs or the milt. Large fish often require two
or three men to manage them., The salmon which have thus been operated upon ar
abandoned to the Indians of the neighborhood, whose friendship and even aid in
difficult work is thus gained, at least to a certain point.

22Mr. Livingston Stone states that, especially towards the last period of the embry”
onic evolution, the eggs need plenty of oxygen in the water.. At the beginning of
batching process, the eggs may, without any detriment, be heaped up in the &PP,":
ratus and exposed to a feeble current; but from the time the embryo becomes dis
tinctly visible, great care should be taken to spread the eggs on the frames, and
make the current as rapid as possible. '
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In each trough the eggs are arranged on wire frames fixed in an in-
€tnious manner (the Williamson apparatus) which we shall describe
below. This method economizes much space (which is particularly
useful when large quantities of eggs are to be operated on). and thor-
oughly agrates the water by keeping it constantly in motion.

Long boards, forming covers, should be placed over the troughs ; for
the light which, by daytime, penetrates the canvas of the tent would.
be sufficient to destroy the eggs. '

" The water which feeds these hatching troughs comes from the river.
It is raised t8 a height of 3 meters and led into the apparatus by means
of a hydraulic wheel, supported by two boats in the middle of the river,
and furnished at its circumference with large buckets which at each
revolution pour their contents into 8 wooden aqueduct raised on poles.

hig wheel, placed in the midst of the rapids, is thus driven by a very
Strong current, and is sufficient to raise and supply the apparatus with
bout 300,000 liters of water per hour.

_ The water of the river McCloud, which is almost always limpid dur-
Ing the fine season of the year, becomes generally turbid during the
sD*“Vning; geason of the salmon, as these fish root in the sand to make
thejr nests. In order to serve for the incubating process, this water
Tougt be considerably filtered. The filter used consists of three wooden

OXes, the one of which, larger than the others, forms a first receptacle.

he water flows through it, first through a vertical wall of coarse cloth
or canvas, doubled, and firmly extended on a frame, and afterwards
rough four similar walls of flannel or some woolen fabric; each wall
Presentin g afiltering surface of 1 square meter. Inthe two other boxes

1 flows through a triple canvas and seven flannel filters.

As the temperature of the water in the hatching troughs averages

<10 14 degrees C., the eggs are generally embryonated at the end of

S}Xteen days; when they have reached that degree of development de-
is:’red for their transportation, they are packed in damp 1.noss‘ an.d plac-ed
VOIb’OXGS measuring G0 by 15 centimeters. This packing in itself in-
\'01‘ €8 considerable work, considering that 10,000,000 egg s repr.esent; a
m ume of about a hundred decaliters. More than 200 decaliters of

088 are required for packing these eggs in an almost equal number of
UOXeS, which are packed two by two in hay in open Cases, ha\:ing an
jol:lper compartment destined for the ice which i8 supplied dunpg ?he
in :ﬁey « The whole thus packed makes a hundred packaggs, weighing

on more than 20 tons. On account of the heat the packing must be

© Very rapidly, and requires a great degree of activity.

orwt last everything is ready, and nothing remains to be done but to
to sha:rd the packages to their destination. They are (care being ta._lfen
metedke themn as little as possible) by & rather. rough road of 3b kilo-

inesrs' t}aken to Redding, Cal., the nearest station on one of the branch

6c O'f that gigantic pailroad (the Central Pacific Railroad) which unites

o lg“‘sts of the Pacific and Atlantic, climbing the solitary heights of

ocky Mountains and crossing the immense prairies of the “Far
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West.,” After a journey of almost 4,600 miles the egpgs arrive in the
Eastern States, where they are distributed in accordance with the
demands made by the various State commissions. Those destined
for Europe are sent to New York, where, under the care of Mr, Fred.
Mather, assistant of the U. 8. Fish Comunission, they receive, before
being shipped, a new, special packing according to the method invented
by that skillful pisciculturist. They are placed in thin layers on a sort
of rectangular tray formed of light wooden frames, over which a kind of
cotton fabric is extended. These frames are thick enough to allow of 2
number of them being placed one above the other without erushing or
pressing the eggs. A solid box incloses the whole, leaving at the top,
and sometimes also at the sides, an empty space sufficiently large to
bold the ice needed for keeping the temperature low and retarding the
embryonic evolution. Thanks to this ingenious arrangement, and by
taking the precaution to have the ice renewed as soon as it is melted,
eggs could safely be sent longer distances than across the Atlantic.

