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apparatus for inducing artificial hibernation of

marine animals, and nore particularly to a nmethod and

an apparatus capable of gradually decreasing

tenperature of water including the marine aninmals

wi thin, and al so capabPBEGIFIeXgaali ng t he period of

each subjected tenperature in stepw se increnment for

i nducing artificial hibernation of marine aninals.
MACKDDARNDASIPARATUS RORINDUCING ARTIFRICEAIs HIBERNATION OF

t ies(aquacul ture) in 1980s has pronpted a
megﬁﬁéﬁcrease of high value or quality fishery
products from aquaculture farns even in Korea starting
fromearl hﬁart of 1990s (total mariculture fishery
THANCALEIERB97: 39 121 tons), and demand and
consunption of live fish (the word "fish" is used

herein to include fin fish such as hali buts,
Breuptesedainyenfinnhrelaies tass megnd end|an; priraduE Hom inducgs artificial

hallgg? cﬁegf lill%lé eﬁmﬁgfsn%& )crjn(;}gspagﬁ iyy td BChEMSE dand an apparatus

to I ncrease person I"ncone. Howe
cmpable rdf gnadmity deaéasing taammtmn‘e offy meatdr cintjudingr th@smanne animals

roduct ncI udi ive fLSh

w‘f’uwd@ﬂ §° b ROst b Bl pli A o shaf SPERARY Retmperature in
Iﬁﬂm&eﬁianfbrSUcﬁicﬁngamﬁ¢1mgnb«fmﬁtkm cEfqnlarpmemhlmalb h

water filled tanks which results in many associ at ed

di stributional problens including difficulty in

BRCRIEGROUND ARgshness due to delay in delivery caused
by transportation problens such as traffic congestion;

expensi ve transportation cost due to high fuel/labor

g H{eﬁ{ @ﬂﬁ?h freﬁﬁﬁ? e l%g%s(a { ultﬁfé‘)‘slh' NBREs haFrompted a

en t |ve aul ed 1 ong
sigmﬁaamt aéxcrense pf highdvalu®loe qugllpy digherprprdtugts figm aquaculture farms even

L

191121ams)§ hed d@nirfdaaiﬁlmmn‘;;umﬁtﬁjn ol lmetﬁshc(tlfehmrkl "fish" is used herein to
1?51?& ¢ i, éqh %qg% rag_g}%u)\g?,a%s gqetjnrl%?% ?a%%lr?bén an({ 4Rellﬁsh such as clams
and other aquatic animals) has greatly increased partially due to increased personal
income. However, current domestic circulation of aquatic fisheries products including
live fishery products depends on low density (approximately 15-20% of total weight)
transportation systems using trucks equipped with water filled tanks which results in
many associated distributional problems including difficulty in maintaining freshness due
to delay in delivery caused by transportation problems such as traffic congestion;
expensive transportation cost due to high fuel/labor costs and distance from farm and

final consumers; and spoiled taste when the live fish is hauled long distances over land.

The typical methods of transporting such marine animals including live fish can be
broadly categorized into four types, that is, (1) anesthetic transport, (2) electric shock
transport, (3) cooling tank transport, and (4) artificial (dormant state of) hibernation

transport.



transport. To be nore specific, one such recent system
and nethod for transporting the live fish are
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entitled as "high density transport nethod of Iive
fish using cooled water”, in which water, ice and salt
are filled into a live fish water tank, and the
tenperature of water therein is cooled by 5-15 degrees
Cel sius lower than the typical transport water

’#oeﬂg)ﬁg?et %@ﬁc&&%cﬁ ¥&%§%ﬁ% L L DREE ft t?al{lg}i)&ﬁhg gRAive fish are

or exa rea egi strati on No. _
dbSeritzd 1in2 Koeeuni Phteot Rsgisiratjors &Np. WHI-8232408| ¢ntigled as “high density

apparatus for. live.cuttlefish transpo n L Or.age.”

PRRGHT o oy B ol ARD Rl R e A8 geo e
ihRra BEOfidORataNEnk raad siokinpeiatie of watth tHeedin $cooteditoy5~15 degrees
state of | ow tenperature. Korea Patent Registration

Gelsiug towsy dsmndbe Bpical franspat WatEFBREIaNEF- appar at us f or
storage and transportation of |ive fish" provides that

a tank with several holes is maintained_ in | ow

Qbepeystamr andrmethedeymdinglosehgor erample indlasepRaenRegittgtion No.
9 L P . e oo oT

1651790 OGS Bl Ly AR e LA sy
shoragd’l int hvdsieh dins dyo seaveterbeasiling| spparasequiis erepased Hoyl storage and

f I [ ; Y i .

b nb 0 b BB AP ot Alhe SO PR Ao e
10-00¥3 09 teatitl clnasTii dilaudisanaf apg ratusi foristorage bnd/ransportation of live fish”
con,surmltil es wth truck deLi v?ry .syst.em.nféq%r .dojrest i c_as

ReY et shplodeitgik B FYErRbAYIehds anparangd it Loyt dgmpgrature for

Agomhdaktidg ANSRY holk -ondUsiimsRefiskd pesled® Aliepfigt FrofObeing bodily
distribution is costly, and uncertainties of |ow

iniiiss pad tastaiging the il HPmanevyng &gelysur f aced for vari ous

kinds of fish. In addition, high nortality of Iive

fish persists during the | ong haul of transportation
Joweevdraaschll thase distlomires basicallpreguirh etmethed Srdpweting temperature of

nmet hod, may, _cause hygi eni c . S 1 :
5B TRUS ARV, B ST ARLEER 30 e g o
ehodPer distibttgllivegonsiaeblposéth arudk Hbli vy systém for domestic as well
re-treatnent,. hi norality rate, apd.deterigrated . 1
$5 Butiis Ganrupions Rfcrenp e oted 45 a0 pS R po RO Sugh specialized
dfliprh HYEDH bfshivtiEchiNe CokBRaR hivtethentids afaot tefipentird Rnvironment
alns at saolving the aforenentioned probl ens by vvhi'_ch )
also have surfaced for various kinds of fish. In addition, high mortality of live fish
persists during the long haul of transportation over land. Furthermore, the anesthetic
transport method may cause hygienic safety problems and abhorrence. Another method
such as the electric shock transport method may also pose a difficulty in pre-treatment,

high morality rate, and deteriorated flesh quality of live fish.
DETAILED DESCRIPTION OF THE INVENTION
TECHNICAL PROBLEM

The present invention aims at solving the aforementioned problems by which

temperature of sea water containing marine animals is lowered in stepwise process, while



tenperature of sea water containing marine animals is
| onered in stepw se process, whilethe subjected sea

woveeas®isdrenper at ure for such process is kept fBET/&R2007/001092
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predeterm ned period of tinme at each step of |owering
tenperature, whereby the predeterm ned period

mai nt ai ned for each step of the |lowered tenperature is
gr adual l(i/ i ncreased to a point where_ changes of oxygen

teomshiensed ena WaRy igaperatiyaifPrsHehtDIosys iEePhdon hRredpferaimsd period
ieS,:great Ly.d e ' . .
ISR bl SB5 3 ik MmO Sy O riomind e
séiatairedfof each sthp ofphe dwered éemparatore fsogradunblyt iapgtepsed to a point
i ntaining.the desired tenperature of se r . .
feBus” Pt ot gy PRl SR gy PR AThE frfine animals i

drOAY dedfedsadadr thétitingyd ialbxlypén/donsimphsn reacledi tomlsost fibthing. Then
object is to keep a |ong survi vgj rate oi mar.i ne. .
fgth etpging y Semp fhigr poin cfog) Py dotisogstahieiftaming Hhe desired
tERpérAfir& I 'R Sw AR atPSdchadé & udlly réduebd! th¥reby ensuring a long
dor mant -i nduced aquatic ani mal's in a box under

swetiegl |rete Svigbiligntof srpringigeinglesent i nvention is to use

an endogenous bi ol ogi cal rhythm (biorhythm of all the
living marine animals in transporting |live marine

Hrei otaéct is tplegep o loognstutvévad xate of mpring \aginhals just bz agfinially inducing

i ot her rds, the pr |V LQn.: 4 ' -
hEn O el S0 o ARG AR Aot oSN ERUEN aquati
dmnaleeinaai bet under iwegerttss t sonlitionorihle ptease hwention is to use an

artificially induci a waterless_.caondition for the . .
SRRV R Y 1°&ﬂi rﬁ%{ﬁ%ﬂ biP! hs%ﬁﬁnaf t‘ﬂg %ﬁdﬁ&l&ﬁowne animals in
Ringpdtvihp Mveohadnd Qhithald, MparnBorhthalekihpdivexfigy trahsport. In other
environnments of the living marine animals t

0.40 L
wondsu dhe \paeseBUSNYRWOBT Bt (@ ePTORER B 4hﬁ01ﬂ1é€:1,bo¢+gfsrepb tepfwique of
L B
Watbdessapnditjongon the lizingrmairinet animals by estoppire the lsndegepewmpiorhythm

fter long.t tati e 1y g
8 e 00 BU3REC bR e FESERL L UL OHAR, s oo
thruhighivagioas tehfpedtade chiulness i tésponseftorthe bioehydminsef ¢he living marine

SRR, R o e e R by R B e anats
fohtBcoveptheR bRsrh{BIPER R loHaragpattiong. t 0 each

predet erm ned section of tenperature(biorhythm and
then gradually increasing the period for the fish to

@CWCA@}SGEU‘FKIDN sea water tenperature at each step
)

In one preferred embodiment of the invention, a method for inducing artificial
hibernation of marine animals comprises: maintaining marine animals in sea water for a
predetermined period of time; gradually decreasing the sea water temperature according
to each predetermined section of temperature(biorhythm) and then gradually increasing
the period for the fish to be kept at certain sea water temperature at each step of
decreasing temperature in stepwise process, and then gradually decreasing the period for
the fish to be kept at certain temperature at each step of decreasing temperature in
stepwise process, starting from a point of sea water temperature where there is no

deviation of mean oxygen consumption consumed by the marine animal under a constant



decreasing tenperature in stepw se process, and then
gradual | y decreasing the period for the fish to be

wokesto1g73 certain tenperature at each step of HETKR2B171991092
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tenperature in stepw se process, starting froma point

of sea water tenperature where there is no deviation

of mean oxygen consunption consuned by the narine

ani mal under a constanttenperature. |In another

tsmperiyred enbodi nent of the invention, an apparatus

for inducing artificial hibernation of marine aninmals
conprises: an artificial dormant chanber contai ning

keanotlzxr qrreferredl wdibodiment iofghamiveatien, an ammatwﬁqran@wng artificial

BP0 e b L0 A B o v s
whieneludisg aiainetariimali; pr}&d‘eémimgacbrsaa coolen farf gradually lowering

terrperatur and introducing.the |lo ed te rature of ..
BRCTETE P B PYHRS K Eege P AR AR ARBEp: secording to
5 Bradefesthiicd sSEMOSStemPErafiRe akd imebdubiRgttROMBIabd ltéi‘n;ﬂfrature of sea
sea water contained in the artificial dormant chanber;

wateoRgefente dis aitificil deanantshagbem dempsraiure, pengprsigr wsgsuring the
H‘%}% Bt Yrial faryicBnkiied $8 @hé"ﬁhﬁhal @&%&t RR4AB2hn oxygen sensor
uter system for cont rolli ng t eat exchanger or
foin encaswing thadc'ml oif iddssolyed @xpgan ¢qn<ta1a¢d ini the spamabas; and a personal
r
SRR S PLRIR BonkBinB! AR 33L0GLBLEP hOMooler according to an
e fionl hibamaﬂdn fsoftwareg_rregheh‘e rting pmgrqme being sath thatrme,mperature of the

based o erat |nfo rmtl the s

B GE P Oh T B Lo P MR TERES A A BT R psring of time,
bd¥ed Bh Q&ﬁﬁ&ﬁtﬂl‘dﬁﬁfbrﬁﬁflbﬂ) df fHRised Hafte teodive@ Fln Be@PmpPérature sensors
decreasi ng tenperature. And baéed on the informati

while Hacteayes (B¢ RipddemyBe Peyed mpBLARSTedt SRg Hoo Of decreasing

Qﬁ?%ﬁﬁur%e%@ rbasécf‘ n RS irﬁgnﬂ%ftloﬁadrm}fé' 1Bvél %fttﬁ&%l@ﬂt oxygen received
erature of the sea water gradually |owered at each

fowpthe oxygencignsarythd eeried o& maintypingireonsiant tgptpetature of the sea water

érg\[/{%ifyggd{eﬁeecf gtoggcmtéyalsogrgglgarllfysd&%agﬁy 63 ?ﬁe&ﬁa\%ﬁﬁretemperature

Ssol v nsumed by
fromnwhish tHdre ipnefevintch efrthedevad rif sha)ﬂlssdieecbown tconsumed by the
i nventi.on. W l|l be described in detail in the follow ng

PHAS PUM8lSence to the drawings. The present invention
aims to artificially induce a dormant state of

Bhe ke Bmboinctis g msesiah TgHg H be debered 1 detil in the

following with reference to the drawings.

