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particularly to a nethod and an apparatus 10 capabl e
of gradually decreasing tenperature of water
including the marine animals within, and al so capabl e
of expanding the perio bj ected tenperature
in stepw se increnent #kﬁE&Fﬁgﬁﬂ9ﬁg artificial

hi bernati on of marine ani mals. BACKGROUND ART 15

Rapi d. i npr.ov f. X _
A rFshE oL A B SR s f IR TR UL S BB ARLIFICIAL HIBERNATION OF
MARINEGNIMADCr ease of high value or quality fishery
products from aquacul ture farns even in Korea
starting fromearly part of 1990s (total mariculture
fIECHRINCAT Fl@LE s in 1997: 39, 121 tons), and denmand
and consunption of live fish (the word "fish" is used
herein to 20 include fin fish such as halibuts, .
CTHéS pragea msvestinrh ralgtes falsmethod anh e opstgtus Jiop pdycing artificial
l.ans and .ot her aguati ' r eatdbd and an apparatus
ﬁﬂ@?@§§8éﬁﬁgrtFa 'V%%uéuﬁgb#ﬁkégggggr%é??gnal incqwg?,
Hopshlenf gradualin dedeasmgt femperatue Phwatsn 1gludipg e marioe animals
fisher] ' ' ip¥God b BRIhYsubjee@ll Gkmperature in
d"é@%‘%fdé“edzﬁl% g%ﬁg%ﬁg t@%a%{%%%g%( ﬁ% ely 15- SO0 of tofal
vapepglise)indreraent faripducingrirteficial Bibgmaon R Mange REIMEFui pped
with water filled tanks which results in 25 many '
associ ated distributional problens including
dBACKEGRQUND ARFai nt ai ni ng freshness due to delay in
delivery caused by transportation problens such as

traffic congestiaon; expensjve transportatio ost due
{Beid GO eRant 2 eh BSTE (expep B SPAREEIRTLM | 5DR AT rompted o
}c ési&ﬂ'lcaﬁgfg{ﬁé&%rﬁ highR4ius BPiEE) fishedyProtien folkeaghiculiudeifsins even

hau | ong distances_over .| and. .3Q The ,typical , - .
et erd siettiog e 6B PO LERS (a1 RS m ey e, 1997
| 4 9{?21ftb§47,(é%)ﬁ @eﬁﬁn@%ﬂaﬁh%n@ﬁbﬁ Qﬂl‘iitezﬁs? 2(1hE t\nltmrd tfish" isyysebherein to
that is, anest hetic transport, el ectr c

t inghyde G tfish pagh @Ol'@ﬂlplﬁa. crusiaceqns SK %rc{%bs,aanng s%;a}l)lﬁ;shsén& X clams
aﬁﬂd"bf)tihéﬂ ﬂciuaﬁ&'@hﬁi?ﬂﬁ) 18k afr@tlgfincriishbd padinlly du¢ rtarspenstd personal
To be nore specific, one such.recent . :
et Hereh SHBEriTg L HECLHOL o PR BRIl oty ncluding
| ve<BLRANpRaERN el o lov damsitNdappi@diD@8g08208h of tdtddweight)
as "high density transport method,o ' fi ' :
CB’@}SE%‘%WQP éyst{? HSIDg E“SV\%%“%RP?‘E] Wwith Jvat HIZ dt{aglpse%cﬂ‘%sults in

=

ice and s
f iahesbsboied distiibitonkl frbblems mclutizg difficuley in paintaining freshness due

temperature of water, therein.ls C - f -
BSes Pl Bl o Tl PrkerC ARl bl e congsion
WaiRhsive TRepataiioe coft dverto dyaht Bwilaborbosts and distagee from farm and
di.scl osed, for. examl | : | Bithiabd Sr land.
NI £y 8 BhRT Ly vhh (P EEPATE BT i ertan
apparatus for live cuttlefish transport and storage"

| Dyl G0 3k | AeHAPRARAS Wchidng live fish can b
p?%% &g)gcgﬂ X rtﬁog% oo?:@z‘f@o?ﬁngcﬁﬁh & g live fish can be

st e and ‘transportatjon of cuttieﬁish hock
" hrebdy astegerzedfintogi BRfe ik i 6D ReHBACHTIA, (2) clecirc shoc

Rﬁ%@?&ftﬁ?’) Q:Bol[f)% tahR A4 RAO Ane )l drliBelalaglormidt Rtk af) chibernation
apparatus’for storage and transportation of live

f tremppoRr ovi des that a tank with several holes is

mai ntained in | ow tenperature for accommobdating in

each hole one or nore fish to,protect live fish from
being bodily injuries and restraining the fish from
novi ng freely.



However, as all these disclosures basically require a
met hod for lowering tenperature of water tank
containing live fish, there are still problens in the
live fish tank transportati on nethods of distributing
live consumables with truck delivery systemfor
donestic as well as foreign consunptions (hereinafter
referred to as "tank transport”). Such specialized
equi pnent for distribution is costly, and
uncertainties of |ow tenperature environnent also
have surfaced for various kinds of fish. In addition,
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era starting froma point of sea water

tenperature where the oxygen consuned by the marine
animals is 1.5 to 4 tinmes smaller than the first
oxygen consunption or where a devi ation of oxygen
consunption by the marine animals is in the range of
6.0m 02 kg-1 WW- 0.0m 02 WNWIn a third aspect,
there is provided a nethod for inducing artificia

hi bernati on of marine ani mals, characterized in that:
keeping a marine animal of the earliest firs oxygen
consunption in the earliest first tenperature of sea
water for the first determ ned hour in the earliest
tenperature of sea water; gradually |lowering the
wat er tenperature to naintai nsthe sea water
tenperature at the second tenperature for the second
determ ned hour, where the second tenperature is a
tenperature of a second oxygen consunption 1.5 to 2.5
times |lower than the first oxygen consunption, and
the second determned hour is a duration 10 to 25




the subjected sea water tenperature for such process
is kept for a predeterm ned period of tine at each
step of |owering tenperature, whereby the '
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requi rement) by the marine animals is 5 greatly
STARCIAGAS B IVENRBofhanges i n oxygen consunption
reached to aInDst not hi ng. Then fromstarling from
In tHfirst qspedn,t therehie ppendaidmétbod domsthantd grmﬁwahhﬂuemangi phearine

desir ature of s wat er _at each, step i
oni§Bi, Sy PR b g Vg ERs QG SRalg oY, VT for @
pradak@nih¥d p&ﬁdc‘u SO gritRkilN Ge@tdsiml B sdOwdibetcaiiaire hscording
to. kee l ong-survival rate of marine animls just.

to eageh e efeir@mﬁﬂ sgetioR i ithig afurkndereaning e faleioh gnaintaining the
r

seaaxgé}tgn@ﬁtﬁl_ i ngjucg@%g%b g[tgela%f? gtrf]: r(r)g dgér?dﬁ@%{%g)erature according to each

decwaﬂsmlgl plese;c antligridonlly Tleercprims dlimt tlmveﬁmermammgt theussa water

ndo nous, bi pl ogi cal rh m_( bi orh

R SR s oAt LSRG R R b seerminea
dedi®@isin@eplaBé, "ddrfing IRmE ta péigIMot Rea eies tibmferhiuve whiehthere is no

transport. In other 15 words, the present invention
deyigfiongolpiea ey egh ca%@mm@@lcynweﬁewew PEEKnATTal ga constant
wngﬁhﬂﬁﬁy ning live marine aninals during distributional

hase by artificially inducing a waterl ess condition
for the living marine aninals by stopping the

endogenous bi.or hyt hm f e, and by.allpwng. .
in §APRTLRBRet IREh o AV o st ok AR BRE, Ao et Bitkfition of
maglfle atialsgthavteriobd inl taapRiepingEmeiran@asaliof tHeaBrIsErst &ygen

the hiorhythns of the Iiving marine 20 animals. Al soq,
consHBL IR e WRkST ehp RsHRCHingd temppratuse fQF & Rierlstasppined period

r drite AR 5B Sval@ {eRHOMATe L HEI-H rRebam

thhgﬁrgﬁ%%ggtBﬁﬁépgrtatlon aTEéH CAEescﬁiﬂyC»PZS I'n s
predﬁempn@f eser:tecdlsemrbdkmmg dlfic tdee Walgenteinppatuge nelseat for a
pregeocem}m%cieJ gura on %Itlfn'lxec %tag%gr#)eﬁén%g%%do&c%falsﬂg tempeerEJ mallm%e but
graﬂﬁHIlyampfeeﬂﬁg ﬂfd‘rpfedéte@mmcbdumﬁoﬁ ioffeimeg thad iaképt at each lowered

decreasing the sea water tenperature a cord
temparafIe, PURE: e BL PR SO Prop BFe ?5? ‘F%Vi‘tlﬂﬁ of time
tha@ﬁ%efn@ﬁrba% adualihed dRedReas pRskeldT %erﬂ?errétﬁ’l‘é §tQftink Meont h%Bmt of

to kept at certain sea water -tenperature at each
seaswaipr t@fnpsatldeofff@asthﬁ:goweﬁpe@wmeé biyrthe tegsine saimals is 1.5 to 4

