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B—B—EIIOEINIFEEOBRATETH S, 20 Th, AAVEIZZDE 5T, Ll ETEERLL
MOZSHIZAEBL TV,

Fiz, TLEAAREEOEETH Y, KIS TE TN FARLOBBETEDL., FIC% 5 EHEAINT
MEBWEST 2, PLEiEE CHWHoMAIL, BER2H.0I2, KEODLDIERLIED 2L L, odbDdENS 2
ELT, HEBELEBEELTRET 5, Bk 2 L EEAEDTIEZTY, FHIR CEINBE L7205 BRFET
T 5,

CDEHIT, T, KCETNTREDOTKIIFER, WHWAERATHY), MOBEIIA LN VWHKEDA
EEEboTWhE, /-, BEMET LICRFRINLEE 7L, e ZICECTIITIIZRABOERZ L
TWwb,

61T, TaE, HER, HEELZ R LOZOEXEIC R INTVWS (FH#, 1960) 2L, HRIY
HARNIE o TR LADEVRKATH L L LHIT, HETORTONKEEEICE T 2 FENRAETH L,
EIC, BBZARARICBW R, WIIEEOALR LT, BHEEICE>TLEERZMEBELZ 5D TV5,

L Lo, EFEOMBRMNOREZRIET 2EROBLE 726 L, L OEMTIZ, BEHBULR E
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RAETIFEI0t MIETHERL B, BEL, LVERE. BIXMOTIOEE, H50VIIHERD
W%z EF7- e BEAVPEE N TS,

INODOMIEERLEEEL L ) —BIRET 2 7-0121F, BRENLERERORBRZ T TR+ TE
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DEBEEORVRBEOHENTLEZ I N TS,

T, TLIIBWTH, EEABREOFIERICL 2 ZHECHERE EEPERTE L X122 ), RER
BOENLEFEL L TERBSINTY A,

I TOER/ET LI DB LEH & (Taniguchi et al., 1985), fEHZD b OPERWIZES THL H
5IEn6, WER ZOEENFIRA»EZ Sz,

Ll =27 2ICEL T, IhE COZBEADOKFEICET 2HEIL. REPKAZ E—ESICRo N
THH ., EH, EEBIUREENFESRICOARITE TN TV,

SwbwnrLit, FATH S 2. M1 ROBEAINESH2,000~120,000 (E#, 1979) &, ¥ 7R oMaiE:
ElCHRTHRDEL, ZHEAOREEEZMATE ) 2T, ZLOFMEEAL. &) bIFFELEHEZM L »
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COMEHEERL T, ZBET7 20EYFNEEEZMRAT2 2 Lk, EXENARZRS) 255 bLER
WRTHBIEN) T, SHROZFEFAOMEICOHEIObDEEZ NS,

AIFEIL, BEOT L, TRbbLIEE_MBET 2 E2MBE LT, ZFHET7 2200V THA RERZITV, £
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PO o BRI SN, F/a' 1Ly FHORBF
BT 5. THEHR D % CIRFORBEODEIERIN,
BT 002y bDI) b 1Ey bOF ) JIE R
R o TISMCHIR E NG, £L T, BIRICEo721
v NIRRT E 2D, BT 1ty P ORI L
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RIG0 5, TNHEEDEFHIZB N TITbNLDHRINN 5
FEEICELIBEETH S,

LA, ZHEER, TbbLERBFIIAICEALT
BRI S NAENZ, SR —EDWER Y 3 v
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BB S NZV, ZHUSED, BFOT /521y
FOSHEMERIE E 2 D, BTO 1y POBEERIKEE—
LT, 31y bOT /) 22 LD=ERDTEL, I
Wb 3 BT REBRARE A HIE L TER I NG =Z/AART
H5,

NBEBEEOERICET 205813, MEE TR »
SYEHIZEET L T /228, A3 TlE, Makino and Ojima
HS19434E 122 4 (Cyprinus carpio) TEKIRY 3 v 7 &

SREEEHO TR Z R L 72O MO TTH 5,

F D, 19454E12 Svardson 32 L T X X (Coregonus
lavaretus) #AWTEKRI IV 7kICL o T, 1956
4E1Z Swarp ¥ b7 7 % (Gasterosteus aculeatus) %
HAWTEKEBEEKEY 3 v 7EICE 22/ E0OERE
BELTWE, E612, 1960FERICA- T, 1962412
Sriramulu %4 ¥ 7% (Oryzias latipes) TI Nk F ~
MBBIZEBEHEZHEL-DOFII LD, /3427 (Esox
lucius), =< A (Salmo gairdneri), AAX¥ (Perca
fluviatilis) TOHE (Lieder, 1964) %, F 3 74 A
(Acipenser guldenstadti colchicus) DEEDH % (Va-
setskii, 1967), 19704 Tix, & L 4 (Pleuronectes
platessa ; Purdom, 1972), KPEY 7 (Salmo salar;
Lincoln et al., 1974), 74 5 ¥ 7 (Oreochromis
aureus ; Valenti, 1975), 24 (Ojima and Makino,
1978), A4 7+ (Salvelinus fontinalis ; Smith and
Lemoie, 1979) TOHENH S, T 72, Refstie HiF
FA IS VBREIZE AV RAEKTEY T TO
WmEELTWD (1977), 1980 A S &, 1980 D
Chourrout D=V VATOHEXIILD, SHOATE

[Zh72oTEDLOTEHL DAL= BRI T 2 HET R

INTVD, WHEEDL IHETOREIIMAT, BKE
Yav s (V<R ; Yamazaki, 1983) oOfiz, &
V=< v (a¥ ¥ Oncorhynchus keta ; Chernenko,
1985), MR bEE (=< R ; Shelton et al., 1986),
I—F5)WV (74 FET Oreochromis mossambicus ;
Varadaraj and Pandian, 1988) 7% EHAHW LTV
Bo HTHR)IF LY 7)) a— VTHEFERESE,
2BEOREFZIAIZANS FEE (=V< R ; Ueda et al.,
1986) IZ4FEWNTH D, L EORE=REEOIELICET
A#HH51) X M % Appendix Table 11ZR L7z,

SRR ERLTAHEICE, 41y VO A RE
OMUEAL EE AR KBRS 2 HEH 5, L2L,
COHEL, ZVTRAEBNTHIIEAYD HH, 72
HEBIHA 72> (Chourrout et al., 19864, Appendix
Table 2 ),

o, M Ty FERBINCY 3 v 7 252 TR
LEE=ZFEOMELITONL TS, RE=fFkoHhEs
1%, 1945412 Svardson AAKWEF ¥ X757 M
7 b (Salmo trutta) TEAKIRY 3 v 7 EIZ L o THE
HLzOFWOTTHB, RWT, 19724F |2 Purdom
AV 7 NF (Pleuronectes platessa) X~ H L A
(Platichthys flesus) TIERKIRY 3 v 7 HEIC L A1/EH %
WEL TS, 20, 1980FERICRoTEELTHTH
OEFETHE SN, 74 5T (O.aureusXO.niloticus)
I22WT H i &7z (Don and Avtalion, 1988), Z 41
5OERB=FEHROIERICET 2 HED) X b % Appendix
Table 3 IR L7,

HAIZBI 5= EAOHE X, 194340 Makino
and Ojima DR ZREDOE, 1978412 Ojima and
Makino 334 Z W TEKIRY 3 v 7 EICXL 5 =1
HROER 2 HE L -0% 12 U & LT, 1981412 Ueno
WNH A1) 735 % F T (Rhodeus ocellatus ocellatus)
TEKIRY 3 v 7FEICE T, 19834FIZ/NEFER Yama
zaki N2V ATEKEY 3 v 7 EICL AEH 2 8HE
LTwa, T, AERICALL, =2FT1 (Cy-
prinus carpio) Tl Taniguchi 5 2MEKIREY 3 v 71
(1986) BIUBEKREY 3 v 7k (1990) T, ¥ Fa3
( Carassius auratus) TR MEKREY 2 v 7HET
(1986), F¥ aw ( Misgurnus anguillicaudatus ) T
1% Suzuki HAMEAKIRY 3 v 7T (1985), A v €O
I ( Gnathopogon elongathus caerulescens) B & U
74 5T (O.niloticus) TlZ EHFIEKRY 3 v >
=T (1985, 1986), 27 < A (Oncorhynchus masouw)
TIHNFENEAKEY 3 v 7T (1985), 72, <%



