VI.—ON THE FISH-CULTURAL ESTABLISHMENTS OF CENTRAL
EUROPE.*

By Dr. EuGEN1o BETTONI AND Dr. Drcio VINCIGUERRA.

A.—NOTES ON FISILCULTURAL ESTABLISHMENTS VISITED
BY DR. BETTONL

List of the establishments visited.

Location of cstablishment. Chnructm;nggt‘ostabhsh Numo of diroctor. f:X;l:(ml
Switzerland :
Zarick, Canton of Zurich .. Dr. ABPOT «ecevevrancas 1882
Dachson, Cunton of Zurich .. Mnomlﬁ and Dr. Aspor. 1876
a Neubausen, Canton of Schaffha Mosor-Ott cocenceeonan- 1877
nsl'lnl}_ny; .
Hiiningen, Al8RCO we.coennrnanet - Governmental ...coeienn H. Haack 1854
Solzenhot, Badon.... | Ownor, Mr. Schustor......| C. Sohuster. 1872
Radolfszell, Budon .. Jeoenss 0 vnuve.nns aeeecees-) Dietrich .. 1877
b‘cuwxoﬂo. Bavaria... C"Ownor, Mr. Zenk. ........| M. Hartm 1881
Cosmaudorf, Bavaria. . ....| Owner, Mr, Mittag........ Mittug. 1880
Wilthen, SaXONY.ceeeneaneeanaeenss The Catholic Church at | Teubuer. 1880
e Bautzon.
Libbinchon, Prussis..ceeeccenreee-. Owner, Mr. Eckardt......| R. Eekardt coceeeeanees 1808
Bo:nwuchcn‘ Prussia.. ....| Ownor, M.v.d.Born .| Max von dem Burno... 1877
. Michaclstein, Brunswick .-....... Governpmontal ...oceeuennt WEEONCT ceeevennannncs 1881
Notherlands:
Volp ..| Joint stock company ..... BontJos ccoeernnnaaneces 1871
Apoldoorn ... . O‘i'lnor. Mr. Nordoek- | Nordook-Hogt ......... 1880
ogt.

I.—SALMON AND TROUT OULTURE.

The water in gencral.—In consulting various treatises on the subject
I have found that, in founding a fish-cultural establishment, it is nec-
essary to take into account the origin of the water to be employed, so
that it may be used for that branch of fish-culture to which it is best
adapted. In fact the water of springs, brooks, and rivers may all be
(_"lflploycd in the incubation and raising of salmonoids, provided, of

* Sugli Stabilimenti di Piscicoltura visilati allcslero dal Novembro, 1384, all dprile,
1885.” Y'rom Annali di Agricoltura, Romo, 1885, Translated from the Italian by
HERMAN JACOBSON.
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course, that it meets all the necessary requirements of purity, nutritive
substances, sufficient aeration, and suitable temperature.

Spring water, which does not contain mineral substances, is to be
specially recommended for hatching, provided it is not so warm as to
exceed 100 C. (500 Fahr.[; as owing to its even temperature it appears
cool in summer and warm in winter. '

On the other hand, brook water commends itself, because gencrally
it is easy to obtain, and contains a good deal of air, in which Jatter
respect it is excelled by river water, which is well adapted to the pur-
pose, if it does not carry too much mud. In northern countries, how-
ever, this water is apt to {reeze.

In view of the above it will not secin strange that the first request
which T made of the dircctors of the establishments visited by mo was
to inform meo in relation to the quality of the water employed by them.
I have below tabulated their statements regarding the quality and tem-
perature of the water employed in their hatcheries.

Lstablishments in which only spring waler is used, whick rises in close proximity to the
hatching chambers.

Temporature,

Numbor of springs and their course. e

|
|
Establishmonts. i
’ In winter. | In summer.
|
|

Dachaon ..o ... ‘T'wo springs, closo to the batching chambor..| 8

Noubusen ................. Ono spring, ata distanco of about. 500 feot | 9 48 1 10 50
from tho hatehing chamber, and led to it by
undorground pipes.

Tistablishments in which spring waler, brook water, or river water, cither cach by itself or
mired, is used,

°C, of. {eC, oF,
IHiiningen oo iiienaoooo. Several gpringa which viso in tho oxtrome | 10 50 10 50
southwest of tho territory ocoupied by tho
establishment; n portion of their water
being led to the hatcheries throngh pipvs,
R;z).nso feeg‘l,cmf. .
ine wator from a canal connpecting the | Varying. Varylng,
Rhono and tho Rhine, led iuto\.homcl(ium, VI ‘) 1A
and brought into the hatching houscs by
means of turbines. .
Selzonhof . ..ol A apring at a short &stance.................. 8 46 | 12.5 55
Wator from & hrook which rises at the dis- [2. 5-8 37-40 12-15 54-60
tanco of half an hour.

S0ewiosn...e... ... ...ueen.| Soveral aprings rising within thoe inclosure | 8 48 | 81 40?
of tho establishment,
Water from the brook called Fischbach," s [.cooe veeeiilienueonn....
tributary of tho river Saale. ’
A mixturoe of the two waters................. 1 52 | 11 52

*In tho official report, ** Notice listorique &ur UBtablissement de Tuningue,” Strasburg, 1802, it ia
M.n.tcd that tho temperature of the springs is oven, but during the winter 1884-'85 very noticeable var-
intions of tomperaturo wero obsorvod. “Lho only mention mado of such variations in aaid roport ia
that of 1856, during tho wintor of which year the temperaturo fehl to zero,
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Lstablishments supplied from springs led to tho hatching house through long open courses,
or threugh ponds and canals.

oC. ©F. [oC. OF.
Wilthen «.vvvveemceeiccnaenns A spring tising at tho distanco of ono kilo- | 0-2 32-36 | High.
meter (about 1094 yards], ted inton basin,
. und thonco to the hatehing chamber.
Liibbinchon ..o..ccvevenn.nn. Threo springs, ono of which rises closo to the | 9-10 32-50 | 20-25 68~77
villago, and tho others at ndistanco of ono
kitomeoter, whoso waters, aftor being united,
uvo, through u conal of 850 foot, led into &
pond, whonco through another canal of half
& kilomoter they aro led into tho hatching
, chambera.
Michaolstoin...ooeveeesvanens Diatant springs furnish water to somo ponds, | 0-0.5 32-33f High.
from ono of which the watet is led to the
hatching chamber,
VOlD.eaueeeeaeennnennneeneens| A spring nt ndistance of three-quartersof an | 0-1  32-34) 20 68
hour; the water is led through open cannls .
to a small pond in view of the cstablish.

ment.
ADOlAOOTI vaveverrinnrenennns 1t in doubtfal whothor the water comes from | 2-3  36-37[ 11 52
a spring, as its guantity is truly oxceptional
(10,000 cubic moters {about 350,000 cu. fout]
por day) ; it comes a distanco of three kilo-
meters [nearly 2miles] in open cannls.

Establishments which use other-water.

: oC. OF. {°C. OF,
Radolfazell ceevureenesrnacnns Drinking waterof the country ..........c.... 1 3

\ 4 ( 10 60

A TSt s Dfirll{king water of the city, drawn from tho | 4 39 [ 21.67 TI%
ako.

Cosmandorf....... Mill canals coming from tho river Rothe..... 1. 5-8 35-46; 10 66

Borneuchen....... .| Mill canals coming from the viver Mietzel...| 0-3  82-37} 25 ki

Temperature of the water favorable to hatching.—Itis at present almost
impossible to say which of the various temperatures under the influence
of which the hatching process is accomplished is absolutely preferable ;
but in general it may be stated that, in the cold of winter, & tempera-
ture which does not rise much above 10° C. [50° F.] is favorable for sal-
monoids ; nevertheless there are facts to show that salmonoids have
been snccessfully hatehed both at a much lower and at a much higher
temperature (at Torbole in water of 11°C. [51.8° I.], and at Garda in
water of 140C. [37.2°F.)). But it is certain that the development of
the embryo succeeds better if the hatching water has an even tempera-
ture than if it exceeds certain limits of heat or cold; and this condition
is more generally found in spring water than in other water. Itshould
be understood, however, that favorable conditions of temperature may
also be found in other than spring water; and if these conditions do not
exist, we have seen fish-culturists endeavor to obtain them by mixing
waters of different origin, as is done or can be done at Hiiningen, Selz-
enhof, and Seewiese; or by having recourse to a stove, which in several
Places I have seen in the hatching rooms, as an indispensable article of
furniture. The objection might Do raised that the mixing of spring
water with other water, or the substitution of other water, the placing
of the hatching chambers in the ground, as is done in some northern
countries, and the stoves, havé no other object than to ward oftf' the
dangers of freezing; but wo may be allowed to suspect that practice
employs all these meuns in order to obtain or to approximate that even-
ness of temperature which otherwise could not be obtained.
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As it is necessary, therefore, to know whether sudden changes of
temperature during the hatehing period can be averted and whether
they are hurtful, and to find out what are the final consequences of ae-
celerated and of retarded hatching® on the life of the young fish which
have been hatched from eggs treated in different ways, it follows that
fish-eulture is, strictly speaking, experimental. The answers of theoret-
ical fish-culture on these points cannot be entirely evasive and categor-
ical. Meanwhile, however, by carefully interpreting all that practice
teaches, and by applying physiological analogies, we find that the
changes from arelatively high to a relatively low temperature are to be
feared, while there is not so much danger in changes from a low to a
high temperature, because if there is a certain given degree of warmth
care can be taken to maintain it.

Fish-culturists distrust hatching at a relatively high temperature, not
because they think that it may unfavorably affect the development of
the embryo, but because, as Max von dem Borne states, the young fish
which have been hatched before their proper time are in need of food
earlier than they would have been otherwise, and nature, still wrapped
in its winter sleep, may not yet be able to furnish the food.

Hermann Haack also verbally stated the same, relative to hatching
accelerated by comparatively too hot water, as, in his opinion, the young
fish hatched too scon and placed in a lake immediately after the ab-
sorption of the umbilical sac, wounld miss the food furnished by the eggs
of insects which can not be obtained until mild weather setsin. Inview
of this circumstance, he is inclined to prefer slow hatching in river
water, which is generally colder in spring than spring water, or in brook
water coming from springs, which, however, during a long course has
had time to lose some of its original warmth., It appears to me, how-

. ever, that Mr. Haack’s suggestion does not yet furnish a complete
remedy, Heo proposes to plant the young fish later, which may become
possible by feeding them for some time artificially in the same water in
which they have been hatched.

But is it really trne that young fish placed in a lake too early must
necessarily die? Tigh, like most other animals having blood of a
variable temperature, can, as is well known, remain without food for a
long time; bat we desire to know, as regards salmonoids, and for pur-
poses of fish-culture, which are the extremo limits of the period of fast-
ing which the young fish can reach, and whother this will not more or
less exercise an influence on their bodily development, on their health,
and on the condition of their offspring. And this is a question which
can ouly be solved by experimenting.

Filtration of the waler—It is well known that water conducted in
open canals through a country covered with vegetation ecarries with it
leaves and other vegetable matter, which has either fallen into it or

* According to Ainsworth's observations the duration of hatching varies with the
salmon from 1 to 4, at a temporature varying from 2.5° to 12.5° C. [36.5° to 54.5° F.].
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which has been brought there by winds and ghowers ; it is therefore a
common practice to keep these objects out of the water by means of
gratings and chains, or similar contrivances, oven in cases where the
water is not to be used for such delicate objects as the hatching of fish.
But water invariably contains other particles, principally belonging to
the mineral kingdom, which remain floating, as their weight is very
light, and which are sometimes 8o diminutive that they can not be dis-
cerned with the naked eye, the water being to all appearances per-
fectly clear; and it is these particles which, if allowed to remain in the
water for any length of time, cover any objects submerged in it with a
sediment.

The best authors on the subject of fish-culture state that this sedi-
went is injurious to the eggs of fish. Max von dem Borne does not
hesitate to say that, next to mold, this sediment is the most dan-
gerous enemy of fish ; and Benecke, not satisfied to call attention to the
dangers of this sediment, accurately describes the means by which it
can be removed, and states that even the clearest water will always
contain some of it.* Hence filters are used, which I do not deem it
necessary to describe here, as they are well known, and have been de-
scribed in many treatises on the subject, the object of which filters
being to remove by mechanical means many of the small impurities,
sediment, and diminutive animals. Prof. P. Pavesi also attributes the
mortality which several times made sad ravages in the hatching-houses
of the fish-cultural establishment of Torbole to the lack of filtration.t

The theoretical knowledge which I possessed, and the practical knowl-
edge derived from experiments made at Torbole and Garda, caused mo
to start on my trip to foreign countries with the firm expectation that
I would find filters universally adopted. But my surprise was great to
find their use not near so general as I had supposed, and that they
were entirely wanting even in establishments where the quantity of
sediment had for a long time formed the cause of serious complaints,
as, for instance, at Hiiningen. In consulting the historical notice of
this establishment I found that the turbid character of the water of the
Rhine was deplored, and the wish expressed (in 1862) that filtering ap-
paratus might be introduced, which was entirely wanting ; and that
then, as now, the water from some neighboring ponds was used for the
hatcheries, because the Rhine water contained so much sediment.

) In only five of the fourteen fish-cultural establishments which I vis-
ited did I see filtration properly practiced, namely, at Seewiese, Ber-
Il.euchen, Wilthen, Michaelstein, and Velp, and a rudimentary filtra-
Flon at Dachsen and Selzenhof. At Zurich the water of the lake is led
into reservoirs for public use, and is sufficiently filtered for that pur-

*B. Bonecko: Fische, Fischerei und Fischzucht in Oat- und est-Dreussen, Konigss
borg, 1881, p. 459.
1P. Pavesi; Esposizions Jnternazionale di pescy a Berlino, Romo, 1882, p. 105.
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pose; but the process of filtering should be repeated near the fish-cult-
ural establishment. '

‘Mr. Haack justifies the absence of filtering apparatus by saying that
practice has shown the sediment to Le harmless, and I can state from
personal observation that fish eggs have been successfully hatched at
Hiiningen even in hatehing-boxes and in California apparatus, supplied
with water directly from ditches without any grating at the entrance.

At Max von dem Borne’s establishment I saw in operation the filter
with several chambers, terminating with the so-called American filter
(of flannel), but in answer to my inquiries he stated that for filtration
there wight be substituted the washing of the eggs Ly letting water fall
on them from a certain height from the pierced spout of a simple water-
ing-can. This proves at any rate that this eminent fish-culturist has
not abandoned the idea above referred to, that the sediment is hurtful,
as long as he tries to remove it in some way or other. .

Those who maintain that filtration is useless can not say that they
follow the example of nature, because if it is true that the trout cover
the eggs which they lay in brooks, they do it with small stones and not
with mud; and the sediment cannot adhere to the eggs, because they
are continually kept floating by little currents passing through tho
crevices between these stones.

1 am not able to explain the difference of opinion in this respectamong
such competent persons; but I have no doubt that in every case the
opinion is based on experience drawn from the peculiar practice pre-
vailing in the different localities. It is generally agreed that if the
quantity of the sediment exceeds certain limits it becomes hurtful to
the oggs, preventing free respiration. But as regards allowing a small
quantity of sediment, people should be guided by its quality, which in
one place way be such as to render its removal necessary, while in
others it may be left without running any risk.

Of whatever description the filtering apparatus may be, the filtering
should be done through thick or relatively indestruetible matter, sand,
or fine gravel, alternating with layers of charcoal, sponges, &c. Lven
then it may not be entirely efficacious in direetly preventing the devel-
opment of the minute spores, which are among the most dangerous en-
emies of pisciculture. But if sediments of a mineral nature are com-
bined with organic matter, which may sometimes happen (although the
combination may greatly vary in its character), I think a mechanical
process of filtration may indirectly be successful by keeping the para-
sites away, or at least diminish their spreading, since only organic mat-
ter contains the conditions favorable to their growth. There is no
doubt, however, that the antiseptic property of coal, which is largely
employed as a means of filtration, is lost atter a short time, so that atter
a certain time the filters will only act in a mechanical way. TFor this
reason I would like to know whether any experiments have been made
in piscicultute with filtration by «carferal” (carferal, or iron sponge,
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is a compound of aluminium, iron, and carbon, the preparation of which
is kept a secret: it is used largely in the DBritish navy), which, cven
after having served for a long time, will not leave in the water which
passes through it any traces of ammonia or any spores, which does not
happen when charcoal is employed. In my opinion the use of carferal
for filtering the water to be employed in hatching fish eggs would at
least keep away the mold; and perhaps it would be possible to use
water containing a large quantity of organic substance of another na-
ture.

To reach a conclusion in this matter I should say that under certain
circumstances filtration may be unnecessary, especially if the sediment
is so light that it remains floating in the water; but it will be neces-
sary, it the sediment forms deposits on any bodies submerged in the
water, or if, owing to its peculiar nature, it possesses injurious qualities.
But filtration may be recommended under all circumstances, if for no
other reason, because one would rather see the eggs clean, and also be-

cause inspection would become easier. ‘ )
© Aeration of the water.—A defect which is sowmetimes found in spring
water, especially if it flows into the hatching-box after having for some
time passed through closed canals, is the scarcity of air, which is not
the case in brook or river water which has for a long distance passed
through the open air, and which througl its constant contact with it
has retained a large supply of this vivifying agent.

Some fish-culturists, as, for instance, Mr. Schuster, consider the aera-
tion of the water of such importance as to favor it and to'increase it
artificially, when there does not seem to be a-sufficient quantity of air
in the water. I cannot but think that artificial deration of the water
is absolutely necessary in cases where the air is lacking, and is & laud-
able precaution when such lack of air is suspected, though there may
be no means of proving it, and superfluous when water is used which
contains a superabundance of air; but under no circumstances will
aeration prove hurtful. Moreover, the different kinds of apparatus
used for artificially aerating water are so simple and so little expensive
that economical reasons should never prevent people from using them.

I am sorry that I have lost the desigﬁ of the air-injector of Mr,
Sehuster which I saw in position at the mouth of the outflow of the
- water into the hatebing troughs, but I will give a description of the
principle on which it is based. It simply consists of two concentric
metal vessels, into the lower one of which the water flows from the
other through holes in the bottom. The water in forcing itself through
these holes produces air, which enters at the upper part of the central
tube and mingles with the water. o

At Neuhausen the water destined for hatching is aerated by means of
pipes which carry it underneath the hatching-house. Theso pipes are
placed near the surface of the water i distributing canals, and ave of

Sy Mis, 90wm-ild
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such a diameter that the water rising ubove the outer edge does not
completely fill them.

Tho water descends like a long veil along the inside of the pipe, pro-
ducing a strong current of air, which rushes down with the water. I
do not think that these pipes are constructed for the express purpose
of acting as air-injectors; but, howsoever this may be, it is none the less
true that they serve this purpose in & very efficacious manner.

i

Iig.7.