[Qces and.t h r aI [ he . 0
-tlm?%emfa ht}{an %13 I[éfb ?) éﬁcgr uglﬁ?{)lg ﬁ)%e‘?gfir%r L dg 1:;1{1(91%j off (;xygen
corstnaptiaf by demedien@ihameinahe ragt of 60ap,Je pﬁmbleés« 0.0ml O,
h&&élng froma point of sea water tenperature where
_ is no deviation of mean oxygen consunpti on
consuned by the marine ani mal under a const ant

In a third aspect, there is provided a method for inducing artificial hibernation of marine
animals, characterized in that: _kee}iing a marine animal of the ecarliest firs oxygen
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tenperature. In another preferred enbodi nent of the
invention, an apparatus for inducing artificia
hi ber nation of marine ani mals conprises: an
artificial dormant chanmber containing sea 5 water
including marine animals; a heat exchanger or a
cooler for gradually |owering tenperature of the sea
wat er di scharged fromthe artificial dormant chanber ,
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the sea water at each tenperature | owering step |s
gradual ly increased in stepw se process. |In other
words, the tenperature of prepared sea water is
gradually lowered but the sga water tenperature at
each | owering step of tenperature is maintained for a
predet erni ned period, fromwhich 10 the predeterm ned
period of time for maintaining each step of | owered
tenperature is gradually increased. It is well known
that marine animals can be kept in good condition for
longer tinme if they are kept in water that is
significantly cooler than water normal for their

usual habitat or in 15 ice, whereas the feature of
the present invention is such that water tenperature



As shown in an exenplary drawing of FIG 1, if the
prepared sea water is 13 degrees Celsius, and marine
animals are left to stay therein for 10 m nutes, the
sea water 20 tenperature is gradually | owered at each
step 1 degree Celsius, and the duration of
tenperature of sea water exposed to contained the
marine animals (each |owered step of tenperature) i's
gradug I,ncr. ased to 20 m nytes,, 30 m nutes,
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the information on the dissolved oxygen level received from the oxygen sensor, the time of
maintaining constant temperature of the sea water which is gradually lowered at each phase-can be
gradually decreased from the sea water temperature from which there is no deviation of the level

of the dissolved oxygen consumed by the marine animals.
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
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FIG3 is an exenplary structural viewillustrating an
--automatic respiration nmeasurenent 15 instrunment
capabl e of measuring oxygen requirenments of nmarine
animals for this present invention. FIGS. 4 and 5 each
show an exenplary graph illustrating a respj S /001002
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the present invention and a cyclic rhythm obtai ned
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4 Bengetn obs v @ 35 el o Ak BRI e ok s o
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aquat.i.c . ani nal.s aggé %’%&ahtéa%r S RbreReld fghpefature in
aﬁ#‘i‘r&ﬁ% F% tl 2rl;te a h%Irng et er m ned sE%grrper ali ur eg of e .
S eEpwise qroats, atectings from awping [0f £63 Walst SEMRFEATEE fvhere there is no
r | % 64 SRS 1AELH&HiRGminghl under a constant
dﬁ%ﬁ?lﬁ%nnoﬁ?&ggﬁ%g%so of tnhe time sections nay be

over |l apped i'n between two adjacent tenperatures as
shown in Fl Q. 3




25 The next feature of the present invention is that,

follow ng the gradual decrease of the sea water

tenperature and the gradual increase of period of

ani mal s mai ntai ned at predeterm ned tenperature of

sea water, the period of animals maintaineqd akpsn07001092
ror

Wﬁrzg‘&@tl’g?:}ﬁ ned constant tenperature of sea water
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each phase is gradually decreased, 30 starting from
wher e changes of oxygen requirenments are greatly

reduced, or remain al nost unchanged. In other words,

t hgpe@arsvat er tenperature from which the aquatic

animal s are nost stressed is determned fromthe
respiratory state or endogenous biorhythmof aquatic
ani Gtisr pasered hehodirhet pé tieddventiom mn rrppyatns fortindusing artificial
at.. ‘WD. 2008/ 018673PCT/ KR2OQ7/ XREkH a8l Lohtaini
dé‘PE’inﬁti‘% %Wtaﬁ}wggom P& l?g %&gﬁ%%éga vva“geﬁlr%ﬂJ or-each tsca
phage idchidingneartiengnitble; hihbwe reneltangen or o epoked foil grpdually lowering
increased, .t hus m nim zi Do 4 he o Bbd: BSording to
a.%%@@r%ﬁ%feg.w%ﬁldf%%%g&sea %@%ﬁ%@rﬁ% Ure s s

r e grededminbieseatiornof ©maeatued adiinradneing éw larered tompgragure of sea
experience difficulties Jpn.breathing and &6k s ing the
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api_mal s d ' WE EchtdRhed iR MR f2a AafBPSind a personal
z oféneé’f’un\é\f%giﬁeelgg?legﬁﬁﬁgﬁ%é Srature. This rnplies .p

t bamputersyyisicant Girycdpiroling tthenhest exskengefuel e endfergACeoTfigg to an
Slal%%l fal GROhAY nrs%ﬂurgleeg%rg%rm]ﬂaﬁne GRPAE beiRS Such Andt Anperature of the
aguatic ani nal's are st stressed during this . .
t enpreatat lowerephasech sitvecapresmpintaingd &ritd yFdgtemined period of time,
t ?»gsre(? 18 Eﬁ%lspeiaﬁﬁé Hr&ithatiBn SHGD s WHRD RREIvED Bbm tEeB Bk sensors
of aninals nma at

Intai ned at predeterm ned constant .
t slferintreasingothes pradeiemmiveds periodamanfsgd eati ech tiPe 45 gfgoreasing
t Eb‘fnrﬁepdﬂggshcﬁﬁas@d S8 3RS mali G BE (3t 1N oMaREdvdddygen received
changes of the ox&en requirenents consuned brx tE@g i
adfon the oxyseRBaNsoa i ngFiedof §aipETASSADSHNE HRTEG G PhifS Foa Waler
Rgfaaﬁhaﬁ@ Bivef@tbichG abp & giiuBnpderasdl fed the fperatiierperature
, SUbsequently, the period of an',énS%Ls mai nt ai ned

afropy which diere ina deniiempk the EYplal s figsoled oxyefigpymed by the
f QlanfaghmplRase gradually reduced fromthe | owered sea

wat er tenperature thereby mnim zing the stresses-

borne by the aquatic aninmals as well as artificially

| RN GHeRged GiHomRntsSéathe pekeriilbentivat wilihbe destdited in detail in the
a%a i.c animals. 20 At this tine, the neaning of the

lomingwith referenes 18 08 ARSI r ement s consuned by t he

aquatic aninmals are greatly reduced, or renained

al nost not hi n@g" denot es.t hat .changes of .o . .

c RS BFREENt JYVerRm Ais tarﬁf?faﬁl@yaﬂl “gsghd%g?ﬂ% Kot 5‘%18“&%?“83 in the
S @frine taalmdle pkda tiehperaturec of sebewiagt iinsluditg ¢he, marine animals is
ﬁ%dhz{}&dﬁ)wepe%f Vavgg r}hgas)ézll Wa@rorﬁﬁ%%m%og%qpﬁt' %has?éii) 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
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25 oxygen consunption have greatly reduced, or the
deviation is nomnal. The inplication of the

"“anpl i tude of oxygen.consunption by the aquatic

ani mal s anal yzed at a predeterm ned tenperature is

r("ra '?)?4573 is that respirat ory act i vities of ptty&Rr2007/001002

% 2 ani mal s have di m ni shed by the stress. The

i mplication of the "anplitude of oxygen consunption

by the aquatic aninals analyzed at a predeterm ned
tenperature is great"” is that the 30 respiratory
acinbyditvests (a‘rﬂnevp@mo usventidne heve Desctibegi sea, water for the sake of

di m ni shed. d
o TRt bE R 6 hﬁ%@?‘l&?ﬁ*&”‘s“ a0 bo us
dlaﬁa&oﬁ-mmasaawmersea vvater In the beginning, if a

mari ne ani mal consum ng an initial oxygen quantity is

kept for a predetermined period of time at a
5 p rNedet the nnemgdatsma oficsee rwatenfiwe aprenaecd ish gradeallyr gytereshn at cach
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I BrcHOWD drasRaediddiRrature is
10 bﬁ éra%u ﬁeaégﬁgéggglﬁ%g&t he predggter mvgged dur at i or%)%r
ofgrddually inéreased-s kept at each | owered step of
tenperature i s the sane as above, whereas the other

enbodi ment is featured in that the pred

ddriatrieB Anen thiiraninespimaliecag ip g&fﬂewﬁﬁ?ﬁwﬂfﬂﬂﬁwg time if they
alafs lée?t ijlﬁ%"ter filat RAGRIRLSR dé@léf‘thh@ﬂ?ﬁt@f @ik Efof eif @sliaCieMitat or in
start froma palnt of sea vvater%ﬁ?%er ature where

15 ¢ fier, B SN RS P HANYFRHOHE S il termpesgtgs s Jowered
t 'agggreﬁé{ajrdu%ﬁ 148481 tb RRubdddrn@dcyOXygen consunption or

a deviation of oxygen consunption by the marine
animals is in the range of 6.0nl 02 kg-1 WV- 0.01111