The present invention aims to artificially induce a dormant state of hibernation in the
marine animals, where temperature of sea water including the marine animals is
gradually lowered, and the sea water maintaining period at each step of lowered

temperature is increased or expanded in stepwise process.

To this end, first, marine animals are left to swim in sea water for a predetermined period
of time. In other words, the sea water including the marine animals is prepared as the first
step. The sea water denotes water from the ocean, but fresh water and other water may be

used in the present invention, apart from the sea water. Although exemplary



gradually | owered, and the sea water maintaining
period at each step of |owered tenperature is

woRosroegged or expanded in stepwi se process. TBCTHKR2007/001092
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end, first, marine animals are left to swmin sea

water for a predeterm ned period of tinme. In other

words, the sea water including the marine aninmals is

prepared as the first step. The sea water denotes

watbedinfentsmof Hbe geresent ibventionebavendeswsribadhseat Water war ethe sake of
e

Bt cenS H ol R bt R i R (oo G Tdibimay be used

ppatiom thos@nwaten have descri bed sea water for the

sake of convenience, it should be apparent that fresh

wat er and other types of water may be used apart from

Negt, sthe veripefatulest , sch hevate nipas qirelbﬁed)fls sgadilye floWéﬁd@ at each

prepared i.s gradual ly | ovvere ch predeterm ned
PispermGe derdR Vg SeoiR] AHG 5@?%@ b iaiainAing e Agp pater at cach

?e%ﬂae‘fﬁﬁl%rloﬁknﬁ‘gﬁ% i eHReIAl UnSrehRUBA bt‘égw%te%?od%s In other words, the

gradual I'y incr eased Tn st €épw se proce
{eomesatuteraf nrepased sqauvatents gradnsHy dewered bukithersed svater temperature at

g%%ﬁUﬁlo% Igt% S?égnp&g tu.{egg n?a 1*9@& 6 4 ﬁ%ﬁ&%; M&g p?%(}d, afrom which

fire 7's aine
ﬂteepied@eminedj ppreod of finfer ﬁnmmiantamlmg1 eaghr stgfe b€ dowered temperature is
gr 01? d Selae for nmaintaining each step of |owered

aé V] A gradually increased. It is well known
that marine ani mals can be kept in good cond|t| on for

e tinme jf they are kept, in water that

g‘ |k6‘8WP|d§Ft Vel ranfrﬂ%lw%)valfeelfepﬁa} o qogfitioR dpr lopggs gime if they
El%hdebﬁfn Witel that i§ Signitah@PsodiSahieFhief Boial FQhEF @S RN habitat or in
invention is such that water tenperature is |owered at

iepwhereescthifepsiereiof tlt@rnrasent mvmfm:le serdy thatriester tagipetabwe is lowered
bl @’éd é%‘ifg&?fder%ﬂwcgﬁo@aﬁc , if the prepared sea
water Is

degr ees situs, and nmarine animals are
left to stay therein for 10 m nutes, the sea mater

henperature is each ste egre

ATREHE I R0 e ST B Bl e BT dosrees

€xpasednd anariiyd aninexts tfee lofate Beryathersih Sof eacimﬂwwye kel sea water
tep fte erat u S radall |ncrea

Frfirwe BoRH e @ZV o fitioed Jodentotihite 4af the duration of

tReeetre Tl séah W%ter bipstea @ esntsabe tHéSmarkid ﬁﬁﬁx’éﬁ?@ach lowered step of

Cel'si us and ﬂr ees Celsius (hereinafter all

tesppsEataRe) rlwr%da@ paseigassd ©0ePQimimtesy éﬁp@mmewp minutes and 50
minutes at 12 degrees Celsius, 11 degrees Celsius, 10 degrees Celsius and 9 degrees

Celsius (hereinafter all the temperatures are based on Celsius), respectively.

ADVANTAGEOUS EFFECTS

As apparent from the previous sections, there is an advantage in the present invention
thus described, in that, temperature of sea water with marine animals is lowered stepwise,
while the sea water temperature is kept at a predetermined period of time for each
phase of lowered temperature. And then this predetermined period of time maintained for
each phase of the lowered temperature is gradually increased to a point where the

changes of oxygen consumption (oxygen requirement) by the marine animals greatly



ADVANTAGEQUS EFFECTS As apparent fromthe previous
sections, there is an advantage in the present
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water with marine animals is | owered stepw se, while
the sea water tenperature is kept at a predetermn ned
period of tinme for each phase of | owered tenperature.
And then this predeterm ned period of tinme maintained )
fleereesgcor thaebangss aftexygemeersympéiop aeached @lmest roshing| Apd starting
[ . : 0 -
IR 528 Bint 8 pRAbd b PRy e BRAE e ea W3 Rmpergiure at cach
gtepais | graibmitlg asduasd, theechyhensyasg af long ysyerivaloragu (misbility) of marine
%ﬁ@&ﬂgd al nrost nothing. And starting fromthis point,

e périod of constantly maintaining the sea water
tenperature at each step is gradually reduced, thereby

ensur.i ' r iability) of marine
! .1@&%@8&@%&@@%5 DRAWNGS FIG 1 is a
m nmetic diagramexplaining a first exenplary
enpbodi ment ' of the present invention where the period
&Gt hds ganimeticadingiams expiningng dirstpexsawlasy remhodiment of the present
SRREET MG (hE pRIFRLAh, ok BE BERRELk of bR RRGrkbhe temparature s
gradually ingicasgdamrespohss teignalually éxvoaretl seaevgstraemperature.

' N resent. i nvention where the perio
102 e Tillvells leal €38l HRbAE PeFRS B0 ARG S the presen
ireeptsmivhiere ths pgiaiefahé ynarine beiasdokdpd uhds Pocieeerindne temperature is

radual |y | owered sea vvate({ heg{pera ure. FIG3 is an
ERach s restod Jo Fepanse P @ndually Lesed 16 viterdemBRraRre
FESBIi§ ah ieREMPRASHARABAL vieWSHEHAEAE af ARBIMARicAbspiration measurement
measuri ng oxygen requirenments of nmarine anjimls for )
insfrymepcapAble of msasyIaIg oxyBereqyirgmgnts of maming [@aimais for this present
axeARbAry graph illustrating a respiratory state of
cultured mari ne ani mal neasured according to the
HieSdrand hoaoht show amexemplgnyl graph Hiustratingoa a¢spiratofy etate of cultured
. . . c QW a .

biACE A S ked bReRdipkind s bR FRES PUKGRe gpyetm obtained
troht the eebpiratornstai@ni mal neasured according to the

EE@%%%&I ﬂ:’%ﬂ slthf%g' %Q%ﬁﬁ%}é%%?é;%g} ﬁ{uét_ci":iatgncgag in?sgirgtlg}/; Igtgtse of cultured

marine animal measured according to the present invention and circadian or circadian

rhythms obtained from the respiratory state.

FIG.8 is an exemplary graph illustrating changes of oxygen consumption of marine
animal in response to sea water temperature for determining the sea water temperature of
a point where the change of oxygen consumption of the marine animal is greatly reduced
or remains almost nothing,.

FIG9 is an exemplary graph illustrating gradually increased period of organisms
maintained at a predetermined temperature in response to the gradually decreased sea
water temperature.

FIGS. 10 and 11 each show a side view and an upper view illustrating an exemplary

artificial hibernation apparatus according to another embodiment of the present invention.



FIG8 is an exenplary graph illustrating changes of
oxygen consunption of marine animal in response to sea
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tenperature of a point where the change of oxygen
consunption of the marine animal is greatly reduced or
remai ns al nost nothing. FIG 9 is an exenplary graph
illustrating gradually increased period of organisns
tMOH¥ at a predetermined tenperature in response
to the gradually decreased sea water tenperature.
FIGS. 10 and 11 each show a side view and an upper
Vi wes ¢anffiomed &oimihe ambed'mnqmltm@tha pteisél'ltdilvﬂntibh Ioleat thaet dqoiatic animals

et A

eeEtJMtdﬁEtempemfuré hae aoptbﬂetatmmed/ ditfetval ahlathert peadualRtihéreasing the
eff ctivel i nduced to dor mant

B?%ﬁ gf“%ﬁ}u 316416# ﬂ}yprs ciefmined, tempetatins Rt sagh \RB%SérOf decreased

tenmpRedtatey [ﬁh@%e@w%ﬁf&%&fﬁhﬂéqg ténﬁﬁo%rﬂ?lloﬁ&‘éd P8Rk time, the aquatic
gradual |l y_ i ncreasing (ﬁ}eel od of aninals naintai ned

apimalse gt be sibiseted éms@atat thqeve@cﬁre@h @8eheit physiological process
dAREED ;%?%ﬁxﬁf%\?\lg?ggﬁc%d tleﬁlgéljﬂﬁlrec’ %C%\% t ua?l:égﬁés%hy frﬁleht?on water

tenpor at one tIng ani ma

tmmpeb%ummfiei@m@ntam gleduailycmbusteﬂ step/by step to aldow the aquatic animals
' ' Q caused by significantly

IO oo B BRI ST Th The present

invention wat er tenperature and duration are

dual I ted step b to all ow guati.c

SRR A koS B B e o B M 1 e
BefsRisrperprédetdriihed fehpeffie Wabiedn, la@ANEERSUI Becdppaft that the sea
gradual |y | owered_by degr ee Cel si us per

Pkl dewpriciEs mahper gaduadlyslovteresh by ahd3 iar merudegees Celsius per
ﬁﬁﬁ@t’éﬁﬂfne& I’é@étlotnh @vh%?eath\é@fu?ﬁtloheMQW Eacli®t \ég?@rature Inay vary. For.

gradual |y I'ower ed or nore degrees
praseide.af theprgpared seanwatemﬁsememtam@ddatrlét d@medflelslusmanﬂaf an aquatlc

SRS ISR URRD R A, EORGHATB g L BB Gl s v
2@1 dnmitesalandidmaturmmlmfnmhe atD degpie Clsineisrsef ﬂBOllrﬁmutes Furthermore,
.nutes, the d ti f time ,at .11 degree Cel sius
{18 Biccitss 9 e Hhat alfblogth TR dRcToRerdl emBgagTsiahHeesca water
@ﬁhsthblfiiquﬁlcsﬁhmals &Y tHeNth@sal ifdtbds8IMPUrRA dft arifhals maintained at
that, although the gradual decrease of

ess [0 say
ﬁf}g éer@?er@tﬁga g%sgamt@rr at each step may clearly distinguish respectlve
sea water temperatures according to duration of period, some of the time sections may be

overlapped in between two adjacent temperatures as shown in FIG.2.

The next feature of the present invention is that, following the gradual decrease of the sea
water temperature and the gradual increase of period of animals maintained at
predetermined temperature of sea water, the. period of animals maintained at
predetermined constant temperature of sea water for each phase is gradually decreased,
starting from where changes of oxygen requirements are greatly reduced, or remain
almost unchanged. In other words, the sea water temperature from which the aquatic
animals are most stressed is determined from the respiratory state or endogenous

biorhythm of aquatic animals, and then, the period of animals maintained at



with the aquatic animals and the gradual increase of
period of animls naintained at predeterm ned

wotenspesas ure of sea water at each step may cl BarikrR2007/001092
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di stingui sh respective sea water tenperatures

according to duration of period, sonme of the tine

sections may be overl apped in between two adj acent

tenperatuyres as shown in FIG 2. The next feature of ) .