4 (Pagrus major) TIZEHOMEKIRY 3 v 7T
(1984), 7 a ¥4 (Acanthopagrus schlegeli) Ti
Sugama S5AMEKEY 3 v 7T (1988), kI X
( Paralichthys olivaceus) TIEZEH & AMEKIEY 3 v
ZET (1984), ThZF|mEL TS, —F, EE=
RERIZOWTIE, 1984412 Arai 254 7 F (Salvelinus
leucomaenis) X O TEKEY a v Z7HEIC X
EHEHRELA0RIELD, YEHFIrX I 73R
( Salvelinus fontinalis) DEIKEY 3 v 78 (Arai,
1986), # 5 7 b<A (Oncorhynchus gorbuscha) X A
JFO@KEY g v 7 ( Yamano et al., 1988) (Z
X 58N DH S (Appendix Table 4 ),

AHFGEONFAEETH B 7 L2 2V TIE, Taniguchi
525, 19814ERKIC, mHMEWINERKREELHANT
ﬁmﬁ?ayﬁﬁhiofﬁbfﬁﬁhﬂﬁbt
1985), Ueno & » 198342, X D
BABRY 3 v 7ETHEII LTS (Ueno et al., 1986),
sk, EF060%, =FET7T I LT, e 2FHEICD
WTORFEZIT) S LI %,

AARIZBWTIX, ThboofERk, SROBFEHKEIC
BWT, ¥rRERIILDT L, =VFT(, Fr¥a,
FYaw, 7457, Frauaw 7+ (Carassius
cuvieri ), VL A (Odonthestes bonariensis ), I L I
X A (Coregonus peled), ©5 X, &4, <aH L
4 ( Limanda yokohamae ) 7 &4 { OABET=1EH
WZETAENT > ® 5N T 5 (Appendix Tableb ),

(Taniguchi et al.,

F2E =EBF71OMEHE
ZRART ZOAYFEREERCISHICEA LT, AR E
FTTHOTWLIIH72oTiE, TPURAAETHEICAFL
RITE R v, F072D121E, ROBETERNR
=T IOEREERET A L LI, FHAD=R
DM L, TORIEREZATBLEND D,
RHFFETIE, EAIRY 3 v 712X BREEHEGOR
A HRE LTEBRYIT) L &b, ERAD=/HAL
DHERE, BILUTZORIFIIDOWTHRE L7,
E1EH EKEYav ik EHENE

BARY 3 v 712k 2 =K T7 2OMEREMG L LTI
SRED O EOKIRAE % i3 & TORRM, M %Ki,
BLORBIIET2HBMEMLLEND L, 7, ZIF
B SEKRLE T TORR, $2b5, LB A 3
YT RAA 2O, RGBT X o TRIZHICAG

il

H

fELzBFrAviUE L v, 2% ), EEMICRELL
TTREFERWTHEAINIZBE I, 20T > RETUT
ETRENHHENT, ZORIZ1EY bOF ) LALLM
Bl w8k e 256, Lo L, @ERICEKBLEZ T
ZALE BB ASTHIE SN T, ZORIETREE (M
FECEERE IIIND) Lb, FHEIZERE (5%
IEERE Lidhs) L2, ZHEEZEERET, W
WFFRIE DB CREBIATRETH 5 (Taniguchi et al.,
1986), SEIRIREHE T % 723856 OB 5k & S
ETRBE, BIU, EEBTFERVWICSEO=1EE, £
NENOERFEEOEAM % Fig. 117 L7,

Fertilization
Spennatozoon

Second polar body

‘ 6 ' . Normal diploid

UV-irradiation (Genetical inactivation)

o
5-0v. o |
U~irradiation i ] -

-0, |
ONONOKO

Cold-shock (Blocking exirusion of second polar body)

N

Cold-shock

Gynogenetic
diploid

M : Genome

Fig. 1. Theories on induction poloidy in ayu.

1) ##ETrik

BEABLEBEOZAI T

B DOEEHAFLICLE 2 ENGEE RO 572012,
i x A A AEIEK (NaCl: 0.75g, KCl: 0.948g,
NaHCOs : 0.002g,/100m{ Z5# k) TL00fEAML, 0~
20,000erg,/mm® O/ EBEINEBET L7z, O
FHREFERVT, BRI ZESE, ThENOMEIS
B 2 ZREINOAFERFR L PEIROWBREL H7- (Hertwig
HEELTHONTWS, Hertwig, 1911), ZDFEE,
BT OBEHNEILICLE R R E136,420erg, mm?
DEHNTI W Ehbhrol,



NBZREET 2O LR LIS T 28158

BHME (12,840 erg /mm? ) % BBET L TEEWICRE
fEL72iEFEAWT, BBAINCZRSE, TRR20H
B (0~16%) CHEIKIELHE (0~0.5C, 607H) %
7w, FHEREOLIE L ZHIVDEFRRE Lz, T2,

TV, ZOZRBINOEFRE 7 27z, BB L 7R & A
BINE, WINOBHEORRBAAPSERILZH DT,
FNEFNOZFEINL, T6X26mmD AT A K75 A
FEE, BRI L7z, ERREOINDFEAEFKOKIRIE
20CTHo7z,

EICGRINIE DGR & iRERHE

LERTKIRIL, KAKICERBINERETHHETHEDT,
KAALEET HKBTHE 0~0.5CE Lz, BIERH
IZDWTIE, 455 FRICHEAIRT, 304 L6045
Ex L7z,

WBEHOKEICIL, FEBAFO—-VOFEEY A, kil

TEPRIz, T, ZERMEORERTER, Bl b5
BAEBIZE o7,
2) # R

BRI C EBRB T2 A THRBUNIZE S ¢,
2 I EAGRALER L 75 E O RIRIE (BILRT) D4%
REPPEEOHEEZ Fig. 2 1278 L7z, EA RS
BrzRVZRY, EERFZRVCRD, ZH2 0%
DILFETIE, HEFRFHF—BET LD, 40ROMET
EEULER L7z, DEROLETIE, ARFIIRBIET
L, UG»ol6&ICETLER Lz, —7F, FEEED
HHFE, 407%TO%ER>T,

F72, 0~0.5CTokAKHIZ, ZAEIN =305 £ 605
MRELIZGEDO=FEDOFHERZTable 1IIRL
720 3057H L 60 HLE VT hOGEL, =B EILDK
IJERIF100% TH o 72,

3) & &

Fig. 276 2 bN7#ERIT, BIVRBHEFZ AW
TXRBIELGE, THrL 4~ 80%H 53160k

INSEMINATED BY UV-IRRADIATED SPERM

50

HAPLOID

oL & .- a

& 1 1 il i L L L J
(%) CcONTROL 2 4 6 8 10 12 14 16 (MIN)
100 =
INSEMINATED BY NORMAL SPERM
50
0 L
s I} L [} i} 1 AL b 4
CONTROL 2 4 6 8 10 12 14 16 (MIN)

TIME TO COLD SHOCK AFTER INSEMINATION

Fig. 2. The survival rate and the incidence of haploid
syndrome in embryos (before hatching) of
eggs fertilized with UV irradiated (12,840 erg
/mm?) sperm or normal sperm and subjected
to cold water for 60 min at various time
insemination.