02 sK@otvn WGh ‘exerdpladydRiOBF FINYENT @in'e@alecﬂ d@r witer is 13 degrees

check for_a deviati n of _ gxygen
adeeisiuse aathmpgpe agimals ]d‘gt r T% n@ﬂ&’f ?"ées gﬁe sea water
o 2of Q&ﬂp&é&:@w gbddahiey ufwetrdaeaxaaulatstep laddégred Selslhs; tind the duration of

neasur e or 1 n van ior.to
e ot P ater ot & srcagied B hrirkeGahihs sach Jgwered step of
Thahgkaie) id Qﬁd@ﬂ@’smafeaseﬂvceﬂlﬂ minufesy Bhen1nutas;|4ﬁl:i&m11!tdseand 50

measuring, process i rat ony .St at.e C

afAYrS lléﬁ G%ngeexs“&ﬁz ?Sogéim?s 6}&) de%ua?glsag 488 %egrecs

aruem{ss(hewiﬂif&r Bit tHenexperdtyresara based ny Celsis)iiesywotivedd

oxygen in the sea water containing the aquatic

ani mal s, and an automatic respiration nmeasuring

apWMGEGUBaERFMBarI y enpl oyed in the present

invention for measuring the respiratory state of the

aquatic animals. 25 Although there is no particul ar

r et a’plpﬁzbnm]horﬁ dire plswoks segticusy tetsiis an efvantagaitethgfpresent invention

f

'Tg%g §e¥%or e%@@g%%h%%&e%g%@ﬁ\?itﬁ ﬂxw&nﬂﬁeﬁsgfé idbvAed stepwise,
30 2@ﬂmean6'5@3waten bpupatae sy keph @t peaedsterpiag pejod ofetime for  each

q é)g?sg 31 (fv&%e%%ﬂ%&atﬁ&y AREhER Bk pridier@RREp@iodf (il @intained for

automatically correct a dj ssol ved ox

c eachephasatof dhe dovas taperitip dp R plogeist do fAopditt where the
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i ncludes a main closed-circulation [ oop in which

water is circulated, an aquatic ani nal storage tank
arranged to conmunicate with the main

closed-circulation |loop for storing and mnai ntai ni ng

t he ic animals, a parallel-connected

_ Wé’l%"@ﬁ\qgﬁ% on loop wth |tohe mai n cl osed- ci r?giﬂgtk:z@zmmz

| oop for supplying the supplenmentary water saturated

and di ssolved with oxygen to the main

cl osed-circul ation | oop, and a conmputing contr ol )
Sydebemcf @ rthe cligiges efadxygen tdmeumﬁohlrbahqd alimostiogiting And starting

Lgf%glb\mj%goi%nh egﬁa%'ggfbg%% tay y}éen Ikﬁ{u%%?ﬁ]le sQaORratglo{emperamre at each

Clseperd-gradually adduced, tieegby chineing aalkmlglsumifabxm istikitgh of marine
for nﬁasurl ng the respiratory state of aquatic
using the apparatus is as in the description
5of the automatic respiration neasuring apparatus

2003 0075931) i nvented
bgﬁgﬁgI#%%ﬁ%?gﬁﬁgeﬁﬁﬁﬁige pgéggnt |nventors) :

I\/br eover, is clear from above description that the
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otmmnmewmd Qleemdoépﬁéﬁ BeLEe mﬂﬁk@bu@dﬁéw@é@wmﬁemréam s
r I e

100 GRRl BEb B Repdb B EARMB IOV BE RS waly kERRNBLS
t HEGEdme mmac déagrioy @m@n& 2 apdopd HrEangvlary sebadimaet of the present
a%%h Rhete EF ﬁg@% %ﬁztﬁﬁ miaF A Ss k&P Hllldel' Exfedétélﬁlme temperature is

respl r ory e aquati c anl mal s

messiuakdincmasel én yaronesiv grEualinlevierpdiea WP%?@PSHW t he
engagqy gﬁ‘? rﬁ?&f?%&@dﬁ&f Vit W SRR 6 28R &sﬂnﬁaﬁon measurement

obt ai ne a“constant experinental conditio ?
15" rinstiumght c'apabé,@af Measuiing Goeey iayiremens 4f wannegnials for this present
§n.0f dissolved oxygen consunmed by the aquatic

anlnaﬁs are continuously and aut?natlcall neasur ed d
i (FIGR-4e308 6 v shew a erranlarg erapl dlseipa g feppimigry state of culture

eXRE e ThRlaRncsRnd dcb@ling 10¥Re prefenfBRENtioN YEEH cyclic rhythm obtained
consunption that has changed durlng a predeterm ned

20 qpetie SPEHODISHES | s obtai ned to anal yze the
20 €11469 %%HS? ) rsﬂcy\)} Emeﬁémﬁlﬁ? gaq:u allistratiigi ambsratody stafei o cultured

tIITE can es of tm)sp erl

| cTpiEe PR TagEreth RRBRE (orfle PRRS Ty eooand iy ircadian
Othyth@s Qﬁtxﬂ&ﬂﬁﬂm&ﬁ&leﬁtﬁdtokﬁstitae wat er may be :

aut rmitsI a%axlazle for vt 1ﬂhstra{1ng changes of oxygen consumption of marine

animal in response to sea water temperature for determining the sea water temperature of
25 apoint where the change of oxygen consumption of the marine animal is greatly reduced
or remains almost nothing.
FIG9 is an exemplary graph illustrating graduaily increased period of orgamisms
maintained at a predetermined temperature in response to the gradually decreased sea
water temperature.
30 TFIGS. 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.



necessary. For exanple, it can be checked fromthe
result of respiratory state of the aquatic aninals
whet her netabolic activities of the aquatic aninmals
have a cyclic rhythm 25 or a circatidal rhythmiIn

wobhgh1ssy ds, FI GS. 4 shows an exenpl ary gr aptT/KR2007/001092
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illustrating biological respiratory activities of a
cul tured halibut measured consecutively for 6 days
using the automatic respiration nmeasuring apparatus,

;hﬁﬁéﬁ@Qﬁg a metabolic activity cycle of the aquatic

anal yzed using a time series cycle
analysis program based on the consecutlvely nmeasur ed

S8 s ron g e 06 cRBRC Rt i PR e et et e animas
r esuﬂ be afosceifettiveliotaduded ab d@ttﬂﬁtat staie Sf)h_bahmlt(m by gradually reducin
S ! R S R il S G o
r ﬁér_wdt oﬂ)efmrﬁﬂmtnamﬂamﬁl :hlp@édag:rmﬁbl d t@ﬁ:{ﬁl’aﬁﬂé ar yach phase of decreased

t e an Si S I
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ha:hniah;t caﬁ)d)esiub_]emeﬂ ho dedth elubwye\@fe gtiess emqniiﬁm phyawologizhl process
;E??uﬁgcp gy i c%ntlﬁr r%&?c%g D eratin g hu}éﬁ rI‘;‘bn'? 18&{19 ?fégénit (irfventlon, water

resb ratory
atugtcratura amdmirmqmmye predwilly adjnstel st mgstep toradldwttbs auaticanimals

Cﬁﬁ%ﬂﬂ%@ﬁf%ﬁ&ggﬁaﬁdﬁmﬁ%=%5@”‘ or nmay be obtained

y known in the rel ated
fleld 5 As described above, the present |nvent|on IS

f [ u t
ﬁg}eﬂ{vﬁ%dm ﬁcﬁéﬁ%’ %Q%ﬂa% %rar?s a@% str essed&1 %y b degree
i Gelstus fpiee ureﬂﬂmmmdetem@%tur«aseﬁlyn,@pétlteslwldebﬁj eppereol hat the sea

blwgfep éﬁ%&ﬁmaﬂyﬁgﬂe Q&Haﬁ?lﬂwer@@ %ggf'e.% R rﬂl&g &%Erees Celsius per

ani nmal s I nt ai ne predetern1n constant
t pregetemingdescotions avhergethe dutagipn ef e Spragseh ftempegature may vary. For.

St L Sd“@nﬁgl gﬂ?me sbPREESE Iﬁmalﬁsa/atnﬂsraeg}eé 'd%ﬂmfshﬁld if an aquatic

ng the aquatic animals, and sa

f enimal s kepfytheseineg b mjntigspthe duration aﬁfara@ afcllaéﬁgrﬁm Gelsius is given

hagy iy s di the &R¥EINBY tie o€ b rd@@-&é daliud 1’@%&1:@@0 mutes. Furthermore,
havi ng both the cyclic and the circatid rhyt hns

Fitds geadlesyie BY dhabi adﬁhy%lr Hp Bl’aid}l41 Sl6ETE26E O &W@é §f gre sea water
OX¥H Qe SQREY MRihaMarRf thBBkAdAE! increase of period of animals rhaintained at
predetermined temperature of sea water at each step may clearly distinguish respective'
sea water temperatures .according to duration of period, some of the time sections may be

overlapped in between two adjacent temperatures as shown in FIG2,

The next feature of the present invention is that, following the gradnal 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. Tn 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