Fﬁ@%@éﬂﬁ deterpinad constast temperatyre pf esgi wifer foe eegharhasg for inducing

ARChi8aRtS i PRISAR WRlafed m%ﬁfiﬁﬁz@nﬁg% 4Ss QBN the aquatic

i ncrease of period~ of animals malntal rmed at

prigds er mi ned tenperature of sea water, the period of

ani mal s mai ntai ned at predeterm ned const ant

tenperature of sea water for each phase is gradually

tie theesea ewlatess temiparatgref soredudeel; ¢hec hgquigie Sar@tfnalsxlyllgﬁaﬁ sea water would

requi r eney e great redyced, or remain al nost )

ﬁ@ﬁﬁ‘ﬁﬂ“gﬁeﬁ%ﬁ“}ﬁﬁ%f h‘gr %598 : @Heﬁ?ga IGRRIAYOT SYpd sbdspme irregular,

Wheﬁbmh@rgeh betlRWXFLECreqlirémbis 86Bufiied bythé &6 ahfnals would be
e

determ fromthe respiratory state or endogenous .
sﬁ'eaﬁ}m(ﬂlﬁ%f)r Eranpan pEnosh zorel & a taedetermaned &eme@g#rp-oﬂhlmmphes that

ARIRLE BIBHI R BE theBlqRXREA BRI |s$gﬁﬁlaﬁflﬂ}égﬁged or.has ceased, and

const an_t t enper ature of sea wat er _r eac ase for
thedaguatig rimalsi besr meost stressed ghuithgallliy temperetise phaseniEhe present

S f . ) Cls
P 50 G b 6 B it
predeteisingd comstars ¢emparatare obsdadvaapfor ieasicghadé i incréhasddethe longest

N b t.hi nd their respirati on, woul d becone

e Sguaiet lnirati hen schsnin el g P Gt TrasRH pansumed by

dmnsqmigid zbﬁmhl@ealqulli%hﬂlyitrédﬁo@w $etrﬂﬁﬂé(ﬁ agﬁct)ﬁ rlﬁﬁﬁihg or nothing at a
. n al nost zero at a _predeterm ne o

redited o Lomin S gt e ofa b SATE R e

ﬁfedé@ﬁniﬁ@&l ééﬁs@%tﬁ@érﬂﬁér&uf@éf &h%téﬂl ﬁ?@ﬁéhy%%@g Brtal reeéiuced from

as ceased, and the aquatic animals are St “stress
therlpweredses watsriemperatuee fieeeby. minimizingethe stressay borme dry the aquatic
| h re, .k | F C r t he . .
sl ol B0y SHad S Moo IE AR of RBbrrilf i e aauati
asrempbsr at ure of sea water for each phase is increased
the |l ongest at a sea water tenperature where the

changes of the oxygen requirenents consuned by the
Aq s timeathienmeming ef ieéhdnges ol tikaskygt€ iRjuirethents WaGdumed by the

not hi ng. or not hi at a, predetermned tenperature.

o Shgle1E af9e)y rEasoa BRHF ARATRNEIIRRY ApalFeaighanges of
M)%ﬁtc@héﬁnﬁ' Wb € B8 Hhirh ASRE EhUsr8d Rl ly S8R eMBlsRh Walr temperature,
eac

{ phase gradual IX reduced from
1.e., deviation (i.e., amplitude)

between maximum oxygen consumption and minimum
oxygen consumption have greatly reduced, or the deviation is nominal. The implication
of the “amplitude of oxygen consumption by the aquatic animals analyzed at a
predetermined temperature is nominal” is that respiratory activities of the aquatic animals
have diminished by the stress. The implication of the “amplitude of oxygen consumption
by the aquatic animals analyzed at a predetermined temperature is great” is that the
respiratory activities are vigorous, where, both (i.e., diminished and vigorous respiratory
activities) cases of which may be checked by changes of oxygen dissolved in the sea

water.



the | owered sea water tenperature thereby m nim zing
the stresses borne by the aquatic animals as well as
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in the aquatic animals. At this tinme, the neaning of

the "changes of the oxygen requirenments consuned by

the aquatic animals are greatly reduced, or renained

al nost not hi ng" denotes that changes of oxygen o

& HiSURREANIRE, 45 A aparie ARl consemingcan igitiad oxVEep qusnkityeld kept for a

gf&‘le%g{eegl HERBLELGME Gt a ?Tﬁﬁeternqiﬁ&l &l e grature, the description of

mplitu bet ween maxi mim oxygen consunption a
Keepimgira onargen aoiomal uatanomnitialy @xygantdoysungdionedn sea water of a

jakion is nomnal., The. inpli.cation of .th .
bR R b RuBoR EBiedstiRinsTBeST Mg St Etiuatly towering the
acu wates teanpeekataredn phase mexdlﬁtgeﬁ’orﬁr&&fﬂemﬁlmbieaﬁ%ﬁseaﬂd&eeping the sea
nomnal" is that respirataor ctivities. of the aquat)c
Nl SrolewREEe ol i RRIBYIdd, @ugﬁﬂroesgf.e lits, (Prygpriy Spidotep-down
Imph@uredi| dridi@By Ghcreasitiethe GREGTRIhNARMISN BT BfléahACis kept at
animal s analyzed at a predeterm ned tenperature is ) )
gicbdpwered stopaf temperaiss isithe sape avehayet waereas the other embodiment is

. ’ i - L AR o .
FAABE0 Bt i T SPGB il re
kssptcatasasbssten-dowy dempdiatie| iy gdduoed; bertingafiaat erpdint bfisea water

i ) el . an.initial . .
RS S0 g SROBALE D Bt Bl g st
thanetha tnitial pxgget emsumptiors eawharter ddvéatijparofionygen ¢dhgumption by the

description of keepin i ne; animal  of I Nipt 1

B e AR A Grre PSgmn £ BAVA 5 B0et Orenak®

tenperature for a predeterm ned period of tinme and

radual ly |l owering the sea water tenperature in phase

%E&Q%WEBH@@& erm ned sections and keeping the

sea water tenperature for a predeterm ned duration of

time for each said step-down tenperature but gradually

Imerden 4o sheakhtor gy defaatianndhexlyasnreanswnptisin by tiee aqumticiagimals at a

: e re.ls the

BRRLBhinER ) SR E LS R s R Itee bl i 3e measured

thmang tohenpaddeter pricretb dhe dmplemenfativh neagenaf thdieresent invention.
bjected narine. ani al re.k each step-down .

THREE5 e SHGAT R Pl inTftes Rhgiibesiutier PspesSeaf respiatory

wateest the apedtit anialdhEhe ok Vin CoNHEAptEcINGUME qbidtid Afimals would be

rine animals is 1.5 to 4 tines smaller than the. )
PEHW‘? Y BRIYEREC ﬁs‘l}#&ﬁ‘feéno’afgeﬂﬁér@easeae%’?‘tﬁf icgptaiing the aquatic

SHAR) 26 A8 YRS AT RYpitdBn measuring apparatus is particularly employed in

the present invention for measuring the respiratory state of the aquatic animals.

Although there is no particular restriction for checking a respiratory state of marine
animals, an automatic respiration measuring apparatus (Korea laid-open Patent No. 10-
2003-0075931) invented by and registered for the present inventors may be used. The
apparatus (FIG.3), designed to automatically correct a dissolved oxygen concentration
and an atmospheric pressure for measuring the respiratory state of aquatic animals,
includes a main closed-circulation loop in which water is circulated, an aquatic animal
storage tank arranged to communicate with the main closed-circulation loop for storing

and maintaining the aquatic animals, a parallel-connected auxiliary circulation loop with



marine animals is in the range of 6.0mM O2 kg 1 Wh 1
~ 0.0mM O2 kg 1 WVh 1 . MODE FOR | NVENTION I n order

wotasohgsck for a deviation of oxygen consunpti BOT/R2007601092

10

15

20

25

30

aquatic aninmals at a predeterm ned tenperature, a
respiratory state of the aquatic aninmals should be

nmeasured during or in advance, prior to the

i mpl enentati on stage of the present invention.
theemeinoelesedt¢ircuntion daop ifery supplyong the supplenentdry deatet bedurated and

LT R TR T —

gen consunption
syt fdrecokmmuvicdiingrieasuniliag ciroelatbs Ropweith (s y@en cioded-circulation

he sea water containing the aquatic animals, and an
Ipo i mEoEg, P4 Hwﬁagwaeﬂgmaﬂﬁammg?qssd-mﬂatwn loop. The
peailéd ekplihatioanel aeduting therdpRA6AL staftveNbhiWiict Mimals using the

neasuring the respiratory state of the aquatic,
apPRaraiPsis aamn Hislsrcrintion of the aygorpatia resnitation measyring apparatus (Korea

{d-op& Phatcnf No." BERPOGROGTY3 ] dvenl G?rdnﬁere%ﬁitéf@& For ¥k present

_aut omati c respi r_at.l on nmeasuri ng ag&gr at us ( or ea
Inyeatosp eMorepvent it N§. cled- fiRo0Rbovy 58sarjptiony ghat etic byeasucement of

' f . ] X - Th
SR B ack % BERRE AR 45 oK 3B JOE v o
dihss ohetlexls cendgappacome knéwia ttd dhe asets af the poesehieaitificial hibernation

ressure for asuring the respi.r,atory state. of
G oo T HSenigebe stonaphtEibibatiPdisa i on

| oop in which water is circul ated, an aquatic ani nal

gtorage tank aryanged to comunpicate with the nmain

ietims g erdogeiqus Giothphs pbotticaguatitiantaialh mpn bR gnalyzed from
{Heereg It BF kife ?éggﬂﬁbﬁy statePeH tﬂklaﬁhitﬁo&ﬁﬁﬁiseﬁlu?%akﬁ@FXn the present

circulation | oop w'ththe main closed-circulation | oop

nyentiamp Prsferably: the endpginene hioarythmenfdhe aquatie anisehlaisdbtained from
[ * YOER:.: I, f»Cl : Ci Lati -

SO BORBR LSRR LB S AR g s

Changeadfl dissolvedi axygbmiconsuniedolpy Whet hquabie amirnals are continuously and

cl.osed-circul ati.on | oop for asuri.ng the dissqlve .
SUOREEY SRR o Bl SR aibptd B 358 experimentat
d@tdaiidrﬁ]gAﬁ&pdt afah io&pgér?dﬁorﬂﬁ@ptiéﬂ Egtt hﬁ@clﬁa&itgﬁd datifg X predetermined
state of aquatic aninmals using . the apparatus is as in )
PFrP fe?l?gft Slbtﬁms? 19 fRal¥En Bfehlescngupbioghytiyn ofdhs aquatig animals.

APBAS AindScHABEEHY dtRbshHRAE gréf:s’ﬁirg,n\tvat@ptenﬁﬁfa%ﬁ@ 3n8 Qa8 that have a

i nvented by and registered for the present inventors. .
grspiemflagnce an the axysen dissddvedainoifie vieranaypbe ewtomaticaltyneorrected, if

hE&RsdAf? rf%?tegtg{llmg[eeslp Eﬁﬂa‘)? ;c:}ﬁe&teat ffo fthgqgsgﬁﬂ.nge{ %Eﬁ%tlrofy state of the

usi ng the above particu apparatus a
aquatic animals whether metabolic activities of the aquatic animals have a cyclic rhythm

or a circatidal rhythm. In other words, FIGS.4 shows an exemplary graph illustrating
biological respiratory activities of a cultured halibut measured consecutively for 6 days
using the automatic respiration measuring apparatus, from which a metabolic activity
cycle of the aquatic animal was analyzed using a time series cycle analysis program
based on the consecutively measured data. Based on the analysis, a robust cyclic thythm
can be obtained, as shown in FIGS. FIGS.6 shows a result of continuous biological
respiratory activities measured from a halibut captured in the natural habitat, and FIG.7 is
an analysis of the result of continuous biological respiratory activities measured by the

cycle analysis program to show that circatidal rhythms formed in the natural habitat exist

10



ot her nmethods and apparatus known to the users of the
present artificial hibernation invention technique

woabsm1sesong to the scope of the present i nveRCT/AR2005£001092

10

15

20

25

30

the sane tine, endogenous biorhythm of the aquatic
animal s may be anal yzed fromthe result of the
respiratory state of the aquatic animals thus neasured
in the pr esent i nventign. Preferably, the endogenous

piitimiperteiy of theaquaicanimah Thaanalysis obsrdogaransbioshythms of aquatic

o R N (b %hf‘ﬁ@trégplrﬁw bibieQT tRS achlﬁﬁc lahiHis ma§ &g obtamed using

wat er tenperature and salinity. ges of dissolved

apyistermgied seBwulsy sysiem £ programnpiaky bgobtained using other methods
tically neasured in an

g@%ﬂ#ﬁﬁgyﬁlym%g%.ggzggpeqU|pped with said experinenta

condi ti ons. a nean oxygen consurrptl on that has

ha uri n redet er ni eriod
AT stV%a? b BeEk TRTBE Bt ikl In, Siel o pnghat sea water
ek dtGreafiomibiviichAthe tdgustid anignals hﬁlnﬂl@St ﬁfesﬁdd’@ﬁﬁlﬁﬁtﬁﬁéd from the
essure, water tenperat re and saljnity that have
g‘?sBléﬁto%?tﬁtﬁéW’i@@ e s leiiv&éﬂ g.ag%w\ﬁélan?lﬁ adehgaered of animals