IEAGRIIER 21T 213, SR AL S TR
BECREEEZY), EERBFERAVTERIE, Ao
BOKIBLEZ TSI =AM TE A Z L ZRLTWY
bo L7chtoT, MOERERNLENE (, ZRHHELE
THITOBMMPE TLWI 2 ZETNE, =&4k
RS 720 OZFHROBKIELED S 4 I ¥ 71,
4~6aBryELEEZ bRz,

7272, BRIODBOMETYH, S BAOKE A TEIE
ENT, ZFEEPMERTE L L W) BEBRHIIFL»TIER
W, AIBZHZEIZI=Z VAT ALNTWS (Forster,
1986)

T/, BEEMICOWTIE, 605H DA% 53304
TH EZHELOBEIIRN100% TH o722 &7 5, 304
B EOBEOVLERIT RV EE X SNz,

DEDZ s, ROFE (L) AARITCOHE,

Table 1. Success rate of triploid for each duration of cold shock at 5 minutes after insemination.

Duration of Survival rate Number of Average
Experiment  Groups cold-shock at eyed embryo fish number of Success
at 0~0.5TC stage %) examined chromosomes rate (%)
Control 63 10 51.3+£2.45
Exp-1I . .
Triploid 60 min 31 30 78.9+4.16 100
Control 58 16 55.0+£1.03
Exp-T Triploid 30 min 44 30 80.8+1.41 100
Triploid 60 min 34 24 82.2+2.68 100




ST IR ERT 520100, B4 ~6507%I12, 0
05T 2305 MO B ALE & 17 218 £ 1o 2 &
Bhohroiz,

AHFFETIE, HEAOERICIE, ZoEkKRY 3 v >
R T, irsmmfeﬁif'ﬁ% sx720), Bk 3
7 EOEMRT,

'84~"894E DVEHI BB % Table 2 1R L72e 0 ~0.5

C, 3043 F DEKIEMEE TIX90~100% DRI %2 /R L
7zo L22L, 0~0.5T, 105HOME (1985) TIid40
BOFHELPZ N0l £72, 0~0.5T, 40
S OME (1988) TIX8T% DEIIETH o7z, L1L,
C OB, SRED22HKLE S o720 T, BEIKIRLED
AT, MEKEFS ATz 0 TRk
ZEibhlz, 4C, 405 HOMEL A7 (1985) 45,
BYEIZO% THo7z, 72, 32.5C, 645 HoOEKE
AUER (1989) TiE, MIIEIFA% EENLDTHo 7,
BHERIE, WINOBFEDL, Bl T ARMEROKE 22
LBRERIEICH EDVT W5,

AEFFETIE, HEDKIR & HEREIZ DOV T, Rz
EﬁlE*xﬁ?%ﬁ%k( IZATo T Znys, BKRY 3 v 7 #ED

&, KAKRIZE A 0~0.5TC, 307 HMEDS, 1EHEKD

THI0~100% £ w <, POBILERLHADOEKZRED,
BImIEVWGEEERE, £NENn22.6~58.7%, 21.0~
T4 ZbNI=Z b, RYAEMEHETH B L&
bz,

BAEY 3 v 7FEICE > CER/BAET7 25T 2354,
FORBDOF—RA Y PO—DIINEDF L IV 7 TH
5o REBROKER (Fig. 2) T, INOFEFHKL20
Tk, MWEDY A IV TIIZTH,IL 4~ 63H%THo
720 7272, ZOBOEMBITIE, ZHLHETHT
ZHDIA LT TEFEL)BODTH o7, Tz, Eﬁ
DOFEERKDOKIEH18.TCR16.6CHOHZED, HMIEIX
100% T, & IZBEVIFA LN TV,

ALEREEZIE, HAE, EUKIR ( Taniguchi et al., 1985 ;
1986), ®AkiRE (&0, 1986), BLU'H
JKE (Taniguchi et al., 1988) ¥ a v Z&EDDH 5% H8,
FNENEF L EFTHDH S,

BoKIRY 3 v 7R 2B 2 LELET, BT
BITR B E DO THMELRFIET, BT 2 AELES T

HETHL, LirL, —EOMERMAD % & BH305LL
E2ES2 tv‘?}if‘, TR SRR KRIT B, BKIES 3 v
@, HRKEEZETS L, RELBIZCSHI D S

Ueno et al.,

Table 2. Examples of induced triploid by cold or heat-shock.

year Method of shock Rate of Survival rate"’ Success rate?’
WT (C)—Time (Min) hatching (%) of juveniles (%) of triploid %)
1984 Non? 44 .4 55.9
Cold 0~ 0.5—30 22.6 47.9 9%
Cold 0~ 0.5 — 60 22.4 25.9 100
1985 Non 49.2 —
Cold 4 40 50.0 80.0 0
Cold 0~05-—10 90.0 94.9 40
Cold 0~10.5—30 58.7 74.5 100
1986 Non 55.5 58.7
Cold 0~105—230 7.1 21.0 90
Cold 0~0.5—230 28.0 59.2 100
1987 Non 83.6 (23.4)%
Cold 0~ 0.5 —30 28.4 31.4 96
1988 Non 75.0 14.0
Cold 0~ 05—230 35.0 0.6 100
Cold 0~ 0.5 —40 8.9 69.4 87
1989 Non 95.6 (23.7)%
Heat 32.5 — 6 41.0 8.2 40

1) Number of juveniles (approximate BW:1g),/Number of hatching larvae
2 ) Number of triploids discriminated by measuring erythrocyte,/Number of juveniles

3 ) Non-shocked =control
4) Value by artificial decrease



NBZRBET 2O EYFRRE L ISR 5 8F%E

ALERREH I3 TV BKELBIIKET VA 24
ZrL, RETZLMEICRALS 575, LEEEHI
(CFh, EREMETHA ),

sk xE AT =R EE2ER 3 5 5% (Chourrout
et al., 1986) X F 72T L TV, ABF3E
TH8END, BRKEYa v Z7HEIZL T, ZHEINO
E—PNE % HIE T 5 HET, UEEOERERA, L
ML, 18BHSOFAT, GBS L#E S n:
BEBASNLB DD (Fig. 3), KA >72bDD
iz, PR E Bbh s @EEIERERE 2D 72,
iz, fREBERIOR) ZFL Y F7) a— Vi ETH
FARUEL, 2EOBFEIINICANT, =HBEE1ES
FE (Ueda et al., 1986) %, BpHE I IV T 7 L4
HIZ X A=A EHE (Ueda et al., 19838) b 575,
TATIRELZHAALON TR,

Fig. 3. Chromosomes of tetraploid.

=BT IREHTAIZLT, bI)—2DF =KL~
M, REIZHVLINEDORETHA ), BEDZIET
3FE oK EEDOLRVIITH-TH, EKRY 2 v 712
fif 2 b VHENEN LS, Tz, %ﬁ%ﬁﬁ#%i
TR FDS, ERBAD DS 27290 L ) RIEIH VG
LV, LiL, ERFAIS X.f\_gﬂf.)"ﬂ—’\fﬁ\/\c‘:ii
RS2y, AFFETH, CNODERICHET 255
Bz 2 TR, L ORI EBRTIPI» S, itk
TEBLETERIIC, ZOHEFERTIUEL, RIHLHW

EVIEREZ TV, BIzIE, KEOERS TREL
TZBENORINL, ELICAEEITRIE, BIRIIFEE

IRV, 72, BRBAOLE, AEKEBERZETSET
BRI R L, $RO0L THLET I, AR EIERD
AbNb,

F2HE (FHOMRRE EBIIE

Bokimy 3y 7 EICE o TER L=/ 647213, £

BRICHET 201, =BMELTWwB Z LOMERE, 0
BIERZ o TBLERD 5,

MR RERRT 2L LTI, RaMERE R
L, EEE%std 5 A% (Swarp, 1956) %, 1K
OEFIEARZERL, RIMFROKE &% K5 (Swarp,
1959), 7u—#4 kX FY—# (Thorgaard et al.,
1980), BREXBEICLDETA VA L BEOEVE LD
J7# (Taniguchi et al., 1987), BXUa—Lv¥—%
v F —12X B (Benfey et al., 1984) 7z EHH
LbhT\wa,