The manner in which the water enters the individual hatching-boxes
may also be a means of introducing airinto the water. I refer particu-
larly to the practice wlhich I observed in the establishment of Neuhausen
and also in that of Dachsen. In the Neuhausen establishment the
water, which from the general distributing reservoir is made to gush
through a pipo at same height above two troughs, first enters a square
box, wlence it descends along the short sides like a waterfall, as shown
in Fig. 1

At Dachsen the water flows through stop-cocks into common terra-
cotta flower-pots, the bottom hole of which is purposely somewhat en-
larged. The pot rests on a piece of metal sheet, on which are placed a
number of small pebbles. As the distance between the mouth of the
stop-cock and the pebbles in the flower-pot is sufficient to allow the
stream of water to spread out somewhat, and to break itself on the peb-
bles with a certain force, the water comes in («Oust‘mt contact with the
air, as shown in Ilig, 2,
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I must also state that the water may receive sowme air in the open
canals through which it is led into the hatching-houses at Hiiningen,
Selzenhof, Neuhausen, Dachsen, Zurich, Berneuchen, Michaelstein, Velp,
and Apeldoorn. This small quantity of air is,however, cutirely lacking
at Cosmandorf, Wilthen,and Seewiese, where the distributing canals are
entirely closed. This remark should not be misunderstood, since tho
objeet in view may be fully attained, as the water contains a sufficient
quantity of air, cither owing to the fact that it is either river or spring
water, or by flowing open for a considerable distance after it has left
the spring. '

Hatching apparatus.—~Tho character of the hatching apparatus which
I saw in operation to some extent partakes of the nature of the period
in which the establishments to which they belong were founded ; but
_ they also reflect the special views and the degree of technical cducation
of their directors.

It is certain that among the very large number of models of hatching
apparatus which 1 have seen there is not ono which could be said to
answer the purpose better than the others; but if we take into consid-
eration the requisites which they m ust possess, it will easily bo under-
stood that these requisites may be obtained in many difterent ways, and
by different means. TFor the sake of clearness 1 will enumerate the
principal requisites which the batching apparatus must possess, as fol-
lows:

1. They wust furnish a suitable, continuous, regular, and uniform
supply of aerated water, :
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2. They should economize space as much as is compatible with the
proper performance of the hatching operation and with the least possi-
ble hinderance to the renewal of the water.

3. They should be constructed of impervious, durable, and clean ma-
terials.

4. They should Le placed in such a manner as to facilitate the opera-
tions which should be carried on daring the hatching process, especially
the separation of the spoiled eggs from the healthy ones.

According to their typical character I may classify the hatching ap-
paratus which I have seen in operation as follows: .

1. Coste’s system: (1) Stairs of troughs; (2) hatching tables; (3) sub-
terranean canals.

2. Simple troughs: (1) Troughs of carbonized wood; (2) troughs of
cement or zinc. ,

3. Hatching tables: (1) Williamson tables; (2) Zenk tables.

4. Holton’s system : Holton hatching apparatus.

5. California troughs: (1) Eckardt troughs; (2) California boxes;
(3) funnel-shaped troughs; (4) automatic selectors.

6. Ice boxes: The Haack box. .

The defects of the Coste troughs are well known, and have been
clearly shown as fish-culture has further advanced. It is, therefore,
pnot astonishing that they have been everywhere abandoned, even at
Hiiningen, where the present director of the establishment does not use
them at all. I saw a Coste stairway in white enameled clay at Neu-
hausen, but it was not in use. Hatching tables (Coste’s system) I saw,
however, at Hiiningen, where they are still used, and form part of the
material which the imperial German Government acquired with the
establishment. These tables are about & meter long, with a somewhat
deep edge, and are placed on an incline; the first receives the water
direct from a spout in the short side of the table. A perforated parti-
tion of zinc plate, running parallel with the lower edge, lets the water
pass, which then tlows from this edge through small leaden pipes upon
the table placed below. Some of these pipes are kept closed with a
stopper, while others are left entirely open, so as to maintain the desired
level. The large compartment (lined on the inside with zinc) is placed
between the edge aund the partition running parallel with the lower
edge, and is destined for the eggs, which are placed on a soft bed sup-
ported by the well-known network of glass stems, for which, in some
cases, a more economical construction of metal wire is substituted.

Similar to the Coste tables are the large troughs in cement, placed on
an incline, which fill the large hatching-hall of the Velp establishment,
They are placed in a row of five double compartments having a dom-
mon edge, and leading to a compartment whick is double the size of the
others, and which is the last of the row, Some troughs intended for
hatching are 86 centimeters [about 84 inches] broad and 2 meters [about
79 inches] long, Here likewise the eggs aye plased on Qoate frames,
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many of which are set in terra-cotta, and have, in place of the glass
heams, beams of chalk. Ju these tables the water flows over the eggs
more easily, and does not flow among thewm ; the aeration, however, is
not and can not be so defective as in the Coste stairway, since the water
flowing through pipes from the front edge on to the table below rushes
down upon it, and rises again a little, and in every compartment spreads
advantageously over a large surface. But it is certain that the renewal
of the water must form the proper test, whether apparatus can, in the
establishmeyt which possesses it, be used to advantage or not. The
Coste tables at JTiiningen show, by their state of preservation and by
their dimensions, that they are not so expensive as those found at Velp.

The spring water at Hiiningen is in part made to flow through canals
of cemented brick-work which are laid in the ground under the hatch-
ing hall. They may be compared to veritable brooks, while by their
bottom, arranged in long steps ending in perforated cross partitions,
they resemble the Coste tables. :

This system of subterranean canals has one great inconvenience, as it
compels the person who places the frames for the eggs in position, or
who has anything to do about them, to work kneeling on the pavement.
This inconvenience is not found in the hatching tables at Hiiningen and
at Velp,as they are placed at a convenient height. The simplest appa-
ratus, however, is the large wooden troughs which I saw at Neuhausen
and Dachsen. The first of these were constructed according to two
identical models, but differing in size. Two and two are placed length-
Wise by the side of each other; their edges are about 20 centimeters
(8 inches] high; their shape is that of a parallelopiped; they have a par-
tition 25 centimeters from the short edge, opposite to which the water
enters if their length is 2.68 meters aud their breadth 43 centimeters [106 -
by 17 inches]; and at a distance of 8 centimeters, if their total lengthis
68 centimeters and their breadth only 22 centimeters [27 by 9 inches.)
The eggs are spread on frames of iron and wire, the water, which is kept
at a height of 8 centimeters, flows into the space between the partition
and the outer edgo through closéd pipes, at the end of which there is a
metal grating. ‘ :

The Dachsen troughs resemble those which Ihave just described, bat
bere the eggs are placed on a layer of very fine gravel 2 centieters
[$ inch) high, above which there aro 3 centimeters of water. This sys-
tem of hatching in wooden troughs, the eggs being placed on very fine
gravel, is practiced a good deal in America ; and I have also seen it em-
ployed at Zurich, but the same result is said to be obtained by placing
the eggs on the carbonized bottom of the trough, or on frames of metal
wire, of switches, or glass reeds. I would, however, observo in this con-
hection that, the general conditions of hatching being the same, which
it seems to me is hard to prove, the frames represent an expensive but
durable material, and the gravel a comparatively small expense, all the
work required being to get it all of a suitable size, and to wash it in a
dilution of mineral acids before using it. If, therefore, it was not more
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to the purpose to keep the eggs on frames, it would be the most eco-
nomical way to place them directly on the bottom of the boxes.

At Radolfszell, likewise, there are some wooden troughs constructed
in this simple and primitive plan. I saw at Mr. Schyster’s establish-
ment, at Selzenhof, similar troughs, but constructed in cement, and
therefore of more solid material, more durable, and neater in their ap-
pearance. Their length varies from 4.8 to 3 meters [16 to 10 feet]. As
they have a partition of wire in the usual place, with the well-known
canal which carries the water to the pavement, they do not need any
special description, I will only state that those which are placed in the
room to the right of the entrance have anexcavation immediately under-
neath the place where the water rushes out for the purpose of regulating
its movement and preventing it from springing up with too great force.

A portion of the very large hatching-room at Apeldoorn contains
trougbs in cement, placed in pairs., ISach trough is supplied with water
from a separate spout, and therefore there is not the least trouble to
keep the water acrated. Some of the troughs are of wood, but it is in-
tended to substitute for them, at no distant time, troughs made of the
material referred to above.

The hatching-tables according to the Williamson system are well
known and have often been described. They have the advantage of
causing the current of water to pass below the frames containing the
eggs, these frames being, in order to economize space, placed in this
hatching apparatus one above the other. I have scen these tables at
Radolfszell and Michaelstein. In the last-mentioned establishment they
are placed over cemented tanks, which serve for fish, and are used only
in case of necessity. )

The Zenk tables, which are an invention of the owner of the Seewiese
establishment, Mr. I'rederick Zenk, although not in every respect like
the Williamson hatching apparatus, still resemble it somewhat. Thoy
aretroughs 2 meters long and 60°=broad [63 by 2 feet), made of pine wood,
tarred on the outside and carbonized on the inside,* and their edges are
20°= [nearly 8 inches] high, The water' flows from two stop-cocks at the
head of the trough against a partition of wood, which touches the bottom
of the trough, but which is 4 centimeters lower than the edge; thence it
passes into another compartment, whose partition rises to the same
height as the edge, but does not touch the bottom. The water, there-
fore, flows over the first partition, as in tho Williamson system, and
passes underneath the sccond. A zine pipe, starting from the distrib-
uting-pipe, is laid diagonally on the bottom nearly the cntire length of
the trough. This pipe passes over the first and below the second par-
tition, and has all along its sides holes, from which small currents pf
water How, which is said to exercise a very beneficial influence on the
hatching process. At the distance of 9 centimeters from the end wall

* Carbonization is obtained by a piece of red-hot iron, or by applying smoking sul-
phurie acid.
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Of.' the trough there is a partition which has nine holes, in three perpen-
dicular rows, which can be closed by means of small cork stoppers, with
the view to regulate the depth of water in the trough. If all the nine
holes are open the water in the hatching apparatus keeps at a height of
5 centimeters; if the lower holes aro closed the water rises to the height
of 10 centimeters; if those in the middle are closed the water rises to
a level of 15 centimeters; while if the upper holes are closed the water
may-rise to 20e=, (Sce Iigs. 3 and 4.

Into the troughs placed underneath tho first the water flows in the
following manner: The water, which reaches these troughs from those
"*POVG, has already served, but fresh water is led into them through the
diagonal pipe at the bottom, which reccives it direct from the distrib-
uting-pipe' .

The eggs are placed on rectan gular frames measuring 56 x 25 [22 by
10 inches.] They are madeof galvanized-iron wire and have perforated
cdges. If these frames, as is sometimes done, are not placed parallel
with the edges of the trough, tbis is doune to avoid too uniform a cur-
rent. On every one of these frames there can be placed 10,000 trout
eggs, and as six frames can bo placed on the bottom of tho trough and
over each one of these three, these troughs have cach a total capacity
of 60,000 oggs.

The hydraulic movement of this trough is in most respects like that
of the Williamson trough, only with this differcnce in favor of the lat-
tter, that the movement is repeated at each row of frames, partitions be-
ing interposed, which are wanting in the Zenk trough and which, in my
opinion, do not present the same advantage as the pipe in the bottom
of the Seewiese trough. Both models, however, have the inconvenience
that it is difficult to pick out thoe good from the spoiled eggs, for which
purpose it is always necessary to change the place of the frames so that
the one which is to be operated on is always at the top.

I saw the Holton apparatus at Radolfszell and Coswmandorf, but they
Wwere not in operation.

As a3 matter of course, Mr. Eckardt, at Liibbinchen, cmploys tho
troughs of his own invention, which, according to the movement of
the water, must be classed among the California apparatus. It isnot
Decessary to describe them here, as Professor Pavesi has already given
a full description of them in his report above referred to.

The California trough is used very much, but not so extensively as
might bo supposed from the favor which it has found with many fish-
culturists. Still, T have found establishments in which it is the only
hatching apparatus in use; and many in which it is used in addition to
other hatching apparatus, for the reason that owing to lack of space
the number of these apparatus could not easily be increased.

The location of Hiiningen is not favorable to the use of this appara-
tus on a large scale, but owing to the favor which it has found with the
distingnished director of the Hiiningen establishment (who himself had
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introduced some modifications in it), it forms part of theapparatus whicl
has been acquired during his directorship. At Hiiningen I have also
seen California troughs in use in the open air,

‘ it
ﬁ;S:
.

BECTION OF TROUGH.
ZEXK TROUGH.
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As reserve or supernumerary apparatus I have seen these troughs
employed at Selzenhof, Zurich, and Seewiese.

In the last-mentioned establishment I have seen it with such singu-
lar modifications that I deem it proper to give an idea of the same.

One of these models represents a small box with a recta,ngulau' base
(see Figs. 5 and 6) which serves toreceive the water directly from the dis-
tributing cock. Along aline in the middle of the longer side of this
box there is joined to it a receptacle of oval shape, in which the box
with the eggs is placed. A small pipe placed below the upper edge of
the box pours the water into asecond pipe which is lower, broader, and
longer, which takes the water which cannot all como out through the
smaller pipe and which also flows between the two partitions, the in-
side and lower of which supports the frame for the eggs, while the
upper limits the external surface of the apparatus. The capacity of
this box is 6,000 trout eggs, the exact quantity which a California trough
of the normal type and dimensions ¢an hold. .

I do not consider it necessary to describe another modified type of
the California bos, capable of holding 7,000 trout eggs, lower than the
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regular California box, but with cross-sections and rectangular sides,
which I saw at Seewiese, and which, like the first mentioned, is made
by Ignaz Walther, of Marktreit. At Cosmaundorf, however, the Cali-
fornia trough only is used (Max von dew Borne type) without a third
box, and with the addition of the ecatch- ‘box,” as also with von dem
Borne at Berneuchen, and to a great extent at Michaelstein.

In the last-mentioned place somo of the California troughs are of the
Schuster model—that is to say, with a fixed perforated partition ; but
some have a movable partition. The boxes are arranged on an incline
in such a manner that cach incline has seven steps, so that the water
flowing from one spout passes from one box to the other, from the first

' to the seventh in the row,

At first sight this arrangement shows the same defects which have
been noted in the Coste stairway ; but the better distribution of the
water, the large pipe which serves for its outflow (which causes it to
fall below in the shape of a thin veil), and the quicker remewal of
the same, makes up in the California troughs for the scarcity of air,
which in the Costetroughs is remedied by the presence of small faucets,
which distribute the water in the shape of small springs.

The best way of utilizing the California boxes, economizing space as
much as is compatible with the proper dispatch of the hatching pro-
cess, 1 have seen employed at Berncuchen. Here each spring supplies
only two troughs in succession, a box being placed between each couple.
Three models of California tronghs are employed here, namely, Max
von dem Borune, normal type; funnel-shaped troughs (Bell); and auto-
matic selectors.

The troughs are placed in cemented tanks, which successively are
nsed for various operations connected with fish-cultare ; for keeping the
spawners and milters which are to furnish eggs for artificial fecunda-
tion, for hatching, and finally for the young fish. These tanks are 2
meters long, 50 centimeters broad, and 30 centimeters deep [about 79 by
20 by 12 inches].

By keeping #he California boxes in tanks the water is prevented from
flowing on the pavement, and another useful object is reached by an
arrangement for regulating the depth of water in these tanks by means
of a pipe with an elbow, attached on the inside to the mouth of the dis-
charge pipe and terminating in a box of tin or perforated zinc. This
pipe may be more or less inclined by the operator, and allows him to
obtain the needed depth of water, as by increasing or decreasing the
contact of the water and the box he can raise or lower the level of the
water in the tank.

The addition of a wooden box into which tho discharge pipe passes
from the tanks will not in any noticeable way influence the result of
fish-cultural operations; but it will serve as an illustration of the ex-
emplary ordet and cleanliness which reign in Max von dem Borne's es-
tablishment. Ican notimagineanything more convenient and cleanly,
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as well as healthy, than his establishment, where you can approach the
tanks containing the apparatus through which the water runs on any
side without wetting your feet. .

T may passiu silence the Lavallette troughs (which I saw at Seewiese),
and the Zug apparatus (which I saw at Zurich); the first, because made
of porcelain, has a surface perforated by only a few and large holes;
and for the second automatic selectors have been substituted to ad-
vVantage. '

To some extent ice boxes may be considered as belonging to the
hatehing apparatus. They consist of prismatic or cubic boxes with
thick walls of wood, sometimes lined on the outside with zinc. In
these boxes, which may bave a double lid, are placed, at a suitable dis-
tauce, one above the other, several frames with a perforated wooden or
wire bottom. On these the eggs are placed on moist cloths. On the
top frame ice is placed which lets-its cold drippings pass through the
perforated bottom. In this manner eggs have been shipped a long dis-
tance, and the embryonal development has been delayed.

Iu reviewing the character of the hatching apparatus which I saw in
Operation, I would say :

1. That on account of their convenience (suitable height of the appa-
ratus) troughs of any kind of material, and hatching tables of the height
of an ordinary table, are equally to be recommended.

2. Trougbs of cement and metal are preferable on account of the
durability of the material, and because they can casily be kept clean.

3. On account of the proper hydraulic movement all those apparatus
are to be preferred in which the water runs among the eggs placed at
1ts bottom.

4. An arrangement by which the eggs are more scattered is not to
be recommended, unless the abundant and rapid renewal of the T-ater
fulfills the third condition. '

5. Owing to the greater facility with which the spoiled eggs can be
picked out from among the sound ones, those methods are to be pre-
ferred, by which the eggs are placed in a single layer.

6. I consider it better to place the eggs on frames of netting in pref-
erence to placing them on fine gravel, or directly at the bottom of the
trough ; the best kind of frame is that which allows the water to pass
through easily (wire netting), and which has perforated edges.

7. All the hatching apparatus which I have seen answers the pur-
pose more or less, but the ordinary California trough excels them all,
because it meets all the desired requirements.

8. Automatic selectors are particularly suited for the hatching of eggs
of Coregoni; while the ordinary California trough is specially adapted
to the hatching of the eggs of salmonoids. »

At Hiiningen I saw in operation the Haack apparatus. It was there
employed for Coregonus eggs from the Lake of Constance, which were
hatched at the expense of the Italian Government. The eggs remained
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in the box containing fine ice until it was time to separate the fecundated
eggs from those which had not been fecundated, and which were opaque,
and from those which through contact with moss and-alga had as-
sumed a bright blue color, s0 as to make them resemble colored crys-
tals.* The eggs were gradually hatched on Coste tables.t

Hatching-houses.—It is my opinion that he who travels for the purpose
of obtaining a practical knowledge of the various aids employed in an
industry like fish-culture should pay more attention to a critical exam-
ination of the apparatus seen in operation in the various establishments
than to the extent to which this apparatus is employed, because this
will necessarily vary according to the funds at the disposal of the estab-
lishment and the importance of the operations to be performed. I shall
therefore not speak of the size of the various hatching-houses, but pass
in quick review the characteristic features which they must possess.