15 animals in response to sea water tenperature for
determning a sea water tenperature of a point where
t he changes of oxygen consunption of the aquatic
animals is greatly reduced or remains al nost

wonofsnges. FIGS is an exenpl ary graph il | ustQratr204y/001092
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changes of nean oxygen consunption of the aquatic

animals in response to the sea water tenperature, and
representing a halibut having a 24-hour cyclic

rhyt hm ef er.ri to FI GB, the_.changes. of an . .
oty HaT B CanEH e RUE of B S e Phise for inducing
dah¢ hibs@atés: it peadesily inatcaded) dunp enfidtniniey e ate|dffgcting the aquatic
decr%ﬁses in phase in actual, and the deviation of '
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predeterm ned tenperature, i. a difference between
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e REpdgemanel wmgameHpaIatirecf §reweler for Kephglase fadually sidyesd from

t e IBR @8 SELAREhMPESIrd MEREY ﬁﬁﬂiﬁ?ziﬁg{i&l@t@sse_s %orne by the aquatic
vicinity of 4 degree Cel sius where the resglraxony .
eARBBsNBUYelh pb pRifickly indiging & dpmmangetpte of Jubenagion iR jths, aquatic
Ohnigaiegr ee Cel sius where there i s no change of -

nmet abolic activities regardless of the further

decreased water tenperature (FI G 8D). Subsequently,

| At i tha) thy mefdb€ bNGetbBiempat @thd @RRel aklik@SentsQdonsumed by the

i npl enent | anot her . enbodi nent .of the present
| FRPRE Rl BBt S B b atied At SRR eS8t hat changos of
I agyipen @bnshithed By taguatid MR@es aed glatdallylih@ers® scanehter temperature,

tenperat ure.may enc ass a range of 7 to 5 degree, ..
CEF 5 gaation iy HBDHHS) Poesep aPP TP FREPCHRETHSADE agd minimum
dexyeer céshsipticn hdve efr@tiabtdnced betbkidesibtidreigpomdiall e dinplication

13.degr.ee siys, the second tenperature at. 6. degree
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aftidef i cial hibernation of marine aninmals where a

mari ne ani mal having the 20 earliest oxygen

consunption rate is kept for the first hour in a sea

wat er of the first tenperature, and successively, the
tenperature is gradually | owered and the nmarine

animal is maintained in sea water having the third
tenperature at the third hour. At this time, the

third tenperature neans a tenperature of a third

oxygen consunpti on where oxygen consunption by the

marine animal is three to four tinmes smaller than the
first 25 oxygen consunption, and the third hour is a




later) and FIG 1. A marine animal having the earliest
measured first oxygen consunption 30 of 12.2nml 02 kg'
VWWW is kept for 10 mnutes at 13 degree Cel sius of
sea water, fromwhere, the water tenperature is

woragkwaseyy | ower ed and the oxygen consunpti QCTVESR2007/001092
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reached at 0.1nl 02 kg' WWIf' at 4-degree Celsius
wat er tenperature where the respiratory endogenous
bi orhythm stops is maintained for approxi mately 260

oted.above, if that nmarine animal is.
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| QRIBE ol erib first hour). Thereafter, the water
t enperature nay Ibe gradual ly lowered and the water
tenperature nmay be nmaintained for the third hour at
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which is 26 to times |onger than the first hour).
2 heysfore, tag mresanh dnvientiopafyrther) inglydesrthes measuging paergses @f respiratory
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9.8m 02 kvge and_t he reS§I rat%égp endogenou
thSrpﬁ‘i??‘Hﬁ% e HWa%“%WﬁﬁﬁB’aaw e aqupticngeals-ce

Cel sius for approximately 260 m nut es vvhere the mean

RSB Tl OB SR s ot of marin
bl hnmugﬁftﬁsl ﬁq?ﬁgoﬁtr?;_mOan @ﬁﬁﬁﬁuvwvss(ﬂ@tw )@ léltam{pﬁr_n Patelet No. 10-
ein - .. i s
* P BEREA ) ashtle Py i PR g e i eBloppg By be used. Te
cappatangst (FEGR3) ldamgmdltg aytoaaticyllydecreeas dﬂscﬂml oxygen concentration
[
Db afifitoncile, reRLRBE ThAbDAR 2 BOIARN, Qe b gt guimals,
stneluidesad maint dosedicarbilitianylpoin wbightwater aneirmlased, an aquatlc animal
: nveé@b!nﬁ AT, I?@ 'E:oﬂéﬁ% eE'W ¥ tﬁé m%ﬂecl@eg—ﬁﬁaﬁaﬁon loop for storing

tion may I nclu ste
and maintaining the aquatic animals, a para. lel-connected auxiliary circulation loop with




keeping the aquatic animal in a sea water of the
first tenperature for the first hour, where the water
tenperature is gradually |lowered to the third
tenperature which is the difference between the

wiesesrisvyand m ni mum oxygen consunpti on by t(HOI/IGRpOEINmI2
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animal, i.e., an oxygen consunption biorhythm
anplitude of 1.1nml 02 kg' WNMIf' 5 0.0nl 02 WV 12-1,
and mai ntaining the aquatic aninmal at the third

tenperature for a duration 10 to 100 tjmes |ong
t Amaieclpsed-cirewlginn lopg for supplying ghe ﬁlppk?mpa@ryevvitelaﬁﬁmd and

Flafssdived WahtdXivish tethoahah WiRedbitdutitibh Qodh, fahe raeé&ﬁ)utmg control

bet ween- t he maxi num and _m ni num oxygen consunpti on

t MEER (R CPRIMRCARIE e apcilinnequlaigR Ioop Wit the map Céf?"%@‘“’“iatmﬂ

V\del for Meddiitngl thek @idsoWBE 1hdroi firh tﬁeh mﬁ@BBQedeﬂcﬂlaéon Idop. The
e Celsiys. And in_.this case '

v Ppmatian i neasying %Jﬁ%ﬂ“& 0% Ftﬁrﬁl OI}: aqupfips primals using the
S tapRsdesis dyi th@désblﬁmﬁh ofithe Ghai@tc &ﬁplﬁﬁy@ﬁlﬁasurmg apparatus (Korea

R oty Aok a0 aPa: el aioren ot e present

| erdghtofst rMsmoxtee, iths eearatiom mﬁvmadlesaqimn dihatg tlieOmbmrement of

prese 15 er enbqdi nent , of

P rEB ey REA 1R admRora I e Ve pEEETS R Bant ag! Mithod or

t beheﬂqm&toﬂs aad iappdratianksean watherusas dfithe presait artificial hibernation
er at.ure. f or tgg fi r%lth hour ...from v¥here .the water

agom thhaicog also aelong to e ssope of e REesepranySiony

'terrperature which is the di ff erence between the
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nmum d m_ni Lc
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amipl fetuwhidef bk réspimtﬂ:r}Oéiatk gf tMiMdifatic Gnibmls B@s Midsufdd, inghel present
n {
BB ERSIE YRR B ol gy sy vins o
t hagonsting efmpcmnemdmondlﬂelﬁ exf r Tnca g}l@g aiseR mteira@nwralmarmhd salinity.

Fgg%n ol 3P disgﬁ{lé:h b w'tﬁ@ aéllﬁltlti Rfinthd Iar%rc%ﬂﬁrﬁmusly and
ég(vveen I me an I mum Oxygen consurrp 1 oNn

byputpmaticatly andasurechimen experigentabepnininey eAuippIds Wit s2id rexperimental
b'ca{dm/&g ldléalﬂ géul %n&.ﬁ%pugg ﬂ%’hﬁ cﬁ%ngé?iﬂdugiaé \é\glredetermmed

'S app oxl mat e range of 43" to
cncrsqdusf tinggnig qbtalrteﬁut% appdyye the endogatiopsbipdwPer of the equatic animals.

WG s e, d’ﬁ%@%& bFatﬂnB!;ﬁE%c PRYsuREwWIRE n@%ﬁﬁé% é%Hl‘ﬁt)I tHat have a
near unchanged oxygen consunpti on, as the aqlua I C
a greaginflpencegn meafpw@n digopvet An ﬂ@rwattﬁéﬂ%b‘?ﬁg%‘tm@@

PREdeQeryOTrod bi%aplé he cﬁﬂH@Eh&kém &oRl thE“%é’suReofl Bédhtory state of the
stresséd. Still another embodi ment of .the present

i AEHE a@ma}mherh% mgtaboligastigitign,ef thy aqpafio pumals have heyclic thythm "

agt! @ tcirGatRl ARthnk. Mn Sotiter W@, FRGS B hBokd B texdr@IROT BAphr Blustrating
for the first hour, frgom V\,herg tHe wat er tenper.ature

i Bolpeical respitatory\aeiivitiestq a qplivee t et ganseEutivRly i 6 days
l ﬁsxﬁé‘l %eddufttfrﬁdti@%ﬁnﬁﬁ&ﬁ/\/ﬁﬁﬁbuhﬁg apPALES) Froat d«hmlru fﬂéﬁbohc activity

nsunptl Qn the a atl c animal, i
’%F r?sqﬂ?ﬁft ?‘B?i'ag% &FPB& i Sies el Apalggs program

k@asem H:reboﬂse@ulitﬂvegr?m@urkd WA Based aithe laaglpdid) @ rbtist cyclic rhythm

TN L e S TREE N T—_—

arespigptergl aetivites nmasuredfjorh dalilatt esptiredrpethatatnrel mabﬂ;athmd FIG7 is

ly corrected, if

B R BTHSAIAR RGBS (15eich LB ADEEREIUERRANS by e

mnnumox gen co € aqua
acbrctrean,alysxs @rogram tcmhyge'hﬂt currsidaphytbms lﬁ)‘rmpthytmwnatural habitat exist
anplitude of 1.1nml 02 kg' WV111 0.0ml 02 kg-1 WN
1f1, maintaining the aquatic animal at the third
tenperature for a duration 10%o0 100 tines |onger
than the first hour.