T 1 OYEAEHII56 L TS (Yamazaki, 1971),
T7:, ZFAT7 2oRmEFMEOREX, EF MG
DERICRVWI L FEING, T2 Tid, fafkis
RMIDORE SN2 X o T, =ZREHACOMER & B % K
072,

1) et Fik

BAEFKIEIKIRY 3 v 73 (0 ~0.5TC, 304HB &
U607 LB ) 12X o TR L7 =/ s, FRICATL
BROP L 7o Rk x AR L L7, SR ERMICIZML
®RI2VE S OFAE, MBEFEAHIZIZ210H 5 OMA % H
(VA

PO RERZ RS 272012, T, aveF 50
ppm T 5 BEREIKR &7 7 FA OB Z B L7,
DWW, 0.006MAOKCL (v F i) TIERRALE L
72HRT, AN THEFATHIEZEL, HERLrER, &
BdE7, 68, INEFLATEETEILIZEST
TEBL L 7= (4FF, 1983), BxffRiZX1000THeEEL, IE
HEHT-OICEREL R, 207 ¥ b LoREafsK
ZEHBL 72,

MBEARZEET 27201212, HRADRWEE Tk
L, —BOMBEEATA KI5 ALIZEDBIEITLIZ,
DWT, BEILIDAY ) —VEZELE) 2 FLTEE
THILICE o TERIL . ZREDOHIEIX, DX
I L TR L7 =R & R R SREAR %2, TEMsE
TIREFICECTRBET 52 L1l k o,

2) & R

0~0.5CT3057M B LU0 MAME L TIEH L=



BRIZOWT, BREAREARMEROKRE SI2 L o THR
L7cZnENO/EH BT ZE % Table 3ICF LDTRL
720 Fo, B L RMEBERDO—FIZFig. 41K L
720 Table 3ICHAHMND & HI2, FBAEEICL 2B
=L, 30HMHEX b 606‘%3&&@[4) 100% T& o 7275,
ARIMBRDK & S > 6 A7z pLThEEIL, 305-FIALERIX 1396 %
T, 60 FMIEXIZ100% TH - 720
3) i #E
304 AL X 0 ZRE B BN ERIC, GeE A s ARl
KOKESI LW HEREFEL loT@W#&%ﬂto;
DERIFHAS TR VA, Fmi L ) bRMmEkOK X
ébi%% DFDHEEMED R RE (8K, wm)t
, HAHWE, BKIEY 3 v 2SR, &
_EW#W&LTT%tﬁ%%#ﬁKL,%ﬂ#%ﬁ@
BREFCEBRL-O0b Lty
IZBWT, ZRBELOMRTEIIE, FEAHER

TAVHA L8, BLOKRMEKOKE ZI2L5 3 HEN
LY (@R

M%%ﬁﬁﬁ@&%fi e B THERR S B DS
BLTBY, HEBRERES Zo72FATHIL, T4
VYA LT OUTRETH 5, RMIEKOKE S THERT S
720121,

L EARMTELF A ADOT LDUET

Fig. 4. Chromosomes and erythrocytes of triploid
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Table 3. Success rates of triploid by chromosome count and erythrocyte size measurment.

Chromosome count

Erythrocyte size measurement

Groups
No of samples success rate (%) No of samples success rate (%)
Control 10 10
Triploid 303 30 100 50 96
Triploid 60 sksk 30 100 30 100

k Duration of cold-shock was 30 min at 0 ~0.5C
%% Duration of cold-shock was 60 min at 0 ~0.5C
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Table 4. Number and size of diploid (control) and triploid fish in separate and communal rearing condition.

Rearing No of Size of fish (Mean=*SD)
Groups .
method fish BL (cm) BW (g) CF %
Separate Diploid 663 5.7£0.31 2.7£0.58 14.6+1.13
Triploid 661 5.440.43 2.3+0.75 14.0+1.27
Communal Control 6,172 5.4+0.49 2.5+0.49 14.4+1.65
Triploid 9,983 5.3£0.51 2.3+0.82 14.4+1.74

% Condition factor (BWXx1,000”BL?)



Table 5. Hatching rate of triploid and diploid (30 min and 60 min cold-shocked) fish.

G Number of Rate of Rate of Number of Hatching
roups collected eggs embryos (%) abnormal larvae (%)" normal larvae rate (%)

Control® 48,000 58 0 21,300 44.4
C-30¥ 73,000 44 7.8 16,500 22.6
C-60* 74,000 34 17.9 16,600 22.4

1) Per number of embryos
3 ) Triploid by 30 min cold-shock

2 ) Diploid
4 ) Triploid by 60 min cold-shock

Table 6. Survival rate of diploid and triploid larvae in 1t tank for 150 days.

Groups Initial number Number of Survival Harvested juveniles
of larvae harvested juveniles rate (%) TL (mm)" BW (g)?

Control® 21,300 11,900 55.9 58.4+6.0 0.94

C-30" 16,500 7,900 47.9 58.1£4.7 0.88

C-60% 16,600 4,300 25.9 5T7.0+5.7 0.92

1) Total length : mean®SD
3 ) Diploid
5) Triploid by 60 min cold-shock
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4 ) Triploid by 30 min cold-shock
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Fig. 5. Growth of triploid(O,A) and diploid fish
(®) reared for 150 days (from hatch out
to juvenile).

Total length : Plots are mean, maximum
and minimum.
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Table 7. Size (mean+SD) of triploid and diploid fish reared in separate condition.

Date Cumulative  No of Triploid Diploid
days fish BL (cm) BW (g) CF * BL (cm) BW (g) CF %
May 17 1 30 5.4%0.43 2.3+0.75 14.0£1.27 5.7£0.31 2.7£0.58 14.6+1.13
Jun 24 39 30 8.2+0.61 7.9£1.70 13.94+0.86 8.010.56 7.3+1.49 13.84+0.92
Jul 17 62 30 9.7£0.61 14.2£2.73 15.2+1.47 10.0£0.79  15.6+3.56 15.5+£1.01
Aug 20 86 20 12.6+£0.86  29.6%6.11 14.7+£1.21 13.0£1.20 32.8+8.98 14.6£0.75
Sep 9 106 20 15.2£1.04 53.7£11.46 15.0+0.88 14.4+0.85 47.4+9.56 15.7£1.21
Oct 2 129 20 16.4+1.11 67.3+156.63 15.1£1.11 15.9+1.04 66.5+15.78 16.3%£1.74
Oct 22 149 20 174£1.06 76.6+15.98 14.5+1.42 15.8+0.84 61.2+11.42 15.5%£1.86
Nov 18 176 20 174+1.51 70.54+25.27 12.8%£1.81 16.0+£1.00 58.0+15.26 14.0+2.88
* Condition factor (BWXx1,000,/BL*)
Table 8. Size (mean+SD) of triploid and diploid fish reared in communal condition.
Cumulative Triploid Diploid
Date days N# BL(cm) BW(g)  CF#%  N# BL(cm) BW(g)  CR#%
May 17 1 60 5.3£0.51 2.3+0.82 14.9+1.74 30 5.440.49 2.5+0.94 14.9+1.65
Jul T 32 50 10.4£0.99 17.3%£5.56 14.7+1.20 50 10.9£0.99 19.5£5.80 14.5+1.20
Aug 27 73 50 14.5+0.95 48.5+11.74 15.7£1.39 50 15.1%+1.51 54.9+21.40 15.2%2.25
Sep 17 94 50 15.3%£0.88 50.148.32 14.0£1.16 50 15.9+1.21 59.9£15.70 14.5£1.30
Oct 16 123 41  17.6£1.39 T74.2+17.90 13.3£1.31 33 174+£1.48 81.3%£21.04 15.2+1.62
% Nunber of fish %% Condition factor (BWXx1,000”BL?)
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Fig. 6. Changes in body length between triploid
and diploid fish reared in separate tank.
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Fig. 7. Changes in body weight between triploid
and diploid fish reared in separate tank.
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Table 9. Daily growth rate and food conversion
efficiency of triploid and diploid within
86 days (May 17~Aug 20, 1985).