FRntHifed W Opraddieihdd CBh&taa! %%peszturQGGﬁ%éﬁrvyatelF%r each phase is
exanple, it can be checked fromthe result of

ie@gﬁxen%d torthe langest thgrelyhmimaizing heahrHaiEcipDiRaRUatic animals, and

S AR e b e 0 B P b AR Dl Yy or circatidal

Hiyt8ns| oz h@vmg hothghe aydligrand ghesgiteatiddl whythasi ng

bi ol ogi cal respiratory activities of a cultured

hal i but measured consecutively for 6 days using the

R1G 8 nmtdanc exengplanyagdaph ifhesmting rupangasasabxgzenf dfdmﬂmmbiil@h of marine
a_.nmet abol i c acpwt crycle oI tEeé{agLatlc ani mal ¢
AN B SRROPHY OSCR  TRICTIEPRRRIVES, QT SleLiainras & S} EY&PéFﬁmPerat“re 0

basmel @herk e CBASES WS ¥8lgén MRASIRIbndaE the Rpm6H a@mnﬁlb €s greatly
anal ysis, a, rohust cyclic rhythn1can be obt ai ned

Koerd prremassimppiamichanged ka8 fsedtiptenst lary sieinigsigating changes
B Phd! 6&)geh e&)%ﬁrﬁfn%ry 08Ghé \é'qhétfcs aﬂiﬁﬁa‘féjﬁl? %%‘bﬁé’e % the sea water

hal i but capt ured i'n the natural habit

temperatiipsangd gpreserdingadalibutdfavingat Z%h@us:yblu@thygm aI
respiratory activities neasured by the cycle analysis
programto show that circatidal rhythns forned in the
Rafeming tdﬁlﬁ& dhe elangeswf m'ean bhyg%a@ysmﬁptidmecaachﬂsbmained to rate

g t anal ¥SIS of nqﬁzdbiorh thnB of . 1 and th
SR o A7 o Sl EPra™y BORLEINE oPBieEy I SPgrecinapegoal and the
aévistivm etpxdierc canumplion bpyhdaxruatié aninrts zusu' prédefermined temperature,
redet é_grlﬁned conput er system or ag am or, may. be

Bt B PebY 8 MRTAYES ORYEFBI §OISH WHOP alfch dhinimum  oxygen
Eétlsaideloh b§ltBe aquatic animals based on a single temperature also decreases as the

sea water temperature is reduced. This proves that aquatic animals become less active at
the reduced sea water temperature, and as a result, the changes of oxygen consumption

decrease or reach zero state.

The meaning of the changes of oxygen consumption decreasing or reaching zero state
denotes that there is a change in the endogenous biorhythms of the aquatic animals, and
as shown in FIG.8, the sea water temperatures on which the endogenous biorhythms are

changed may include, in case of using sea water at 13 degree Celsius, a vicinity of 10

11



As descri bed above, the present invention is featured
in such a way that sea water tenperature from which
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fromthe respiratory state or endogenous biorhyt hm of

aquatic aninmals, and the period of animals maintained

at predeterm ned constant tenperature of sea water for

each phase is |lengthened to the |ongest thereb

degreenCelsies wheresthe aespirafore endtahylic rastivigiga of @ kahibntwsakens from a

N G [ L R Y NA—

biorhyinmes grebgredtl vt dfletnggd:inl xesrﬁmd? Tofthe desreaed d\&ler I’témpd“rfaﬁre (FIG.8B),
FIGS8.is | ustrtln €s. 0
Bx\§EHY c%'ﬁg ﬁ‘iﬁ“%ﬁa L%‘/u Te thenfesair Oﬁ’yn e btoghythms cease

§1Hﬂ} 3@ ahd taemﬁﬁ@t of e dengeedetslefum Wihd?g tBers eia ﬂ@aa%ge of metabolic
er at urg f t where the changes of gg
&%th duFRiee leaéf ofithe %aﬁwafi?ceea&ﬁ Wateg tqr%peg%tg%ﬁ@w duced

or remains al nost unchanged. FIG 8 is an exenplary
gr aph illustrating changes of nean oxygen consunption
pbseuerdlyu it igeadzal m«t@cm the spafess temperathiss Sorm implementing another

SRS A CRRSAEE LSS b 1Y B s o 1

of IMagree)(Se@ms ¢lonsacopd nmmaranrebmaﬁsnmmwsm edangb oﬁv @o 5 degree

GEEH BB AR K ST OO 0 s, Perably, the frt

Ny BLRUROASIBTREdred délSuIsh ﬂleagﬂéaﬁd @erﬁ}fﬁrﬁﬁfesat% dQ%ree Celsius and the
ﬁﬁedet erm ned tenperature, di fference between

Y 40%%@1@(% aéengeqlﬁahgenﬁ/#p@}gy dlag sea water temperature

ﬁﬁ@%@aﬁ&ﬁaﬂy rddiBeARIRWISy ARIfITRY SedAd aHd ArPreRipRBt&e phases, or
t enmper ature al so decreases as the sea water

weuged fr@mrtb@l destdemppratirg e thesthitddempengtire phase skipping the
%UoHE‘lte?nﬂé‘?gtﬁ Ha§ss active at the reduced sea water
tenper atur e, 8 as a result, the changes of oxygen
consunptl on decrease or reach zero state. The meani ng

Lo LG AR BT P FFLSERLNG fl mot
fdranemi@g anidical iteidntion ref modridchanimgidaricte al’iha‘fﬁiesamﬁhaﬁhavmg the

as.shown in FIG 8,. the se vvater tures on whic
EFTlext ¥ Ygeh SORSUBIRGIOR RIS S éf‘&rh%}l‘ﬁgfglp §r g |sa€a@vatqrrpf the first

EnfRrAhrel ahd GusQRAsivEllyE theaterdper AQQG" fée% Alyufowefed and the marine
vicinity of 10degree’Cel sius where tRe respirator

ARifh & ngingaingd, ingSea gvaber higving) the mlrdﬂl@au@mmﬁ rad mheath¥rd hour. At this
e”ﬁ{e {ratt égljaﬁrgﬁ)eanéé\éérgh&hﬁﬁ’e 8f 2 SniPP%FSR SSaktthHSon where

e resprratory en
oxygen consumptlon by the marine animal is three to four times smaller than the first

oxygen consumption, and the third hour is a duration of 10 to 100 times longer than the

earliest first hour.

The above description can be further elaborated with reference to Table 1 (described
later) and FIG.1. A marine animal having the earliest measured first oxygen consumption
of 12.2ml O, kg'" WW h' is kept for 10 minutes at 13 degree Celsius of sea water, from
where, the water temperature is gradually lowered and the oxygen consumption is
reached at 0.1ml O, kg” WW h' at 4-degree Celsius water temperature where the

respiratory endogenous biorhythm stops is maintained for approximately 260 minutes. As

12



bi orhythnms are greatly changed in response to the
decreased water tenperature (FIG8B), a vicinity of 4

wodegroess7€el si us where the respiratory endogenb0s/KR2007/001092

10

15

20

25

30

bi orhyt hnms cease (FIG 8C), and a vicinity of 2 degree

Cel sius where there is no change of netabolic

activities regardl ess of the further decreased water

tenperature (FlI G 8D). Subsequently, in gradually

petadiebon, ifithatmerdne animpbisdent atsthe dhird hesir ahewi 101@ 100 times longer

AR FirsE AR W@fhn‘afteﬁlggrafﬁ?@gﬁﬁg 3I P\ﬁetﬂrhésoﬁivi} Bﬁ thé Sdrliest first

tenperature nmay enconpaSs a range o egree

Qeygsh umnsunaticse donthatieerpeing ey bajeashsmspdss the mage animal is

of . 7.t0 de e | sius, .and.the thir e ture

aiplaih s RS SheTondt Bl S hg, foh i 5 TR B fapre phase i

tvaeiee that taginat anldalegitee rhedt SitteSsedt WRthS&le™3t no change of oxygen

terrperature at 6 degree Celsius and the third

FURPRPUOr e at 4 degree Cel sius are desirable, whereby

the sea water tenperature may be sequentially reduced

followng the first, second and third tenperature

Bhaseiber embedignent of dbie peesenty Bryenti, fthe @guatmmi Wi first oxygen
I I

I:&hshfﬁ?g%)% Irn{e %ehegagfg(%f ‘I'ﬁrréf t@xﬁgr tre gﬂse ?f %rg% 2r %@&pe B8 maintained for

éwtfcrslu hogntin th‘e ﬁrhtetelppezaame phase efi s¢zowaten Ande thetveateiotemperature may

B Rl R S Bl P B4 BB A sccond o
aixthe esec@ﬂn&m@satame (H"Bé €edodd kepperhmmre ishg tém;sesatufeow sdeBnd oxygen

a sea water t.h sf tenperature,
copsERRHPY ghic asﬂée toe%é diagspwey hag g fsf Pyygeawep@anﬁm and the

§8ndRbINB AdkrdBdn b mARtNh&] ﬁ@fﬂ)d WhitRas WBiENS5 bu':ﬁvfésnlfélnger than the
the third tenperature at the third hour. At this tine

i how)r dhetepiirsr theuVetericamerauicahpe batairdiady IQWPWFir@d the water
%ﬁgﬁﬂu&%gﬁé{ﬁgf@tﬂﬁm}ﬁf for U 4Ry ﬁ&’lﬂsw‘ﬂﬂk't{?ﬁd Q&Rgé}stuﬁe (The third

ne ani ree to four tinmes snal
fampstatencyig @rtemperating oif driyd anygenmnsmnptobmwhlchus 3do 4 times lower

f 10to 100t|ms 0 t han he ear
b e R Proeet Sphtion 357 el AR ol b 4l iR e period
ehivbhds 26 6100 tﬁrhesbhgérehaethb(ﬁrﬁmbhg. 1 (described later)
and FIA. A marine animal having the earliest nmeasured
first oxygen consunption of 12.2m Q2 kg 1 WWh 1 is

ket eRirdd t61 Tubles ahd UAGHE 0af @qeitics |aifi§nd)fhai€r?% R eHrst oxygen
from where, the wat er tenperature is gradual l ower ed

wumgon_,;gf}b%ﬁm&@ragg nY Wol* isgnaintained for 10 mlnutes at 13 degree Celsius
of sea water, then at 6 degree Celsius for 120 minutes where the oxygen consumption

reached 9.8ml O, kg WW h™', and the respiratory endogenous biorhythms markedly

changed, and then, at 4 degree Celsius for approximately 260 minutes where the mean

oxygen consumption of the aquatic animal reached 6.2ml O, kg'1 WW h' and the
respiratory endogenous biorhythms considered at the ceased state (amplitude difference
being of 0.1ml O, kg’ WW h). At this time, the second temperature is where the
oxygen consumption change is greatly decreased and maintained for a predetermined
period of time before the third temperature to thereby ensure a long survival rate

(viability) of aquatic animals.