10 Referring again to Table 1 and FIG 1, the second
tenperature which is the difference between the

maxi mum and m ni num oxygen consunption by the aquatic
animal, i.e., an oxygen consunption biorhythm

wompsiotgsde of 6.0nl 02 kg-1 WWIf' - 1.0ml CPRTRIR2007IN92
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W is at the approximately in the range of 7.0 to 4.5
degree Celsius, and in this case, the 15 second
tenperature i s where the changed oxygen consunption

s . t d_.which is kept. f : _
 SPhR  SHE g D, 1% Rl bBe o S
t lagiebyreaitingrfeona teaespirstoryvitatadf thea kafiv arimils imay)beobtained using
R0 AT T onbL AN BB e

ore one

e ndidxdly keprntosin dfe relaediellsent i nvention is preferred to
gradual |y reduce the water tenperature at each
predeterm ned section, where the duration of
metisndeadrivied gpbotee thiapessent ényeatien iy Eatredeinciuch edwex dthat sca water
t () ic B t $8Fenfifidf from th
¢ FEREE ALY fon, o B Rt B A o g 0 By P fom e
emdspatonyrstate orsendpgdnens idrhythnpel aguatioaingls land thegperiod of animals
haliihed 4P Ed%l}lgd %B%talﬂ' t@ﬂ@?ﬂt&@oﬁf SoaS Walfer b2 \tadNPhase is

Pia ratin

an upper surface view il ust an _exenpl ary

adanigthienddap thei loraesidherely mipiaicie fee stess affestingthq aguptc animals, and
' i 1® Aithms or circatidal
P o aag 8Y bONARY R (ol MR bR Rt

prisglang of hayaratodhnthe gyrlivapd teicigeptidy) thytlass. 10 and 11,

the apparatus for artificially inducing hibernation

of marine animals conprises: an artificial dormant )
cHHABEF ap1oymplant graph igustiatng aianges) A PXHEFh GORYRLipY, of marine
a@mgfﬁlslﬁln r&Fﬁﬁaﬁq %Q@é}gt @fﬁpefr&hre%rf c&attéiﬂﬁhh i a ée'i%wa‘c&f’temperature of
gradua oweri n enperature of .the sea water . .

P RHr WS forhantks o PIERY FETRBIGRRT TE gt sy is ereatly
aﬁé&ﬂf&ﬂ d}&e]g@inﬁ a]@io@dﬁicﬁﬁﬂ'@edfil&d&%&@ i eibngﬂlﬂ}li ighiph Gltluserating changes
t owered tenperature.of sea.water back into .t

o SR, G o PRI H G e ST HhDiAo A GPEsE dhaf gea water
( Impetadire f204 repeasntingrchalibg hbdinpe pahoureydic rhghmwat er
contained in the artificial dormant chanber (15); an
oxygen sensor (10) for neasuring the |evel of

d Refenlingeid MG Roe chazeabfvacan oxytéreconsanBionatue be agothiged to rate

personal conmputer, (PC. for ntyolli he

D Skt 25 51 R Ehir et Bla ol d-Gead e, bISe BFBlrual, and the
hidbéstivatdf orygen egnsamptivi by the aguasictabisiatspt 8 poddetetmined temperature,
t enper at Mr e of seq r. r .2aGCh +S n
T, s
b asestmptiort nthe agtaticeninlobased poa siofletitrapassarewdsoalecreases as the

r . ; .
BRI SR TR OGRS bcome s st
mtierredicnd deaawatenichipeiatie, afid 202 dstl.dhe elipngesral oxagagrcensumption
ARthre e sEda@eld\@ath Nf Or mati on on the di ssol ved oxygen
Ieve? recerved fromthe oxygen sensors, the period of

mai nt ai ni ng constant tenperature of the sea water

g1 @ whhide LOVWR @ingds T3 Docht RRsERoR Ye@bAdisadr| taching zero state
decreased fromthe tenperature of the sea ter fr

I om
wHerstestthid ters & achapes odbs epdogmophiophythays of the jquatic animals, and
di$ SRIWMEE FIGY 00 sEORSHMREpENMutdl @nahia the eRddgb@us biotythms are

The PC (9) .in the appagatus for in ing artificial. .
PPl <Benl (HB oL R I<E TSI L5 JERge Colituph Beiniy of 10
t he heat exchanger (2) or the cooler (5) to thereby

bring or inducing the aquaticyaninmals into a dornant

state of hibernation. To this end, the apparatus for

i nducing artificial hibernation of marine aninmals my
further include a conpressor (3) 20 and a pressure
controller (4) for controlling the operation of the

heat exchanger (2) or the cooler (5), and may further
include a tenperature controller (7) for controlling




30 The apparatus is basically designed to be used for
both in fresh water and salt water, such that earh
pi pe and constituent elenment contacting the water is
made of PVC (Pol yvinyl Chloride) material or titanium
wbhBbRfoks®hs which 1s resistant to degradati on PCEKR2007/001092
rusting) in salt water. The apparatus may be |argely
divided into an artificial dormant chanber (15), a
cooling apparatus and a water tenperature contro
apparatus (PC). Inner_ and outer walls of the

aegres Erlaius adereaihe TemENBE mptabylicctivifieniel dalijulstepkens from a
' ”%Bﬁﬁdl %te 1 8A)aﬁ'vib'ﬁilfyeocf' 6>dc@Rles LOlsile dhavd ahd f@:ﬁlpﬂ'afbrﬁ @ﬁdogenous

ter, are at a nmidsection thereof

( ( Disviithrasae alfea'év elmlg% i FosRenss athe SeEiesdy W gk te’E‘P%?&Wfr@ 1GSB),
h %a@}lcﬁlft? r@ftzh %e@é@ Sletfis Rhde | |ﬂﬂ§ lrdsfheatdryCEnaBLenblie blorhythms cease

a vol une of . 500 ﬂlters into

5 G0GRDeRid bMosBbos! t flpeise Gelyysewbereierq oo it of motabolic
t QARG ARl EGE RBINSddRREsIvang esnpertlee (FIGISDY. t he
chanmber (15) both neasured at PC (9), and the
tenperature controller (7) may be corrected by two
t gﬁﬂ@grﬁénu%QnS@ftﬁﬁléﬁ r&cﬁbmg (€]08 tgewp ﬁtqietuhgees ﬁilzampﬁamhﬁnng another

e dissol ved .0x i de the chanb
o eniag Sistpen R HEOE, o B CIREBRY Sy SRaTPRR Aitnes of 14
10 P40 lmb’grefﬁeélﬁ&ﬂﬁhe E@Bﬁtl?tbhtpérahﬁe hiag eﬁlﬁnﬁﬁas, a eange P @aal 5 degree

Rl At ot e aus TessSuitls Bk Criitly Blorpb! te i

heaiRBure Bl N8 degred Celshs, the ygamd Sahparetiecn 60degtdeeCels1us and the

t I
t.er at 100% The.chanmber
e e 5 GG e e WY 08 MR fmperature
f mebehequeatial ivatdced Mowm;;sheﬁdt, sectond sncbthaﬂewmmatum@ases or
the f.ishin e 1 '
15 ¢ At ) Ty B dryetinbirhlle 18} Brigrenbehu@hoce skipping the
|mmmndhmq£hmmbﬁﬁm(15) The reason is that the flat
fish such as halibuts is difficult to catch if they
are lying flat on the floor, and it is easy to
hdm vébst woids, arpaéfietred smbedjineny of thsi peseattiaventierh gy relele to a method
( 38)indiickif2o, 1 having th
R L 'efﬁmﬁ%o“aﬁﬁ‘%g“%g%? e paving the
20 t mrhaq:o pab’mnémt@mnaﬁtlérkep & ilicefirst bouggn ot wager of the first
&Qﬁ:ées%vewnﬁm( fhin &%?@ksegfa&um%%%u nzﬁhd“tﬁe marine

I| r's per mnute, heat exchanger (2) capab

h @almaé jsoheintginad in sea omerw@amg ey thisg tpmpeatuye ﬁb‘ih§ éhlfﬁ’ohvé'f At this
?tgrd (ﬁ}?ﬁaﬁu@ neRhES SkRrMAB F Qlthifd oXyhbn %&Q;uﬁlpnon where

coo ere the dlrectlon of sea . wat'er passin
t I@K}zﬂﬁgwoﬂﬂ@}?@}% by e marpe aimal isibigs 19 fuE Gmey Smﬁlllrésth%the first

25 Flo@Gen t8naRftidd -andl thel third ARRTiS 8 QhraliftPd WOBAIOD itARS Iddeer than the

refr%gerant circulating the heat exchanger (2), the
0‘{1'3) and the pressure controller (4) be

nalntalned in high pressure and {ow tenperature (-25
degrees) in order tq |ower e te rat ure of .
nelPe b betsniaterntap sap s G S i PR, S0 1 (described
c !lkﬂ&f)@ﬁd KIE). AUBariig ahiigal @@ﬂhg tlhfg eflgivdt ﬁﬁ:asu?éﬂﬁﬁrstl oxygen consumption
cir on .p SS refri 2 an us

s0 S EEbL 0 R PGP T Bl ol 0498 el CHb 3L i, o

t Ritheteg AE rated tempdrataraisvahdnallp dewernad) abd rtbu g»l&ygdnecdmetanptlon is

exch er 10 I ow,

pﬁ%ﬁgﬁ?" ?]ﬁ ?19 ﬁ%%at 9@{0}5 antgglrﬁ%% % @}gllgqpﬁgla{e% e Jrhere the
s maspiratoivaendegenoysibpehythmtstogs enaintainedion @mroxmtemokmnutes As
cal/h) through which the sea water passes may cause
rupture of the heat exchanger (2) due to freezing
conditions inside the pipe. Therefore, it is

preferred that pressure of the conpressor (3) be
automatically adjusted to




5 lower the tenperature of refrigerant to prevent the
heat exchanger (2) fromfreezing, if the tenperature
of sea water passing through the pipe of the heat
exchanger (2) goes down bel ow a predeterm ned | evel.