The object of these houses is to protect both the hatching apparatus
and the persons who work them against the inclemencies of the weather.
If in case of necessity any kind of house or shed with windows suitably
placed may be converted into a hatching-house, it is none the less true -
that buildings erected for the purpose, in a suitable position and fur-
nished with all the necessary requisites, will answer the purpose better.
Any one constructing such buildings should have due regard to the se-
verity of the weather, and provide them with sufficiently thick walls.
Thus at Cosmandorf the hatching-house has double walls of wood with
compressed straw between. them.

At Cosmandorf, Dachsen, and Apeldoorn the hatching-chambers are
also of wood.. The large hatching-room at Berneuchen has three
walls of wood, the fourth being of brick, formed by the same canal
which carries the water into the establishment. The roof is formed of
wooden slats, covered both on the inside and outside with tarred paste-
board. The placing of the hatching-chamber in the ground made nec-
essary by the hydraulic movement also serves the economical purpose
of affording protection to the water and the apparatus against the ex-
cessive cold of the winter.

I have already referred to the hatching-canals at Hiiningen, which
run in the pavement, as being made necessary by the circumstance that
the water has to be brought from a spring which rises at too low a level;
Jbut they may also serve to keep the water from freezing. Whenever

* It seems to me that the vegetation which endangers packed eggs is perhaps
favored by the finish of the cloth in which they aro wrapped and on which they rest._
1 would therefore recommend the use of cloth w1thout any finigh, or from which it
has been removed by a solution of lye.

t I saw at Seewieso an ice box for transporting Thymallua ogps to the establishment
from the place whero the eggs had Loen fecundated. This apparatus had the dimen- -
sions of an ordinary Dillen vessel used by horbalists, and is made of tin by Joseph
Schwarz-Spengler, in St. Polten, and like this can be carried slung over the shoulder.
It contains six frames for eggs, and a seventh (the top ono) for ice. It has two pan-

els, one for lowering what constitutes the long side of the parallelopiped box, the
other to raise the upper side.
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the climate makes it necessary (as at Berneuchen, Liibbinchen, See-
wiese, &c.), stoves are employed.*

The hatching-chambers at Hiiningen, Selzenhof, Radolfszell, Wilthen,
Liibbinchen , Michaelstein, Velp, Zurich, and Neuhausen are of masonry.

The rooms where the hatching appdmtus is kept should be sufficiently
hghted by window} placed in suitable position, so as to facilitate the
inspection of the eggs and the separation of the spoiled eggs from the
good, &ec. It is also asserted that a violet or blue light is most favor-
able to the embryonal development of the eggs and fish. Iaccordingly
expected to see colored glass employed in some establishments, but my
expectations were disappointed.

I confess that, with Professor Verson, among others, I am somewhat
skeptical as regards the influence of monochromatic (violet) light to
the exclusion of the white (composed of various rays of the luminous
Spectrum) on animal organisms, since, as Verson thinks, the same num-
ber of rays of a given color on which it is intended to experiment, to
the exclusion of others, pass through a colorless glass.

But, to return to the subject to which I referred, it is easy to guess
the reason for the absence of colored glass from the hatching-houses,
becanse according to the advanced opinion of our time the eggs will
develop better in complete darkness.t Moreover, it is of little impor-
tance in industrial establishments whethersome think favorably of violet
and blue rays, while others have their doubts on the subject, as experi-
ments in this matter would seem more appropriate in a zoological lab-
oratory. Complete darkness has also its dangers, as it favors the de-
velopment of mold, while light favors the generation of green algm.

Even a simple pavement of beaten clay (at Dachsen) may suffice for
& hatching room, and it is certainly preferable to some other pavement
made of or covered with cement (Selzenhof, Hiiningen, Berneuchen,
&e.); and in this connection I cannot speak too highly of the Berneuchen
establishment for the ingenious way of preventing a light and continu-
ous movement whi¢h, if not hurtful to fish-culture, may injure the build-
ing and interfere with the work of the operator.

As regards the filtration of the water it may be stated that the filter
nay either be placed in a room immediately adjoining the hatching
room or in that room. The selection of a place for the filter will depend
on topographieal circumstances and on the desire to avoid any unnec-
essary enlargement of the building. It is certain, however, that if the
filter is placed in the hatching room itself or in one immediately adjoin-
ing it, this will be found more convenient, as it affords a better chance
to watch this useful apparatus without having regard to the state of
the weather.

¢ Althourrh there aro large stoves at Hilningen, they were not used this yoar, not

evon during o period of intense cold, when tho temperature of the spring water be
same considerably lower,

t For this reason, as well ag to protect the young fish asn.mst thpu‘ ouomleﬂ, tho
hatching apparatus ie kept eavered,
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It is also useful to have in the hatching-rooms a place for tanks where,
during the proper season, and separated by sexes, the spawning fish
destined for artificial fecundation may be kept. This is done on alarge
scale at Hiiningen, where there are great tanks in the ground con-
structed of concrete. It has alrcady been said that at Berneuchen
every provision in this respect has been carefully made by Max von
dem Borne. It is not necessary to speak of the size of these tanks, as
they will have to bein proportion to the number.of spawning fish kept
on hand in each establishment.

Artificial fecundation of salmonoids.—After it has been ascertained
that the spawning fish have reached sexual maturity artificial fecunda-
tion may commence. This may be done either by one person alone or
with the aid of an assistant.*

In the first case the female fish is taken from the water and held with
the right hand over the basin destined to receive the eggs. If the fish
is large it is held inclined at a sharp angle. The belly of the fish is
then pressed with the thumb of the left hand, the movement being in a
downward direction.

If another person assists in the operation he must hold the fish by
the tail by means of a cloth. The two operators hold the fish almost
vertically over the basin, the first one holding it by the head with the
hand and in the manner indicated, and the second by the tail. The
first has to go through the mdnipulation described above to cause the
eggs to come forth. The male fish is subjected to exactly the same
operation.

The amount of pressure should correspond with the greater or less
degree of maturity of the female, without, however, passing certain
limits, as excessive pressure would injure the fish without reaching the
object in view. In some cases the eggs have reached such a state of
maturity that they will come out of themselves when the fish is oxam-
ined to ascertain whether the genital gland has swelled enough to be
operated on. :

In natural spawning the salmonoids will deposit their eggs at differ-
ent, more Or less short, intervals; while where the process is artificial
they all come out at one and the same time with a certain violent move-
ment, which, however, does not interfere with their successful embryo-
nation. The milt of one male fish is used for the eggs of two or three
female figh.

In primitive fish-culture the eggs were kept under the water to be
fecundated, as people believed that in doing so they followed the teach-
ings of nature. But it frequently happened that many eggs were not

* The male fish may bo recognized by having a more slender body, and its sexual
maturity by the brown color of the skin of the belly. When the male fish is large
its jaws are more hooked than thoso of tho female. The femaloe is recognized by .
having a stouter body; it has reached maturity when the Lelly is swolled out and
elastic, and particularly puffed up above the anal fin, and whon the reddish genital
gland begins ta swell,
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fecundated, and were thus lost. In nature the male fish closely follows
the female, and it may be said that thelaying of the eggs and their fecun-
dation are simultaneous. But in spite of the action of the water which
kills the enemies of the eggs, and the aikaline sliminess of the eggs
which favors their movements, it is a fact+that many eggs do not
undergo the process of fecundation which necessarily takes place under
the water, At the present time, therefore, nature is no longer imitated
in a servile manner, and it is the general practice to employ dry fecunda-
tion, which assures better and more general success. When as many
6ges have been obtained as are deemed sufficient, and artificial fecun-
dation has been reached by mixing at proper and regular intervals the
milt with the spawn, the eggs are washed and then placed in the
troughs, : '

The possibility of fecundating eggs on the shore of the waters from
which the fish have been taken is proved by the circumstance that the
eggs immediately after fecundation are so elastic as to allow of their
being packed and shipped to the places where they are to be hatched.
As soon as incubation bas commenced this is no longer possible, even
if managed in the most delicate manner, as the eggs when exposed to
any pressure will inevitably belost. But transportation again becomes
Possible when the eggs are near being hatched ; that is to say, when the
eyes of the embryo can easilybe distinguished through the shell. From
& practical point of view it is, therefore, important to know whether -
fresh eggs contained in a dead female fish can be fecundated.

If it is desired.to know how many eggs have been obtained,the ob-
Jjeet can be reached by measuring them in small cylinders of a known
capacity, having perforated sides and bottom, and, the kind of fish from
“which the eggs have come of course being known, to count the eggs in
one cylinder* and multiply by the number of cylinders.

Packing and shipping embryonated eggs.—I have witnessed the packing
of embryonated eggs, to be sent a considerable distance, at Hiiningen
and at Selzenhof. The eggs were placed on a bed of moistened wadding,
gathering them in a piece of cloth folded in such a manner as to prevent
the eggs from touching the sides, and keeping them covered. The layer
of eggs was placed on the perforated bottom of a small wooden box.
The next box is exactly like the first, and the last box of the pile con-
tains the small pieces of ice, the cool dripping of which Leeps the eggs
below alive. The pile of boxes has on the top a stick of the samelength
a8 the boxes, and rests on a similar stick at the bottom. The wholo is
kept in position by a cord placed crosswise, and is then put in a larger
box, the spaces between its inner sides and the pile of boxes containing
the eggs being filled with sawdust, hay, or compressed moss.

From Pavesi’s report the labels are knowu which are attached to the
outside of the package, and which contain the address of the persons

*4 liter measure [a little more than a quart] of eggs contains15,625 Thymallus cggs,
8,000 trout eggs, 7,000 of salmon, and 36,926 of tho Coregonus.
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to whom they are sent,and generally some directions for their treatment
by the railroad employés.

In Germany packages of eggs are received in the mails as postal p'n'-
cels, and the administration of postsis directed to treat the package with
the greatest care, in compliance with the request « urgent” written on
a piece of red card-board attached to the usual label.

Tanks and ponds for salmonoids.—My report would not bo completo
a8 regards salmon cultureif I did not mention the open tanks and ponds
which in many establishments are used for keeping the stock of sal-
monoids.

The tanks are laid in cement, and covered with an iron grating, and
the salmonoids are kept in them, separated according to age. They are
so arranged that tlie fish in them can easily bo fed artificially. As re-
gards the matter of artificial feeding, tanks are perhaps better than
ponds, as a possible excess of food* can more casily be removed in the
former, and as it is also easier to prevent any injurious pollution of tho
water.

Special mention should be made of a simple contrivance adopted at
Hiiningen to protect the fish kept in certain provisional tanks, with
wooden sides, especially agaiust rats, which, if they have once got into
them, find no way toget out. IFor this purposeboards are placed atright
angles with the vertical sides of the tank, and projecting a little over
the water. Iow this contrivance may serve ds a trap will be under-
stood without any further explanation by.a glance at Fig. 7.

) //,;-a

Fig.7

Trout which have reached a certain age are generally placed in ponds,
in company with other non-carnivorous fish, which rid the water from
any superfluous vegetation (especially alg‘L), and thus enable the sal-

* Daily visits are mado to the Inbdunw-bo\: to remove the spoiled oggs. Amoug
the substances employed to feed salmonoids I have observed meat ground fine, meab |
flour, dissolved brain, heart chopped fine, cut-up entrails, and larvio of flics bred in
decaying flesh. There aro many more.or less complicated machines for grinding the
food, but as they have Leen described in various troatises, I need not give any further
description of any of them, not oven of the ingenious hydraulic grater for moat
which I saw at Scewiese, because its construction can casily Lo imagined, )
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monoids to have more ready access to small crustaceans and mollusks,
which form an important part-of their food.

Mr. Haack considers it also necessary to place in ponds those trout
which have been deprived of their eggs by an artificial process, be-
cause here they will find more favorable conditions for gaining flesh and
for recovering from the sudden exertion incidental to forced spawning.

Although on general principles it is preferable that the water in ponds
destined for salmonoids should during summer be kept cool, and that
its temperature should in no case exeeed 31° C. [88° F.] (according to my
observations the temperature did not exceed this limit in any of the
establiskments which I visited), it will be well to note that aeration,
an abundance of water, frequent agitation of the same, and a just pro-
portion between the capacity of the water and the number of fish to be
kept in it, will allow the fish to do well even if the summer temperature
of the pouds should not :thogether come up to the conditions as men-
tioned above.

It would De useless to describe the arrangements for obt’unmg the
best hydraulic movement in the ponds and to provide for their draining
Wwithout losing the fish. This is done by putting partitions in suitable
blaces ; perforated zinc plates being at present preferred for that pur-
Pose. More or less ingenious apparatus is employed in this connection,
ag well as sewers and pipes ; but as they are known from models, it will
1ot be necessary for me to describe them.

In constructing the bottom-of the conduits, cement or stone is at pres-

.ent preferred to wood, which is only seemingly more economical. '

Planting young salmonoids.—When should the young salmonoids be
Planted ? The answers to this question differ somowhat, and reflect the
individual opinions of various fish:culturists.

Mr. Haack prefers to plant them when the umbilical bag has begun
to disappear, stating that as soon as they are placed in the water they
will hide under stones as long as they do not feel the desire to scelk
food, ‘and during this time they become acclimatized in the new ele-
ment,

In the Netherlands the young salmon are not planted until they have
lost the umbilical bag, and after they have been kept and fed artificially
for an entire year.

At Wilthen the young trout are not placed in brooks until they have
been kept for a certain time in the apparatus where they were born,
Where they have lost the umbilical bag, and where they have been fed.
After they have passed the fine season of the year in the brook they are
in autumn placed in ponds, where they remain about a year; and after
that they are sold, if they have reached the weight of at least half a
Pound.

It is not customary to place in open wa-ters embryonated eggs of sal-
moneids which are near being hatched, for fear of some voracious fish,
especially the Chondrostoma nasus and the Barbus fluviaiilis. Although

S, Mis. 90——36
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Mr. Haack declares that it not advisable to plant eggs inlarge lakes and
rivers, he states that he has made some experiments in small streamns
and lakes. .

In Italy (at least in many parts ofit) the Squalius cavedanus would
have to be feared particularly; butI take the liberty to state that, when
some years ago I planted eggs during gpring in some large lakes of up-
per Italy, I invariably found the water in which I planted the eggs free
from fish. Moreover, if it is logical to presume that young fish freed
from the umbilical bag, lively and well able to swim, will be better pre-
pared to escape their voracious enemies than the sluggish eggs, it will
not be ontirely unreasonable to suppose that youug fish which are still
impeded in swimming by the umbilical bag will not be particularly ac-
tive, and able to escape from their enemies cven if they should hide in
the maze of the gravelly bottom.

Species of salmonoids whick arc cultivated in the Jish-cultural establish-
ments visited by me.—The post of honor among the salmonoids which
form the object of artificial fish-culture in Switzerland, Germany, and
the Netherlands is held by the salmon, Salmo salar, a veritable gastro-
nomic delicacy, which gives rise to a considerable tra}le.

The variety which enters during tbe spawning season the large rivers
of Central Europe from the North Sea aund the Baltic is in German
called ¢ Lachs,” while the barren variety which lives in fresh water and
does not go into the sea is called  Winter Salm.”

All public administrations prohibit salman fishing during the period
when these fish go up the rivers to spawn ; and no fish of this kind are
allowed to be sold until it has been oflicially ascertained that the eggs
destined for artificial fecundation have been laid.

Artificial fecundation is practiced, for instance, at Basel by Mr. Glaser,
at Lauffenburg by the agents of the Fishery Company, which for this
privilege pays a considerable sum to the Governments of Baden and
Aargau. It is also practiced at Nenhausen, in the cantonal establish-
ments of Zurich, and at Dachsen. Mr. Glaser also furnished salmon
eggs to the Miiningen establishment before Mr. Haack taught fecunda-
tion according to the most approved modern method. I have also wit-
nessed the incubation of salmon eggs in the establishments of Neuhau-
sen, Selzenhof, Secwiese, Cosmandorf, Velp, and Apeldoorn. .

The young fish are mostly intended for open rivers, and are there-
fore sold to the various governments. Salmon eggs fecundated at
Selzenhof have been bought by the Government of Saxony, and have
been batched at Cosmandorf, to be placed cventually in the “river
Wesenitz, a tributary of the Elbe. The establishment at Cosmandorf
has also rendered this service to the Academy of Forestry at Tharand,
in Saxony, where Professor Nitsche does his share in aiding the diffu-
sion of fish-culture. The Saxcn Government pays the Cosmandorf
establishment 1 wark 30 pfennige [about 31] cents for every thousand
young salmon hatched.
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The Velp establishment hatches salmon for the river Yssel, and re-
ceives from the Netherlands Government 2 cents (Dutch) [about 1 cent
American money] for cach young salmon, and receives in all & sum’
amounting to 25,000 lire [84,825], which the Netherlands Government
Pays to the various fish-cultural establishments in the Netherlands,
Which are charged with restocking the rivers. -

At Velp about 500,000 salmen eggs can be hatched, 300,000 of which
are obtained from fish in the Netherlands waters, whilo "OO 000 are re-
ceived from the Upper Rhine. Besides young fry, salmon one year old
are also placed in tho rivers; and the Government pays at the rate of
50 centesimi |about 10 cents] per fish. Another half million salmon
¢ggs can be hatched at Apeldoorn.

At Apeldoorn the California salmon is-also hatched, which devel-
ops quicker than the Rhine salmon. It is this salmon which the emi.
nent fish-culturist, Mr. von Baer, presideunt of the German Iishery
Association, considers (as he informed me) as peculiarly adapted to the
rivers ﬂowmrr into the Mediterranean, owing to the fact that there is
much greater analogy between that sea and the Pacific than between
the North Sea and the Pacific. Mr, von Baer has, during the years
1877 to 1880, planted in the Danube, which flows into the Black Sea,
670,000 eggs of the California salmon.

The eggs of the Salmo sebago, another fish of American origin, also
develop very rapidly; and large numbers of these fish are now found
at Seewicse, where during the time of my visit 2,000 eggs were hatched,
and where some {olembly large specimens were found in ponds.*

Trout culture is carried on still more extensively, and I have seen it
in operation in all the establishments which I visited. " IPecundation of
Salmo fario (the common Kuropean river or brook trout) is everywhere
Practiced with spawning fish taken in the immediate neighborhood.
It is not sq common to find establishments which devote themselves to
the Salmo or Trutta lacustris, and the only ones where I have seen this
done are iiningen and Selzenhof.

In some cases the indigenous species do not satisfy the fish-culturists,
and they have commenced to introduce some forcign varieties of the
trout; among the rest the Salmo irideus, or the Trutia iridea, from
California. The oldest specimens of Truita iridea are found at Hii-
ningen, where they were obtained from cggs which came direct from
America in 1882, and which bave alrcady propagated their species in
.their new home. The value of this trout, according to Mr. Haack, is
in the fact that it is an unusually hardy fish, and is therefore sure to
thrive in Germany.

