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TH;!: TRANSPORTATIOH OF FROZEN LIVE FIST-IES 
-(Le transport dupoissons ~el~p) -

(By Eugene Mil' and Dr. ,.T. Audi ge ' in Tome 2;, pp . 7-14, Bulletin 
de la Societe Centrale d'Argiculture et de Peehe. Paris, 1913) 

Cold is used to advantase both in 't he fisheries and in fish culture . 
The refrir;erating establishments vl'~ich possess nUmerous fishin , boats, the 
placing in circulation on the rail r oads of car s suitably arran~ed, and 
finally the easy use of, and the low ' cost of ice, permit the transporta
tion, sometimes very" di s tant, of fish, an article of food of the first 
0.1' de I' , but exc'eedingl y perishable. Not only does r efri o;eration permit 
the l ong conservation of dead fish, but it f acili t ates the shi pment of 
live fish. It is the c~rrent practice i n f i sh culture to refrige rate the 
water in the r ecept acles serving for the transportation of these animals . 
In t his way numerous fishes carl be collected i n a l i mited space and their 
transportation in a living stat e assur ed, to the great profit of fish
culturists . Everyone knows that the sal e value of livinG fish s urpas ses 
that of dead fish . 

In a ver y abl e work Mr. E. Poher has described the process used in 
Germany to f acilitate the transportation of living fis hes . ,Cars furnished 
with r eservoirs in which r efrigerated wat er conti nual ly circul at es are 
pl aced at the dispos ition of fishermen and f i sh- culturists . 

The United St ates, and particularly the State of California , has em
ployed for sonle time this means of transportation . It must be r ecognized , 
hovvever, that in spite of the perfection to which thEjs e cars have been 
broua,ht, the number of fishes shipped i s small, out of proportion , it would 
seem, to the consider abl e value of th~ apparatus employed . 

In an inter esting discussion of this qUl:lstion , Jill' . R. Merle es timates 
that about 4 to 5 litres of wat er are necessar y to assure the transporta
tion i n good condition of one kilcgram of carp 2 t o 3 years of agej carp 
of one year require 10 litres of wa t er per kilogr am ; it t akes 10 to 20 
litres to kerJp for a f ew hours 1 kilogr am of trout . Under ' these conditions 
a car, the capacity of w~ich i s 10,000 kilograms.. i s hardly a 1:>18 to carry 
500 to 1,000 kilogr ams of livin~ trout . 



We have cndc.J.vored to di scover vrheth~r i -t is not possiblu to obtain 
better r esults by another method , sugGested by data furnished at the SaJ'!l8 

time by nature and by experimentation . 

It is knmvn, in f ac t, that fishes behavG in 1m" or in variable tempera
tures like other col d- bl ooded animals , their OVITl t emper a ture f a lling in 
proportion t o the chilling of the medium in which they livt) . The r esulting 
l et hargy can go even to tho suspens ion of life . To ~ak~ an example f r om 
nature , the gr eat rivers of Siberia, the Lena , the Yeni8ci and the Obi, 
freeze soli d during the wint er month3 ~ The fishes thus imprisoned in tho 
ice hibernate , but do not die ~ I n tho spring the i ce molts , a nd tht; fishos 
set free r evive . WIthout this property of hibernat ion t he strcams of 
Siberia would have no fishes , when, in f act , they have 'n abund~nce of 
them. 

The f i rst experiments attempted on the freezing of fish a r e already 
old . Franklin, Hubbar d, and others otbained the revival of fishes stiffened 
by cold. I n 1863 Lulne- Edwards ave to t he""e experiments the consideration 
of his hi gh intelligenc e . More recently Hr . ,1. -Je iss in his "Prec i s de 
physique biol o i que ," descr i bes the same phenomenon . "One is able ," he says 
"to freez e fishes and batrachians, to transport the eve_ , at 150