wbonsgx@rpl e, if an inner tenperature of theCI/KR2067/001092

10

15

artificial hibernation chanber (15) is high (i.e., 13

- 4 degree Celsius), the conpressor (3) increases in

pressure to maintain the tenperature of refrigerant

at -25 degree Celsius, and 10 if the te erﬁiure
9k

. . of
seetehahave, if thet maripsanimek 15 kentiabibe ghigsEhoys 10aHi9dfmes longer
( &2h theStisQWua bt 86 BiXENBdrhny phasdSgb aaintes|iowdshant theearliest first
conpressor (3) decreases .in %%egs?re to g&in ain the . 13
t ERYEER SPRRIBPEPD, tthe magns pyjmplLMeY 8¢ leagt SFEHPEAS Bis Bty anmal is
V\'Hﬁ_{na%?%edt(dfi&eﬁx IfSehE Mehp ot pér{lﬂ Jeiate, ﬁtghﬁhl%nge ﬂﬁl(d%éemp@ﬂuﬂa@hase is
avoi de reezing tenperature: -1. ree si us
o e, ey gt el gy TSRS Pih GHEORRG 1Y of oxyeen
Degflethplid’p, an indicator for mal functions of cooling '
systemis nounted at an upper end of the apparatus to

al | ow qui ck -response to occurrence of any problens.
TeRestRd Usngbodfimdni &fané ipfdseit dhveniidre rtha tipotic chamd enf’ first oxygen

15) i s, al t td cal l dj ust ed .b P
LSkl R e A 543 e S By 7ot
P Rdtrthof indRe fifseteRperlatye ph'Ebt?oﬂ%éh 8ier. Ay, thé lwatemtmip piature may
the t rature a tnent of the i £
b B AR e e olra i) thd iflfen foy he second bour
ner thalsend tahpedaturel (The secpndfeppemtire ot teorperagye bE sagpnd oxygen
tificlally ind d,hib ' I ] .
Rebispgidtlieh PRtS 2B s RaH Him 3R AR AT Rl bion, and the
oBecohd howriit b aurationpé ratntaieed feiigh whithds dhtb 2hemes lphger than the
.z€e. 2 h 1.S..f [ asihi
St o) PRy LRSI I e o
t henpecoiremayShe tmoinidieadefoy thentiil dovoatathe dnek teompralpre (The third
i nd he il al . N
GBS S50l S A L8 s e

c il figst &Yygenconshingtion, aud the Hrdshour fsiacqusation o medviipgd period
0 [ {4 ' ' | S the sane as
elﬁv&%hﬁi%@% 1|0§ t he ldl‘%t&ﬁg% @gﬁg?%%jéi ng artificial

20 hi bernation of marine animals thus described in which

25

SQLETR Ut 18h1e t N&nd SAGHRLR" adu@NE B EhaR tha®RE Nhe @8 oxygen
can be nmaintained for a predetermned perjod of tjne

b asmimpHomel 22anle: K TPt 1§ et TaiRuics aigidylsgres Celsius
{,\;(])? F@at Vfed GRS 3t ié%?eemrﬁr fdoLminkéds vherd the oRGeednLonsurmption
I le e

I ncr easi ng predet erm ned period of ti

e gl Qe KeacH W as 81 e dEPFEaTERpEgR} Biotthms markedly

?Qﬂa:%@@, efd %n%j QtfeAt 'dégrélﬂ!t hC&Eih@ for aPprokinfitdlly ﬁiﬁpin\{rﬁﬁbs' ; Giegelhe mean
eve recel ve( rom e oXxygen sensor e yr 0

0 PXYEER ORFUSRIIGN c@fnide a%qtlat%ceﬁﬁ@ﬁla{f‘ﬂ&ég cﬁh‘t’ﬂh@z &&a ‘&éﬁk 3 and the |

g &%ﬁbﬁéen}ki@ﬂ&l&?ﬁbi@fhyﬂﬁﬁ fbo{iii@died/\?ti tﬁﬂcéaSed@ﬁtzﬂd t(tﬁiiﬂli?ude difference
ecrease romrtne er re.o € sed wal er r.om

PR HEHE) On Ko U0 AL 1 Attt S50 iy S0 JHEP GG R, Where the

| @¥@den doRsudsifliohi Mingel b grautlp Alsaicizke abd afairt4isedPBr ((Predetermined

o A b, i T . oy g

t gviabilisd ofagangd aintalenbodi ments of the present
i nvention.

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

13



As noted above, once the marine aninmals are induced

into a dormant state of hibernation by adjusting the

tenperature of sea water and mai ntenance tine by the

apparatus, the 10 marine animals nmay be put into a
wBspaabl e of blocking the artificial hibecratdenoois:

I nduced marine animals fromoutside heat, i.e., the

marine ani mals nmay be covered w th npistened

coverings to ensure a constant humdity, and the box

may be sealed to allow the artlflcrally hrbernakﬁp

mieping thadavaticsanimalije a ea v aer of Shedfirel teppiiee o t hour, where

dht FhiU bdnYRrandre ﬁfgrgdiiaﬂ¥ dewébd ©rihaRkd |t§npdﬁ£tﬁ@dw1i£1ﬂ is the
into the box containing the marine ani mals,

t difiseoneq betweem gieqmatipaimnand MiiPBRsEYEHh FRRIDREebY, fhe aquatic
Exﬁmaf tif laf '@#éd& nbekiRh ibiEhyEh MAplianic Rl 151 ree0] ket Ww b ~

eS| an_environnent that js.da

5 1 RO O by VRIS And IR f oyl anigral BB e eppiure fora
t Qurbdi T0RD 1 DGLABS BRkS tha@Rs@aumat| y kilting |arge
part of theé transported nmarine animls. The present
i nvention, therefore, has used boxes that can 20
bk@ﬁh‘uﬁgm@mh% THE € th ORICOE, tKeLthﬁdl Mparatur@whére dite diffference between
order to keep the artificial nE$h% £ of lis e range of
h S SR RYR AD @Fn‘al“ﬂroé‘a%ﬁné%"?ﬁ“ﬁ“é’ 0 ¢ il is-ff the rang

10 I m nﬁﬂ dz RED W WLHIT-20.0fn] Oh &g bWWSh mtmme rp@e bf &.6l~ar egree Celsius.

ted byt j.t.was ascert t,
i Cagen ﬂ:ﬁé}%ﬂg}ﬁp‘% I; TESHII‘G( rg ¢ aqtu% coarﬁ%nﬁ fﬁgﬁ%ﬁesgéd due to
Ofamibsi ) alad@djt&ﬁcy@a{ Sdnslﬂnptﬁ)nn’mﬂ:tﬂmﬂhaq UemEerdtue may be mamtamed

intajnin ficial c t 0
P b D Sk M o o
mak@ﬁm&ﬁmnhm&ﬁsportatlon as the nmarine anlnals are
i nduced into artificial dormancy of hibernation,
wetted coverings were used for keeping humdity
netiitasathyr chbodseny btk pofsertt levention may melude tie. step of keeping the
othe wor d f n [ t

Fl % seﬁem%?ﬁ rm %réthxgg éfgrg: dfo glr%efgxﬁtblluﬁlr ffom where the
t mttr tenpuessturp ipemdyatiyiaveretio BO thinddemparstiser Fhich issthe yifference

R R i e S

20 obxygee commnpeoralpiorhathen #rapi |1e1<1;1ﬁ1tQ; kar W) o Pipl Oz kg™ WW
b tn?a?n b SNt At atst 36 @fration 10 to 100
h%bggha tgﬁﬁ%qg Q@hﬂ@ regu I't, a sinpl é‘packaglng of
t Hieesrongerdhaatharfitsthgws boxes under waterl ess
condi tions has ensured a |ong survival rate

(viability) of hibernating aquatic animals
PRefesninghgam thable tli and Fk{fl yihe ﬁla{r’c&egm&e%frrm%ﬁ the difference

25 ARLGRLShE da.Srﬂﬁuﬁ 'a&f‘ﬁﬁdmﬁﬁ%‘x?&n%ﬁ%pﬁb@b?ﬂfcﬁ@ﬁfﬁ@fahﬁﬁal ie., an

transporte

to market destihatijons, re t he
aPEyEsP ePRMPEoRPIPBYIhEpHRG S RE dmlr%ﬂl@ B&‘J@a kg WW

| gt ols‘%?ﬁr‘éfmﬂa'fhh‘r Rethe 3R0R o714, 57tot Dd&r&to0s168s, @R §i k. cadd)ahe third
present invention is intended tq transport

aﬁ‘tﬂFHEF%‘FﬁI“’f yheiRdiie adrats Y §erTRosh § FFa?dsE‘ue to near unchanged
PRkFdes WoRddmptibhl, BltOLsEfie Alyi0io edlithd] Gh intayntsiged @@rein for the longest

- water ess boxes. Foll o e transport, if the
30 RS A Saiats 2 gL iranbt e STRRET w1

tenperature range in 7 to 9 degree Cel sius, 10 the
ken t
R TR of ot A RN e BUALE g
1 Gherdqnaticesmimal dyp e&adwatg ofithe fimst sinperatfe foh élerﬁaistrhqer, from where the
animal s. The present invention, being quite different
- fromthe existing live fish transport method, is
i ntended to provide an absol ut®ly inventive skill and
met hod in such a manner that
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15 endogenous rhythns of marine animals are observed,
and artificial hibernating conditions are induced
t hrough several steps of tenperature changes to stop
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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.