I have also seen somo Trutta irideca (oue year old) at Liibbinchen,
and some (two years old) at Michaelstein, Mr. Schuster also has some
Salmo carpio from the Garda lake, which he keeps in cemented tanks at
Radolfszell, and which he obtained from oggs furnished to him from
Torbole Trentino.
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At the present time two varieties of the Salvelinus aro cultivated,
namely, the Salmo (or Salvelinus) umbla, and tho Salmo (or Salvelinus)
Sfontinalis. The sccond variety may now be considered acclimatized at
Hiiningen, Apeldoorn, Berneuchen, and in many other establishments.
The Salmo fontinalis is a great favorite, not only on account of its rapid
development, but also on account of the extraordinary beanty of its
coloring.

The spawning season of the Thymallus vexillifer had not yet b(muu,
and I could not, therefore, witness the hatching of the eggs of this fish;
which, however, is raised in many establishments. Mr. Eckardt, for
instance, keeps them in a special paved pond.

The alimentary value of the Corcgoni is sufficiently known; and I
thercefore deem it proper to devote a few lines to this fish, all the more
as experiments are being made to introduce it in Italy, where it is not
found. But also in countries where this fish is found attempts are made
to introduce new varieties, such as the American Coregonus albus, \vhlch
is cultivated at Zurich, Liibbinchen, and Berneuchen.

The Radolfszell establishment, situated on the shores of the Lake of
Constance, gives special attention to the Blawfelchen or Coregonus wart-
manni, There are several varieties of this fish; and the Radolfszell es-
tablishment knows of at least three, differing from cach other not only
by bodily characteristics, but also by their geographical distribution.
These are the Blaufelchen, found in the Lake of Constance proper; the
Silberfelchen, in the Untersee (conuected with the Lake of Constaunce),
and the Ganfisch, found only in o certain limited portion of the lake.
The Coregont at Selzenhof come, as may be supposed, from the Lake of
Constance. Trom this same lake came the Coregoni, hatched at Hii-
ningen, which have been sent to the Italian Government for the Lake of
Como, where they find the required food, as that lake contains the
pelagic crustaceans, which, as Dr. Asper, of Zurich, has already de-
clared, are an indispensable article of food for this fish.

Mr. Eckardt does not think that there is any specific difference be-
tween the Coregonus marena and the Coregonus wartmannt, and bases
this opinion on the reciprocal fecundation of the sexual products of these
two varicties. Notwithstanding the fact that such fecundation has
actually been observed—proving that even cross-breeds may possess
the tacalty of fecundation—this would not form a very strong proof in
favor of Mr. Eckardt’s opinion.

Two conditions arc essential to the existence of Coregoni, namely,
great depth of water and suitable food (inscets). Nevertheless it is
possible, according to Mr. Schuster’s statenient, to introduce the Core-
gonus fera also in shallow water, provided it contains suitable food.

The production of hybrids of salmonoids also forms part of the work
of fish-culture, and has Leen done on a sufficiently large scale. The
salmon, the Salvelinus wmbla, and the American trout will interbreed
with the trout.
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_I think that the attempt to fecundate, for instance, salmon eggs
with milt of the trout, should not remain the only one, and that, besides
endeavoring to find out whether the mixing of the sexual products of
!’fhese two kinds of fish will result in successful fecundation, fish-cultur-
ists should also endeavor to utilize in some Wway eggs, which througl
the possible failure of the male fish, would run the risk of being lost.

It is said that the hybrid of the salmon and the trout does not migrate
to the sea; and in this respeet it resembles the ¢ Winter Salm,” with
which it also shares the phbysiological characteristics of being barren.
]?aa,ck, however, asserts that the barrenness of the hybrid of the Salve-
linus umbla (male) and the trout (female) can not be proved. At Ber-
neuchen hybrids were obtained from the Salmo fontinalis and the trout.
Dr. Asper, of Zurich, has no very high opinion of these hybrids, which
generally have a small head, an irregular dorsal profile and ovary. At
Dachaen a great mortality bas been observed among the young bastards
Of the salmon and trout, whose umbilical bag has the bluish color of
algm, ) .

In the following table aro given the kinds of salmon cultivated in the

Various establishments: *
Name. ’ " Locality of establishment.
Salmo salar...... ......... e oracancesens Zurich, Dachaon, Neubausen, 1Tiiningen, Sclzeuhof, Cosman-.
8 dorf, Velp, and Apeldoorn.
S8lmo quInDAL.....ocvneeranenernaenens Apcldoorn,

31mo sebago ...

5 .| Seewlcse.
almo fario

\

Zurich, Dachsen, Neuliausen, Hiiningen, Solzenhof, Seawicse,
Cosmandorf, Berneuchon, Michaclstoin, Volp,nud Apoldoorn.

Solzenhof and Apeldoorn.

Radolfszell.

Hiiningen, Lithbinchen, and Michaclstein.

.| Miiningen, Selzenhof, Radolsfzell, Wilthen, Liibbinchen, Dot

neuchen, and Michaelstoin.

§:}mo lacustris
mo carpio.
Salmo irideus
Salmo umbla.

,Sﬂlll!o fontinalis .....covveemvecniinenne itningen, Seowicse, Berneuchen, Velp, and Apeldoorn.
bymallus vexillifer..c...oc..eeeaeenns Zurich, Dachsen, Neubuusen, Iliningen, Selzenlof, Radolfs-
Co zell, and Scowicse.
TeEZONUS ford ..vvevnrierenernioaneas Berncuchen.
oregonus wartmanni ... "| Zurich, Hiintogon, Selzenhof, Radolfszell, Lilbbinchen, and

Bernenchen,
...| Libbinchen and Borneuchen.
..| Libbinchen and Bernouchen.
.| Zurich and Liibbinchon.

Qoregonus aTEna. .
Coregonus albua ...
Smerus epoerlanus .

%‘ront_d‘ Salmon @ ..... _7"] Dachsen, Nouhausen, Seowiose, and Cosmandorf,
;ri\v(zhnns & Trout Q ....... -4 Hiiningen and Seowicso.
rout & Salmo fontinalis @ ........... Bernouchen.

II.~CYPRINUS CULTURE.

Carp.—The principal object of cyprinus culture is the carp, Cyprinus
carpio, which in Central Burope has from time immemorial given rise to
a very lucrative trade. The great ease with which it is multiplied,
raised, and protected against its enemies, its prolific natare, the pref-
erence which it shows for vegetable food, and its rapid growth, explain
the great favor which this fish has found with fish-culturists, and may
oven justify the expectation that its cultivation may also be extended

to Italy, althouglh wo aro not inclined to consider the carp a remark-
able delicacy. '
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Carp are raised in ponds, where they are kept either by themselves
or in company with other fish. Different kinds of ponds are used in
carp culture, namely, spawning ponds, raising ponds, growing ponds,
-and winter ponds.

The water of the spawning ponds should be somewhat warm. This
condition is obtained by having these ponds exposed to the sun, by
changing the water slowly, and by selecting such as are not very decep,
the averagoe depth of water not being more than one meter (3} feet].
Vegetation should be abundant, but not excessive. Reeds and grasses
which soon cover a pond, should be checked in their growth. If pos-
sible, Mr. Haack would rcmove all the phragmites from the numerous
ponds'at Hiiningen. Among aquatic plants the Glyceria fluitansis use-
ful, and much sought after by the carp, which deposits its eggs on it.

To regulate the spawning of carp, Mr. Haack advises to place the
fish intended for that purpose in comparatively cold water, and thence
take them at the proper time to the spawning ponds, where, stimulated
by the higher temperature of the water, they will soon deposit their
eggs. Benecke, on the other hand, advises to place the carp in the
spawning ponds when their water still has the winter temperature.

The number of spawning fish to be placed in a spawning pond cover-
ing an area of from onc:tenth to half an acre should, according to
Max von dem DBorne, not exceed two females and one male, each weigh-
ing 8 pounds, from which in a few days.two to three thousand young-
fish will be obtained. A single carp weighing 8 pounds is, therefore,
capable of producing enough young to stock 500 hectares [about 1,235
acres] of ponds. Mr. von dem Borne has had soventeen successive
spawnings in water having a temperatuare of 31° C. [about 88° TFahr.].
1t is therefore not at all surprising, if Mr. Haack states that he has real-
ized from the above-mentioned number of cdrp in one pond, which costs
hardly $10 to keep up, the sum of $300. .

Mr. Haack informed me that, in order to preserve all the good qual-
ities of the carp which he cultivates, he is very careful in selecting his
spawning fish from among those which from time to time are furnished
him for the purpose, selecting those which are not ogly sufficiently
robust, but which also possess all the other requisites of form and color
which make them desirable spawners. e therefore applies the true
principles of rational selection also to these animals.

The artificial fecundation of the earp is possible, but it is very little
practiced. The fish-culturist is contented in most cases to leave to the
carp the care of laying its eggs. Some people inclose the spawning
fish in non-floating and perforated boxes containing branches and awl-
shaped leaves (juniper branchesin Mr. Bckardt’s establishment), which,
as soon as they are covered with oggs, are placed in more suitable
water. Professor Nitsche advises experiments with the artificial fecun-
dation of carp, using frames covered with some silk stuff, like those
used by Mobius for herring. Fecandation should of course be accom-



{297 FISH CULTUGRE IN CENTRAL EUROPE. 567

plished under the water, as witl othier kiods of fish that Jay adhesive
eges, in recoguition of the fact that the spawn of fish which spawn in
summer matures less rapidly when brought in contact with water than
the spawn of fish whose fecundation takes place in cold water.

I regret very much that the season was not favorable for seeing in full
operation the Liibbinchen ponds deseribed by Max von dem Borne, and
arranged in such 2 manner as to insure the greatest possible result from
the spawning of carp, and the keeping of many other kinds of fish. As
it is not my inteution to give a detailed description, Ishall merely give
the general plan on which they are constructed. The ponds are deep
in the center, have flat shores, and are connected by numerous open-
ings with canals which are much lowet.. Ou the bottom near the shores
the collectors (bushes or branches) are placed, and are soon covered
with the eggs of the spawning carp. After the eggs have been laid,
these collectors are placed in other ponds, or in the canals surrounding
the ponds, care being taken to prevent the spawning fish from entering
these canals. It is neeessary to remove the eggs from the spawning
fish, as the grown carp will injure them and devour the young fry.
The spawning ponds should be allowed to lie dry during winter, so ag
to kill the small animals which are encmies of the carp, and especially
the pike which may have got into tho ponds. The young fish would
soon suffer from want of food if this contingency was not provided for
by distributing them in snitable quantities in the growing ponds.

Mr. Max von dem Borne has even the sinallest carp taken out of the
pond by a man who stands in the water and uses for this purpose a
muslin dipper. All the fish which he ecatches in this way he throws
into floating barrels with a bottom of very fine wire, After he has
gathered a sufficient quantity, he transfers them, Ly means of a zine
basin with a spout, to ¢he tin cans in whieh they are conveyed to the
pouds for which they are intended.

The growing ponds should be proportioned to the number of fish
which it is intended to raise in them, due rogard being taken to the
amount of food which they contain. The fish are distributed according
to age; for which reason rational carp-culture requires many of these
pounds, )

In the growing ponds other fish may be kept with the carp; for in-
stance, pike and bass. These{ish should, however, be very small, so as
not to prey upon the carp. The principal object of having these ish in
the ponds is to prevent the carp from spawning, as spawning would
make them lean. In these ponds artificial food is also used, consisting
of flour-balls, vegetables, potatoes, bran, dung (from cattle), larvo of
flies, &e.

If the conditions are favorable, the carp can winter in the ponds; but
in some establishments, as, for instance, at Hiiningen, there are special
winter ponds, in which the carp are kept during the cold season. TFor
these ponds spring water is used if it is somewhat warm, To prevent
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the carp from being frozen, special excavations are made in the bottom
of these ponds, where the carp crowd together in a semi-lethargic gtate.
The water of these winter ponds should bo deep. But if the water
should freeze, it becomes necessary to make holes in the ice, 80 a8 toin-
troduce air into the water below. These holes are covered with sheaves
of reeds, having a broad base and forming a kind of roof over theholes,
thus preventing further freezing. It is necessary, however, that these
holes be frequently esamined, so as to keep them always open.

Tillage of carp ponds.—Mr. Haack recommends the custom which has
been introduced, of using the carp ponds also for agricultural purposes.
After they have served as ponds for two or three years, they are drained,
and then plowed for the cultivation of grain and potatoes. According
to the director of the Hiiningen establishment, a pond which has under-
gone dry cultivation is richer in small crustaceans which form a favor-
ite food of fish. Tor instance, the eggs of the Phyllopoda will develop
better during a dry season.

1t will casily be understood why it is useful and profitable to use the
bottom of the ponds after a certain period for agricultural purposes,
thus uti lizing the large quantity of fertilizing matter, consisting of leaves,
aquatic plants, animal matter, and excrements of fish, which has accum-
- ulated in the pond; while on the other hand it is difficult to explain
why ponds used in this maoner should be richer in fish. Mr. Haack
believes that this is owing to the greater development of small crusta-
ceans ; but the greater abundance of these crustaceans has not been suf-
ficiently explained by science. We are, however, allowed to suppose
that the greater number of fish is caused not only by the increase of
small erustaceans, but also by the more luxuriant aquatic vegetation
which will develop in sail, which after lying dry, has been plowed and
cultivated, and before being again submerged has changed chemically
by the infinence of the air and sun. Whether this explanation is correct
or nob the fact remains and deserves to be taken into account.*

Other kinds of cyprinoids which arc cultivated.—As secondary objects
of eyprinus culture we may mention the crucian carp (Carassius vul-
garis), the Chinese goldfish, the Idus melanotus, and the tench.

As regards the crucian carp (Carassius vulgaris Nilsson), I would state
that, compared with the common carp, it presents a great variety of
forms, and will interbreed with the Idus melanotus, but its flesh has not
go delicate a flavor as that of the carp; nor is its culture so profitable,
as its growth is much slower. .

The goldfish (Carassius auratus), owing to its beautiful color, is much
sought after as an ornament for pouds, artificial lakes, aquariums, &e.,
and it is therefore cultivated to advantage.
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The Idus melanotus, especially its small variety, rivals aud perbaps
excels the goldfish in brilliancy of color, which changes with its differ-
ent ages. .

The tench (Tinca vulgaris) is another cyprinoid which i cultivated to
advantage, especially its golden variety, which is kept in aquariums.
The manneér of raising this fish differs but little {from that of the carp,
a8 it is quite customary to stock ponds both with tench and carp.

III.—OTHER KINDS OF FISH.

Pike.—At Radolfszell, Mr. Dietrich, the manager of Mr. Schuster’s es-
tablishment, has been successful with the artificial fecundation of pike
(Es0x lucius). 'The eggs of the pike are very small, the embryo devel-
0ps very rapidly, and the young are hatched in about twelve days.
They were placed in & small lake, where they did well but did not prove
anradvantage to the other fish. Mr. Max von dem Borne has also been
Successful in fecundating pike eggs. As far as I know, fecundation of
Dike eggs has not been attempted at Liibbinchen, where these voragions
fish are kept only in the growing ponds, to keep the carp from spawn-
ing. Here they are kept in company with the Lucioperca sandra and
the perch (Perca vulgaris), which last-mentioned fish is considered to
diminish any excess of small fish, as they take away the food from
fish which are the proper object of fish-culture.

Black bass.—Sueccessful experiments in acclimatizing this Awerican
fish (Huro nigricans Cuv. & Val., Micropterus salmoides Lacép.) havae been
made at Berneuchen. The number of individuals of the first importation
which survived the long journey was very small; but from the 3 which
survived, Mr. Max von dem Borne obtained about 1,300 young fish. I
have mentioned this new branch of fish-culture, because Mr. v. 4. Borne
thinks-that it is adapted to the rivers of southern Italy; an®l I must
confess that I have great faith in the opinion of this distinguished fish-
culturist. But before introducing this fish, the question should be
thoroughly considered, whether it would be expedient to increase the
number of voracious fish. The Dblack bass likes to spawn on a bed of
large stones. I have seen some very large specimens of this fish which
are considered the oldest now in Germany.

Eels.—All the eels found in the waters of Continental Europe came
from the sea as young eels, forming what is called the “mounting” of the
cels, The attempt to convey these young eels to places where they will
break their journey, or to guide them to such places if they do not go
there of their own accord, to some extent resembles the method pursued
at Comacchio and Polesine, where from time immemorial the eels have
been guided into the basins destined for them. The most enthusiastic
advocate of the introduction of these young eels into German waters is
Mr. Haaclk, who once procured them from France, but now obtains them
direct from Pisa, Italy, where they are brought into the market in enor-
mous quantities.
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The following is the method employed by Mr. Haack for packing
them and transporting them from Pisa to Hiiningen. He employs large -
square baskets lined with coarse cloth (jute), the inside being divided
into several horizontal comnpirtments, which are produced by pieces of
cloth being sewed to one side of the cloth which forms the living. In
each compartment are placed branches of Iotamogeton pectinatum OF
Potamogeton orispum, which afford hiding-places to the young eels, and
which, owing to their peculiar elasticity, proteet them from the danger
of bLeing crushed. Layers of Potumogeton and eels alternate, until the
compartment is comfortably filled, when another clotb is drawn out,
which receives other alternate layers of Potamogeton and young eels:
If the plants are sprinkled a little they will supply enough moisture t0
keep the young ecls alive. These packages are sent from Pisa to Basel
by way of the St. Gothard tunnel, special dirgetious being given tho
employés of the railroad to forward them prowptly. Trom Basel they
are conveyed to the imperial fish-cultural establishment of Hiiningent
on wagons.

As soon as the eels arrive at their destination they are, together with
the plants which have protected them during their journey, placed in
water on the hatching-tables or in open tanks, where they move about
very nimbly, trying to avoid the light. The dead ones aro picked ouf
when the plants are taken away, and afterwards during the daily visits.

TFish-cultural establishments or private individuals in Germany who
wish to obtain young eels get them from Hiiningen. This has already
been done Ly the Radolfszell establishment, which has placed them in
the Lake of Constance, in the hope that after some time they will again
make their appearance when they have reached a greater size. Al
though in Italy we are more favorably situated in this respect than Mr-
Haacls, 25 we have plenty of young eels, we should neverthelgss follow
‘his example and increase this useful species of fish in our waters..

" At Neubausen I saw an apparatus (cel-way) intended to favor the

retention of the young eels which have reached the water above the
famous falls of the Rhine. (See Iig. 8.)
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Tt is a wooden canal with a smooth bottom, with wooden partitions
(not shown in the figure) placed at regular intervals; the entire length
is 5.07 meters [162 feet]; itis divided in two arms (A, B) of nearly equal
length, and connected Ly a horizontal arm (C); the first in the beginning
runs horizontal, and afterwards slopes towards the arm C; and from this
again slopes the arm B, which widens at its end. It is clear that this
canal will conduct a current of water from a higher to a lower level.