il

Triploid Diploid

Dail owth Body length mm 0.76 0.77

Y erow Body weight g 029  0.32

. Body length % 0.88 0.97
Dail h

arly growth rale p o weight % 273 267
Food conversion efficiency % 82.4 89.2
# Induced success rate 96%

Daily growth:(L.-L:)/D,(W.-W:),/D

Daily growth rate : i( )D-HXIOO {( )%‘“HXNO

Food conversion _ N1+Nz
efficiency W =W)X 2 I 100/F
Ly, Wi : Initial body length and body weight

L.,W. : Final body length and body weight
D : Experimental days

F : Feeding amount

N : Initial number of fish

N: : Final number of fish

H

BTEDEEREIZBIT D, 4 DOEBRIIMIZONT,
=Rk RO FE R R % Table 10127 L7, 5 1
28H~ 6 H30H O i, =MAEOFEEIERIZHE
02 T%E» o725, TH1H~TR26HTIX, =
DT H%#120.6% @A o7z, TH2TH~ 9 H15El
KIEBEDT & B b BB SN 720 ,1%%%
Bz BEREERE 2 o72hY, TOHM b ZFEIE R E
INT6%ENbDERST, LAL, 9HI6H~10A
2THTIE, =BT HEEIN241%bEEE 2572,

Table 10. Food conversion efficiency (%) of triploid
and diploid during each experimental
period (1987).

Experimental period

CGrowps =\ v28~  Jull~  Jul2l~  Sep 16~

Jun 30 Jul 26 Sep 15 Oct 27
Diploid 732 62.2 118.0 1.7
Triploid%  70.5 62.8 110.4 35.8

* Induced success rate 90.4%

WNA Y RO FIZERD, NEEHEORETHIZ
T3RDOEREITo 7245, FDFEERSH % Table 1112
RL7z. ZOEETIE, BRABESCHEEEDL IR
CbnE L7z, 3IMOERRER%ETable 12I0F L DT
RL7zo EBT (5 828H~TAH1H) T, EERI
(8 A12H~9 A14H) Tb, ZHAOHHMESR, 1
EE L AMMER, BEXRE I UFIERIE, ZHEEFX
DIEWEERLz. Lo L, EBRIT (9 B14H~10817
H) Tid, MEBLMHERIZBEOHI DR END
DERy, WEEBEZHLITMIEN OD, WERIIfF
REFEFEL o7,

Tz, AL =ERoFARMENED, EBRIOD
20.5%%, FEERID16.8%IZ8~RT, EBRITIEHbTH
24% & 2072,
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B (5 A1TH~8 A20H) 1BV T, =HHEomER
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BTEDESEKIE, SRR EOERERIL, REM
(5 A28H~9 A15H) I2BWT, = EofEsh=Iz
AL D RRECERLHNT, SIS, i
BEOMNEEEEHETIUL (TH2TH~9 A15H),
B EMN100% * Bz 52 2R L. F77, BELE]
(9 H16H~10A27H) Tl¥, = E0 =X
FEREEDITET T4, HONITHERIVEL S
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UEDHET, BEEFEAS L (Fig. 7) oLk
EINT,

ZOEHIZ, BEOKETOMRERE T TIE, HEY
D=REFOFRRNEIZ, ZHEICP RS LENDD 5D
KRERZETIZRL, T2, RAIO=HBEOFTERIT
L YVEL s ERAND D EEZ N,

LA»L, EEOKETIE, HEICX > TRIBEEIZfFE
BEPRET D, £ LT, HEANENEZEET L7120,
Table 10lZT7R L7z & 912, ERENZEA100% Z 8L 5 2
LB, AN X 2 EREEZ BT 59 2 T#
PWEidnz iz,

BTEDMENAKME, FIRAEHOERERIE, KEM
(EERI, ) BT, ZHEEOHEMEE, HEE
EHEMHER, MERE X ORI EEICS S S
xR, UL, B (BRI 28T,
EELHERNBELIZIZRASEL 2, FAEERIETR
RENLDOL DD, MEELMERITMEEL ) EE
&L, BB TCREEEOREDFPENRTVWL I L
TR LTz, Tbb, RAMICIBLTIE, ZHEICBT
HWMEELHERIL, £ L THORINI L ZEERD
BRTHY, EEMIIE, ZHEFOREN_EEr LM
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Table 11. Experimental conditions in tank without sunlight for daily growth
conversion efficiency of triploid and diploid fish.

rate and food

Number Exp-1 Exp-1T Exp-II
Experiment Period May 28~Jul 1 Aug 12~Sep 14 Sep 14~0Oct 17
Days 34 33 33
. Triploid * 500—449 329—329 319—316
No of fish o
Diploid 500—477 329—319 319—315
Triploid 6.2+£0.38—7.8£0.80 10.9£1.28—13.3+0.97 13.3£0.97—15.2+1.14
Body length (cm) .
Diploid 6.3+£0.41—8.2+0.56 10.6+£1.08—13.4+1.07 13.4+1.07—14.3+£1.17
) Triploid 3.0£0.60—7.3£2.30 21.7+6.97—37.7£17.60 37.7+£7.60—51.2£12.76
Body weight (g) .
Diploid 3.4%+0.69—+8.8+1.82 19.6+6.11—+39.3+8.27 39.3+8.27—+53.4+11.96
Feeding amount (g) 3,020 6,720 8,600
Water temperature (C) 18.2~20.5 19.4~21.0 17.9~19.2
#*Induced success rate 90.4%
Table 12. Comparison of daily growth, growth rate and food conversion efficiency
between triploid and diploid fish for each experimental period.
Exp-1I Exp-1I Exp-II
3N s 2N sk 3N 2N 3N 2N
, Body length mm 46 < 5.6 74 < 84 58 > 2.7
Daily growth )
Body weigth g 0.13 < 0.16 0.49 < 0.60 0.41 < 0.43
. Body length % 0.67 < 0.77 0.60 < 0.71 0.40 > 0.20
Daily growth rate .
Body weigth % 2.46 < 2.60 1.63 < 2.03 0.92 = 0.92
Food conversion efficiency % 67.7 < 88.2 78.4 < 95.2 49.6 < 52.0
# Triploid % Diploid g W W
Daily growth : (L.—L,)/D,(W.—W.),/D Daily growth rate : W % 100, Dxws X100
2

D : Experimental days
N : Initial number of fish
N. : Final number of fish

Food conversion efficiency : 1(W2—W1)Xw } X100/ F
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Table 13. Body sizes of juveniles in each ploidy.

No of Body length Body weight Condition
Groups fish Mean=£SD Mean=£SD factor %
(cm) (g)
G-diploid** 55 7.3%+1.24 6.5+3.69 14.6+2.28
Triploid 55 T7.6x1.10 7.6+3.46 15.7£1.56
Diploid 51  7.3+0.93 6.1+£2.25 15.0+1.45

% BWX1,000/BL*
%% Gynogenetic diploid

FUABDAEEONT VX (ER) 2H°TT 5T
oI, EEIRE (R#EREETFHE) 2EH L, Table
TR L7z, F72, SHRAAOGRE, KREB L UEK
BEOLA LT T L% ZNENFig. 11~Fig. 131Z7R L 72,
Table 14IR L7 &k 912, EBEOEEEHIZ, &
&, FEIZBVTIE, BVEEFREE HEE L RV ZEE
OFMLERL, BHETIE, BWIHELRAETH7,
F72, Fig. 11~130 e A b 75212 AN D L9
12, =R, L QITERR, REIZBWT, B0 X

Table 14. Coefficient of variationsin
body sizes of each ploidy.