30 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)
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~degrees, FIG5: 21.5 degrees) were used for the nethod
of the present invention. Analysis of endogenous

bi orhythnms relative to respiratory -activities of

cul tured halibuts was performed using an Al FR

wbAMRRIRYY C I nterm ttent-Fl ow Respironeter: peirf@EmBoroo1092
devel oped by the current inventors. The respiratory

data continuously neasured for 135 hours by 20 the

AlFR is shown in 2% novi ng average using a conputer

program ( Kal ei daG aphy, Synergy Software, Essex

Jeevotdimntio a/Predeiemyined: sastion aed fsrodpming Bgdowergd denarprature of sea
%ﬁlﬂi—-) | Q6@ (190 Mnpseesturef 2

en %gg%%(ﬁ%g%%r yt I%Bdopg%gt%‘g?oq%g‘t)i rator yseﬁda% (11, 12) for

aoepsuring ths tohparaiiteniser wier watned & g aiical dymantriamber (15)

ER{ b2R¥n SRR6L (18] fofRfthiRing khd le0d ' BissdbRal dxyb@ldntiicd in the sea |
of a constant tine interval is ne ﬁgﬂd for th
S oHESTERS APPSO RCp ) F5FPRTClias e feat caghgneer or the cooler
?%@fdfil@io éfdladr!ﬂﬁ‘(ﬁt i alélﬁbe@@aﬁl ion hfbghdnt llih@l?]ﬂo@ﬁaﬁi hedlg stk Gha::j temperature
r ansf or ne o nean val ues usj ng t t by .
t pethg ququag% ilqyprerdsatfﬁa] ?Elé aanov taﬁa@% orgq g%a%wur e%ed I}/enod of

OBERI Baséd B tdndtGura Rabieition datiR s3h aarr reteivbdBomABe temperature
shown in FI.G7, the_cul tured Ié](ill i buts. have sho

oBeTa WHlogaeTanshng e PRIFSSPRE) RPN el g fach step of
10 28cddUdéc tenipi@Ner And)iaskdn@ ibeeinforaltiont @cke dissolved ioryzen level
ani nﬁl% have shown qui tet diff rﬁ%&?ﬂfﬁfp styl e Wen ture of th
- S PLEPB IS PHEF PO B RIEI AR B RERL g of the
t b \fdt&%frﬁﬁlﬁj lowsied at @dh ktop EdnGe. gridud@lbddctasedtiroat the temiperature
resylt o espirations of nmanila cl |
Pl L R B o B S bt cvon
- | beusbatdbptheameic agiarals. envi ronment and constant wat er
15 ‘
The PC (9) in the apparatus for inducing artificial hibemation of marine “animals
operatively controls the heat exchanger (2) or the cooler (5) to thereby bring or inducing
the aguatic animals into a dormant state of hibernation. To this end, the apparatus for
inducing artificial hibernation of marine animals may further include a compressor (3)
20 and a pressurc controller (4) for controlling the operation of the heat exchanger (2) or the
cooler (5), and may further include a temperature controller (7) for confrolling the
temperature sensor, where the PC (9) controls the pressure controller (4) and the
temperature controller (7), whereby the operation of the heat exchanger (2) or the cooler
(5) may be controlled.
25
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.

30 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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perlod of 25.1 hours was al so observed. As understood
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As a result, there has been no problem of survival

t@h‘%g i bu st or ed at 1311&385)0%15&%% SHis 8 #g{e agu%m animals

r e Cﬁ,l C rees, as e
i froml tmseahmtarj quhtsread,eﬁls ipreféFred;tigat thetfshing ac@6)che first installed in

t ratur K r: i ;
S ot Bl B8l A0 6 g eon
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tgusﬂ%f)hﬂmgt]ta'éshm@n@ﬂ{lﬁi)s 12 t| mes the exposure period
(10 minutes) of an initial 13 degrees of water

tenperature, to 180 mnutes at 5 degree Celsius, and -
t Su@eSivelyn it ewwling dgvige Jere theGripaiatys (?anea%erbxe&wttﬁn@s cooling

CAANE) il ded'a bimp {5 LABALSHpré RAHUISitkd BBr tihnf] & 8€at exchanger
(2) capable of heat exchanging 12,000 kcal per hour, a 2-horse power compressor (3), a

pressure controller (4) and a cooler (5), where the dircction 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 seca water coming into the artificial hibernation
chamber (15) using the cooling device. The circulation process of the refrigerant is
iflustrated 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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degree Cel sius, 120 minutes at 2 degree Celsius and

20 mnutes at 1 degree Celsius of sea water

tenperatures. Finally, the halibuts were exposed for

15 mnutes at 0.2 degree Cel sius bel ow zero.
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problems. Temperature of the artificial hibernation chamber (15) is also automaticaily
adjusted by the PC (9) and the temperature controller (7) through a pre-set program of
the PC (9). The PC (9) may show whether the temperature adjustment of the artificial

hibernation inducement process thus established is in normal operation. It is preferred

that one cycle of artificially induced hibernation established by the PC program be in the
range of 14~20 hours depending on the initial temperature, fish type and the fish size.

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 hibemation 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 recei_ve& 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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on the dissolved oxygen level received from the oxygen sensors, the duration of
maintaining constant temperature of the sea water gradually lowered at each step which
is gradually decreased from the temperature of the sea water from which there is no
deviation of the dissolved oxygen level. In addition, it is possible that the PC (9) can
automatically induce a dormant state of hibernation of marine animals by the method

according to other exemplary embodiments of the present invention,

As noted above, once the marine animals are induced into a dormant state of hibernation
by adjusting the temperature of sea water and maintenance time by the apparatus, the
marine animals may be put into a box capable of blocking the artificial hibemnation
induced marine animals frox_n outside heat, i.e., the marine animals may Be covered with
moistened coverings to ensurc a constant humidity, and the box may be sealed to allow

the artificially hibernated marine animals to be hauled long distances for distribution.

If outside air or heat is infroduced into the box containing the marine animals,
temperature inside the box increases which “wake up” the artificially hibernating marine
animals earlier than desired to an environment that is dangerous to their survival in their
waken state or even poisonous to the marine animals, consequently killing large part of
the transported marine animals. The present invention, therefore, has used boxes that can

block the introduction of outside air or heat in order to keep the artificial dormant state of

~ hibernation for a predetermined period of time. The inner temperature of the boxes is not

particularly restricted but it was ascertained that maintenance of the inner temperature in
the boxes to be in the range of 1 to 2 degree Celsius is most adequate for maintaining the

artificial induced 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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a result, a simple packaging of the marine animals in boxes under waterless conditions

has ensured a long survival rate (viability) of hibernating aquatic animals.

Preferably, the artificially induced dormant marine animals in the tightly sealed boxes are
thereafter transported to market destinations, where the boxes are opened to allow the
marine animals fo be stocked into water in the range of 7 to 9 degrée Celsius. The present
invention is intended to tramsport the artificially induced dormant marine animals,
particularly in aforementioned tightly sealed waterless boxes. Following the transport, if
the marine animals are stocked into water with temperature range in 7 to 9 degree Celsius,
the marine animals are waken up from the dormant state of hibernation in as short as a

few seconds or in about 10 minutes, depending on the size of the marine animals.

The present invention, being quite different from the existing live fish transport method,
is intended to provide an absolutely inventive skill and method in such a manner that
endogenous rhythms of marine animals are observed, and artificial hibernating
conditions are induced through several steps of temperature changes to stop endogenous
thythms of marine animals for a long period of time, and moved through waterless

conditions, and to bring the marine animals back to original biorhythms, alive.

Now, preferred embodiments of the preéent invention will be described in detail with
reference to the attached drawings. It is needless to -say that the present invention is not
limited to, but may be better understood by the following embodiments. It is also to be
understood that both the foregoing general description and the following preferred
embodiments are exemplary and explanatory, and therefore not to be 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'wés employed for artificially induce dormant
hibernation for transport using the waterless conditions according to the present

invention.
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FIRST EMBODIMENT: RESPIRATORY ACTIVITIES AND ANALYSIS OF
ENDOGENQUS RHYTHMS OF HALIBUTS

First of all, in order to understand the artificially induced dormant state of hibernation
using endogenous biorhythms of marine animals, it is imperative to analyze metabolic

activities associated with endogenous biorthythms of subject fish(alive).

