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Cold is used to advantage both in the fisheries and in fish culture.

The refrigerating establishments which possess numerous fishing boats, the
placing in circulation on the railroads of cars suitably arranged, and
finally the easy use of, and the low cost of ice, permit the transporta-
tion, sometimes very distant, of fish, an article of food of the first
order, but exceedingly perishable. DNot only does refriceration permit
the long conservation of dead fish, but it facilitates the shipment of

j live fish. It is the current practice in fish culture to refrigerate the
water in the receptacles serving for the transportation of these animals.
In this way numerous fishes can be collected in a limited space and their
transportation in a living state assured, to the great profit of fish-
culturists. Everyone knows that the sale value of living fish surpasses
that of dead fish.

In a very able work Mr. K. Poher has described the process used in
Germany to facilitate the transportation of living fishes. .Cars furnished
with reservoirs in which refrigerated water continually circulates are
placed at the disposition of fishermen and fish-culturists.

The United States, and particularly the State of California, has em-
ployed for some time this means of transportation. It must be recognized,
however, that in spite of the perfection to which these cars have been

brousht, the number of fishes shipped is small, out of proportion, it would

seem, to the considerable value of the apparatus employed.

In an interesting discussion of this question, Illr. R. Merle estimates
that about L to 5 litres of water are necessary to assure the transporta-
tion in good condition of one kilegram of carp 2 to 3 years of age; carp

i of one year require 10 litres of water per kilogram; it takes 10 to 20

b litres to keep for a few hours 1 kilogram of trout. Under these conditions

] a car, the capacity of which is 10,000 kilograms, is hardly able to carry
500 to 1,000 kilograms of living trout.




We have ondcavored to dlSCQVGr whetﬁkr it is
better results by another method, suggested by da :
time by nature and by experimentation. :

It is known, in fact, that fishes behave in low or in var:
tures like other cold-blooded animals, their own tenperature«'/h
proportion to the chilling of the medium in which they live.
lethargy can go even to the suspcnsion of lifc. To take an e:
nature, the great rivers of Siberia, the Lena, the Yenisei and tﬁ@
frebze solid during the winter months, The fishes thus imprisoned in
ice hibernate, but do not die, In the spring the ice melts, and the
set free revive. Without this property of hibernation the streama rars
Siberia would have no fishes, when, in fact, they have an.abundanée of}
then. e,

The first experiments attempted on the freezing of fish are alreaay
old, Franklin, Hubbard, and others otbained the revival of fishes stiffene
by cold. In 1863 Mllne-Edwards gave to these experiments the consideru;m;
of his high intelligence. Llore recently Mr. G. Weiss in his "Precis de
physique biologique," describes the same phenomenon. "One is able," he saya
"to freeze fishes and batrachians, to transport them even, at 15 and to fff
see them revive if precaution is taken to thaw them out gradual¢y " Finally
in a recent article Mr. R. Peetet, the eminent Genevois physician, describes
his personal researches upon the same subject. "The most convincing results,
says Mr. Peetet, "have been furnished by the fresh-water fishes. They can
be frozen and thawed out without their dying. One day at the University af "
Geneva I placed in a deep glass bowl 28 fishes. By taking the precaution
to leave Shese fishes nearly 2l hours in water at 0° we have been able,_@y.'?
slowly freezing this water, to form a block composed of water andothe fishes
inclosed therein. The block was frozen gradually, from nearly 20 to belaﬁbf
0° # 3 %, Three weeks to two months later, by allowing the ice and the =
fishes inclosed to melt slowly, the ld+ter swan about as before Wlthout 15
any sign of discomfort."

In repeating the experiments of these numerous savants, ore of us
has been able to confirm this excellent result. It is upon these data 'A gh
that the process of transportation indicated below is based. The techr T
nique of the operation comprises three principal phasess: "t g

, 1. The preparatory chilling, the concentration or assembling of ﬁhe( B
fishes in a small quantlty of water, and the freezing. 5

2. The transportation,
3. The thawing out of the fishes.
CHILLING, CONCENTRATION, AND FREEZING OF THE FISH ‘”'ﬁf‘

The apparatus which we have used consists of a simple wroug
basin in the form of a truncated (inverted) cone. Around the o
of the opening (which corresponds to the base (top) of the Vessg
soldered a flat collar upon which is fixed, by secrews which -k
ened, a sheet-iron cover. A rubber*gasket 1nterpased bet ‘éﬁ :



e collar, insures the tizhtness of the joint. The cover itsclf is
reced with three holes furnished with short tube holders in which can

be fixed perforated corks. 1In one of thuse is placed the beak of a large
wla‘el, the second is fitted with an elbow tube-holder, and the third with
2 thermometur which permits the progress of refrigeration to be followed.