, and to 
see them r evive if pr ecaution is taken to thaYv thel"! out brad ally . " Finally 
in a recent articl e Mr . R. Peetet , the eminent Genevois phys ician , describes 
his personal r esearches upon t he same subject . "The most convincinf:, r esults 
says TAr . Peetet , If have been furnished by the fresh-vlatf:~r fishes . '='~ey can 
be frozen and thawed out 1fithout their dyin . One da~r at the U'1iv'2T.,ity of 
Geneva I placed in a deep glass bowl 28 fishes . By takin" the prec..J.ut ion 
to leave 'hese fishes nearly 24 hours in 'water at 00 we have been abl e, by 
slowly freezing thi s water, to form a block composed of via tel' and the fishes 
inclosed therein . The block was frozen gradually , f rom nearly 20

0 to below 
00 oJ:- oJ:- '::- . Three weeks to two months later , by allowin the ice and the 
fishes inclos ed to melt slowl y, the l atter swam about as befor E: vrithout 
any s i gn of discomfort." 

In r epeating the experiments of these numerous savants , 01 e of us 
has been abl e t o confirm this excellent r esult . It is upon these data 
that the process of transportation i ndicated bel ow is based . The t ech
nique of the operation comprises thr ee pri ncipal phases : 

1. The preparatory 'chilling , the concentration or ssembling of the 
fis hes in a small qua~tity of water, and the freezing . 

2 . The transportation ~ 

3. The thawi ng out of t he fishes . 

CHILLING, CONCENTRATI ON , AIID FRE;':;ZIUG OF THi FISH 

The apparatus which we have used consists of a simpl e wrought-ir on 
basin in the form of a truncat ed (inverted ) cone . Aroillld the out er edge 
of the opening (vrhi ch corresponds to the base (top ) of the vessel), is 
solder ed a f l a t co~_lar upon which is fixed , by screws ¥lhich can be tight
ened , a shee t - iron cover . A rubber gasket , interpos ed between the cover 



and the collar, ins ures the ti ghtnes s of the j oint . Th2 cove r itse l f i s 
p ierced vd th three hol e s furnis hod with short tube holdors in which can 
be fixed perforClt e d corks . In one of thes e is pl aced the b eak of a l arg8 
funn el; the .s e cond is fitt ed ,dth an e lbow tube - holder, and t he third with 
a thermomet~r which pe r mi ts t he progr ess of r e fr i gor a tion to be followed . 
To thG beak of tho funn el and t o the end of the: e l b ow tube - hol der, l,hich 
des cend into t he bas i n , a r c fi tted t wo rub be l' tubes in SUC!l a Hay tha t 
the ir free ends are a t a di s tance of a f ew centime t e r s f r om the bottom 
of thl2 ves s e l when the cove r i s in p l a ce . The r e ceptac l o b e ing fill ed 
with wat er , the fishes to be frozen a r e introduc ed , the cove r is put in 
place, ca r e be ing t ;).ken tha t the joining i s a i r-tight . The slovf and pro r es 
s i ve refri&,(~ rn tion of th e 'Iva t e l' then proceeds . 

Wate r i s fir s t poured int o the funnel, a nd a fte r ha vin g run through 
the r e ceptacl e j.t come ~3 out through thG e l b ow tube - holder y{hich s e r vc,s for 
an ove rflow outle t . The: funne l i s then filled with cra clced ice . The melt
ing of this ice c hills the wat e r gr adua l ly and the:: t empe r a ture of tho basin 
drops progr essively . In .v;).r y ing the dis r;hargeof the wat e r and the quantity 
of i ce a rc~ fr igo rat:Lon a s r~radual a s may be des i r ed ca n be obta ined . 

Whon th8 .Li.[)~1,-3 h.-rife; passed s e vur a l hours ab ove 00 the fl ow of wat er 
is checked, ;).nc!. r;y TI1Ulll.'3 of the c l b O'" tube - hol de r oxygen unde r pressur e i s 
i nj ected . This F;J;' j ~.'e )1 ;.;tr .. tinG to t he i nt erior of t he r ec ept;).cl e , forc es 
back the watr> r iJltt) the:: f urClel J a nd i n this mann Gr the basin i s empt i ed of 
ha l f of its r>;))".·:,cmi3 T~~~ :funnel i s t hen r c; fj.lled with cr:::.cked i c,e and COTI-
munica t j.ol1 8\ t';Cii t'''n e-Lcc-vf tube - hol d '.j r and t he oxygen r eservoir i s TIOm8n
tarily , i:-;, tJl' : ""J.L:_~ ~.l :::t"L:. r t o p .;r mit. t he di scharge:.! ( ,~ vacuation ) of the l iquid . 
The mel t J: i".~ I;' [,';:l :~· l.:11S into th,:; r ecept ac l e nhich is r c frigGratcs , and which 
it keeps i:l ·::';"1.) !l'-.<[;'ldOThood of 0 0