Experimental conditions are very important for meaSuring the endogenous biothythms of
live fish. The experimental conditions where at least two or more external environmental
conditions are kept constént (Palmer 1995) may be considered endogenous biorhythms.
Fish has eyes, and melanin pigmentation therein may be affected by light to have an
influence on behaviors or metabolic activities of the fish, such that it is difficuit to
observe the endogenous biorhythms. BOD incubators (VS 1203P5N, Vison Co., Seoul,
Korea) capable of blocking light and keeping the water temperature constant (FIG4: 19
degrees, FIG6: 21.5 degrees) were used for the method of the present invention. Analysis
of endogenouns biothythms relative to respiratory activities of cultured halibuts was
performed using an AIFR (Automatic Intermittent-Flow-Respirometer: FIG3) develoj:ed
by the current inventors. The respiratory data continuously measured for 135 hours by
the AIFR is shown in 2% moving average using a computer program (KaleidaGraphy,
Synergy Software, Essex Junction, VT, USA) according to the Least-squares Method
(FIGS.4 and 6). Periodical analysis of the endogenous biorhythms relative to respiratory
activities of halibuts was made using MESA (Maximum Entropy Spectral Analysis)
program. Continuous data of a constant time interval is needed for the endogenous
biorhythm periodic analysis, and numerical values at each 10 minute interval 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 FIG7,
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 ATFR 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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Based on respiratory activities and endogenous biothythm analysis method as well as

15 analytical data of halibuts according to the above first embodiment, sea water
temperature at a point was determined where changes of oxygen consumption by marine
animals were greatly reduced, or changes of oxygen consumption were almost nothing,
by lowering the temperature of sea water with the marine animals and using the
apparatus for inducing artificial hibernation of marine animals according to the present

20 invention.

As a result, there has been no problem of survival for halibuts stored at 13 degree Celsius

even if temperature was reduced to 10 degrees, as evidenced in FIG3. As illustrated in
FIG.9, the sea water temperatui*e was kept at 13 degrees for 10 minutes, and durati_on was

25 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

30 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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20 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 inner tenperature at 5 degree

w&BhRjousys and seal ed and stored. As the stomayaR2B01092
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15

| apses, a recording was made on the duration for the
wat erl ess conditions for the live fish and the

hal i buts, and the survival rate (viability) of the
|ive fish and halibuts, the result of which.i hown

i Finallyethe bilibwtswege Saposed for 15gmpienptd. Ddegpog ety A| Zero.
RESULTS OF ARTI FI Cl AL H BERNATI ON USI NG LI VE HALI BUTS
AND OTHER LI VE FI SH]. Experi nents Popul atjgn

| Fii smhodimenief gaduabdegrense gt Waike EefftPFlgﬁlﬁwhﬁe ?"é’rrwatef temperature
b e R IALUpLiol NABEASAIM! inbre#8d 0 PhaE according to the gradually reduced
water temperature illustrated in FIG.9, and the water changes are automatically adjusted
by the computer program of the present invention. It was ascertained from the repeated

experiments that stress to the marine animals could be most desirably reduced at a point

of 13 degree Celsius where the marine animals could be induced to the artificial

dormarcy of hibernation, and where it took approximately 20 hours to induce the marine

animals to the dormant state of hibernation.

At the same time, based on a graph with regard to the changeé of mean oxygen
consumption rate of marine animals in response to the water temperature as illustrated in
FIG8, Table 1 is provided to define maximum and minimum values of oxygen
consumption consumed by the halibuts at a predetermined reference temperature,
amplitude of changes in oxygen consumption resultant thereby, and inclinations of mean

oxygen consumption rates at each temperature section.
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[TABLE 1: AMPLITUDES OF OXYGEN CONSUMPTION BY HALIBUTS AND
INCLINATIONS AT EACH TEMPERATURE SECTION]
“Temp. (C) 13 | 10 8 6 5 4 3|2

0xyg§n Maximum
238 | 177 16.6 12.5 84 | 62 6.1 ] 6.1
consumption (A)

(ml O kg WW | Minimum

116 | 108 | 102 | 70 | 61 | 61 |61]61
h') amplitudes (B) |

(by 5% moving | Apptiude(A-B)| 122 69 6.4 55 | 23 0.1 00|00

average) and

; . . 13.4 . . . . .
Average Average (C) 17.7 | 143 9.8 1.3 6.2 61161

Inclination for each temperature section

(A-B)

1.77 | 025 | 0.25 2.7 0.05

As shown in Table 1, an inclination in response to oxygen consumption amplitude of
halibuts stands at 1,77 when the temperature decreases from 13 to 10 degree Celsius. The
inclination stands at 0.25 for both cases of the temperatures being reduced from 10 to 8
degree Celsius, and 8 to 6 degree Celsius, which are smaller value compared with that of
a case of the temperature being lowered from 13 to 10 degree Celsius. Consequently, it
may Be determined that a section where the temperature decreased from 10 to 6 degree
Celsius showed no big changes in terms of respirations and metabolic activities of the
halibuts. However, a 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 chahge of
metabolic activities at this temperature range. The oxygen consumption was almost
constant (6.1ml1 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 QTHER 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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irmer temperature at 5 degree Celsius, and sealed and stored. As the storage time lapses, a.

recordmg was made on the duration for the waterless conditions for the live fish and the
halibuts, and the survival rate (v1ab111ty) of the live fish and halibuts, the result of which

is shown in the following Table 2.

[TABLE 2: EXPERIMENTAL RESULTS OF ARTIFICIAL HIBERNATION USING

LIVE HALIBUTS AND OTHER LIVE FISH]

Utilization
Status of pre- Waterless
of
Individual | treatment for - condition | Survival
Experiments Populations traditionai
weight femperatute maintenance| rate
Korean
changes period
paper
Existing method
12-15
(no use of artificially 63 820-1060 g X X 20-30%
hours
induced hibernation)
Induced artificial
hibernation & waterless 1824
140 720-1340g 0 0 90 -100%
condition packaging Hours
techniques
- Induced artificial
hibernation & waterless - 18 -24
87 2020-2740 g 0 0 90 - 100%
condition packaging : hours
techniques

As evidenced in Table 2, the halibuts and other live fish subjected to the induced artificial

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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wat erl ess condition tinme than that of the transport:
nmet hod of live fish wapped in vinyl or old newspaper
according to the previous comon nethod. 15 Wil e
certain novel features of this inventiaqn have bee

stiwanit anidl breyedargend et varies punistiens, BgpiticHiqupe substitutions and

a%@&%@% &1}3 and Eletéuﬁs o @le dePlcE NRGEhtddCmB e 1td SPeckRidnteh be made

et al ove, since it wll be understaqod
tb}aﬂmtv:@hlbdlgl @mnseﬂmén@thomm@am i vay St the basie pafure of the
1%% |n the forms and details of the device
ustrate and inits operation can be nmade by those
skilled in the method w thout departing in any way

f R 38 hrEssiAk WhithQlavé B&nREDESBA id thY ﬁﬁég  spacifibuion are

terns and ex ressi ons whi ch have been enﬁg in the .

e3P ST RSO CEP AR B @Ot QLTI ORaPf Lt i @p faeriypr, in the
A Ofisiin ©RnPd BPtesfibns| bﬂblcﬂidh@’bquﬁﬂldnﬁs REER fesuids shown and
intention, in the use of suchteegs tg ‘ﬁ’e ‘i} S enti

ofeseber i nogioss heredle i Reing Toopgnis 1Bg SEPPs9T G diivention is

dgsimkd RRdirtedRaliiyans clhigrandh follbwdei ng recogni zed
that the scope of the invention is 10 defined and

limted only by the clainms which follows. | NDUSTRI AL
AR il APPTICABILITY

There is an advantage in the method and apparatus for inducing artificial hibernation 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 marine animals in waterless conditions simply wrapped in paper
package can be ensured of a long survival rate (viability). Another advantage is that
gradual step-by-step changes of sea water temperature can artificially induce hibernation

conditioned of marine animals which can be maintained in the waterless conditions.
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tine atresaemidet dmaionad tmeet ekl dRgmRssrsiSnedcHpURe phase
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t
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the pregdekies of A6 s RbjiQheaeh déteiiEnddidtvivardighide ditemperature,
each determ ned downward phase of te

Start i RETIIEGHIA OITH O 610 LU FRPETRTCHST B sy sgpmed by

t he oXyQeRa fRASHERIsDY5 th BRin(ER kmaltr &iah R fBstiokydenDolisnmgtion or
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H.E ﬂglsmthe range

25wher evhgrapedaviation At 8¥YSE% GRPSHIR

mar i ne o@@j{)@bék%wv htlhmmrﬂlrtgﬁ(gdeWID'ﬁﬂ. 02 kg I
WAD. Onil 02 kg 3. A nmethod for inducing artificial
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to 100 t@mme@,urle a rdifgronch deferL the R P ‘ﬂ’&ﬂ?"m oxygen
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and keeping the sea water at the third temperature for a duration 26 to 100 times

longer than the first determined hout.

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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1012. The apparatus as claimed in claim1l, wherein
the artificial dormant chanber includes a fishing net
capabl e of harvesting the marine aninals fromthe sea

wat er .
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can be maintained for a predetermined period of time, based on temperature
information of the sea water received from the temperature sensors while
increasing the predetermined period of time maintained at each phase of
decreasing temperéture, and based on the information on the dissolved oxygen
level received from the oxygen sensor, the time of maintaining constant
temperature of the sea water which is gradually lowered at each phase can be
gradually decreased from the sca water temperature from which there is no

deviation of the level of the dissolved oxygen consumed by the marine animals.

The apparatus as claimed in claim 11, wherein the artificial doﬁnant chamber
includes a fishing net capable of harvesting the marine animals from the sea

water. -
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