Groups Body length Body weight Condition factor

G-diploid 0.17 0.57 0.16
Triploid 0.14 0.46 0.10
Diploid 0.13 0.37 0.10

% Standard deviation,/Mean value
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Fig.11. Histogram of body length for each ploidy.
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Fig.12. Histogram of body weight for each ploidy.
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3) W &
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oI, BARBEETOHAAIIOVT O FAKOBEY
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B, =MD GSIOREEIX20.6% TdHh - 72,

2n.f
®

/ 41.1

® 26.8

N
~
20F

104 A 2n.m
L N
3 N "B 3nm
l D=~ Rmeememe - Q- - mmmm Qe nm oo - =) 3n.f
8/20 9/9 1072 10/22 11/18 month/day
1 21 44 64 91 days

Fig.14. Changes of gonado-somatic index of
triploid and diploid females and males
in the maturity season.
3n.f:triploid female 3n.m:triploid male
2n.f:diploid female 2n.m:diploid male

ZREBIIOWTIE, ZBERoBETIE, AKX
DRRENH, 107 2 HURE, FEoBit, RiEo.
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(Fig.15, 16),
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Fig.17. Gonads of male and female diploids
(upper two) and triploids (lower two)
in September reared in communal tank.

Fig.15. Secondary sexual dimorphism in triploid
and diploid fish in December.
2n.f:diploid female 2n.m:diploid male
3n.f:triploid female 3n.m:triploid male

Fig.16. Secondary sexual dimorphism in triploid
female (right) and male (left) in March.

2o $hbb, ZfEEOMEE, FISHRERZTISH S DO

e s 7 Fig.18. Gonads of female and male triploids
D, TORFVEIERYFEE L 2\ EIHBT L 0L (upper two) and diploids (lower two)
Ez oMl T2, ZHEEOHEIIFREENEET LY, Z in November reared in communal tank.
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Table 15. Number of triploid and diploid females
and males in each experimental group.

Samples Triploid Diploid

(period) female male female male
Sepdrate rearing 56 53 92 49
(Aug~Nov)

After separate rearing 181 184 124=% 177
(Nov 18)

Communal rearing 45 43 45 42
(Sep~Oct)

sk Increased mortality due to over maturity
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#|& % Table 161278 L7, ZfEE0METIZ, 10A22H
DIRE, FRONFTREAATHE L 20 LT, =Dl T
1, EFERDFEEL 2D, BROZLENL, FIE
WheAIZE o7 CHBR L o7, —F, ZHEEOET
X, 10A 2 BUE, BB RRANHBELZOIIHLT,
SREEOHEICIE, FRNTE oA Lo (EH
ZFESERRO D OITRIE nL2),

F7-, BEROMEBRTIX, Z/&MFIC, 8 H20H25
TTIZ, BFEERALNLOIIR LT, =ZHFETIE,
EERETERSE /2 At bNaholz, 727,
ERbLL7-Mle, ERLZEEEZLDOLDOLEDNHAD
NDATHo7: (Fig.19),

Fig.19. Spermatozoa in smear of triploid (left)
and diploid (right) male.

Table 16. Appearance rate of collectable eggs and sperm, and rate of sperm formation in

triploid and diploid fish (%).

Aug 20 Sep 9 Oct 2 Oct 22 Nov 18

Female Triploid 0 0 0 0 0
Appearance rate of

collectable eggs Diploid 0 0 0 20 90

Male Triploid 0 0 0 0 0

Appearance rate of (0 (0 (0 (0 (0

collectable sperm Diploid 0 0 80 100 100

(Rate of sperm formation) (100) (100) (100) (100) (100)
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runz by )y MERENLENEAW, 72, RBC,
Hb, Ht D=FOFHEH, S, ZHEE ZEkD, T
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(MCV), FE¥HRMHAES/OE & (MCH) 2 2h %2
NEM L,

2) & R
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IR L72A, ZRBEOFVPZRE/EL Y RN E o7z,
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Table 17. Size, gonado-somatic index and condition factor (mean=®SD) of triploid and diploid females
and males used for hematological characteristics examination.

Groups No of fish BL (cm)" BW (g)?* GSI @) CF*
o female 10 15.7+0.95 58.6+9.80 0.2+0.06 15.1+0.95
Triploid
male 10 15.94+0.75 59.0+£8.54 1.7£1.16 14.6+0.86
Dinloid female 10 16.4+0.95 65.0+11.89 1.9+£1.27 14.7+1.36
iploi
b male 10 16.9+0.48 66.6+8.80 3.5:£2.47 13.820.90
Triploid Total 20 15.8+0.84 58.8+8.95 1.0+1.14 14.84+0.93
Diploid Total 20 16.6+0.78 65.8+10.21 2.7+2.08 14.3+1.22
1) Body length 2) Body weight 3) Gonado-somatic index (GW X100,/BW)
4) Condition factor (BWXx1,000,/BL?)
Table 18. Hematological characteristics of triploid and diploid females and males.
. RBC"X10'/mm?* Hb*g,/100m! Ht* %
Groups No of fish mean=+SD mean+=SD mean+SD
o female 10 334.4+18.84 11.1+0.52 49.4+3.16
Triploid
male 10 327.6+24.99 10.2+1.33 45.2+6.40
o female 10 451.0+22.78 10.5%+0.95 46.4+4.26
Diploid
male 10 455.5+28.11 10.8+0.82 47.9£5.01

1) Number of erythrocytes

2) Hemoglobin concentration

3) Hematocrit
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Table 19. Hematological characteristics of triploid and diploid fish.

Triploid Diploid Ratio” t
Cell major axis 12.2+0.78 10.1£0.78 1.21 P<0.001
Nucleus major axis 5.94+0.44 4.7+0.39 1.26 P<0.001
RBCYX10* /mm?® 331.0+21.82 453.3+25.01 0.73 P<0.001
Hb*”g,/100m! 10.7+£1.08 10.6+£0.87 1.01 P>0.50
Ht¥% 47.3+£5.41 47.1+4.64 1.00 P>0.50
MCHC" 22.6 22.5 1.00
MCV®#u? 142.9 103.9 1.38
MCH®10 °mg 32.3 23.4 1.38

1) Number of erythrocytes

2) Hemoglobin concentration

3) Hematocrit

4) Mean corpuscular hemoglobin concentration : MCHC=x Hb X 100/% Ht

5) Mean corpuscular volume : MCV =% HtX10" /% RBC
6) Mean corpuscular hemoglobin : MCH=xHBX 10"/ RBC

Ao, MEERIIMER—E 2727, £2T,
MeRER F & o7 =R L RO MR % Table 19
VR L7z, RMEROMIL EBORETIE, =HEIMHE
XY, BEICHLUEUL EREVWERE R L, EF
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Fig.20. Equipment used for measuring oxygen consumption.

Table.20. Oxygen consumption experiment in
triploid and diploid fish.

Shut stream method

Condition of fish 5~11 hrs after feeding
Range of WT(TC) 20.3~20.9

Limit of oxygen consumption within 20% of pouring
Gill pulse rate(time, sec) 2.3~2.5

Light degree below 20 lux
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Fig.21. Equipment used to measure mortality
(due to lack of oxygen).
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Table 21. Mean size of triploid and diploid fish in each experiment to measure mortarity due to lack of oxygen.

Exp-1%

Triploid Diploid Triploid

No of fish 5 5 5
BL cm Mean 9.54 9.64 9.30
Range 9.2~9.8 9.4~9.9 9.1~9.6
Mean 11.42 11.36 11.16
TL cm

BW g

Range 11.0~11.6 11.0~11.7  10.9~11.4

Mean 11.86 12.42 10.68

Range  10.3~12.7 11.5~13.7  10.0~11.2

Exp-2 Exp-3 Exp4
Diploid Triploid Diploid Triploid Diploid
5 5 5 5 5

9.60 9.76 9.40 8.76 9.66

9.4~9.8 9.1~10.7 8.7~9.8 8.4~9.0 9.3~9.9
11.36 11.68 11.10 10.48 11.46

11.2~11.6  11.0~12.7 10.4~11.5 10.2~10.8 11.1~11.8
12.42 11.42 11.64 9.00 13.04

11.5~13.5 9.6~14.9 9.3~12.9 8.0~11.3 12.1~14.4

% Experiment number

Table 22. Size of fish and oxygen consumption in each sample of triploid and diploid.