Meanwhile, another embodiment of the present invention may include the steps of

13



reached at 0.1m O2 kg 1 WNh 1 at 4-degree Cel sius
wat er tenperature where the respiratory endogenous
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m nutes. Asnoted above, if that marine aninmal is kept
at the third hour about 10 to 100 tines |onger than
the first hour at the third tenperature phase 3 to 4
times |lower than the earliest first oxygen

than th g
kespingibe pavatictanimaldn jarsea wiaterraf thedirstdemperatiwre &qrrtlae Besy hour, where

; i ; ; . o o
15, A8 Ry Ukl P\ QAL OSBRUBEERIE, yiin is e
piifesance Petweanethie hmaxieninm @nd mhimthumsoxylgen mossumpticmsbedhe aquatic

wi.t h,al nrost no change of oxyaen cons i O | -1 |
Wil s A e B ES A R IR 81 1l 0 ke ww b~
e Quat0,ckednWiIh "o find hnafitaifdng IRE aQuIS WAiPhAl @R thenthirl @emperature for a
g&rl,i ei& fMSt te eraltgurﬁsglj;a e of sea water may be

2Hem i ) iyl (G imesyionger tagn StihQUk he first tenperature
phase of sea water. And, the water tenperature may be

radual ly | owered, and the water tenperature nmay be
foring again foFable b asdEHR Y, the thirdiemprratiye ddwsep the difference between

. F: 0 1 o r.
LETRELAR BB CAYL] SURBRBN By IR AYhURGAGH KR o o of
L dwa O kgnWida ' 0.8m1 ©oykge IWF6hS owiflt theangernf 4. he 1 degree Celsius.

nd . i rati : . i .
ARGTEHiLe4E, b i WRblafle fay: DUdgfl feP S e Shessed due o
dlneose ad cRingetdfeoxyaére corsaitpaomtbut chanhyrdhemperathuahlay be maintained
|.owered and th ter tenperature nmay be nmaintaine .
fsythe [Rneer; Ragiof Shirely st e lFe Serde dbe ﬁ@lﬁ@%ﬁ@lr{lﬂi gegording to
HRPr6JeAL iéntlon, @ tenperature of third oxygen

consunption which is 3 to 4 tines |lower than the first
oxygen consunption, and the third hour is a duration
SHLARbRLALABRRRR! e deont By ity I iiRe LRREGE kecping the
Fquatic aaimalqinaseacvaten efithehfast regnperasure fos theofiysgdiour, from where the

: 5 Tq . . r '
ST R0l ARl of By o LEL PR B aierenc
betdegt g matisiuusarfdminiRmnexygee sonsampéiot bg tloexygetic animal, i.e., an
consunption reached.9. 8 .. k 1, 1t he )
RSt PP ETs By E Ak deay M g e O ke' Ww
8 daridh@Rintadding titeavatc eRingl Us tHeQhir@ RambratiR ok ¥ &édion 10 to 100
m nut es where the nean oxygen consunption of the

Hesatqngenthandie freha¥ed 6. 2m 2 kg 1 WWh 1 and the
respiratory endogenous biorhythns consi dered at the

ceased state (anplitude difference o _
Referring again to Table 1 and FIG]1, the third temperature which is the difference

between the maximum and minimum oxygen consumption by the aquatic animal, i.e., an
oxygen consumption biorhythm amplitude of 1.1ml O, kg! WW h'~0.0ml O, kg’ WW
h’', is approximately in the range of 4.5 to 1 degree Celsius, and in this case, the third
temperature is where the aquatic animal may be most stressed due to near unchanged
oxygen consumption, but as the aquatic animal is maintained therein for the longest

period of time, the aquatic animal may be least stressed.

Still another embodiment of the present invention may include the steps of maintaining

the aquatic animal in sea water of the first temperature for the first hour, from where the
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being of 0.1mM O2 kg 1 WVh 1) . At this time, the
second tenperature is where the oxygen consunption

wocehmrges73s greatly decreased and mai nt ai ned f BET/&R2007/001092
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predeterm ned period of time before the third

tenperature to thereby ensure a long survival rate

(viability) of aquatic aninmals. Meanwhil e, another

enbodi ment of the present invention may include the

watsp tenarferatvisi in gradnellalgivsradciodhe seepnd temperasareyishieh ivthe difference
npe e

bifer I AR St S8fol bRmBH bﬂ% il goimal, e, an

bleygeﬁrc@hmnnptvdm h1brhy$hm hampdltuideeobﬁ Otmb @ vieshWWeh” ~ 1.0ml O, kg

tion b he.a

thal’ anﬁfzl Eeeep &y ag ]é“r"fl ﬁng % t cﬁldt}felgp {Lﬁﬁor%ucﬁlratlon 10 to 25

ﬂﬂi@b Idngeethan th. 3§l hdulr, k@d%réﬁﬁbtly lowerﬁ}gQH& waker kgnpgerMliYeto the third
, and mai ntai ni ng th aquatic an}%mat t he th| rd

fegw&éaﬁlaﬁeuwéwhors theydHigrenss hesween PHBEM GAd SPINiHYHR oxygen

E(Hi%ui‘n fish b %éra ugé ﬁl’iﬁﬂa‘ﬂg ea%'di & daRlBphoR BRIt amplitude of
the t |rd Hature wher |fference bet ween t he

bl erk&néN hi miWk (g dig’ cWrVg Unpmaditaiping e aqyatia peimal at the

@ﬁx‘%@%ﬁfﬁ%ﬂﬁ%ﬁgméo bt B Pk WY frolguc - O

Celsius. And in this case, the third terrperature IS

g?%ﬁqg ﬁ%alla ﬁ%ﬂ‘&hfe of agér?;d(e?ﬁs rm%tj:ﬂ% r%ﬁﬁe‘%% Ype }Vﬁbc%t i, tpa difference
baRed dielngxin@h Hrl Mimu/ degded Gdinshh@tlbﬁi bgelsd adquatic egimal, i.e., an

thereby giving.the | east stres

GEYSP FPRRYIRSionhion gv@%ﬁm Fadent 60 los?ﬁa ﬂ@\%bt ﬁzlréfgfi 0, kg Ww
RIROSH B Bbprekintdi&ly ph @RERhed SV B0 QrS dpYed OSI5US, eanﬁhﬁ this case, the
steps of Keeping Yhe aqua %I c animal in sea water of

sagend femeperaturepe Ml liefchanger oxygeseonspption isagreathetieduced, which
[P IR Spr bR Yol AERTHR LY e UES BdePuido tyqrby emsure
mugrmmlwldam(wahnhny)@)f)agwlccwnmlsrptl on by the aquatic
animal, i.e., an oxygen consunption bi orhythm

anplitude of 1.1m 2 kg 1 WVh 1 ~ 0.0m O2 kg 1 WV h
Furthaamdreyathat gradial gddcheasa@fathe cwatet n@hperhtutdén tthé raforementioned

tepperature for a duration 10 to 100 tines er tha
?‘i‘?gg‘ﬁp‘regis Rb l}ﬁ RREsCBt ANYRGUY ot np‘iegmle&b% gIa‘JAWﬁg Fiedpce the water
téﬁq,emuﬁedat te@émsfea&t@ﬁﬁmw kédtiohswhére tHé theienee nka%tmg{g the water
maxi mum and m ni mum oxygen consunption by th
th@reaamqqghl reduced temgperature is gradually increased.” At the same time, the

aquatic animal in the several described above embodiments is preferred to be a live fish

d

or a halibut.

FIGS. 10 and 11 each show a side view and an upper surface view illustrating an
exemplary artificial hibernation apparatus for artificially inducing marine animals into a

dormant state of hibernation according to another embodiment of the present invention.

Referring to FIGS. 10 and 11, the apparatus for artificially inducing hibernation of
marine animals comprises: an artificial dormant chamber (15) containing sea water
including aquatic animals; a heat exchanger (2) or a cooler (5) for gradually lowering

temperature of the sea water discharged from the artificial dormant chamber (15)

15



oxygen consunption biorhythm anplitude of 1.1m O2 kg
1 WWVh1~0.0mMm kg1 Wh 1 is approximately in
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case, the third tenperature is where the aquatic

ani ml may be nost stressed due to near unchanged

oxygen consunption, but as the aquatic aninal is

mai nt ai ned therein for the | ongest period of tinme, the

aepording taai prefletemyingd s¢asigytandt introdeaing g laweserbtemeperature of sea
e

S0 Sl Hhotthe SR EERnl BENG ISP Rb BSIIERaROR (11, 12) for

nfeastdnmgfthef mpeeatprerodises wateocorthieed i the ahtifinial dormamt chamber (15);

h d .
B8 Bbvarnr et AL L BRRirie e it BERrYed SB bl he sea
tvager;naaxd atTpéI’s@mli cmnpum:l POX9)Fen comrslimg thedizabyxdhbgger or the cooler
TR PP S N TR A —

Bf the RAvdtQEBWRELI f2adkl YRpcan BRI MEihtanied! O a§R6RAHMined period of
tenperature for a duration 10 to 25 tines |onger than

time, based fontemperatiel infpraation of thewed wiatgr trereiedt fepm the temperature
%ﬁ?ﬁ?ﬁgr@ﬁi‘ﬂ{ }éﬁsitngethg ﬁ&é&teﬁﬁﬂ%ﬁr dSoMhE t}nélﬁta{ﬂéﬁ at each step of

rence etme e nmaxi mum-and m ni num oxyge
dcmwnqbttq‘:mpcrbtyret Hendachased on ethq: meformatios, on dine d)syqjecd oxygen level

g H%I 0 %ﬁmx&gg}y %@nﬁ% o? anﬁitgipkg%nﬁg?t]temature of the

m Wmhr gradudily lowered at eavhet%tdan be fgcerduallyddwcaéasedl frédth the temperature

pbtheih grepe Ay R ot % b BRHP S AR 5r e Yl Apaied oxygen

bmuﬂieﬁfbgrﬂedm@aﬁ@aﬁm[g t he maxi mum and m ni mum oxygen
consunption by the aquatic animal, i.e., an oxygen
consunption bi orhythm anplitude of 6.0mM 2 kg 1 WVh

fkhe Pe Qo 192th5 Ja aWMsh félr irﬁu@ihgtzﬁﬁﬁé‘iﬁp rh%nmafoﬁl ¥f infhrine animals
t he range of 7. .5 degree Celsius, and in this

ea@etlvetlh eorstmis:m heemz@hmg@r i tbmm@ert(ﬁbt%uhawgﬁ dimng or inducing
Y RfRUC ARRAP G B ActrlbGhdeof 11UAEEn, W3 Gk, (i, H6Phpparatus for
ireluping atrtifigalt hlbeﬂmetleibyf ensine @nandle ngiysﬁlrthelvmk:ludataecompressor 3)
abili tic an F rt
& Dbt bRt BB o et ielTBe e G OFH FOE neftfichanger () or the
aécﬂ?e (ﬂe)ntgn@ nesgly eﬂimmh inelhts a(.')feniﬂr?ﬁatmfee&ﬁlmtollbﬂ‘(’E)nf()rocmltmlhng the
rererre to r ce the ter te er at

TPy é‘iné?li?n‘?aﬁlé‘iﬂ E% R n(ld) oBIels{ e RrGSurY GAnplier @) and the

Mg AR RAtrbl& (MRtveHerdbS RS bPérdfiéh Bf theafeht &xRHMERE (2) or the cooler

temperature is gradual Iy increased. At the sane tine,
{Hanay be controlled.

Now, the operation of the apparatus for inducing artificial hibernation of marine animals
(hereinafter referred to as the “apparatus™) will be described in detail with reference to

the accompanying drawings.

The apparatus is basically designed to be used for both in fresh water and salt water, such
that each pipe and constituent element contacting the water is made of PVC (Polyvinyl
Chloride) material or titanium material which is resistant to degradation (e.g. rusting) in

salt water. The apparatus may be largely divided into an artificial dormant chamber (15),
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aquatic animal in the several described above
enbodi nents is preferred to be a live fish or a

woheisiongs73 FI GS. 10 and 11 each show a si de vi P@T/ARI0OE001092

10

15

20

25

30

upper surface viewillustrating an exenpl ary

artificial hibernation apparatus for artificially

i nducing marine animals into a dormant state of

hi bernati on accordi ng to anot her enbodi ment of the
preddmgappagis and A WaRstemperayre eontotmpargue@E)11, the
apparatus for artificially inducing hibernation of

marine animals conprises: an artificial dormnt

hinanm’ef Ol(tﬁﬁ‘)/ald}l)(liﬁ the pitifpid darmattehambed (ll d) ag ma:dmif pdastic material

%rr g{éﬁlgm §/es EWZ&? ﬁiagr?ﬁ ! %gliigt(s&it v(&?%?ra 5 glléé% e} Hidsection thereof
(ihlslaﬂrm oed chi)ovixi hdiatauticicbbry &r kﬂiﬁjkm@heac hrebhe outside, and include

§ AeVBalA SgoRE 1D RBT 600 H S0 RE R OSURChARR Hisgpefvater may

béfiRed. Mhedidd Whtel RlmpReSIRMIuSHASHIE ind dihged ﬁﬁ@@ﬁﬁfdértﬁe chamber
sensors (11, 12}’Cf or nmeasuring the tenperature of sea

Y] b@thé@waneﬁ@a 9% lgad thettpmpetiatare eRsrredler (7 maaydasycorrected by two
%?n?é oa]tlgg ds%%@@ gl;ts ig(gﬁ %?ﬂﬁézgﬁref é%hﬁfrr? q% Y ﬁ%jk; ?Fgltrehcﬁséoﬁ)’eﬂl oRfeen (DO)
i(meidsdhalchmnhguﬂéb i§ REas@¥d fbyrthe omygcn sémsgr (He Mebidine P4, WTW,