- To the beak of the funnel and to the end of the elbow tube-holder, which

descend into the basin, arec fitted two rubber tubes in such a way that

their free .ends are at a distance of a few centimcters from the bottom

* of the vessel when the cover is in place. The receptacle being filled

with water, the fishes to be frozen are introduced, the cover is put in
place, carc being taken that/the joining is air-tight. The slow and progres-
sive refrigeration of the water then proceeds.

Water is first poured into the funnel, and after having run through
the receptaclc it comes out through the elbow tube-~holder which serves for
an overflow outlet. Thc funnel is then filled with cracked ice. The melt-
ing of this ice chills the water gradually and the temperature of the basin
drops progressively. 1In wvarying the discharge of the water and the quantity
of ice a refrigeration as gradual as may be desired can be obtained.

When the lishes have PaBHC ed several hours above 0° the flow of water
is checked, and by mecans of the clbow tube-holder oxygen under pressure is

Y
injected. zas enairating 0 the interior of the receptacle, forces
back the w ; bh; funnel und in this manner the basin is emptied of
half of it The funnsl is then refilled with cracked ice and com-
munication ! th2 eibow tube-helder and the oxygen reservoir is momen-
Parily. ihborotes ia order to permit the discharge (cvacuation) of the liquid,
The melt.d ice wober runs into Thw _cocptaclc which is refrigerates, and which
it keeps in vhe neighoorhood of 5 Ghe operation must remain in this state

gar 1> to 19 hovrs.

In’ the coursc of some expsriments which were andu d on the respira-
Pion of fishes we werc convinced of the possibility of keeping fishes alive
dna very small quintity of water in a closed atmosph¢r' of pure oxygen.

e  have kept tr-ut living for 18 days in a glass bowl full of oxygen which
eontained jusi enough water to permit’ the fish to maintain their norma
position. Thce apparatus which we propose to employ permits, without the
least damage to them, the assembling of the fishes in a small quantity of
liguid and thcir gradual refrigeration.

Al

Then the duration of the chilling process is sufficicent the new injec-
tion of a certain quantity of oxygen reduces by a few centimeters the height
of the water in th~ bosin. The freeszing is then easily accomplished by
plunging the b;S1n into a refrigerating mixture.

TRANSPORTATION

Congealing having boen produccd, thers remains in the bottom of the
vessel only a cake of ice, inclosing the frozen fish. The cover 1is removed
from the mould with carc, the operation being facilitated by the form of
the basin. The cake is then wrapped in linen and inclosed in an insulated
adiathermic cnvelope desiypmed to hiader the melting of the ice during the
journey. If it is desired to ship scveral cakes, they are piled one upon
the other in a cylinder so that they will occupy the minimum spacc. The
3 (
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would be eagy to replace this=
also to transport the discs i
should not be above 0%

As with the refrigeration, the thaw1ng‘also mu
sive., It does not require, however, the same appana;
tions as the refrigerating process. Good results may be c
ing the following method: e 3

by blocks of ice. Little by little the cakes melt and the :
the bottom of the troughs. If their revival is desired, it is i
that the temperature in the troughs be maintained for sever
neighborhood. of 0°. The thaw1ng should occupy at least 10 hc

CONCLUSIONS

The method which we“prooose uniﬁeé the following advaﬁ‘

(=

i ! The om1551on, in the transportation of 11v1ng flshes,
and cumbersome liquid.

2. The absence in transit of complicated and troublesome

3. The moderate price of the machinery which, con81der ng
of a great industry, appears to cost but little.

i The simplicity of operation.
5-
6.

Although susceptible 'of improvement, this process appears
nature to render service to the fisheries and to fish culture. =
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HOLDIIG LIF: FISH BY REFRIGERATION

It is known that many species of fish hibernate in winter; that is,
they beccme inactive under the influence of low temperature, consume no
~food, and lie dormant for a long time. Carp have been known to be inclosed
in solid ice and survive. (The freezing point of fish is lower than that
of water, so that it is possible for flsn to be inclosed in ice without
themselves fréezing). Mir and Audigé devised a method of taking advantage
of these facts by inducing hibernation artifically. The fish are held
in tanks of aerated water, chilled to the freezing point. The fish become
torpid. The water is then slowly frozen around them, care being taken not
"~ to lower the temperature below 320 F, The fish remain alive, dormant, and
" surrounded by solid ice, and if released by careful defrosting will still
 1live. Oxygen must be present and available in small quantity, e¢lse the fish
~ will suffocate, for they require a slight amount of oxygen to sustain life
7‘ processes. This does not appear to be a practicable commercial procedure,
though it might be useful in certain instances.
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~ ="This article was translated from the French by Jessie E. Drayton, Novem-
‘ber, 1916. Supersedes Memorandum S - 291 issued by former Bureau of

. ; g Fisherie Se
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