I am not able, however, to understand what benefit can be derived’
from the use of this apparatus, which will not increase the “mounting”
of the ecls (which in my opinion cannot be accomplished by any contriv-
ance whatever); but which will draw some of them away into water-
courses, which, owing to the lack of communication with the streams by
which the young eels usually ascend, would nnder ordinary circum-
stances not have them. .

The following table will show what fish, not belonging to the sal-
monoids, are cultivated in the establishments which I visited:

Name. Locality of establishent.
Acipenser rnthenus. ....| Lithhinchen.
Huro nigricans .-... .| Tobbinchen and Bernouchen.

-.| Seowicse, Lubbinchen, and Bornouchien. .
..| Litbbinchon.

- Huningen, Seewiese, Litbbinchen, Bornenchen, Michaelsteln, and Apoldoorn.
.| Mtiningen, Litbbinchen, and Apeldoorn.

Iiiningen, Scowiess, Litbbinchen, Velp, and Apeldoorn.

Hiinivzen, Seowlese, and Litbbinchen.

Utiningen, Suowiese, Libbinchen, Bernoaehen, and Michaclateln,

_| Lubbinchen nud Borneuchen.

Lucioperca sandra
Silurus glanis. ...
Cyprinus carpio ....
Carassius vulgaris. .
Corassiugaurutus...
Idus melanotus ...
Tineca vulgaris

Egox lucius.. .
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Apparatus, arrangement, and products

Place Kind of water nsed. Hatching rooms, Hatching apparatus.

Zurich.ceceeeeeacannn. Lako...ccoveeeeen. 1 chamber of masonry....! 8 wooden troughs; zino
troughs; 2 Zenk appara-
tus ; California boxes.

Dachgen..coeeeeeennnn. Spring............| 1 chamber of wood........ 24 wooden troughs .eeeeeen--

Neuhauson ...........|. eeollOn ceennnannn. 1 chamber of musonry..... 26 wooldon troughs; Costo
troughs.

Hiiningen .ceeeveennee Rhine wator and | 2 halls of masonry, with Costo tables; hatching bozos;

soveral springs. arca of 165 8q. m. cach. California troughs; Coste
1 hall with area of £40 tronghs; wooden troughe.
#q. m. Totalareaof 870
s%. m. [about 1,040 sq.
yds.].

Selzgenhof............. Spring and brook.| 3chambers of masonry... Cci’mont, troughs; California

0Xes.

Radollszell ........... Drinking water...| 1 chamber of masonry....| 4 wooden troughs; 3 Will-
tamson troughs; 1 Holten
incubator.

Soowies0.....eenannns Spring and brook.| 1wooden house und 1 of | 40 Zenk troufhs; Californio

masonry. boxes; 10 Lavalotte appsa-
ratus.

Cosmandorf........... River..ccceeriaaens 1 small bouso of wood....' 12 California boxes; 1 Hol-
ton’s np})nratus.

Wilthen coeveeeaecce..| SPring.ceeeeeeec]ieei@0 tmceeiieninraannnan. 4 California boxes; 3 wooden
troughs.

Liibbinchen........... veeedl0.cieeeeae. .| 1 8mall room of masonry, | Eckardt trougha............-

with arca of 4 8q. m.
[about 43 8q. ft.].
Bernouchen........... RiVOr.ceceetieasn Severallarge houses; somn | California boxes; funnel-
. of masonry, somo of | shapedtroughs;antomatic
wood. selectors.
Miclaelstein. .........| Pond...c.oeenenn.en. 1 large chamber of ma- | 112 California boxes ; 8 Will-
gonry, witharea «f 81.7 | iamson tables. :
8q. m. [about 879 sq. ft.].
Velpocareaeranennanns Spring.-eeeeeean.. 1 largo hiouse of muasonry,| 40 Costo tables......cceeeeue-
with area of 150 sq. m.
{about 1,614 8q. ft.].
Apeldoorn ....eeaaaalf- R 1 R, 1)argo houso with area of | 41 cemont troughs ; 31 wooden

185 8q. m. [about 1
8q. fb.(}.

,800

troughs.
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Capacity of appa-

Kind of water in

ratus. Ponds, tanks, otc. ponds ond tanke. | Lipds of fishcultivated.
500,000 sulmon .| Salmon, trout, grayling, sov-
eggs. eral Coregoni.

12,000 eggs of Sal-
monidm por year.

8,000,000 oggs of
Salmonid%lt);

7,000,000 tvout
oggs.

120,000 eggs of Sal-
mOoDidem.
0,000 oggs....-.

Very large number|

1,120,000 trout.
oggs.

" 600,000 salmon
eggs.

Largo tanks ina great hall;
soveral open tanks in oe-
ment ; 50 ponds for salmon,
trout, ctc.; 1 large pond
for summer fish, and 1
pond for carp; numerous

onds for goldfish, spawn-
g carp,

, ote.
¢ ponds for Salmonidm......!

Tapks in cemeut indoors ...

12 ponds for Salmonidm ; 11

onds for cither Salmoni-

i or Cyprinidm ; soveral
tanks.

Wooden tanks for spawners.
18 pouds, covering 10} acres.

Over 100 ponds; 1 spocial
pond for Thymallus; 24
conorete basins, each of
50 8q. m. (538 sq. ft.);
‘wooden tanks.

22 ponds ; basins with filters
or young carp. .

4 tanks in cement ; 27 ponds,
4 of thiem for Salmonidm.

7 ponds for trout ; 6 for sal-

mon ; 2 for goldfieh.

88 round {;onde or tanks;
64 small brooks for young
trout.

co.do.....
Rline water,
springs, waste

from the hatch-
iog ball, o diteh,
etc.; filtered
water for sev-
eral pouds.

Drinking water...

Spring and brook.

Spring avd brook.
Spring.ee.ee.eoot ‘

PN 1 T,

Salmon, trout, grayling, sal-
mon-~trout.*

.| Salmon, trout, grayling, sal-

mon-~trout.*

Salmon, trout, Salwmo irideus.
8. fontinalis, Saulvelinus, Thy-
mallus  vexillifer, sevoral
Corogoni, carp, crucian, gold-
fish, golden orf, tench, Salve-
linus-trout.”

Salmon, trout, Salvolinus,
gmf')ing, scveral Corogoni.
Salvolinus, carp, grayling,
several Coregoni.

Salmo scbago, S. fontinalis,
trout, Thymallus vexillifer,
bass, carp, orucian, golden
orf, tench, trout-salwon,*
Salvelinus-trout.«

Salmon, trout, trout-eslmon.*

Trout, Salvelinus.

Salmo irideus, Sulvelinus, 8ov-
eral Coregoni, Osmerus epor-
Janus, storlot, bass, Silurus,
carp, erucian, goldfish,golden
orf, touch, pike.

Trout, Salvelluus, Salmo fonti-
nalis, Corogoni, peroh, Lass,
carp, tench, plke, trout-S.
fontinalis.*

Trout, Salmo iridous, Salveli-
nus, oarp, tench.

Salmon, trout, Saluo fontinalis,
goldfish.

Salnion, Salmo quinnat, S. fonti-
palis, trout, lake trout, carp,
crucian, goldfish,

* Cross-breeds of the 2 fish named.
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IV.—SOME OF THE CAUSES OF THE GENERAL DIFFUSION OF FISH-
-CULTURE IN THE COUNTRIES VISITED, ESPECIALLY IN GERMANY.

The process of artificial fecundation of fish is said to have been a
secret possessed by some Irench monks towards the end of the fifteenth
century. It was also discovered by the Hanoverian Jacobi (1758), and
again fell into oblivion, but when it was again discovered in 1849 by
two fishermen, Remy and Gehin, due publicity was given to it by Pro-
fessor Coste. No practical application, however, was made of it until,
at Professor Coste’s suggestion, the Hiiningen establishment was
founded, to which Europe is certainly indcbted for the modern impulse
given to fish-culture, because its influence made itselt felt not only in
France, to which it formerly belonged, but also to foreign countries,
including Germany. - The new industry soon spread rapidly and made
constant progress, numerous societies and journals promptly diffusing
its knowledge.

But Hiiningen, during the last years of the French régime, did not
keep up with the progress made in fish-enlture, both in Burope and
America, and lost its importance, until it passed into the hands of the
German Government, and Mr. Haack became its director, when it
again began to improve.*

The interest talen in fish-culture by the Governments of Germany,
Switzerland, and the Netherlands, which in a large measure have con-
tributed to the restocking of public waters, and which have also fur-
nished the necessary material for private establishments, has greatly
- aided thediffusion of artificial fish-culture ; its further progress isassured,
as the results of its operations are no longer uncertain, and as the pe-
cuniary benefit derived thercfrom becomes greater.

This industry has been made popular to no small degree by the pub-
lic exhibition of fish-cultural apparatus in full operation in zoological
gardens (as at Dresden, Amsterdam, Frankfort-on-the-Main), and in
aquariums (Berlin), which, as is well known, are visited by large num-
bers of people.

In Saxony fish-culture is popularized by courses of lectures given by
Professor Nitsche, of the Academy of Forestry, at Tharand. As this is
the only course of instruction on fish-cnlture of which 1 have any pre.
cise knowledge, it will not be out of place to give a more detailed de-
scription of the same. At certain convenient scasons Professor Nitscho
gives free lectures on fish-culture at the Academy of Forestry. Ie has
published a large wall diagram, giving illustrations of the fish in ques-
tion (trout); the distinctive characteristics of sex; the oggs,both sound
and spoiled by mold ; the phases of their embryonal development; the
young fish with and without the umbilical sac; a figure showing arti-
ficial spawning; the gravel-filter of Mr. Ryfsell, pmcers, gldss plpes,

" *Mr. Haack has introduced at Hunmgen now_npp'mmtus, has Lad cement tanks
constructed ; has improved the dlstnbutxon of the wator, and the arrangemeunt of tho
ponds,
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Vessels for measuring the eggs; California Loxes, whole and in see-
tions, cans for transporting eggs, ete. '

In these short courses apparatus, fish, and eggs are shown, while in
& small room of the academy, which has been transformed into a hatch-
lug chambey, the California apparatus is shown in full operation with
trout eggs,

Analysis of lectures on the artificial raising of trout

A
L—INTRODUCTION. DPROPAGATION OF TROUT IN OPEN WATERS,
‘1)- Watery in which trout and their kind live,
~ The spawning of trout in open watoers:
a. The spawning season (winter}, aud tho spawning places.
b. Fecundation of the eggs laid by the female by weans of milt cjected by the
male.
¢ Dangers to which tho eggs are exposed during their dovelopment and during
the hatching.

3. Showing that in open waters only a small percentago of the cggs is hatehed,

Can this bo remedied Ly artificial raising ?
IL—Thp ArTiFICIAL RAISING OF TROCT.

1, Idea of artificial trout raising, i e, an artificial way of depositing, keoping, and

hatching the eggs and protocting thom against davgerous influences.

2. Method of artificial fecundation :

a. The procuring of spawning fish.

b. Separation and distinetion of the sexes.

¢ Indications of sexual maturity.

d. ‘The spawning of the ripe female,

¢. Dry fecundation of the eggs by means of the milt. . L

J. Counting tho egys by means of a measuring glass, and their introduction into

. the hatehing troughs,

3. Necessary conditions for the development of fecundated cgus, Precuutions to
pmvleut any animals from destroying the oggs. Pure water needed inces-
santly : .

@, By chemical processes the water should be kept free from injurious matter.

b. And by mechanical processes from mud,

¢. Its temperature should not be too high (0.5° to 8.6° C.) [33° to 47.50 1. 1.

d. The largest possible quantity of air shonld pass throngh the water,

e. During tho hatehing time it should neither ceuse to run nor freezo.

’I‘hetCu.llt‘omia box, the apparatus best adapted to raising a small guantity of

rout :

¢ Description and demonstration of the Galifornia box and its accessory appa-
ratus, .

b. Instructions for placing it in position. ’

¢. Domonstration of the advantage of the Californin boxes, as compared with
other apparatus, where the eggs are placed on a bed of sand, Bhe advant-
agos consist in & saving of space, and in the greater ease with which the eggs
and youug fish are kept cleau. .

5. Care of tho eges during the hatching timo :

a. They should bo left entirely undisturbed during tho first week.

Dead eggs should be removed every day to preveut tho formation of fungus.
¢. All sediment should be removed. ’

- Young figh, and their care:

a. Thols)),pproach of tho hatching is indicated by tho visibility of the eyes of the

embryos,

‘b. The ygung trout is hatched with an umbilical sac.

¢. Change of the youug fry to a small fish,

d. Keoping the young fish clvau, aud rogalarly removing the dead.

7. Placing of the young fish in water adapted to their raising :

a. The proper time for placing the fish in wator.

b. Hatching brooks umlt hutehing pouds.

c. T{gusportatiou of the young fish to the water; cans vmployed for trausporting
om.

4.
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IIL.—CONCLUSION. .
Tacility with which brooks can bo stocked wish trout; given the possibility of
receiving from a distance, by mail, embryonated egga:
a. Selection of » good spring, even if it should be small.
b. Treatment of tho fish after their arrival,
Exhortation to make experiments on a small scale.

B.

* L—INTRODUCTION.

1. The growiog dcpopulation of our waters, and the causcs of this phonomenon:

a. Voracious fish.

b. Many streams bave become unable to maintain fish alive, owing to industrial
and mercantile establishments, and to the lack of spawning places, and of
suitablo places where tho fish can live.

2, Desirability of using for the raising of fish any waters which may still be adapted
to the purpose.

3. Trout are Lest adapted to this purpose.

4. Artificial raising is the best moans.

5. The artificial raising of fish is a German invention (invented by the Hanoverian
Jacobi in 1758 first published, 1763-"64). After it had fallen into oblivion
it was invented ancw by a fisherman of the Vosges, Remy, in 1849, and prac-
siced on n large scalo at the establishmeut of Hiiningen, in Alsace, which
passed into the hands of Germany in 1871.

IL—L1F}t AND PROPAGATION OF TROUT IN OPEN WATERS.
1. Waters in which trout and their kind live; the idea thatirout confine themselves
to mountain streams is erroncous. .
2, Spawning place and season of the trout.
3. Tho ovaries of the female empty their contents into the abdominal cavity.
4, Structure of the egg:
a. Tho yelk,
b. The germ.
¢. The shell of the egg and the micropyle.
5. The tosticles of the malo have ducts carrying:
6. "The spermn:
a. ‘L'be liquid of the sperm.
b. Spermatic filaments.
7. Depositing the egas; their fecundation by means of the male semen.
8. Fecundation is accomplisbed by tho entrance into the micropyle of at least one
spermatic filament,
9. The developmont of the young fish:
«. Point from which the formation of the body of the young fish starts.
b. Extension of tho same and formation of tho back of the young fish.
¢. Growth of the yelk round the germinal spot. :
d. Tormation of tho shape of the body of the young fish.
¢ Visibility of the eyes by the formation of pigmoent in tho oyes.
/. 'Ibo little fish with its umbilical sac, and its hatching from the egg.
g. Tfl'lO] change of tho embryo, which does not need eny food, to a perfect little
ish.
10. Conditions favorablo to the normal development of the embryo:
a. The eggs should bo fecundated.
b. The eggs should be daily moistened with wator not chemically pure.
¢. T'he water should be furnished with a constant supply of fresh air.
d. Mud, which hinders the access of air, should be removed.
¢. The temperature of the water should not be too high (0.5° to 8° C.) [33°-
46.5° 1.]. Too high temperature acceleratos development, while too low
tomperaturo delays it.
f. Safoty from mochanical dangers. If the eggs aro bruised, malformation is
caused. Safoty of tho fish against encmies belonging to the animal kingdom.
11. Which conditions of success are not all found in open spawning places ; and how
a largo part of the eggs run s groeat risk,

IIL.—THE RAISING OF TROUT.

1. The nature of trout raising.

2. Procoring fish for artificial fecundation :
a. Obtaining spawning fish.
b. Distinguishing the male from the fomalo fish,
¢. Indications of tho maturity of the spawn.
d. The spawning of the mature female.
e. The spawning of the mature male,
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HIL—Tue ratsixg or TrovT—Continued.
2. Procuring fish for artificial fecundation—Continued.
J. Different mothods of fecundation (dry and moist).
9. Counting tho oggs by means of measuring glagses; and placing thom in the

hatehing troughs.

3. Necessary couditious for placing a hatching trough:

(¢4

b.
c.
d
C.

S

g

4. A good hatching trough shonld be:

. A hatching trough may be placed anywhere where thero is a current of not
too warm water, which may be conducted to a place sccuro against freezing,

Water of poiids, rivors, aud springs may be used, each having its peculiar ad-
vantage.

C}ncmicﬁl purification of the water, and freeing it from injurious matter, is
indispensable.

. Cleaning tho water fron mud may be cffected by means of clearing basins or
by filtration. Arrangement of a small sand-ilter.

It is desirable that tho water should fall into the hatching troughs from o cer-
tain height, thus producing air.

A space protected agaiust frost may Lo arranged Dy means of a very simple
apparatus, as a smait woodon shed covered with substances which are non-
conductors of heat, such as reeds, straw, sawdust, etc.

. The pipes through which tho water is conveyed should ho so arranged thut

they can ecasily be cleaned.

.

a, Of durable material.

b

. Easy to handle.

o. Eagy to clean,
d. Well protected against the enemies of fish.

€

. Shoull hiave room for a suitable quantity of cggs on a small bottom.

f. Should be so arranged as to render easy tho caro uud wanagement of the

. oggs.
S All tﬁcse requisites are possessed by Max von dem Borne's California trough:

a

. A description and demonstration of the trough and its accessory apparatus.

_b. Bhowing the disadvantage of placing the eggs on a bed of sand.
G. Caro of tho eggs aud the young fry:
a. Necessity ot daily visita to the apparatus ; special attention during rain-storms

b

and snow-fall.
. Treatent of the cggs during the first stago.

o, Removing overy day the dead fish, to prevent the formation of fungus.

d

. Removing all sediment.

¢. How to recognizo the approach of the hatehing by means of the points of tho

eyes which becomo visible,

S. Koeping the hatched embryos clean.
7. Placing the youug fry in tho waters,where they are to be raised :
a. Proper time for transporting tho fry.

b

. ‘Tho brook for the youung fry, and its character.

¢. ‘Transporting the youug fry to the places where they are to be raised.

d

. Cans for transporting them.

8, Someo brief hints as to tho management of trout ponds.
9. Stocking with trout such waters as are adapted to the purpose, but where no

a.
b,

c.

d.

e,

10.
a

trout ave found :

Various methods of stooking with grown fish, young fry, and with eggs;
batching of the same near the waters which are to be stocked.

The last-mentioned mothod to be preferred; accustoming the fish to the water
in which they are to live.

Choico of a good spring for embryonated egas; a spring which has been tried
and found fo answer the purpose, even it far away, is to be preferrod to one
which has not been tried.

TFacility of sending oggs by mail.

Treutmﬁnt of tho oggs, when they have arrived ut dostination, in the hatehing
troughs.