It l.
SRS REGhI5 VR 0 5 LR AP s contotn
ire iletr @4y ard ah dulnlet 6139 digpiossd hiothiershembtr €15) thatiep ntwitaining the
be nmai nt ai.ned_f or a%lp ﬁggterm ned period of tine,
W@@Eﬂsﬂfﬁralt@ﬂﬁgfhﬁtvﬁﬂl 3t AP8fnati on of the sea water
rece| ved fromthe tenperature sensors while increasing
predet erm ned period of tinme maintained at each

Eb% phasmbeydédemar detahigfingnel €6) Apprblyasbarvestingtibe aquatic animals
fr&fn%é@éd Whte To 4INE Al 368! Y@ferrewaﬁﬂlelfﬁnﬁl I{e@gl % :Bg%rst installed in

fromthe oxygen sensors, the peri od i nt
therehamber (il éh’p%fp@t the equattictanimalds msamt@t lngcr theichhinper (1 5). The reason

U 3 00 3 S RRE BB ANH A L SRR AR e o
aal id lsveaay toolmaredst tHeehalibwte layirig inkide thesSshlingentt gkg)geithout much stress
consup e c animals. The PC (9) in the
Hﬁg@?uﬁlﬁg%%/%ﬁq’l‘?ﬁj@@ﬁw@ artificial hibernation of

mari ne ani mal s oper atively controls the heat exchanger

é or the cooler (5) to thereby bring or inducing the
efisatsivehant wapling devce o thmApPARYS dhgpeimgfigoFeigiPd o 2 cooling

a—éiflct,elj‘ lifelffda ﬂu'ﬂﬁ) aprasdidist ﬁr@ﬁeshlﬂg USi RS %'éf tfidufté, @ heat exchanger

hi befnation of marine animals may further include a
G0 eppabds of hgag pxchanging 12,000 kcal per hour a 2-horse power compressor (3), a

pressure controller (4) and a cooler (5), where the direction of sea water passing through
the cooling device is shown in solid lines in FIGS. 10 and 11. It is important that
conditions of refrigerant circulating the heat exchanger (2), the compressor (3) and the
pressure controller (4) be maintained in high pressure and low temperature (-25 degrees)
in order to lower the temperature of sea water coming into the artificial hibernation
chamber (15) using the cooling device. The circulation process of the refrigerant is
illustrated in solid lines in FIGS. 10 and 11.

In this case, if the temperature of sea water passing through the heat exchanger (2) is too
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and a pressure controller (4) for controlling the
operation of the heat exchanger (2) or the cooler (5),

woaod/ongoy3 f urt her include a tenperature controPC®KR20()7/001092
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for controlling the tenperature sensor, where the PC
(9) controls the pressure controller (4) and the
tenperature controller (7), whereby the operation of
t he heat exchanger (2) or the cooler (5)

lewnthest may . gergrate 2 peoblgre rimth%heaéfexm@g@rp@a:r o}belf werds, a small-

(}l ?tg% ﬁ%}p?lgiﬂef B te r@%ce gh%bg r(g%,bb(ﬁﬁ cgf/lgpar a?ﬁ Svﬁ;i&ﬁ"ﬁ*esse% water passes
meg caish erdpture ofethaibieatwxchangef &)edwetotmezhg mdmwpamsudwgthe pipe.

RS i B RSP e bl ) oy g

ledehthei i Falﬁdn‘é on 3&1’1‘1@&@1‘1@ toEphrevann tthee het a:ﬁthemgeﬁ @9 fuvad @eezing, if
is made of PYC (Pol yvin | ori

rla
the PR P ﬁ?aawa% ipa rrgst @gghs&arﬂlp? 8t thsy L%aa Sxphameer (2) goes

c((ﬁmgbel()wsat ﬁl@@é’teﬂnﬁn&ﬁieﬁlel\’\@&eéxam-lﬂl@ iR B ARk t&nﬂ@éfuﬂéebf the artificial
gely divided into an artifici al dormant chanbe

th@yataprt @bambﬂj appas dghs (erd 13 et é@gr@@r@féﬁla&)uﬂ@ compressor 3)
1‘[‘191%5%69 I111 gﬁgﬁg@{dﬁ 1 Peﬁﬂ trpg, tgﬂp rg@?éiopllé i fa{ 5%5 (glf%%elsms, and

art F man are nade o _
llﬁﬁhetelmﬁera:turet oft saiwaterr mSIdStthﬂBI‘ttf@la] églvemlattmmhambes 415) is low at

PhFleaBlC: BFet Col B AmPLERTT) i By gpintin the

tbﬂ@taraﬁfr@ roftthe reftiigsiade at ahdegree |Ceddiusy wieerely. th'Ehﬁ'eezmg of the heat
nmber (1 has unme of 500 lite
FReREHEST 61) G B SRPLIGTePP Cemperitg: a3 e CRISils & Satinity of

1empasr ature adj ustnents and changes nade i nsi de t he

chanber (15) both neasured at PC (9), and the
tenperature controller (7) rmy be corrected by two

AR L SRRSO T RS SRIERS e g e
mumteésmredpltn] enf of @b@gmaraémmllomqulclﬁ/msppnseﬁe qmurrence of any

Qfﬂéy ems,” I¢ nl%{){%’mﬁot%g ?lft grg el thtbe nf %OFI Qxdglsﬁ 9§ (legf automatically

I's "con
z(d}ds)te(hb}zi tlenPOYP) ed (Hbiﬁt):m@empms edntaﬂlet (2) thhmgheec p(el@) program of

%‘F ePrfg 8%3 ﬁﬁ 2) cgf‘(rg hc%s ;‘)’ny ] )%ln ﬂiea%%%tgﬁiﬂﬁg‘g G Em?nféﬁ the artificial

KiBAAR 6h ﬁfdubéﬁé&ﬁ%irbé&s the aabitied i8th ikball spratidhe IlSﬁapreferred
water. To this end, it is preferred that the fishin

that onereyplens artificially indveqd hibernatian establishaddry he £ pREGLbe in the
f%ﬂge SEHAR0 GBI dBEndiSg b &R iG] felpBrati?s, FRaYREAnd(the Kish size.

reason .

The apparatus is featured in such a fashion that the PC (9) controls the heat exchanger (2)
or the cooler (5) to thereby enable to automatically induce the artificial dormant state of
hibernation of marine animals inside the artificial hibernation chamber (15). At this time,
the artificial inducement of hibernation of marine animals is the same as elucidated in the
method for inducing artificial hibernation of marine animals thus described in which
temperature of the sea water lowered at each phase can be maintained for a
predetermined period of time, based on sea water temperature information received from
the temperature sensors (11, 12) by the PC (9) while increasing the predetermined period

of time maintained at each phase of decreased temperature, and based on the information
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is that the flat fish such as halibuts is difficult to
catch if they are lying flat on the floor, and it is

woOeeasy186d3 har vest the halibuts |aying inside tReT/&ARM7091092
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net (16) without much stress just by lifting the
fishing net (16). Successively, a cooling device for
the apparatus (hereinafter referred to as cooling
devi ce) includes a punp (1) capable of processing 45

qni tler disgelvedrioxyeen levehaaeeiesd Hionydhe (oxygera samsoes, ghe duration of
B BOE AP kBB B ST P BRSE P o whih

i Praduatig rdecteheeddiromcthe dempérasiea ofidliee seapwatst Mipn whoclg there is no

he .cool. device is s in ddlines in El
deipio o B BSHET otdard 1BHEl, ML oD oh T Bty Mo b ©) can
dilit%rﬁ%ﬂhoaﬂjr Radic e h@matne Xtilﬁltbaﬂﬁl(?idlf)eﬁ%ﬁon folf e?ﬁ-ﬁfém_ éﬁ{ﬁsl@ Lby( ﬁl)a method
an e pressure control] er e maintained in hig
asPIdEIg e offica ckanplrRIRbod T FRs e% 95 PIRSGRIGBYSIUOR: or der to
| ower the tenperature of sea water comng into the
artificial hibernation chanber (15) using the cooling, )
Aenoted abdyee onger tha maring Aniae aigndiced ieto medormgel site of glbematlon
Bej la(gﬁgt{r%t tﬁg tbif eci'giu'réj of 588 atel ahd FRiinttRaRRB dcin:}elb lifle E\g;kaﬁatus, the
ase, 1T the tgnperature of°séa wat er passi ng {hr ot
hiréneh esitadss ohagnigee put( ifo jasbaxo ohymble ofi blogkimgythg eartificinke hibernation
probl.emin the heat exchanger.(2),. ln.other rds .
B30 A 50 RGO TREL - 2o At Gt e Sovered with
18 aistehgd t:dsn;eiaim%h tc;l]\bﬂxsi;lfb ] bﬁnm hmﬁcjﬁtya 2153 ﬂ&ﬂ;dﬁiﬁaﬂ desealed to allow
ruptyre of the heat exchanger to.freezing, .. ..
the At tcrdlydiberagtad magge g s ovist Jong distpaces forrdistyipgfion.
that pressure of the conpressor (3) be automatically

adj usted to | ower the tenperature of refrigerant to, i
Ifrawteide aiheornbest isxintraduced [mg the ohaxf certpingg the ragme animals,

Y 1 e i) . i . .
CAEGAAL Yl e AL RORS108 I OUB SR ey mar
dngmels ecaftior tematepire] toi 4n environment thetnip dregaous toftheihsurvival in their
artificial hibernation i i L 181
s hlis Beser BUFSHRE> BRATRRL: dttply Sorfibaltydine dtee partof
the @aaspoeted mariak ahmnals. (e prewpeinatntion, tierafedes hayarsadiboxds that can

-2 egree Celsiys, .and. if the tenperature of..se

Wact e fiGrtaeton ot Siteify s o5 heal o AL e %ﬁ@?laﬁi@wm state of
hiBern@N6r2for @ PRERIrATtAl péridd A€ BHRETRE Inletempehtfure of the boxes is not
conpressor (3) decreases in pressure to maintain the

Rasipsdarkyt 1psiclTd Qubdt Wes seepéaingd that maintengres dfdhemmer (pgperature in
eﬂ@%bg&go &n tHeS8RESF Plo 4 H%ré@@&lsﬁé RS deditte FRMBRaining the
avol de reezing tenperature: -1.93 degree Cel sius at
atificial ingduesd dormant state of the marine animals.

Although there is no need of water for transportation as the marine animals are induced
into artificial dormancy of hibernation, wetted coverings were used for keeping humidity
necessary for survival of the marine animals. In other words, it was found to be most
desirable to cover the marine animals with soaked Korean traditional paper (hand-made

from mulberry trees) for humidity preservation of 90 % or more.

As described above, understanding of endogenous rhythms of the marine animals has

enabled to artificially bring the marine animals into a dormant state of hibernation, and as
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24. 7%0) . An LED (Light Emtting D ode) |anp, an
i ndi cator for mal functions of cooling systemis
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qui ck response to occurrence of any probl ens.