• Th(; oper <lt ion must r emai n i n t hi s s t a t e 
for 15 t o 1; ~l J:....l-:: . 

I n thr.; COUl"S_. of some exp(; rim(.) n t s wh i ch Vfe r o c onductGd on thE. r esp i ra
tion of fish,.:s \ :,~ "-;(;1' ,3 convinc ", d of the pos sibility of keGpin~ f i shes a l i ve 
i n a v ;,; r y sm.:'.::'l c;u'':'''lt ity of Hat er i n a closed a t mosphere of pun; oXYf,e: n . 
We :have k Gpt 't.:r : t...t, ~ lvln[~ f or 1 8 days in a gl as s bO',:l full of o.x-ygen whic h 
contained jL'.S -G o10uf.~h 'lvat .. :; r to perJJlit ' the fis h to ma int. l in th,3ir normal 
pos ition . 'l'hL. ap):.rotus 'which 'dO propos e to empl oy p,;rrait s, wi thout thc 
l eas t damar,e t. o t ::"3m, the assembling of the fis hes i n a sn1;).11 qUQ.ntity of 
liquid and th,:: i r 1:{,:2.J ua1 r efrioer a tion . 

"~~'hen t he dura tion 'Jf tho chill in process i s s uff i cic:!nt the nm! i n j 8c
tion of a c e:ct::-.:;'n qU.'lnt~ ty of oxygen r e duc es by a f J1[ Ct;ntir:1c t e r s thE, h .":! ight 
of the n ater in th·! o:'s in . The fn~ ,,, z in::; i s then easil y accompl i sh-3d by 
plunging thJ bas i n i n to a r efri p,;<2 r a ting mixture . 

TPJI. 'JSPOR'!:" TION 

Congealing havi ng b ' Gn pro cJuc,~d 9 th ~ r :: :r: ..; lTI3.ins in t hL) bottom of t he 
v '3sse l onl y a c:tkc of i CG, i nelosinL thL:! frozen fish . '1'h0 cov", r i s r CGloYGd 
from t he moul d ,· -i"vh car .:; , V 1C: op,;r o.ti'JD b~iwr facil j.ta t ed 8' th\.o fo r TI of 
the:; b ;).s in. ThL) c ab:; i s t h':;n \.l' ·lP ),)j in 'Lin0n and inclos::;d in an i nsul a t ed 
adi a t h J r mic ,,-,nvelope clcsi ,;ncd t" hid,'...;r thE.. m", l t in . of th ~ i cc dur i ng the 

I journey . If it i s ' des i Teci to Si,l,tl 3,~v,_r·.l ca:'(.;~ , tho:,· a r .J .ih.d one upon 
tho oth0r in a cylinde r s o that t'lI2Y Hill oc cupy t he Lllnirnur,l sP"CJ . The 
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c~~T_in cr should b.; inclos .Jd in an insulnt ..::d ffit3dium, a "'ox, or a cask, for 
eY.:a.m~). e , ,;hich is t len fill ed with po ·,rder cd ,cork, snwdus t, or chaff. · It 
\.'Ou_d b2 easy to r epl a ce this insulation , if des ir~d , \\rith cracked ice , and 
also to tr:>nsport the discs in r efriger a tor cars in which t he t emperature 
should ·not b() above 00

• . 