Mana,glamcut of trout ponds; their character:
. If there is only ono pond, it can be used only as a growing pond.

b. If thero are ut least three ponds, young fish may be raised in thew.
¢. Hatching ponds, raising ponds, growing ponds.

d
11.
a

. The food of trout in ponds.
Growth of tho tront:
. The growth of trout is possible wherover thero is suitable food,

b. Growing basing for trdut; conditions of soil, abnndant supply of suitable water;

c

the proper control of this supply.
The growth of the tront depends on ample food, and a limited space for mov-
ing about.

S. Mis. 90——37
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[II.—THE RAISING OF TROUT—Continued.
12. Moro extensive arrangoments for raising trout :

a. Circumstances nnder which they are made ; if the object is to stock a large
area of water, or if a large sale of eggs is looked for.

b. Principal ideas which should guide persous in arranging a largo establish-
ment. ’

¢. The hatching house; conditions of soil and abundant supply of water, with a
good fall. kassential characteristics of the hatehing hiouso: Proteétion against
frost, suflicient light, so the eggs can be properly taken care of, close prox-
imity to the dwelling of tha inspector.

d. Samples of hatching troughs adapted to large establishments; Willinmson
troughs.

e. Apparatus for filtration and aeration.

f. Packing and shipping of cmbryonated tront eggs.

15. Hints on the raising of otherspecies of salmonoids; whero are such fish raised 7

a. Raising of Thymallus vexillifer.

b. Raising of Salvelinus.

¢..Raising of salmon.

1V. —CONCLUSION.

a. Brief review of legislation rolative to the fish in question.

b. Advantages of largo fishery associations.

¢. Exhortation to found sinall fishery associations.

. The German Fishery Association, and its influcnce.

V.—IINANCIAL STATEMENT OF THE IHUNINGEN ESTABLISOIMENT
FROM APRIL 1, 1884, 10 MARCH 31, 1883,

INCOME.

Trom the German ministry of agriculture for placing young salmon (ono

million) in the RBING coou et e $5, 497, €0

Sale of embryonated eggs of salmonvids:
(@) TO GOTIANS «etve. toeee e ia e e iemetr ceicntmne bametanee caas 1,904, 00
L X L T . D 357.00
Sale of embryonated cggs of Coregoni .........o.....o..oet . 71,40
018 OF CATP cowmes coee vemaansoccer careroance cetaatconetetone sanesacancs- 714.00
Sle 0f ico ANA TEOUB -« o erne e teietaect caeeaesvaaascasons canams sans 238. 00
Reimbursements {or packing .. oo veeemioon it 2.8.00
9,020.20

~ EXPENSES.

Salary of dircetor, besidos Jodging -com vavevee et iiiin it . 856.80
Two keepers, besides 10dging .oooe ceeeeeiiiine i iiiiiiiniiiiiiiaeaan s 456. 96
Secrotary A tTEASUICT «.ouvemeas core vaammeaaeere cononnaneeanaescnenans 471.24
Wages of WOTKIEN .. e oiiecaicae ittt et et aeee s 714.00
Traveling eXpenses of direCtor ceeececsoovevoieiiionianniienaieant 380. 80
Rent (Zround XeNt) ceee ceen ceemeomcos covuetoneeiarnasaraecoanaraacansann 499, 80
Purchase of eggs of saltmonoids and fish......oocov e 2, 380,00
b T Y Y U] RPN G R T 476. 00
Packing eggs .ovaevernn. e eteeaan 238, 00
Library and eXperimonts. ccece covean iam it e tect e iatite e ees "142.80
Maintaining and improving ponds, &C.....c.eiiiiieit it 052, 00
Maintaining and improving buildings.. ... il ans 357.00
Unforeseen CXpOnses eaee ceeeenomns conesnannneann P e eeaeeecmesananan 142.80
TOr NOW CONBETUCLIONS «ovunr ceeiaaees iiceereenne sannee seeemonc caeeans 95%. 00

. 9, 020,20
BRrESC14, June 21, 1885.
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B.—NOTES ON FISH-CULTURE IN GERMANY, SWITZERLAND,
AND THE NETHERLANDS, BY DR. VINCIGUERRA.

I.—GERMANY.

. 1: Hiiningen.—The imperial establishment of fish-culture at Hiiningen
i§ situated in Alsace, at a short distance from the Swiss boundary, and
only 8 kilomoters from Basel. Founded in 1834 by Professor Coste and
two engineers, Berthot and Detzem, it passed through different phases
and finally into the possession of the German Government; and since
that time Mr, Hermann Haack has been its director.

The establishinent has no fixed allowance from the Government, be-
Cause it should, if poSsible, be self-supporting, but the expenses have,
So far, always considerably exceeded the incomej and the deficiency
has been made up Ly the German Government, in the shape'of a com-
Pensation paid for young salmon placed in the Rhine every year.

‘The ground on which the establishment stands belongs to the village
;{f Blotsheim, covers an area of 39.56 hectares [97} acres], and is rented
Or an annual sum of $465.22.

T.he water of the establishment is supplied by copious springs, of
which there is a sufficient number in the neighborhood, from a small
brook called the Augraben, and from the canal connecting the Rhono
anfl the Rhine. For the hatching of the eggs Director Haack prefers
th}s water to brook and spring water, because it seems that thelatter con-
tains 'lnrger quantities of the germs of the much-dreaded mold; more-
OVG.I', it is too warm, having a constant temperature of 100 R. [54.5° F.],
}Vhllg the temperature of the brook and canal water falls even to the

reezing-point, The water is no longer filtered in the true sense of the
:ﬁrmi but before being distributed through the establishment, it passes
boiloizsgh grates and fascines, in order to keep out any large foreign
‘ The ground floor of the principal buikling and that of the left wing
‘tlll;e devoted to the hatching of the eggs of salmonoids. Tho eggs of
iy :1 c;)‘nnnox% trout are gathered and fecundated in the establishment
Mallll ish raised there; the eggs of lake trout, salmon, Salvelinus, Thy-
Am “§‘ Coregonus, &c., are received from abroad. Of the five kinds of
the 01;.ca-n salnonoids introduced into Europe a few years ago through
esta?) 1.ort-s of the German Fishery Association, two are raised in the
linus lShn-nent.;. These aro tthmerican trout, or ¢ Bachsaibling ” (Salve-
cus ﬂontmqh.s:), aqd the Gahfoynia trout, or raiubOW" trout (Salmo irid-
The’f oth distinguished by their peautiful color and 'tl{eir fine shape.
the l';)trtmexj has already been sufficiently spread by fish-culturists; while
atter is not yet found so generally ; although Mr. Haack thinks, if
Specially cultivated, it will yield very fine results.
sa.;rhe H_iinin gen establishment carries on an active tradein the eggs of
monoids, $2,332.40 worth of these eggs having been sold during the



580  REPORT OF COMMISSIONER OF FISH AND FISHERIES. [42]

season of 1884~'85; live fish are also sold, especially carp, and also
trout, after they have for two or three years furnished sexual products
for reproduction. Every year young salmon are placed in the Rhine
to the number of from 500,000 to 1,000,000, and in return the establish-
ment receives from the German Government & sum sufficient to cover
the annual deficiency, provided it does not exceed 85,950.

The hatching apparatus used in the large halls of the Hiiningen estab-
lishment are still substantially those inveated by Coste, having frames
with a bottom of glass stems, although for these there have been sub-
stituted, to a large extent, other frames with a bottom of metal staves,
or a network of metal wire, used particularly when eggs of the finer
kinds of fish, such as Coregoni, are to be hatched. Generally tho eggs
which are to be hatched in the establishment are, when near being
hatched, placed in troughs made of pine-wood, about 3 meters long, 40
to 50 centimeters broad, and 15 to 20 centimeters deep [about 10 x 13
x 3 teet], at the lower end of which there is a metal grating to prevent
the escape of the young fish. They are covered with a strong wooden
lid to prevent mice and rats from getting in, and to have the develop-
ment of the eggs carried on in darkness, which greatly favors such
development. These troughs are then placed in the open air, and after
the eggs have been hatched the young fish aro fed until they are near
Josing their umbilical sacs, when they are immediately placed in some
river or lake, it being considered better to place them in open waters o
few days before they have entirely lost the umbilical sac. When the
number of eggs to be hatched is very large, Mr. Haack also uses Cali-
fornia apparatus, more or less modified; especially those recently con-
structed Ly Professor Benecke on the principle of the La Vallette ap-
paratus.

The young fish destined to be raised in the establishment are placed
in small basins laid in cement, into which water runs continually.
Here they are raised and fed artificially, and are not taken out, except
in very cold winters, when for some days they are placed in basins in
the small wing on the right. There are also ponds for carp and for
some other cyprinoids (Zinca, Idus, &ec.), some small for winter, and
others large for summer; these ponds are used for roproduction and the
developwment, of the young fish. The largest of these ponds covers an
area of 1 hectare [about 23 acres]. The ground where it was excavated
was rented for the sum of $9.65 per annum, and the annual income
from carp raising amounts to $289.50.

After several experiments Mr. Haack has succeeded in transporting
from Pisa to Hiiningen live young eels, known by the name of *blind
cels.” He keeps them for a certain time in cemented basins, and then
ships them to other parts, some as far as the most remote portion of the
province of Pomerania.

The imperial establishment of Hiiningen is the one which has given
the greatest impetus to the spread of the industry of fish-culture; but
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at the present time this industry has made such rapid strides in Ger-
mauy, that Mr. Haack deems it proper and advisable that the Govern-
ment should cease to carry it on exclusively, but let private enterprise
take hold of it.

2. Selzenhof.—The fish-cultural establishment of Selzenhof is situated
about an hour and a half’s journey from the city of Freiburgin the
Grangd Duchy of Baden. It belongs to Mr. Schuster, the mayor of Frei-
burg, who founded it in 1863, and enlarged it in 1872. It does not re-
¢eive any fixed subsidy; but the Baden Government pays it for the
young salmon placed in the Rhine and for the Coregoni placed in the
Lake of Constance, on the shores of thich Mr. Schuster has another es-
ta-blishment, Radolfszell.

It furnishes embryonated eggs to the German Fishery Association,
and to many public and private fish-cultural establishments.

The eggs are hatched in a small oue-story building, divided-into three
Tooms, two large and one small. The water comes from a brook running
at a short distance from the house, but as in winter this water is too
cold, it is then mixed with spring water, which is warmer, so that in the
hatching-room its temperatare is not lower than 2° R. [36.5° F.]. The
-Water passes through.a sand-filter, which need not always be employed,
as the water is very pure. The hatching-rooms are somewhat lower than
the filter, and tho water which onters through two pipes, one for each of
the large rooms, circulates in an open canal, constructed of masonry,
Dlaced at a certain height along the walls, whence it falls into the troughs
below. To each of the openings perforated metal tubes are attached, for
the purpose of aerating the water, which process Mr. Schuster considers
very important, and endeavors to further it by every possible meaus.

The kinds of fish on which -Mr. Schuster operates all belong to the

family of the salmonoids,and are especially the Rhine salmon, river
trout, lake trout, Salvelinus, Thymallus, and Coregonus. A trade is also
carried on in trout eggs fecundated by salmon milt, which are much
sought after by fish-culturists, because the hybrids obtained by this
brocess develop very rapidly and do not go into the sea. He has also
undertaken the culture of Salino fontinalis and Salmo irideus from North
America.
. The troughs which serve for hatching the eggs are cemented and 22
o number, Their length varies from 360 to 480 centimeters, and their
breadth is 45, and their depth 18 centimeters. [Each trough is there-
fore about 14 fect long, 18 inches wide, and 7 inches deep.] They arc
Covered with wooden lids, having some openings provided with grating.
The eggs are placed on wire frames, which can be placed one above the
other. There are also employed some California boxes, according to a
odel prepared by Mr. Schuster. '

There are9 ponds, which areused for raising young fish and for keeping
the spawning fish. Two of these ponds are for carp. The ponds are
rranged one above the other, so that the water passing from one pond
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to the next forms a little waterfall, and is therefore Vulways properly
aerated. The Selzenhof establishment can hateh about 3,000,000 eggs
at the same time.

3. Radolfszell.—This establishment is situated in the little town of
Radolfszell on the “Unterseé,” a branch of the Lake of Constance, aud
like the preceding one it is the property of Mr. Schuster. Lt was founded
in 1877, prineipally for the purpose of reproducing Coregoni. 1t con-
sists of one large hall, which formerly served as a public bath. The
water used in it is the common drinking water of the place, and is not
filtered. In summer its temperature is about 8° R.[50° F.}, and in win-
ter it sometimes falls to 1° R [34° F.] The water is contained in a reser-
‘voir placed in the Lighest part of the hall, and thence it is by wooden
conduits led into the troughs, of which there are 7, some without di-
visions, and with several compartments, on the Williamson system.
The troughs are at some height above the ground, resting on wooden
supports. Tor the Latching of Coregoni a Holton apparatus is prinei-
pally employed. It consists of a kind of wooden box into which the
water enters through a hole in the bottom, and gradually passés through
15 frames made of iron wire, placed one above the other. Ifach of these
frames can hold about 20,000 eggs. The water finally flows over the
upper edge of the apparatus.

Although the principal fish raised in this establishment are Coregont,
some other fish are also cultivated, as the lake trout (among them the
famous trout from Luke Garda, some young specimens of which I saw,
which had been raised in the establishment), Salvelinus, and Thymallus.
They are placed in the upper course of the Rhine, and some in the lake,
where formerly thiey were not found. After the river and lakehad been
stocked, people soon began to catch these fish. The German Tishery
Association pays a reward of 81.19 to every fisherman who can prove
that he has caught one.

4. Seewiese.—Tle establishment ot Seewiese near Gemiinden in Fran-
conia (Bavaria) belongs to Mr. Irederick Zeuk, of Wiirzburg, who
founded it in 1881 on ground belonging to him, and entirely at his own
expense. The establishment does not receive sabsidies of any kind, and
has no other income exeept from the sale of eggs and fish.

The hatching room is 20 meters long, 9 broad, and 3% high [about 654
x 293 x 11} feet]. The water rises to a height of 2 meters [about 64
feet] above the fioor, and runs along the northern wall in a pipe having
a diameter of 8 centimeters [about 3% inches.] It generally comes from
a brook in the neighborhood, which contains a great many fish, and is
therefore called the “Fischbach.” The temperature varies from a max-
imum of 10° R. [54.5° F.] in summer, to a minimum of 1° R. |34° F.] in
winter.

If the water flows too warm or too cold, it can e mixed by a small
Liydraulic pump ;. or there may be substituted for it spring water, hav-
ing a constant temperaturc of about 5° R. [43° F.] The water of the
brook is filtered through an apparatus containing sponges and sand.
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The hatching-trdughs are of wood carbonized on the inside; their
humber is 20, and they arc arranged in groups of 4 eacli. The frames
used are those of Coste, and others having a network of metal wire.
Some California boxes of varions systems are also used,

The fish raised in this establishment ate river trout, lake trout,
T hymailus, Salvelinus, and cross-breeds of Salvelinus ( & )and trout(?);
?180 80me American species, as Salmo sebago and Salvelinus fontinalis.

Besides the above-mentioned batching-house, there is another smaller
one, fed exclusively by spring water, where, besides ordinary trougbs,
Cireular poreelain apparatus (according to the La Vallette system) are
used,

There are also 20 ponds of different size for young Salmo sebago and

- Amerigan Salvelinus, from which, though only two years old and not
more than 15 centimeters |6 inches] long, Mr. Zenlk has already obtained
©ggs. In these ponds there are also carp, bass, tench, and golden orf
({dus melanotus var. aureus).

In the large hatching-room there can be kept and developed about
6,000,000 trout eggs.

5. Cosmandorf.—Near the village of Cosmandorf, between Dresden
and Tharand, in Saxony, a short distance from the confluence of the
“red” Weisseritz and the “wild” Weisseritz, there is a small fish-cult-
ural establishment belonging to Mr. Mittag, one of the proprietors of
the fisheries in the Weisseritz and the Wesenitz, who, among other ’
¢conemical enterprises has undertaken to restock these waters by means
of artificial fish-culture. He does not receive any direct subsidy from
the Government-, but it furnishes him gratuitously the embryonated
S=§1mou eggs, which are to be placed in the Weisseritz ; and also pays
!nm 31 cents for every thousand young salmon which have been hatebed
1o his establishment. Mr. Mittag is, however, obliged to furnish the
Necessary material for Prof. Nitsche’s fish-cultural course at the Tha-
rand Academy of Forestry. The establishment has been in existence

}‘dbout 8ix years. Some timne before this another much larger establish-
ment was founded, but proved an entire failure.

The water is supplied by a mill canal which comes from the “red”

eisseritz,. and also furnishes the water-power for a manufactory of
Wwood material (pasteboard). . The water is not filtered, although this
would be beneficial on account of the sediment from the manufacture
Yeferred to above. The temperature, during the hatching season,
Vvaries from 1° to 6° C. [340 to 43° T.].

The hatching-house is small; it has double wooden walls with a layer
of hay between them. The water runs along one of the walls ina
Wooden canal. It should be noted that the faucets of the pipes through
which the water flows into the hatching apparatus are not, as is gen-
el:ally the case, on the sides of the pipes, but at the very end of the
PIpe, in order to make it more difficult for the sediment to gather. The
hatching apparatus which I saw consisted of twelve California boxes,
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on the vou dem Borne plan, but without the third inside box. I also
saw a Holton apparatus, but it was not in use. Outside the hatching-
house there is a wooden tank containing trout of both sexes destined
to serve as propagators.

The establishment does not have a commercial object, and only serves
to stock the neighboring waters. Only trout and salmon are raised.
An attempt was made some time ago to introduce Salvelinus in some of
the ponds, but they were soon devoured by the trout.

6. Tharand (Academy of Forestry).—There is not a genuine fish-cult-
ural establishment, with a practical objeet, near the Tharand Academy
of Forestry ; but it possesses only a small room for the various hatching
apparatus used by Professor Nitsche in his fish-cultural course. 1le
showed me all the material used by him in this course, which never lasts.
longer than a week, and which has already been followed Ly good
results,

7. Wilthen.—This establishment is located near Schirgiswalde, in
Saxony. Its foundation is due to the above-mentioned course of fish-
culture by Professor Nitsche at Tharand. Tho gronnd belongs to the
Catholic church at Bautzen, and the establishment is managed Ly Mr.
Waurick, superintendent of forestry, who deserves credit for having
founded it. But lere, as in other places, the monks had in olden times
already constructed some carp ponds. At preseunt only trout are raised
- for the market. The establishiment does not receive any subsidy.

The water comes from a spring at a distance of about one kilometer
[nearly two-thirds of a mile] and is led through a conduit into a receiv-
ing reservoir, whence it passes into the hatching-house. The temper-
atare of the water, at the time of my visit, was 2° R. [36.50 I.]; but it
- may fall to the freezing-point, and rise a great deal in summer., The
water is filtered through two flaunel filters, which are in the hatching-
room. Itflows through a wooden conduit, which can be opened in order
to be cleaned. Tbis conduit, outside the bouse, and the tank, are cov-
ered with straw to prevent the water from freezing.