Tenperature of the artificial hibernation chanber (15)

is also automatically adjusted by the PC (9) and the

tenperature controller (7) through a pre-set program

aofestlher FOplopackTging P thomaring agimals wheaxes ungerewaterless conditions
H! s f ion

I{a‘ggﬁcernsn[()%ﬁr%ocesg E‘g%gwgr%ﬁ}%{lﬁéﬁu&ﬂ%%ﬁ mal

oper atl on is preferred that one cycle of

r al | uce er na I on_est. ab
B 1%’ {iaRE S GbAgARLStn  FiRels 8 0l BT boxes ar
thél@aﬂtdiltfdnaﬂ)orteﬂnmemaﬂwt‘ @estinbtidhs] Whereathd btobl&s hieSdpentd o allow the

The apparatus is featured in ucha ntht t he
IRREICANIERIS {9 BY Soplrd thioay#tesdB i figaee ?é? degree Lty The present

ihvontibf fsNRESRYd aBaRhBpbR tﬁb‘tﬁﬁﬁéﬂaﬁﬁﬂlh&udeﬂd&’&ﬁlahh @narine animals,
artificial dormant state of bernati on of narine

Rerfigwdarly inrafor@menh@nedrttghfdwp@ipd Miarslepnbexss. Lollovtiag the transport, if

tﬁ&@ %mﬁtﬂl'lss b sf&:‘:ke(f i \%tre* ik %é’#@&ﬂfé%ﬂ?& Plo 9 degree Celsius,
erna marine animals I's the sane as

thé mamiataadnaln atehealromt umﬂomdhe idodo@it rsgatapf hibemiatipn in as short as a

| ber tion qf ne_ani
Purgertie of & ol TS eR PR R g RuG 5 OL B sl dileiel
be rral ntai ned for a predeterm ned period of tine,
based on, sea water tenperature information.re
feoRFPaaRE IVERERI, b eainae grent fiom ﬂi@zsxw&nlh‘@ B ¥4 t(@yport method,
1¥hhteRdddNer §391d8 %nt R0 RERH S RNAVA SKI1IPAId B6thed if isiEh a manner that
mai nt ai ned at each phase of decreased tenperature, and
ddogenogh M maringnenmale ai¢ selsewied, @y ganificia)ehibernating
Jo%ﬁﬁfo‘ﬂ? Aref 158&@&1”&09?13{ & bral S8 oF ten?ﬁb‘f‘ R &fahgjfa% thstop endogenous
mal ntal ni ng constant’ tenperature o %e sea
@yﬁudwabf marippemadalatfoeaclong tmpomfcthme,satgir ahyad Itbzrough waterless

d.f
e

Ievel In addltlon it is possible that the PC (9) can

\t3/10 H”rg eéyﬁ%ng‘%ﬁ%ocgvuce é;%rfg%) %g%gltgc@%?%ﬁqggvtlghggﬁ Ibe&) n %etall with

RESERE A6 YneRRAEIBAWINGS Itib ﬁeéﬂl%&ﬁtsay thae e MrBsenfMnvention is not
not ed above, once the marine aninals are induced into

Limied readut Bythe bettenpmsersiead by theyfollaing smbpd ipjents. I is also to be
UfIRE R Haf l%fth Siica f&%‘g@ﬁllg ﬁ%&eﬁ?'(ﬂ:ﬁ RCadd e %ﬁl&vﬂﬁg preferred

appar at us, e mari ne an put Into a
mlpmlmhentsfardﬂ)@omlarg ané exldama,t@nycmui theelbare mat fodre conSIdered limiting

the scopes as claimed.

The live halibuts used in the present experiments were harvested from Jeju Island in the
southern part of Korea and bought through Ansan Agro-fishery Market. A total
experimental live fish population was 290, where a total of 63 individuals was wrapped
and transported in vinyl envelope or old newspaper according to the usual transportation
method, and a total of 227 individuals was employed for artificially induce dormant
hibernation for transport using the waterless conditions according to the present

invention.
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i nduced marine animals fromoutside heat, i.e., the
mari ne animals nmay be covered with noi stened coverings

wotasemgas e a constant hum dity, and the box nmRgTER2007/001092
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sealed to allow the artificially hibernated marine

animals to be haul ed | ong distances for distribution.

If outside air or heat is introduced into the box
containing the marine animals, tenperature inside the

box increases which "wake up" the artificially

MR "BENDIRENTE RESP AT6RY | AETIVPAESCeSANDd ARARYSIS OF
envirormment that TS dangerous 10 nerr survrvalr 1Thn
ENBOGEMKRUES R ETEMS OWRALIUESnous to the marine

ani mal s, consequently killing large part of the

transported marine animals. The present invention,

Rifbe roegxur & ofdes %‘“ ﬁﬁd‘br@édn@m_et zﬁrﬁﬁciﬁlﬂl}ﬂ ifduoek dgﬂﬁant stait(e of hibernation
i ntroducti on of outsi al.r or, heat I n order to kee .
4sHig SfIAORFRAS TR ! TRBRS ABAS, HelsHEBPEVE JP aRalyze metabolic
ARORRE 8§s0tiARE VAR éRidg@iout biBhytiMe of BbjEct HSRRRYH! ur e of

t he boxes i s not para cularly restricted but it was

ascertai ned that mai ntenance of the inner tenperature
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SIUS 1S nos mai nt al ni
lavret fishi Thekxpenithenéd couditioms wheratatleast tvher meore geternal environmental
t hou

ani ls. Al h there i need of ter for .
PP b Foar  BAFngk 1089) 5P B Sl aheanous biorhythms.
FisH ihbd eyﬁl faﬂd) ﬂnli(manﬁy piugnﬁ&ﬂtﬁ?makfeﬁn mapebd aif:‘fecrted/ oy ilids Ito have an
. re use or . Keepi n madify.nec Sa or ur vi val ..
iBFlugTice Ok PFRVIO, OrPaabqly astivatios,of the i, Syl that ih ds gifficult to
dReiveShe BfddgeadschibMyaMyL BOD endildaioRs (VS 1DB3BSNY Vison Co., Seoul,
soaked Korean traditional paper (hand-nmade from

Kenepkeapgblerad ddgcking light pind ikeopipg dieewotst eppesrturgronstgnt (F1IG4: 19
rd j f :
e
afr endogenaals| hiotirythigs réletiveate mespaaiomalastivitics of aidturednhalibuts was
;geté%tl(rtﬁg? ﬁaﬁ%?xﬁ {.Aﬁgkl ﬁt%ngﬁg:n]ixalﬁeg ét?el%ﬁ-k: d(\)h)f(—éﬁsegpluirn leer?er: FIG.3) developed
byatherdvereat twenkots. dhs resgératng datdcomtinomglys nieaswead foral3s hours by

viahilit of. hi.pbernating aquatic animals. .

b £BR1 w i L Frits ATrget SRRA & GOLBMIEL progia; (RaleidaGraphy,
SyHeRB! SoftWareh Bsédxdhiinkdions e@T,eUSAYRsording fohe eldabiedquares Method
transported to market destinations, where the hoxes

G @S Grrade Periagisabanaliis phtierradaganeys Biorkythius selgfivedg respiratory
dchilRielarChalibltst Wes MAGCusie KEPA IMIRINMES ﬁ?tlro;ﬂyu Speclf3® Analysis)
present invention is intended to transport the

progiiafi. (Cetitinjousndateeef aconstant timeiintereadi iratesded for the endogenous

beul ard y. i emgny i j I led. . -

R0 85t ] SO AR SR 8 e et were
transformed to mean values using the data measured by the AIFR, which is analyzed by
the MESA program to obtain a periodic analysis data shown in FIG.S. As shown in FIG.7,
the cultured halibuts have shown a period of 24.8 hours almost conforming to a period of
24 hours. However, wild marine fish stocks or marine animals have shown quite different
styles when respirations thereof were continuously observed by the AIFR as illustrated in
FIG.6. FIG.6 illustrates a result of respirations of manila clams (Ruditapes philippinarum)
continuously measured in BOD incubators (under dark environment and constant water

temperature of 21.5 degrees) for 260 hours by the AIFR. As a result of analysis by 2%
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the marine aninmals are stocked into water with
tenperature range in 7 to 9 degree Cel sius, the marine

woanisroasg3 ar e waken up fromthe dornmant state BET/KR2007/001092
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hi bernation in as short as a few seconds or in about

10 m nutes, depending on the size of the marine

animal s. The present invention, being quite different
fromthe existing live fish transport nethod, is

TNONIBE ERTag thaTe WWeae g SEeREOPEke [pyr faws end whendhg fpta gypg analyzed

t

G M A e FORERIN A ERIARETAS N K Ry Altected by tidal
1hﬂt|m1cn af 1.8 hoorsdistshows imFEG.7 ralxl@qnbrloldrocﬁ 241 hoawsewag also observed.

g‘?‘%ﬁﬁ?g%ﬁ %ﬁ:ﬁ’re{ %rgﬁff’aeglg}qg g{teosl}ytgm gﬂlglglgﬁgogquﬁﬁlta clams, it can be

sl @dorhthensg bf wairiek | @imakondi difforent aam‘dmg for haﬁgtats If the

the marine ani nal.s back to orij

TN BR LT R FEl BHBHR AT St 1B AER 2 fone Dime Hie hdogenous
Dbk thBR dESRE i MBGhd AnBRdlfidan Vbd obE&ET, eRBR ! ﬁlaS'hEe an important
attached drawings. It is needless to say that

th
fgv@agmmah dalioan BRUFISE L arfifigiatly dndused kﬁ%’mﬁ’ﬁys%t@ Yohipgnation of
llg agl od by the follow ng enbodinents. It is also to
e understood that both the foregoi ng general
descrl ptl on and the follow ng preferred enbodi nents

8.8 SUMP?ION OF

IEAL[B)UTS INSIHESH(DN SB G‘(DDE@RIEASB(N SEABNAEEREIFEMPERATURE
harvested fromJeju Island in the southern part of
Korea and bought through Ansan Agro-fishery Market. A

B&bdlonreRsiFdtrs dcailvitles \aad fdnabgdaons! bﬁirléﬁﬁmvmly%%omemwﬁ well as
a total of 63 individuals was wa

and tra orted
41141W1|Cﬁly datan 9é| kadbutsy wqydmsmgbafberab%e ofigst nfanl?%io Fﬂét sea water
Rt 315095, 4l TR st Moyl ok Bl Gt by s
ajmnah nrerbigheatly aeduped f @r chiangesseforxy gers pwgsunméloweé¢ plmast nothmg,

ST SIS AR RS FEE AT b v

dﬂﬂmw&dﬁbmg%ﬁéﬁl hAEmMBLIGIS oFintasine @hinadly acdondiog derthe present
to understand the artificially induced dormant state
ig¥efi%er nat i on usi ng endogenous bi or hyt hns of mari ne
animals, it is inperative to analyze netaboli c

activities associated wjth ndogeno or hyt
Aspessit, tfnp@ﬂv(agbpe;bl}q problem ote surv1va1 fo}J ﬁal%utsrst red at 13 degree Celsius

even if temperature was reduced to 10 degrees, as evidenced in FIG.8. As illustrated in

FIG.9, the sea water temperature was kept at 13 degrees for 10 minutes, and duration was
prolonged in response to decrease in water temperature, i.e., approximately 20 minutes at
12 degrees, approximately 30 minutes at 11 degrees. The time duration at 6 degrees was
prolonged to 120 minutes which is 12 times the exposure period (10 minutes) of an initial
13 degrees of water temperature, to 180 minutes at 5 degree Celsius, and to 260 minutes
at 4 degree Celsius (where biorhythms cease) which is the longest exposure time in order
to minimize the stress. Furthermore, the exposure time was gradually reduced as the sea
water temperature decreases. In other words, halibuts were manipulated to stay alive in
the sea water by reducing the exposure time. i.e., 180 minutes at 3 degree Celsius, 120

minutes at 2 degree Celsius and 20 minutes at 1 degree Celsius of sea water temperatures.
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Experimental conditions are very inportant for
measuri ng the endogenous biorhythns of live fish. The

woess®gatent al conditi ons where at | east two OPCHKR2007/001092

external environnental conditions are kept constant

(Pal mer 1995) may be consi dered endogenous bi orhyt hns.