THE THAWING OUT 

As yfith the r efriger ation , the thawing a l so mus t be slow and pro~re s 

sive . It does not require , however, the same apparatus and the same condi
tions as the r efrigoratin process . Good r esul ts may be obtained by employ
inc::, the fol1ol';inr, me t hod : 

At their destination , the co.kes (of ice and fish) ar e pl unged into 
troughs filled with water, the t emperature of which i s mai nta ined at 00 

by blocks of ice. Little by little the cakes melt and the fishes fall t o 
the bottom of the troughs . If their r evival i s des ired, it is i mperative 
that the t emper ature i n the t r oughs be maintained for several hours in the 
ne i ghborhood . of 00 • The thawing should occupy at least 10 hours . 

CONCLUS I ONS 

The method 'which we propose unites the f ollowing advantaGes : 

1 . The omi ssion, in the transportation of living fishes , of a heo.vy 
and cumbersome liquid . 

2. The abs ence i n transit of complica ted and troublesome apparat us. 

3 . The moderate price of the machinery which,. cons idering the needs 
of a r eat industry , appear s to cost but little . 

4. The simplicity of operation . 

5. The poss i bilities of shippin l ivin~ f i shes ·for long di sto.nces . 

6. The poss i bili ty of using the fishes in cases where the operation, 
throu h Dishap, does not permlt the r evival of all the fishes • 

.1- 1 thou::>h s uscepti'ole 'of improvement , this process appear s to be of a 
nature to render service to the fi heries and to fish culture . 

3I BLIOGHAPHY 

J . Audi e . - L' excretion chez l es poiss ons . Bull . St . Pisc . , Toul ous e 1905 . 

J . Franklin . - Fir"t overl and journey to the polar seas, t . II , p . 234 . 

Hubbard . - 0 the r esusciation of fro~en fish . Sillinan ' s American Journal, 
19SO, t . . , p . 132 . 



R. Merle . - Le transport du poisson d 1eau douce Vivrul t. La Nature, 
15 juin 1912~ 

Milne-Edwards . - Le con sur l a Physiologie , 1 863 , Vol. 8. 

Eu" ene Hir ct Dr . J. AudigG . - Travail du l ab orator i e df') Biologi o w~nerale 
et de Zoolol;1.e appliquee de l a Facul t~ 
des' Sciences de '1'oulous,,: et de la Station 
de p i scicultur e du domains de Cheminieres, 
pres Castel naudary (Aude ). 2e Congres 
Froid . Toul ouse, 1912. 

R. Pictet . - Le lJatin, 4 juin 1911. 

G. Weiss . - Precis de physique biologique, Pari:') , 1910 . 

E. Poher . Enquete sur l a production et I e commerce des poissons d ' eau 
douce en Allem.:tgne . Bull. Inst . Nat . Agronom ., t . X. , 1911. _ 

The following paragraph is taken fror.1 : Refri e ration of Fish, by 
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HOLDLTG LI)T~ FISi-{ BY REFRIGJ~RATION 

It is knovm that many sp _cies of f i sh hibernate hl winter ; that i s, 
they be CCI:le inactive unJc r the influence of I on temperature, consume no 
food, and lie dormant for a l ong time . Carp have been knovJl1 to be inclosed 
in solid icc:: and survive . (The freez ing point of fish is lovier than that 
of water, so tha t it is ~ossible for fish to be inclos ed in ice without 
themselves freezin ) . \11.1' and lud.ig(~ devis ed a method of taking advantage 
of these facts by in ucing ~ibernation artifical ly. The fish are hel d 
in tanks of aerated vrater , chilled to the freezing poj.nt . The fish become 
torpid . The wa t e r is then slowl y froZEm around them , care being taken not 
to lover thJ temperature below 320 F. ' The f i sh remain alive, dormant, and 
surrounded by solid ice , and if r e l eased by careful dcfrosLin will still 
live . OXYI;(m must be present and available in small quantity , 81se the fish 
will suffocate, for they r equire a slight amount of oxygen to s usta in life 
processes . This does not appeur to be a p r actic<1ble commercial procedure, 
though it might be us eful in certain instances . 

_/ThiS article ~as translate d from the French by Jessie E. Drayton, Novem
ber , 1916 . Supe rsedes Memorandlm S - 291 i ssued by former Bureau of 
Fi sheries. 
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