For hatching, California boxes arc used (Nitsche system), and wooden’
troughs, about 13 meters [5 feet] long. In each of these there are two
wooden frames with a wire bottom, on which the eggs are placed. After
the eggs are hatched, the frames are removed, and the young fish are left
free in the troughs until they have lost the umbilical 8ac, or even some
time longer, feeding them artificially with meat chopped fine. They are
then taken to the brook, fed from the receiving reservoir with spring
water, where they remain till autumn, when they are caught and coun-
veyed to the ponds, where they stay at least a year, until they have
reached a weight of at least 250 grams [8} 02.]. Above the place where
the fish are the brook is closed by a slnice, and below by a metal grating,
80 that the fish cannot escape.

There are a great many ponds, some of them very large; they are
connected with the brook which passes through them in the shape of
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8mall waterfalls, which servo to aerate the water and prevent the cs-
cape of the fish. In summer the temperature of the water may rise to
259 or 300 . [77° or 86° F.] without injuring the trout cottained in it.

The fish in the pouds are fed artificially with meat—ground meat
(which generally serves as a fertilizer)—and with the larve of flies. To
obtain these, poles are ramnmed into the bottom of the ponds, and the
carcass of some animal is placed on them.  The flies deposit their eggs
on the carcass, and the larve which develop from them gradually fall
Into the water and serve as food for the young trout.

8. Liibbinchen.—This model establishment is located near the city of
Gubeu, in the Prussian province of Brandenburg, and belongs to Mr.
.‘ ckardt, one of the men to whom the industry of fish-culture is deeply
indebted. Although it may be said that there is hardly any kind of
fish, to which fish-culture is applied, which Lie has not cultivated, there
are two to which he has specially devoted his efforts, namely, Coregoni
and carp,

The Liibbinchen property covers an area of 10 hectares [nearly 25
acres), 9 of which are occupied by ponds, but at some distance Mr. Eck-
ardt owns 400 hectares [9884 acres], with some lakes containing a great
many fish.

The water comes from two springs, distant about 1 kilometer [nearly
3 mile] from Mr. Ickardt’s house. It passes underneath an open vault,
in order to get some air, and is then conveyed about 200 meters [219
Yards]. Tt feeds the ponds and the basins, and is again colleeted in a
small lake, It also forms a small brook destined for young trout, aud
from this brook comes the little stream which enters the hatehing-house.
The water is not filtered.

The hatching-house covers an area of hardly 4 square meters [43
Square feet]. The water runs in an open conduit of wood, bitummated.
The apparatus used for hatching are the boxes invented by Mr. Eckardt,
each of which can hold as many as 20,000 Coregonus eggs, and have the
advantage that they can be placed one above thoother. There are raised
artificially Coregonus, trout, European and American Salvelinus, &c.

The ponds and basins are more than 100 in number, and, as has
already been stated, oceupying an area of 9 hectares [224 acres]. -The
largest poud covers more than 1 hectare [about 2§ acres]. The first
Donds, in the immediate neighiborhood of the house, are about 14 meters
[5 feet) deep, and have some small canals through which the water runs
all the year round, so as to keep them clear. The oxygenation of the
)Vat-er is kept up by reeds and water lentils, which grow in the ponds
In great abundance, Beyond these ponds there is a large pond, about
4 metors [13 fect] deep, and some smaller ponds.

There are also some wooden and cemented tanks, containing pike,
Silurus, tench, crucians, golden orf, &c. There are carp weighing as
much as 14 pounds. There aroe 24 cemented basins, covering each an
area of about 50 square meters [638 square feet]. In these there are
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sterlets from the Volga, Coregoni from the Madue lake and from the
Lake of Constance, American Coregoni, Salvelinus, Salmo irideus, &e.

The temperature of the water in the pond~ does not differ nuch from
that of the air; in summer it may get as high as 200 to 25° R. [77° to
88° I.], and in winter the ponds are aptto freeze. Mr. Eckardt deserves
special credit for having succeeded in hatchin g the eggs of the delicious
Coregoni of the Madue lake, and artificially raising these fish, which are
greatly esteemed by Germans; but still more for the impetus he has
given to the industry of carp cultivation. He succeeded in transporting
the eggs a considerable distance by causing the carp to spawn on juniper
branches placed in the ponds, these eggs being glutinous and therefore
adbering to the branches. After these branches have been in the water
some time they are taken out covered with eggs, which, even when trans-
ported some distance, will, under favorable conditions, develop nor-
mally. In special and very simple apparatus he ships live carp to a
great distance, even as far as North America.

9. Bernenchen.—The most im portant fish-cultural establishment visited
by me is without doubt the one belonging to the distinguished fish-
culturist, Max von dem Borne, located on his estate of Berneuchen, at a
short distance from the city of Kiistri n, in that part of the province of
Brandenburg called the ¢ Neumark.,” Mr. von dem Borne founded this
establishment in 1876, entirely at his own expense, and he does not re-
ceive any subsidy whatever, As a general rule lie does not carry on
the business of selling eggs or fish, and merely labors in the public in-
terest for the German Fishery Association.

Tbhe water of the Berneuchen establishment is brought from a stream
called the “Mictzel,” by means of a canal, which also furnishes the water-
power for some mills. Its temperature varies very considerably; in
winter it falls aslow as zcro (When I visited Berneuclhen its temperature
was 20 R. [36.5° I.]), and in suminier it may get as bigh as 200 R. [77 T.].
The roof of the hatching-house is covered with tarred pasteboard, under
which there are two thicknesses of boards, to which recently one of
pasteboard has been added ; one of the walls runs along the canal and
is of masonry, while the othersare of wood. Inside, the house is divided
into 2 rooms; in the first there are 4 basins, 1 large and 8 small ones,
intended for young carp; and the filtering apparatus. The water is
made to pass through four compartments filled with sand, and through
a flannel filter. From these filters the water passes into the second room,
in the middle of which it runsin an open conduit of cement, from which
by means of common faucets it is distributed to the right and the
left. On both sides, and a little lower than the central conduit, thero
are cement basins, 7 on each side, about 2 meters long [64 feet]. Eaclt
of these basins contain 4 California boxes, the 2 upper ones large, and
the lower ones somewhat smaller, which serve for hatching salmon and
trout eggs. Tor hatching Coregonus eggs a special apparatus is used,
invented by von dem Borne, and called the ‘““automatic sclector,” To
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€ach of these hatching apparatus there is attached a small box, intended
to gather the young fry after they have slipped out of the egg. When
this has taken place, the young Coregoni fallinto the Dasins below, which
have about 3 centimeters [1% inches] of water, while the young salmon
f“ld trout are left in the hatching-boxes. The hatching apparatus have
Covers, Lecause otherwise one rat could in one night destroy the entire
contents, The room can be heated artificially. DBesides eggs of various

erman salmonoids, I saw in process of hatching eggs of American
Coregoni and Salvelinus.

Mr. von dem Borne also has 22 pouds, the largest covering an area
of 114 hectares {about 28} acres]. In these there livo and are raised
fish of many different kinds-—salmonoids, cyprinoids, &c. In the ma-
Jority of the ponds, however, there are carp, the pouds being arranged
according to the Dubitsch systemr, already described by e in another
Teport. Among the foreign kinds the Dblack bass (Huro nigricans) from
Floridzm deserves special mention, as Mr. von dem Borne has succeeded
I propagating this fish in his ponds. This kind, like the bass and some,
other fish, deposits its eggs among stones; and it is therefore necessary
to prepare a bed of small stones in the place where it is intended they
shal] spawn.

10. Michaelstein.—In 1830, by an agrecment between the Governments
Qt' Prussia, Brunswick, and Anhalt, for the purpose of stocking the pub-
]_10 waters of the Harz Mountains, a fish-cultural establishment was
foundeq in Michaclstein, near Blankeuburg, with Mr. Dreckmaun, su-
Perintendent of forests, as director. After his death Mr. Wegener be-
came its director. As far back as the Middle-Ages there were in this
Beighborhood carp ponds, constructed by the monks.

The water comes from one of the ponds close to the establishment
and passes through a small grating; thence it passes into a filter com-
bosed of six boxes, the first containing pieces of sponge, the second
Sand, the third again sponges, and so on, alternating. In winter the
temperature of the water falls to the freezing-point. After the water
has reached the latching-room it is, by means of faucets, to whith small
flannel bags are sometimes attached with the view to better filtration,
distributed throngh the apparatus, which are California boxes modified
according to the Schuster system. These boxes are arranged on 9
Wooden staircases, cach of the 14 steps containing two boxes; there-
f(‘)re in %11 252 boxes. Iach box may contain about 10,000 trout eggs.
There are also 4 large cemented tanks for grown trout, aud some wooden
troughs, which are only used in case of absolute necessity. Besides
Tiver trout, Salvelinus and American trout are raised in this establish-
ent. Some of these, two years old and weighing about 3 pounds,
have already pi‘opaga-ted the species under artificial cultivation.

There are a great many ponds, some of which might possibly bo used
for trout, and others for salmonoids, while in others carp alone can be
raised, because the bottom is too muddy for others. Inthese ponds aro
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kept the fish which are to serve as propagators, and they are caught
when the time for fecundation has come.

1I.—SWITZERLAND.

11. Neuhausen.—This establishment is located about 300 meters {328
yards] from the celebrated falls of the Rhine. It belongs to the canton
of Schatfhausen, which founded it in 1877. 1t is under the superin-
tendence of Mr. Moser-Ott. ‘

The water comes from a spring about 200 paces from the establish-
ment, and is carried through a conduit about a meter and a half [5 feet]
below the level of the floor. The temperature is not very high, nearly
always 7° R. [about 480 F.]. Itis not filtered. It rises to the ceiling
of the hatching-house, whence it falls into a long, rectangular wooden
basin, from which through vertical pipes it descends into the hatching-
Toom be]o“ To each pipe there are two troughs. These are of wood,
about 23 meters long, 40 centimeters broad, and 20 centimeters deep
‘[about 98 x 16 x 8 inches]. They are arranged in couples, each couple
having one pipe through which the water flows into the troughs, and
one common outlet pipe. The number of troughs is 16. The water in-
side the troughs reaches a height of.about 6 centimeters |2} inches)
during the hatehing of the eggs, which are placed on frames of var-
nished iron wire, but after the eggs bave been hatched the height of the
water is reduced to 3 centimeters [1} inches|. 'There are also in us¢
small wooden troughs 80 centimeters long [314 inches]. In the hatch-
ing-room, 10 meters long and 7% meters broad {about 33 x 25 feet] thez‘o
isalso a large tank for live ﬁsh

The only kinds of fish raised at Neubausen are trout, salmon, and
Thymallus, with the view to placing them in the Rhine, on the account
of the canton; but a small trade is also carried on, principally in fecun-
dated salmon eggs which have not yet become embryonated.

There are two small ponds for keeping trout, especially males, which
are to furnish the material for reproduction.

In the Neubaunsen establishment about 500,000 eggs can be hatched
at one time.

12. Dachsen.—On the opposite bank of the Rbine, a little farther dis-
tant from the falls, there is the establishment of Dachsen, on territory
belonging to the canton of Zurich, which founded it in 1870, but re-
duced it to its present condition in 1881

It is under the management of Director Asper, of Zurich. 'l‘he water
comes from springs close to the establisinnent and is collected in a res-
ervoir, whence through a pipe it flows into the hatching-house. It is
not filtered, but the end of this pipe has a grating to prevent any mud,
leaves, &e., from entering. In winter its temperature is 5° to 6° R.
[431° to 453° I}, and is somewhat higher in summer. Inside the room
the pipe conveying the water rises vertically from the floor and flows
into a canal in the center, constructed of masonry, and raised about 2
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Wweters [64 feet] above the pavement. From this central canal the water
flows into trou ghs, arranged perpendicularly on either side of the same,
through pipes about 20 centimeters [8 inches] long, which empty into &
Hower-pot without bottom filled one-third with sand, resting on the net-
Wwork of metal wire, which covers the upper part of the trough. Thus
the stream of water is broken in its fall, and is aerated. The troughs
are of wood, 24 in number, and of the sam¢ dimensions as those used
at Nenbausen. No frames are used, but the eggs, as well as the young
fry, rest on a bed of sand and very fine gravel, at least 4 centimeters
(13 inches] high. Each trough may contain about 20,000 cggs.

As at Neuhausen, there are two ponds for trout, especially for males,
selected ag reproducers. The kinds of fish raised are salmon, trout,
and Thymallus, for stocking the Rhine. No trade, properly so-called, is
carried on; but exchanges aro made with other establishments, for in-
Stance, with Hiiningen.

.13, Zurich.—The Zurich establishment is located at the place where
the river Limmat flows out of the lake, and is under tho immediate
supervision of Dr. Asper. Like the Neuhausen establishmeént it belongs
to the canton of Zurich.

The water comes from thoe Lake of Zurich. Itis broughtinto the city
by pumps, and is used by the people of Zurich as drinking water. Be-
_f01‘e being used it undergoes a thorough process of filtration. In winter
1ts temperature is generally 3° to o C.[37.4° to 39.20 F.], while in sum-
mer it can reach and exceed 200 C. [68° F.|. It circulates insidoe the
hatching-room by means of a pipe suspended from the ceiling.

The establishment is provided with hatching apparatus of different
kinds : Wooden and zinc troughs, California boxes of various systems,
small troughs of cement, &c. In the troughs the eggs are at first laid
on frames of metal wire, but when they are near to being hatched they
are placed directly on the bottom covered with gravel or sand. Sal-
mon and trout eggs are hatched for the Limmat and the Rhine, and
Coregonus eggs for the Lake of Zurich.

For the latter kind of fish the American method answers well; it
consists in keeping the eggs in a kind of large cylindrical bottle of
glass, with a large mouth, closed by a perforated tin lid, pierced in
the center by a pipe through which the water passes, and again flows
out through the holes in the lid. In this manner the development of
the much-dreaded parasitical fungi is prevented, especially during the
tirst period of the development of the eggs. ‘When tho eyes become
visible the eggs aro placed iu an ordinary California box.

At Geneva, Zug, and in some other places another apparatus was
used with considerable success, consisting of a large glass funnel, 30 to
40 contimeters [about 14 inches) high, which is filled with eggs till
within a short distance from the top, and into which the water enters
through the lower aperture, keeping the eggs in motion and carrying
away the dead and spoiled ones, which are lighter than the others.
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Dr. Asper has also been successful in hatching eggs of the American
Coregonus, and has placed some young ones in the lake.

14, Geneva.—In the quarter of Geneva known as “ Sous Saint J ean,”
is located the fish-cultural establishment belonging to the canton of
Geneva, which at present is under the direction of Mr. Covelle.

The water comes from the Lake of Geneva, and is the same which i8
used as drinking water in the city. In winter its temperature is G° C-
[42.80 T.] and sometimes it falls to 4° C. [39.20 F.}; in summer it i3
very warm, but during that season no operations are carried on in the
.establishment. Generally it is not filtered, but when a north wind (the
so-called “bise”) prevails, it becomes turbid, and at that time it is, when
coming out of the faucets, made to pass through a zine box divided into
two compartments, half filled with gravel. Mr. Covelle, however, pro-
poses to substitute for these apparatus a large filter, to be placed out-
side the building.

The water runs along the walls of the hatching-room, which is 13 me-
ters long and 12 broad [nearly 43 x 40 feet], in iron pipes; which are
preferable to wooden ones, because parasitical fungi are not so apt to
form in them.

In the hatching-room there are 28 troughs, placed in two double rows,
each containing 7; they are cemented, 24 meters long aund 70 centi-
meters broad [about 98 x 28 inches] on the inside. The one standing
agaiust the wall is 20 centimeters [#early 8 inches] higher than the outer
one. For each trough there is a faucet, to which is attached a winding
appendage of brass, with a small hole at theend ; so the water does not
flow out more than at the rate of 6 liters {about 64 quarts] per minute.
Insido this tube is placed a small grating, which prevents all matter
from stopping up the hole. The water flows from the upper trough into
the lower one tirough a zine pipe, to which is attached a distributing
apparatus, which may also be attached to the upper faucet. The lower
troughs have as an outflow a straight iron pipe, terminating at the top
in a swall grate.

These pipes, joined two and two, lead to a conduit under the fmve-
ment, which ends in a large basin placed at the end of the room, which
serves for keeping, separately, the male and female propug‘ating' fish.

Tor hatching Coregonus eggs thoe funnel-shaped apparatus already re-
ferred to is used. It is provided with a metal edge with a vertical
grate, which runs along a peripheric canal, whose opening communi-
cates with the conduit of the edge, from which the young fish and the
spoiled eggs fall, while the good ounes remain at the bottom.

The hatching frames which Mr. Covelle places in the large tronghs
have a bottom of metal wire with very narrow interstices. I think,
however,that a network with larger openings is preferable, which would
allow the young fish to pass through soon after theyare hatched, The
bottom of the troughs is gencrally covered with very fine gravel,
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The Geneva establishient hatches eggs of the Swiss and American
C”“‘.G'onus, Thymallus, and Salvelinus, but principally eggs of lake
trout, of which about 500,000 are raised per annum. The attempt has

been made to introduce salmon in the lake, but it has not proved suc-
ceasful,

[II.—~NETHERLANDS.

13, Velp.—Tho Velp establishment is near Arnliem, at a short distance
from the castle of Billiom, on the river Yssel. 1ts dirvector is Mr. H. Il
bontjes. It was founded in 1871, with a view to placing young salmon
in the Yssel; but now 1t distributes them in nearly all the rivers of the
Netherlands. The Dutel Government pays about 1 cent for every young
S_illmon, and about 10 cents for every one-year-old salmon placed in pub-
lie waters, expending for this purpose a total sum of nearly 85,000, The
establishment consists of o la-rgé and very high hall, 15 meters long and
10 meters broad [about 49 x 35 feet).

The water used is gpring water, Itcomes ir an open canal, a distance
Of 4 to 5 kilometers [about 3 miles]. In winter its temperature some-
times falls to 10 C. [34° F.|, and even lower, while in summer it rises to
290 (770 F.]. Near the establishment it is collected in galvanized-iron
Pipes, through which it Aows into a basin placed in front of tho house,
‘Yheuce it passes into another basin inside. The water first goes intoa
little room, and is gathered in a cask, through a metal grating intended
to keep out all impurities; thence it passes, throngh o funnel filled with
Small sponges, into a large vat, half filled with gravel, and from this it
goes into the hatching-room. In this room there are four rows of double
Fl‘Oughs, in cement, arranged on six steps. The lower trough, however,
18 not divided, aud each row therefore consists of ten voessels, cach 2 me-
ters long and 86 centimeters broad [about 79 x 3% inches], and of a last
one twico as broad. In these troughs the salmmon eggs are placed on
Coste frames, which often have a network of clay pipe-stems. Abovo
the cement troughs others, made of wood, can be placed. The water
flows under the pavement of the hall, wheuce it rises vertically in pipes,
througlh whicl it flows into the troughs.