Fi sh has eyes and nel anin pignmentation therein may be

affected b ght to have an influence on behaviors or

Eimlh'omeimhé@t et ¢xposest for A& nfipwks atd)2 AegrpaEelstus bglow zero.

difficult to observe the endogenous biorhythns. BOD

i ncubators (VS 1203P5N, Vison Co., Seoul, Korea)

Teepabbaelimentbd fogrkduad decrgise innvhtéretepipagturh ovhilst the water temperature
erature const

FI G 4:, 19 degrees 21
oS Pefod X el FefRated, ihpliSE eEiuing & By efdmily reduced
watveRnperuturdihyated iafFI619¢ age thrusatbi clralngédwm aufinadticwiey adjusted
to_respirator aCtIV$tIeS of, cuItuer hal i

t?yetlhp SPHRYter rogram o Al q:ge@%tlgmlpe was ascertalnedV}?om the repeated
é&géﬁh@iﬂs R strEdsAVHIREMRHAS AR HANS cﬁl@o@)no%&ir@ﬂ?%&iéed at a point
the current inventors. The respiratory data

o:fohi idegregsCylsive awhere dthe onaties anwapls cpyldt he ipdyordite the artificial

- | .
ML, S S RLRQE o0E Bl AT ouft £RG tho marine

ddB8A)ls e therddimanttstate dEhiberastiorsquar es Met hod (FI GS. 4 and

6). Periodical analysis of the endogenous biorhythmns

relative to respiratory activities of halibuts was

Ande sahé ginds HasedVionl Bugraplntwicp yedapd ab reae oﬁﬁﬁgqssoﬁ)nean oxygen

pr ogr am Cbn%lnuous data.of a constant tipe inter

al,
GoBSHRRHRLFafe? mw@l%@l@ﬁ%wpmsammwtswm&%m as illustrated in

BICa, Yeible NS provEEd GB! dofBlelafaxahuBasi Minfinimt Galues of oxygen
|nterval were transforned to nean val ues usin

PasEMpels GPRINY Dhetha Ftibufihiab p ipsedgiraminedqr ge;@% temperature,
Hipifipdl QAT In BB BT RREPHAEHEUBRR TS, 6t oS of mean

drygen sbrowmptiop eatésont cach Rhperahesectiahnost conforming to
a period of 24 hours. However, wild marine fish stocks
or marine ani mals have shown quite different styles
when respirations thereof were continuously observed
by the AIFR as illustrated in FIG 6. FIG6 illustrates
a result of respirations of manila clanms (Ruditapes
phi l'i ppi narum conti nuously mnmeasured in BCOD incubators
(under dark environnment and constant water tenperature
of 21.5 degrees) for 260 hours by the AIFR As a
result of analysis by 2%ovi ng average, there were two
strong peaks per day, and when the data was anal yzed
using the MESA program the respirations of manila
clanms were greatly affected by tida
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i nfluence of 12.2 hours as shown in FIG 7, and a
period of 25.1 hours was al so observed. As understood
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clanms, it can be noted that biorhythns of nmarine
animals are different according to habitats. If the
respirations of marine aninmals are neasured by the

AlFR for a long tinme, the endogenous biorhythns of the
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as eviden in FIG8. 1As illustratedlin FIG 9. |the

sea water tenperature was kept at 13 degrees for 10
m nutes, and duration was prolonged in response to
Aieshovns in Tablgck, en inekinpsiontinrresponseto, oxygsnenpmRiian aplitude of

%g{rﬁrg gganaérﬁtllzz’fl%&?ﬁt% telﬂgé}ﬁfﬁ}(é g&'i'@a!sé(s §9mr[|3qyt1@3 gltegb Isius. The

i me duration at degrees was pr
indlink®on wiands as0.Ahifatbdtls caszs of thestemiperagipobeing rephelpctb rom 10 to 8
13.d

ut es f I njt

ikt aha 8o Paefierins 1 @PRE SPalt e omparggwih that of
4 Qas@@@ the Ruipettat b@lI@elgwefed@drﬁIIGSto (hMﬂHgﬁeekﬂlélmbyt(thequently, it
cease), which_ is the | ongest osure ti n der_to

fPf%B?rﬁEfén?Wéd St @esection, Mg nper§ureg &E ecbrpm g o 6 degree
O@Sius SRS hy b{gtegl‘ﬂﬁggs ﬁﬁteh’ﬁ@ of @é’spﬂ@ﬁ&{s érﬁ%@tra%lw Ectlvmes of the
decreases. In other words, halibuts were nani Pu at ed
hagibytsaloayevele 4 section where the temperature decreases from 6 degrees to 4
degrees showed a robust inclination of 2.7, which confirms that there is a great change of
metabolic activities at this temperature range. The oxygen consumption was almost
constant (6.1ml O, kg WW h'") at temperatures below 4 degree Celsius, and inclination
stood at 0.05, which showed that such temperature changes had little influence on the

oxygen consumption at such conditions.

THIRD EMBODIMENT: EXPERIMENTS OF ARTIFICIAL HIBERNATION USING
HALIBUTS AND OTHER LIVE FISH

Successively, the artificially induced hibernating live fish and live halibuts covered

thereon with the wet Korean traditional papers were put into a box that maintains an
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10 As evidenced in Table 2, the halibuts and other live fish subjected to the induced artificial

15

hibernation and waterless condition packaged transport method according to the present

invention have a longer waterless condition time than that of the transport method of live

fish wrapped in vinyl or old newspaper according to the previous common method.

While certain novel features of this invention have been shown and described and are

pointed out in the annexed claims, it is not intended to be limited to the details above,
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nmetabolic activities at this tenperature range. The
oxygen consunption was al nost constant (6.1m O2 kg 1

WO RBI18673 at t enper at ures bel ow 4 degree Cel si BET/KRaD7/001092
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inclination stood at 0.05, which showed that such

tenperature changes had little influence on the oxygen

consunption at such conditions. TH RD EMBODI MENT:

EXPERI MENTS OF ARTI FI CI AL H BERNATI ON USI NG HALI BUTS
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NDPPERIAIMAPPDICABILIOND newspaper according to the

previ ous comon nethod. Wiile certain novel features
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invention is

26



defined and limted only by the clains which foll ows.
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hi bernati on of marine animals thus described according

to the present invention in that marine animals can be
artificially induced to a dormant state of hibernation

and as a result, the artificially induced hibernating
WHATHS GlAPMED ISh wat erl ess conditions sinply w apped

I n paper package can be ensured of a |ong survival

rate (viability). Another advantage is that gradual

st dp- Bymsthep fahmdyasg eftifes hilereationefpeariteLanemalancharacterized in

artifi,cially i.nduce hiber.nati on condjti d ] .
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sea WabLivaleP terfpatBREIOREIhNR LB iep Gf Abcrbhd¥® temperature according
gradual | y decreasing the sea water tenperature

accor & fEFh decesasing phatro pad grasbally dedrrasingathg timeal maintaining the
gradual] yafep ?ernﬁ?e?étﬁ& dStah a0l BT td@&l@?é%g térﬁgerﬁfﬁ?e according
t np r ecr d

wat er tenmperat e const ant_ at eac st.ep 0] 2ase
t enpetateack detarorinkdngetroasing phdses rbarting gfrprhag epoinh@f sea water

et er tomiE e Dtat e d<ffecBh oMb B Ghehkedniindich consumed
t enpebatthy MmadAteatitiahg o cnstacttesiptrature.ned decr easi ng

phase, starting froma point of sea water tenperature
where there is no deviation of nean oxygen consunption

C oS Unefhethod bR indBEInp QrtefitiATBlibathatRnCETAARY animals, characterized in
tenperature. 2. A nethod for inducing artificial

hi ber Bati knepive arntinfeanimphef] the carhest AETtOXYSHLInRUPpEQN rate in sea
keepi Raygd GRRi ?%d@t@frﬂ%led %mgé}ﬁg.?@%f @s reﬁbﬂéﬁhin@gyl%ﬁﬁid of time;

COﬂSUﬁ'ptI on ra .I n sea wat a pre eterm ne )
t enpergzadurlly f oweaingr Swetser nivalet tempewstirof steppg:step according to

gr adu%kéésé%ér&‘ﬁ%ﬁi Jé%%é;&emfdg E%e:f@‘i&g ¥he:t &W%@f VJrr?perature codistant for a

st ep- By-step accordi ng erm ned sections an
keepi pgedeteeméied duedtion df einreeatahelr determrin¢dbdderdasmgdemperature phase

e T T N L T
t he pnedatetsmpestutbipiaké;andatdicdin®eint iewikSploeds thé predetermined
each duration of time that is kept at each determined downward phase of temperature,
starting from a point of sea water temperature where the oxygen consumed by
the marine animals is 1.5 to 4 times smaller than the first oxygen consumption or
where a deviation of oxygen consumption by the marine animals is in the range

0f 6.0m1 O, kg WW h! ~ 0.0ml O, kg! WWh'".

3. A method for inducing artificial hibernation of marine animals, characterized in
that: keeping a marine animal of the earliest firs oxygen consumption in the
earliest first temperature of sea water for the first determined hour in the earliest
temperature of sea water; gradually lowering the water temperature to maintain
the sea water temperature at the second temperature for the second determined

hour, where the second temperature is a temperature of a second oxygen
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starting froma point of sea water tenperature where

t he oxygen consuned by the marine animals is 1.5 to 4

times smaller than the first oxygen consunption or

where a devi ati on of oxygen consunption by the marine
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tenperature to maintain the sea water tenpera
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second oxygenconsunption 5to 2.5 tines |ower than
the first oxygen consunption, and the second
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? t hi ls6b A E AnE OgradUIy i bWeﬁgg ahd Waﬁéﬁ??n’:jpwmmet foaRedphehe water
irst oxygen con tion, and t et er m

hour  tEmBetsiFath B BBt dghpgsis dustedh %rde{el‘i‘gﬁ‘egﬁé’“r where the

first tﬁ%fmﬁratﬁe@ﬁm&ﬂpér%ré Sk itkied @i}tgefﬂc@hﬁimptlon 3 to 4 times
hi ber nati on marine ani mal s, characterized in that:

keepi gver thanuth@ fiasti raizew fconsanniion) pad the ilygledetermined hour is a
consu t t
ot or CBE B 10% 0 RSB ik Tk AR fout B

tenperature sea water; and gradually |owering the

water tenmerature to keep.the water tenperature, a
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oxygen, consu otign 3to 4 ti rre%FI ower than the firs
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dur at ii@fpdButO wheRk b idRSchQNERWebh et fARinkink $hd minimum oxygen

determ ned hour. 1
consumption by the marine animal is in the range of 6.0ml O, kg! WW I

ot

1.0ml O; kg WW ! and keeping the sea water at the second temperature for
the second hour which is a duration 10 to 25 times longer than the first hour; and
gradually lowering the water temperature to the third temperature where a
difference between the maximum and minimum oxygen consumption by the
aquatic animal is in the range of 1.1ml O, kg”" WW h'~0.0ml O, kg’ WWh',
and keeping the sea water at the third temperature for a duration 26 to 100 times

longer than the first determined hour.

6. A method for inducing artificial hibernation of marine animals, characterized in
that: keeping a marine animal in the earliest first temperature sea water for the

first determined hour; and gradually lowering the water temperature to a third
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5. A nethod for inducing artificial hibernation of
mari ne animals, characterized in that: keeping a
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water for the first determ ned hour; |owering the sea

water tenperature to a second tenperature where a

di fference between the maxi num and m ni nrum oxygen
consunption by the marine animal is in the range of
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as clainmed”in any one claimof 3 to 6, wherein the

st ep afnggradduad Hggreesdeslsing t he sea water tenperature

is to gradually decrease the sea water tenperature for

each predeterm ned section, and then gradually
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t enper.gt ure const ant ach step of.decreas .
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method as clainmed in claim3 or 5, wherein the

ear|liest first tenperature js in the range of 14 ~ 12 . .
dediVed heamsthgd ast glaimedcignelaiay értﬁiae‘ﬂ{lﬁr e gpgfine pumal is live

I Nt heaBnae ofer Tive fish.degree Cel sius, and the third
determ ned tenperature is in the

11. An apparatus for inducing artificial hibernation of marine animals, characterized
in that composed of : an artificial dormant chamber containing sea water
including marine animals; a heat exchanger or a cooler for gradually lowering
temperature of the sea water discharged from the artificial dormant chamber
according to a predetermined section and introducing the temperature lowered
sea water back into the artificial dormant chamber; temperature sensors for
measuring the temperature of sea water contained in the artificial dormant
chamber; an oxygen sensor for measuring the level of dissolved oxygen
contained in the sea water; and a PC (personal computer) for controlling the heat
exchanger or the cooler according to an artificial hibernation software program,

the program being such that temperature of the sea water lowered at each phase
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range of 5 ~ 3 degrees Celsius. 9. The nethod as
claimed in claim4 or 6, wherein the earliest first

worenspasaas ure i s 13 degrees Cel sius, and the tRCTAKR2007/001092
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tenperature is 4 degrees Celsius. 10. The nethod as

claimed in clains 1 to 6, wherein the marine animl is

live halibut or other live fish. 11. An apparatus for

i nducing artificial hibernation of nmarine animals,

char acarebe zeaintainedhier acpegeiseained periedh 0£rttmef,|haiS%d on temperature
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| evel “of di'ssol ved o@%gen contained in the sea water;

and a dPaatigreestbadavetefitbe dissqlvedexygsn corsumed dythemaange animals.
exchanger or the cool er according to an artificia

hi ber nati on software program the program bei ng such

t hde. ﬂ&ﬁp’@paiamsexsodlaimd inadaimat krwheaveiartbel agificeal cdormant chamber
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wat er waggei ved fromthe tenperature sensors while

i ncreasing the predeterm ned period of tine nmaintai ned
at each phase of decreasing tenperature, and based on
the information on the dissolved oxygen | evel received
fromthe oxygen sensor, the tinme of naintaining
constant tenperature of the sea water which is
gradually | owered at each phase can be gradually
decreased fromthe sea water tenperature from which
there is no deviation of the [evel of the dissolved
oxygen consuned by the marine aninmals. 12. The
apparatus as claimed in claim1l, wherein the
artificial dormant chanber includes a fishing net
capabl e of harvesting the marine aninmals fromthe sea
wat er .
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