In spite of the very large and constantly increasing number of eggs .
annually distributed, this number is still insuflicient to supply the
steadily increasing dewmand for them, which is caused by a growing rec-
ognition of the merits of the California salmon.?

Of all the salmonoids this one is certainly best adapted to artificial
propagation. When properly packed and kept at a sufficiently low
temperature, eggs may be transported with hardly any loss. Thelossin
the hatching apparatus during the period of incubation is generally very
small. As regards the young fish they are exccedingly vigorous and
grow rapidly, and the mortality which takes off so many young fish of

- other kinds is bardly noticed among them. Every one who has raised
them has been struck with the robustness and vigor of these young tishy
and particularly with their excellent appetite, all of which are very
favorable symptoms in young fish. When grown these fish easily adapt
themselves to the most varied conditions of life.- They ascend the Sac-
ramento when the waters of this river have become muddy from fre-
quent rains and the washing of minerals. In July and August they
enter the San Joaquin River in large numbers, and ascend that strea®
a distance of 150 kilometers, thus traversing the hottest valley in Cali-
fornia, where the temperature of the air, rarely lower than 26° Q. at
noon, often rises to 40° C. The temperature of the water of the river
varies from 28° C. at the surface to 27° C. at the bottom. Leavipg
the hot and turbid waters of the San Joaquin, these fish full of vigof
will enter, for the purpose of spawning, the tributaries of that river, the
Merced, the Stanislaus, &c., which are principally fed by the melting
snow among the mountains.

4‘,/00/0'

©The total number of oggs gathered and distributed up to date is abont £0,000,
In order not to exhaust the McCloud River by thus constantly drawing upon
products of its spawning places, the establishment annually hatches from 1,000,
to 1,500,000 eggs to supply the river with young fish, which is therefore always o
of salmon, though possibly not to the same degree as in former times.
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Tojudge from the nature of the waters which are continually inhabited
by the California salmon, it seemns certain that these fish could be sac-
cessfully introduced in a large number of water-courses. In the United
States these salmon seem to spread very successfully in the Eastern
Stafes, where fow rivers have as turbid waters as the Sacramento, or as
hot water as the San Joaquin. Farthermore, the long journeys annu-
ally undertaken by the California salmon, the strength and energy ex-
hibited by these fish during their migrations in the waters of the Sacra-
Wento and McCloud Rivers, all prove that no other kind of fish equals
them in the capacity of ascending the rivers for a considerable distance
from the sea for the purpose of spawning.

The Shoshone Falls on the Snake River, one of the tributaries of the

olumbia River, is the point where the salmon stop and where large
Dumbers of them spawn; and these falls are more than 700 miles from
the gea. It does not seem impossible, therefore, that the California sal-
Mon might Jive and flourish in the Mississippi, the tributaries of which
Tiver would afford spawning-places at a shorter distance from the ocean.

8 for waters of the Gulf of Mexico, where its annual migrations would

ke this fish, they are not any hotter at a cerfain distance from the mouth
of the Mississippi than the waters of the sea along the coasts of New

ngland. These considerations have induced the Fish Commission to
Wake vigorous efforts to propagate the California salmon in the South-
er“_ States, where a special establishment will soon be created for the
8rtificial propagation of these fish. '

o far this salmon has been introduced into a large number of water-
%urses; and also into several lakes having no communication with the
Sea, where they have nevertheless begun to increase. It will hardly be
necessal‘y to point out the great importance of acquiring for our own
Waters g species of fish 50 remarkable and valuable in every respect. .
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