Triploid Diploid
Sample No
BL(cm) BW(g) CF# OC(ml/h)** BL(cm) BW(g) CF*x OC(ml /h)**
1 10.3 18.3 16.8 5.4 10.5 16.0 13.8 3.9
2 11.6 22.5 14.4 3.1 10.6 18.8 15.8 3.2
3 11.5 22.9 15.1 4.8 11.3 194 13.5 4.2
4 1.1 23.4 17.1 3.5 11.8 22.6 13.8 5.3
5 11.2 23.5 16.7 4.6 12.7 26.5 12.9 4.8
6 11.8 28.1 17.1 7.2 12.2 28.6 15.8 8.1
7 124 28.2 14.5 3.8 12.2 29.6 16.3 9.1
8 12.6 29.4 14.7 5.4 124 30.5 16.0 6.0
9 13.0 31.0 14.1 5.0 12.5 31.3 16.0 8.5
10 12.6 32.9 16.5 5.6 12.6 32.1 16.1 6.0
11 13.3 33.0 14.0 9.7 13.0 36.0 16.4 9.8
12 14.0 38.6 14.1 6.1 13.9 36.7 13.7 124
13 13.6 39.9 15.9 10.6 14.3 41.6 14.2 6.7
14 13.9 43.6 16.2 12.5 13.7 43.7 17.0 12.1
15 14.7 48.5 15.3 14.0 144 48.1 16.1 10.1

% Condition factor (BWXx1,000/BL*)

%%k Oxygen consumption
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Fig.22. Relation between body weight and oxygen(DO)
consumption of triploid and diploid fish.
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RIS HE S ODOREEIZ, Ao ZETALNZ W
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Table 23. Initial and final oxygen concentrations and saturation degrees in each experiments (time of
first and fifth dead fish due to lack of oxygen were observed) in triploid and diploid groups.

Exp-1" Exp-2 Exp-3 Exp-4

Triploid Diploid Triploid Diploid Triploid Diploid Triploid Diploid

Con” mg/'l 6.59 6.92 6.93 6.93 7.03 6.87 7.05 6.67

Initial Sa.d®” % 73.9 77.6 77.7 1.7 78.8 77.0 79.0 74.8

Con mg./l 1.29 1.37 1.24 1.25 1.21 1.04 1.08 1.13

Final Sa.d % 14.5 15.4 13.9 14.0 134 11.7 12.1 12.7
Time First dead fish 1:15° 1:27° 1:36 7 1117 1:32° 1:25° 1:46 7 1:06 °
Fifth dead fish 1217 1:34° 1:497 1:41° 1:54° 1:35° 1:237

1:59 7

1) Experiment number  2) Oxygen concentration

3) Oxygen saturation degree

4) An hour and minutes since the experiments began

Table 24. Comparison of mean body weight and oxygen consumption between triploid and diploid

fish for each experiment.

Exp-1 Exp-2 Exp-3 Exp-4
Triploid Diploid Triploid Diploid Triploid Diploid Triploid Diploid
BW (g)" 11.9 < 124 107 < 124 114 < 11.6 9.0 < 13.0
OC (mg.fish)* 5.73 < 6.01 6.16 > 6.15 6.30 < 6.31 6.46 > 5.99
OC (mg./g)" 0.48 = 0.48 0.58 > 0.49 0.55 > 0.54 0.72 > 0.46

1) Mean body weight
3) Oxygen consumption per gram of body weight

2) Oxygen consumption per fish
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1. EJUARICHT 2R

ZREEOHRE R A B 72D, MEE A O Vibrio

anguillarum \2R T A2 EZEE, HIIEREOLY T +
AT 7T Y OHRIZOWT, R E HBRGE L7z,
1) #MatEFik
V. anguillarum \Z33 9 3 B4

BEAEITVEHI L, B86EFET AT TERL =M EL T
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7z,

EEITA4H~8 A4HOB 3 EIT- 72, TNEFN
DERIZBITSH, =k _FhoafoRz %
Table 25178 L727%, =ZRBHEOTHT VP ZEEL Y D THh
WZhED oz,

HAERICIE, BERRFEL Y DS 2RI TREEDOD
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Table 25. Number of fish (in a lot) and size of triploid and diploid fish in resistance to vibriosis experiment.

Exp-T" Exp-T Exp-M
Triploid Diploid Triploid Diploid Triploid Diploid
No of fish in a lot 10 10 20 20 20 20
Mean? body length (cm) 7.3 7.5 7.7 8.1 8.9 9.1
Mean body weigt (g) 5.6 6.2 7.5 8.7 10.3 12.0
Condition factor® 14.5 14.4 15.9 15.9 14.7 15.6

1) Experiment number 2) Dead fish not included

3) BWx1,000/BL?*
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MEOMHA L F o7z (F—FMHT, BRENTEVEE
121 B 3EHAEEL 225, 5t AKECHAET L7z,

JrFE%E, 1, 2, 3BLUSAEHIZ, 5HH
DEEBRGEIC L o THE L, XEEREIZ10'CFU
/mllh b E)RBE L (MHES, 1981),

WEREBIFER L= 2B E0T 7 F v MEX
LEMBEX ORI, 20BF2I13BRTHo7, 1,
2, 3BLUSHBOHERRIC AV HAADOKE S

%Table 2612 L O TR Lz, ZREL L, =Ko
FRZREEL Y b rITh S oz,

BERIE, ThThoRBXEIZ, BEL20BISH—
LT, 0IEDOKEICNE L7z, Bk, 2:BMIZh-
THAFABT LEADL, BHONATRIRILE ATzo ~NWFE
AoV TIE, BES»LMESEEZ T, HUMEIC X
BATA FBRERBIZE > T, HABICLENVETH
BT LEWR L,

2) R

V. anguillarum (2339 3 B34
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B Zapo7zhs, WwIhogad, 10°CFU/ ml B L UL
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Table 26. Size of triploid and diploid fish in each challenge experiment
(artificial infection with Viblio anguillarum ).

Weeks after Triploid Diploid
vacemation No of fish BL (ecm)" BW (g)? CFE?® No of fish BL(cm) BW (g) CF

1 25 8.1 8.1 15.0 25 8.7 9.9 15.2

2 20 8.5 9.0 14.9 20 8.8 10.9 16.0

3 20 8.8 114 16.5 20 8.9 12.4 17.3

8 25 10.2 15.1 14.2 25 10.6 16.7 13.8

1) Mean body length  2) Mean body weight  3) Condition factor (BWX1,000,/BL?)
Table 27. Comparison of mortality rate between triploid and diploid fish infected with
different concentrations of Vibrio anguillarum, and comparison of the limited
death 50 (LDs) between triploid and diploid fish.

Concent.ration of Exp-1 Exp-1I Exp-1I
V.anguillarum Triploid  Diploid Triploid  Diploid Triploid  Diploid
10° (CFU/m!) 100 100 - - 100 100
10* 100 100 100 100 100 100
10° 100 100 100 100 65 60
10° 80 40 45 40 10 10
10" 20 10 10 15 0 0
10° 0 0 - - - -
Control 0 0 0 0 0 0
LDy % 3x10" 3x10* 2X10%* 2X10% 3X10* 3x10%

#% Percent of dead fish %k Limited death 50
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Fig.23. Changes in survival rate (SR) of triploid
and diploid fish infected with different
concentrations of V. anguillarum.

(o) Triploid, (e) Diploid
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Table 29. Mortality rate of vaccinated and non-vacci-
nated triploid and diploid groups.

Weeks after Triploid Diploid

vaccination Vaccine Non Vaccine Non
1 30 100 10 90
2 10 100 0 100
3 25 100 20 95
8 20 100 15 100

* Mortality (%)

Table 30. Relative of Percentages Survival
(RPS) in triploid and diploid fish
vaccinated and challenged with
V.anguillarum at given intervals.

