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,