Besides the two basins referred to for trout and one-year-old salmon,
t-here are five basins for salmon, six for trout, and two for Chinese gold-
fish.  During the first state the young fish are fed with brains chopped
fine, then with heart, &e. :

'1"110 establishment makes a specialty of hatching salmon eggs, of
Which it can hold 500,000, The eggs are wostly obtained from fish
Canght in the Netherlands, and in that case from dead females and from
fish from the Upper Rhine, Besides salmon I have seeu the eggs of
trout and the American Salvelinus hatchod in this establishment.

16. Apeldoorn.—The establishment of Apeldoorn, founded in 1850 by

Ir. J. Noordhoek Hegt, is 4 Dutch miles from Apeldoorn. It receivesity
Water from a spring at a distanco of about 3 kilometers [nearly 2 miles},
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which yields 10,000 cubic meters [about 350,000 cubic feet] of water por
day. Close to the hatching house it falls about 4 meters [13 feet], and
is partly gathered in an open wooden canal, which serves to bring it
into thoe hatching house. It is not filtered. Its temperature, even in
very cold winters, is 20 to 3° C. [35.6° to 37.4° F.].

There are in all seventy-two troughs, generally double, arranged in
three rows. Some of them are still of wood, but they will sooun be re-
placed by others of cement.

There are many ponds and basins for fish of different kinds, intended
for raising fish and for selling them. The principal object of thisestaD-

“lishment is to raise young salmon for the Rhine, but it also hatches eggs
of common trdut, lake trout, American trout, American Salvelinus, and
California salmon ; likewise crucians, carp, gold tench, and other cypri-
noids.

IV.—I1s1n-CULTURAL METHODS.

Thero are two methods in use for increasing the number of different
kinds of fish: 'I'ke first, iu which human influence is reduced to its mini-
mum, consists in placing the fish under the most favorable conditions
for spawning. This may be called protective fish-culture, and is known
by the name of “pond-culture;” it is particularly adapted to the eypri-
noids, and amony these specially to the carp.

By the second method the eggs are taken from the fish, mixed with the
milt, and hatched, and the young fish are cared for and fed, until the
snitable time has arrived for placing them in the water; natural pro-
cesses aro followed as closely as possible, and all hurtful influences kept
away. This last is genuine artificial fish-culture, and is especially ap-
plicable to fish whiel, like the salmonoids, spawn in winter, and conse-
quently do not develop too rapidly.

Protective fish-culture does not demand so much care as artificial
fish-culture, and can easily be carried on even on a large scale. In fol-
lowing the protective method the fish-culturist should confine himself
to providing favorable conditions for the fish which he intends to raise,
leaving all the rest of the work to nature. If carp are to be raised, there
are placed (in the spawning-season) in a small pond, covering an arca of
- 1,000 square meters [10,764 square feet], which has been kept perfectly
dry until a few days beforehand, two male and one female fish, which
have been carefully selected. Theso fish will spawn in a few days, and
the young fry will develop very rapidly. After they have lost the um-
bilical sac they should be placed in a larger pond, covering an area of at
least 1 hectare [24 acres], or in the waters for which they are intended.
The bottom of the pond used for reproducing carp and other cyprinoids
should be muddy; while for bass, American perch, and other fish it
should be gravelly, By allowing the carp to spawn on juniper branches
Mr. Eckardt has succeeded in conveying the eggs from one pond to the
other, and he ships them by railroad in the same manner in which tho



[.55] FISH CULTURE IN CENTRAL LUROPE. H93

0ggs of salmonoids are usually shipped. An important condition foi
raising carp is thht the pouds can be laid entirely dry.

The rules to be observed in artificial fish-culture are, however, much
ore numerous. According to Benecke they may be classed under the
fOllowing categories: Obtaining and fecundating the eggs in an artifi-
cial manner, hatching them, raising the young fish until they have lost
their umbilical sac, shipping them, and placing them in suitable
Waters, v '

‘The artificial fecundation of fish eggs is, at present, generally prac-
ticed aceording to the dry method, the Russian method of Wraskij. By
% gentle pressure on the abdomen the mature eggs are extracted from
the body of the female, and allowed to drop into a dry vessel; over the
©8gs is poured the seminal liquid obtained in the same manner from
the male; the mixture is gently stirred with tho hand, gradually adding
3 little water, Eggs have even been successfaily fecundated which
bad been taken from fomale fish which had been dead several hours.

The best fish for propagators are those which are not too old; this ap-
L?Iies particularly to the male fish., It is advisable not to use the same

sh as propagators for several years ip succession, with the view to
avoid the evil consequences of the mtgy degeneration of the genital
organs, advanced age, and consanguinity. If the fish selected for the
Purpose of reproduction are healthy and fine, their products will be so
likewise, 1t is possible to produce hybrids; but these, besides being
ba.rren, show a very high rate of mortality, avd in my opinion their
Taising can not be recommended.
he eggs, after having become fecundated, are subjected to the
?atching process. In a temperate climate this process may be effected
11 the open air and in open waters, in apparatus cither floating or
Placed on the Lottom of a brook or some other water-course; but it is
alwayg safer, and in most cases absolutely necessary, that the hatching
§hould be dono in covered and inclosed places, which are called hateh-
Ing-houses. These should be constructed in such a manner that the
Water inside is not liable to freeze ; they should have suflicient light,
80 that there is no difficulty in selecting the eggs; but the light should
ot be too strong, because this favors the development of algiv and
Parasitica) fungi. :

'.Phe principal question which should engage the attention of fish-cult-
rists, is the selection of the water destined for the hatching-house. It
should pe clear, free from impuritics, have a low and even temperature
(Possibly from 20 to 50 C. [35.60 to 410 F.]), and, what is still more im-
Portant, should be abundantly aerated. These conditious are found
Particularly in brook water, which las only oue fault, namely, that it is
fl‘equently muddy. Spring water is generally too warm and too little
aerated, but both these defects may be remedied by letting it, before
entering the hatching-house, run for some distance through a covered
anal over a bed of gravel, and forming some little falls. Wherever

8. Mis. 90——38
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these two kinds of water are found in the same neighborhood, it will be
best either to use only one or to mix the two. Whenéver brook water,
and even when spring water is used, one should not fail to let it pass,
before being used, through a filtering apparatus, which usually con-
gists of one or more vats or basins half filled with gravel, through
which the water is made to flow. Small pieces of sponge may also be
used, and the American filters of flannel have also been found to an-
swer the purpose very well. The modern hatching apparatus, in which
the eggs can be stirred and washed without difficulty, render it less
necessary to filter the water.

In cold countries all possible precautions should be taken to prevent
the freezing of the water, by placing the pipes through which it flows
before entering the hatching-house at a certain depth below the ground,
and by enveloping them in straw or other non-conductors of heat.

Inside the hatching-house the water should be gathered in a Teservoir,
or should run in a canal (an open one to be preferred) at a height of at
least 2 meters [G} feet] above the pavement; the canals may bo of wood,
cement, or metal, according to circumstances, and from them the water
ghould fall vertically into the hatching apparatus placed below. The
object of letting the water fall from a certain height is to add to its
aeration ; special contrivances attached to the pipes may also serve this
purpose. ‘

The hatching apparatus generally used in large fish-cultural estab-
lishments are cement troughs, as being the most durable and less
apt to favor the development of parasites on the eggs. The eggs may
be placed in these troughs, on frames with a wire bottom, the bottomn
being covered with very fine gravel. Wherever water is abundant it is
advisable that each trough should have a separate faucet, because if
parasites should develop in any one of them the infectious germs can
eagily be removed. Even wooden troughs may be used, provided they
are carbonized on the inside, or at least tarred. In small, especially
private, establishments the most useful hatching apparatus is the Cali-
fornia box, of whatever model it may be. Those, however, are prefer-
able in which the water flows through a very large openiug.

After the eggs have been placed in the apparatus strict watch should
be kept over them to rcmove immediately all those which have not
Dbeen properly fecundated, which show traces of disease, or have become
opaque. The eggs should be kept in the dark, because light favors
the development of fungi and parasitical alg:e. All hatehing apparatus,
no matter of what kind, should be provided with strong covers to pre-
vent mice, rats, &e., from entering.

When the eggs are near being hatched they can, if they are on frames
in large troughs, be taken off the frames and placed on the bottom, or
placed in special apparatns. If, on the other hand, they are in Cali-
fornia boxes, it is not necessary to do this. Great care should be taken
to remove at once spoiled oggs or dead young fish, as the presence in
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the apparatus for any length of time of one dead body may cause the
death of thousands of healthy eggs or young fry. To obviate this diffi-
culty, the water should never cease to run into the apparatus freely.
Whenever the fish begin to boe less lively than usual and there is reason
to suspect the development of the much-dreaded fungus (Saprolegnia),
endeavors should be made to prevent its spread by throwing a large
quantity of salt into the water. In some cases cxcellent results have
been obtained by raising fresh-water fish in sea water. When the
Young fish are intended for public waters it is best to place them there
some days before they have lost their umbilical sac, so they may become
somewhat aceustomed to their new element before they are compelled
to seek their food. They should not all be put into the water at the
Same time and at one and the same place, but bo scattered over a larger
surface of water, selecting localitics which contain the conditions
favorable to their existence. Instead of quite young fish it would be
Preferable to put into open water fish about ope year old, which are
8tronger and are not exposed to so many dangers. 1f the young fish
are to be fed artificially the first food should consist of brains chopped
very fine; afterwards they may be given meat chopped fine, fish eggs
Which have not been fecundated, gron’nd meat (meat flour), and larvie
of flies. When they are two to three yearsold fish begin to be capable
of propagation. :

Fecundated eggs may be transported without any danger at two peri-
0ds, immediately after fecundation and after the points of the eyes begin
toshow in the embryo, while during the first stago of the development
even the least shock may cause the death of the embryo. Theeggs are
Wrapped in a small piece of moist muslin and placed on a bed of moist-
eued wadding, which in its turn rests on a bed of moss. They are cov-
ered with a similar layer of wadding and moss, on which another layer
of egas may be placed. In this way they can be shipped a congidera-
ble distance, placing on the top of the whole pile & small picce of ice,
Which serves to keep the temperature low, and which should be renewed
from time to time. The box containing the eggs is placed inside anoth-
er larger one, and the space between the two boxes is filled with saw-
dust) hay, &e.

The American fish-culturist, Fred Mather, has invented an apparatus,
a 8ort of chest with different bottoms, which is used for transporting
the eggs whieh the German Fishery Association receives every year
from the U, S. Fish Commission. The first attempts to convey eggs
Such a distance were not successful, but at present they are shipped
With perfect safety.

It is much more difficult to transport young fish, owing to the neces-
8ity of havin g the water acrated. Lor this purpose Schuster and others
!laVe constructed vessels to which air-pumps wre attached, but accord-
ng to Haack and others, these are not absolutely necessary ; if great
Precaution is taken, and the water is changed as often as possible, using
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also ice, so that the water does not get too warm, the young fish may
be shipped a considerablo distance without great loss. The consign-
ment of fish should in every case be in charge of a practical, intelligent,
and reliable person.

There is of course much less difficulty in transporting grown fish.
Director Iaack has succeeded in transporting alive from Pisa to Hii-
ningen young cels, known under the name of ¢ blind eels.”

In Italy the first attempts to stock the public waters with fish were
made by Professor De Filippi, and continued during thoe last few years,
by the aid of the ministry of agriculture, industry, and commerce, by
Professor Pavesi. But in order to make these experiments with the
certainty of favorable results, they should be preceded by investigations
relative to the physical and Dbiological conditions of our fresh waters,
such as Professor Pavesi has made in some of the lakes of northern
Ttaly, Lake Trasimeno and Lake Albano.

All the kinds of salmonoids found in Central liurope, with the excep-
tion of the Rhine salmon, the Danube salmon, and the different kinds
of Corcgonus, are also found in the fresh waters of Northern Italy; and
it is therefore certain that these efforts to increase the fish in our waters
will be crowned with success. The trout, the Salvelinus, and Thymallus
could easily be cultivated, and there is also reason to hope that the
Coregoni introduced at first in Lake Maggiore by I’rofessor Do Filippi,
and recently in Lake Como by Professor Pavesi, will become acclima-
tized and will propagate.

1n Central and Southern 1taly only trout are found; but it would not
be difticult to increase their number in the upper tributaries of the
Arno, the Tiber, and in all the streams of {resh waters coming from the
Apennines. I have not yet been informed of the results of the attempts
made during the past year to introduce Rhine salmon in the ’o and the
Pescara. During my stay in Germany, I was advised more than once,
especially by the illustrious president of the German Fishery Associa-
tion, von Belr, to attempt the acclimatization of the California salmon
(Oncorhynchus clzouzcha) which lives in localitics whose natural condi-
tions greatly resemblo those of Italy. The non-migratory salmon of
the Schoodic Lakes (Sulmo sebago) might be raised to advantage in the
deep lakes of Northern Italy, and the voleaniclakes (craters) of Central
Italy.

Throughout the whole of Italy, but especially in Central and Southern
Italy, the industry of carp culture is, as 1 think, destined to be developed
veloped on a large seale; so far it has been introduced in some lakes
and ponds, Mr. Max von dem Borne also advised the cultivation in
Italy of the American black bass (Iluro nigricans). 1tis true that it is
a very voracious fish, but the swme may be said of the pike; and yet
they do not destroy all the other fish in the waters in which they are
found ; suitable precautions and careful watching may prevent much
of this evil; and there is no reason to exaggerate the dangers to which
one kind of fish is exposed by another.
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Fish-culture in Italy,especially in itssouthern portion, presents doubt-
less fower dificulties than in Central and Northern Europe, by reason
of the milder climate, which does not expose tho water in the hatehing-
house to the danger of freezing, and renders unnecessary many of the
Precautions which have to be taken in a more northern climate.

There are two methods of stocking with fish the fresh waters of a
country : The founding of large central establishments of fish-cultare,
or of small fish-cultural stations scattered throughout the country. It
has now been demonstrated that the second method is the better and
more practical of the two. Large fish-cultural cstablishments are in
hearly all eases more subject to diseases which destroy the eggsand
the Young fish than small ones. «Splendid results may be expected
f'l‘om fish-culture only when every one has become his own fish-cultur-
1st,” says von Bebr, and with good reason. But in order to obtain
these results it is necessary that this industry should become more
general and should be prized as highly as it deserves, and this can
only take place after long and patient labor, and if the proper im-
Petus is given by the Government. This is the grand service which
the Hiiningen establishment has rendered to the whole of Europe.
But wher fish-culture has entered the(ﬁe]d of private enterprise tho
Government should cease to carry it on. This is also the opinion of
the cminent director of the Hiiningen establishment, Mr. Haack. The
]m:ge fish-enltural establishments should be the centers from which
this industry is spread, and they should malo cfforts to start as large
4 number as possible of small establishments thronghout the country.

This result has been reached perhaps in the most satisfactory man-
Der in Saxony, since in that kingdom thero were, at t-l.lO end of 1882,
N0t less than 73 fish-cultural establishments, both large and small, or
One to every 40,000 inhabitants and to about 200 square kilometers [77
square miles]. This result is due particularly to the efforts of Doctor

_‘tSChe, professor of zoology in the Academy of TForestry at Tharand.
,Smce 1878 he has given a special course of lectures on fish-culture, last-
g not, longer than a week. These lectures have been attended by the
Students of the academy and by many other persons, among the rest sev-
eral fish-culturists. In most cases theinspectors of forests, both Govern-
Tent and private, have founded the different fish-cultural establish-
uents, and have done their share in diffusing the practice of fish-culture.

he samo could be done in Italy. The Instituto of TForestry at Vallom-

brosg, possesses, as I think, all the necessary material for a course of
fish-culture. This course should be made free to all, so that it could
be attended not only by the students of the institute, but also*by per-
S0ns employed in the superintendence and care of forests., The course
is(l)llould not merely comprise theoretical instruction relative to the phys-

0gy and reproduction of fish, the histological development of the
.emeS'Oa &., but it should be essentially practical and brief, ocenpy-
Ingin all not more than three or four woeks, divided into different
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periods, and thus it will be possible for the employés of the forest
service, the only service which at present can be counted on in this
respect, to become practically acquainted with fish-culture.

In conclusion it cannot be denied that in Italy the sea fisheries are of
greater importance than the fresh-water fisheries; butat the same time
it should Dbe stated that even in the sea man may exercise a beneficial
influence on the propagation of fish. We have an example of this by
what is done in this direction in America as regards the cod, and in
the Baltie as regards the herring.  Some of our efforts should, therefore,
be directed to salt-water fish-culture, which is destined in time to pro-
duce still greater results than fresh-water fish-calture.

GENO0A, August 6, 1885,

[*After visiting and studying the principal fish-cultural stations of
Germany, Switzerland, and the Netherlands in 188485, under orders
from the Italian Government, Dr. Bettoni and Dr. Vinciguerra advised
the establishment of two somewhat similar stations in Italy. The prin-
cipal fish which they pointed out as suitable for cultivation were salmon,
trout,aund carp. Bolsena was mentioned as the most favorable place in

- Central Italy for one such establishment. The plan for the station con-
templated a hatching-house, with all the necessary apparatus, an arti-
ficial canal from a small stream to the Lake of Bolsena, and the con-
struction of two large ponds, each with an area of 1,000 square meters
[nearly I acre] and a depth of one meter [3} feet]; these ponds being
intended for the cultivation of carp on the Dubitsch system. Besides
these ponds, two rectangular basins were to be laid in cement, each
with an area of 12.5 square meters [134.5 square feet], and two other
basins, one round and the other elliptical, to be used as stock and win-
ter ponds for carp and other fish. The total estimated cost for starting
this station was about $2,350. Brescia was proposed for the location
of the establishment in Upper Italy, on a somewhat larger scale than
the one at Bolsena. The plan contemplated making a large canal and
two small ones, emptying into a pond of irregular shape, having an area
of 246 square meters [2,648 square feet]. From this pond another canal
is to start, feeding a large hatching-house and supplying water for three
circular ponds with an area of 495, 128, and 110 square meters, respect-
ively [5,328, 1,378, and 1,184 square feet]. There are to be also four
rectangula-r ponds, in pairs, each covering 414 square meters [4 457
square feet], and two large rectangular ponds, each with an area of
506 square meters [5,447 square feet]. The building is to contain, be-
sides batching-rooms furnished with the latest improved apparatus, a
room for the director, one for a laboratory, and one for a small museum.
The total estimated cost for the Brescia station was about $4,650.]

*This paragraph is not a part of Dr. Bettoni’s report, but is from an article by
Drof. P. Pavosi rolative to the establishment of fish-cultural stations in Italy. * It is
inserted hero as showing one of the results of Dr. Bottoni’s worl.—EDITOR,
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