Weeks after

UsFVME%L, 2, 3BXUSEHOIERRIC Vaccination Triploid Diploid
BIFTA, HEE LB T OFABTKIEZ Table 281278 L 1 70 % 89
. 2 90 100
Table 28. Vibrio anguillarum concentration and water 3 75 79
temperature range in each challenge experiment. 8 30 85
Weeks after V. a concentration Temperature * _ ¢ _ | % vaccination mortality %1
vaccination Period (CFU/m!)  (rangeT) RPS: 1—1 % control mortality | X100
1 Jul8~Jul2l 3.3%10° 20.6~20.9
2 JullSNJu128 18)(104 206'\'208 B“Li%’fﬁﬂ#a@)) BL:/\VXR Lf:o ’\b\iﬁiﬂi(ﬂf‘ﬂi, _:‘1%
~ 1.1X10* 20.7~20.8 . .
3 Julz~Augls RO I AR5 NTEF B A S L,
8 Aug26~Sep8  0.9%10* 20.6~20.8
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Fig.24. Changes in survival rate (S.R) of triploid
and diploid fish vaccinated and challenged
with V. anguillarum at given intervals.
(O) Vaccinated triploid, (&) Non-vaccinated
triploid, (@) Vaccinated diploid, (2)Non-
vaccinated diploid

BREIZEAEERALN o7z, TOFEBR—TIIB
FAEOERIL, HEAOKREBICLI2bDLEEbNT,
bbb, EB—IO=fFAEE Z/EEE, B4 OKIED
LELNBDOT, EBE-TLNOMRMIT, WEZR
ELTHR, ZNEFNR2EBEL2THBICEONZDTH
bo TODLH 2, EERIMT 5 TOFABRIESD, EE
RRICHELZDDEEZ LN, LI 2T, EE—
DEMDHERDLHIZ, LD«fE, ThbH, V.anguilla-
rum SR B BEEEICB VT, SR SEEE 1T
ALEIZRVWEEZ LT,

F72, Fig.23lcAb N7z k)12, BREREICBIT S,
E%Wk:%%@ﬁaw&iﬁﬁmzwfi,%ﬁ—l
D10*CFU,/ ml TR S -G 2HWT, RE4ER
T, MEOBICEEZZIALDON o7, Lh
L, “NWIEEAKIE, ZREEOFPER L ) B WER DS
ATz, TOZ X, ZEEEOLR P, V.anguilla-
rumlZxt T A BREENBVWERLEEN TR LI L 2R
BLTWwaEEZ LN,

ETNVFRT 7 F Y ROERIIBNT, 77 F 0L
BO=fEES, ZHERRERLZZ DD, T F
VEHHRBAIZ8AMBETL L ) RAMFTELLEZ
bN7ze LAL, U7 FYOERERE, ZHBEL)RR
B oL H#EEINT,

F7z, 77 F VELBXONVIRRR T, EEED
EERFERR, ZEHEORP BRI RPRREIANNWET S
@ﬁﬁf&%ﬂf:o

UED XHiz, Z&@EiE, V. anguillarum \2XF$ 5

BEMICBNWT, ZREERLIZLALENRL, 72TV
HROPFTE D eb, ZFEOET) 49 (IFE
iA)Lﬂ?éhrﬁd,_%Wt IZR%ETH B L H#HE
FEEINTz, 7272, ANBREEIIBWT, BFBAMED A
LNBZ LMD, FUREDPTVREEDEENS LHES
nrze

2. ¥OFIFNRELSTICRRARICHT 2 HRE
ERERE ZBEICOVT, TIOFTF T FIVRIED
ERE SN Tw b Gyroductylus japonicus (Ogawa
and Egusa, 1978) &, EAHROERTH 541 HH
Metagonimus yokogawai \2%b$ 5 B t%, NBE K
Al Lo THEL, WERRBISTT 290RME L e L7z,

1) MEEFHiE

FOAIFNRINT 3RS

BOEIIEH L, BOTETAFITERL-=ZFFLZ
FERORBAEET AR L L7z, WHIZFES BHh 5 EER
2T 5 T TOM, A—KEATEREEL, ¥uys s
ADFEDN N ERZHERL TBW,

NAREGRE, =& /B E%250R 3 24000 FAKiE
WAL, ¥0F s FUVADPBRICFELTWAT L
BEHALT, EBIRTITL2ETRBEIETELH
FEIZL o7z,

A MEBIIAEREEBIZOVWTEE LA, F0HE
zFig. 251TR L7z, £, =&k E ZHEEEnEn20
B¥o%x, REMAKHE2BBL 6 BBICEYHITF, &
D& T FEAE 1 B3 OKRRE: L T, EARORER
CEE—BREAMAFTLATARNTITRIZED, X100

Surface of left side
Experimental Cover glass _—
triploid
and diploid
Rearing Slide glass
with carriers
Gills Pull out one Distilled water
- 1~2 drops

EP —~ B
~ _

Place sample

in ice-water @

!

Count No of
parasites

Fig.25. Parasites counting method in the body sur-
face and gill of triploid and diploid fish.
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Fig.26. Counting area of parasites (black points)
and indentifiable method of metacercaria.
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Table 31. Size (mean=®SD) of triploid and diploid fish after 2 or 6 weeks rearing with parasite carriers.

Rearing with

carriers Groups No of fish BL (cm) BW (g) CF#*
Triploid 2 8.6+0.45 9.7+1.83 15.4+1.24
2 weeks o
Diploid 20 9.0+0.44 11.7+1.97 16.14+1.20
N Triploid 20 10.0+0.77 14.0+2.76 13.9+1.79
ee
weeks Diploid 20 10.0+0.49 15.2+2.78 14.9+0.80

% Condition factor (BW Xx1,000BL*)

Table 32. Number of G.japonicus on the surface of triploid and diploid fish after
2 or 6 weeks rearing with parasite carriers.

Rearing with Examined Infected fish Mean No of parasite s

carrier Groups fish (rate %) (range) t
Triploid 20 16 (80) 1.7+1.63 (0~6)

2 weeks o P>0.20
Diploid 20 13 (65) 1.3+1.21 (0~4)
Triploid 20 15 (75) 1.3+1.16 (0~5)

6 weeks o P>0.20
Diploid 20 16 (80) 1.8+1.51 (0~5)

% Mean number of parasite per a examined fish+SD



NEZRAART 2O EYFREE S ERICE S 5B5E

NGB ICH T 2 B2
=B E RO, BRAOKREZEAYLELVAYT

EOKE ST, ZHBELY ZEEORED, BHESR
REL, AEEEDLDTPIEDo 205, FEREED
BAEIZIEEBIIRWERETH o 72, BIA (B HER
ENZDD) HTIEIROENH 72708, HEA1REY
2D DORX YN TEARERIZ, =Z6EF, ke
bIAVEET, MBEOMICEELZERALNED T,

3) W

Fu 5y FIVAIIKT HREMERTIE, FERER
BEIID e orzn, ZEEL ZEEOMIC, TORE
EEHSNEDol, LD >T, ZfEfkoXusy s F
VAR BRI R EZT 2 VwbDEEZ LN
Too 7272, NBRREHMIRIL L7000, FEREELD
WEEREZo7-DE, FRADKRET, CHRITAGETEE
Ni-HEPOEFEICEBT S LI2L S (LE, 1978)
EENTWEZENS, BRERT ZOBRHATRELY
BLboL#EEIN,

BT EE, 5 ~1080@EKEIC, 77=F2b6t
WA THEEHRL, TZIBALTAY VA Tk
5 (B, 1957), 2L T, BABRBARA Y VA YT
1272502, EFDKIE0~2TCT, 18~20H2ET 5
LEhtTws (B, 1929), RERIX, hboff
WAL TEY, ANBREIEILS ) RABIMLLZbDL
Exbhl, ZLT, EBROFER, XLV H) TOHF
AR, E/FEEEROBICEEEIIA O 2o
72o L72H o T, =ZBEOBINREITT 5EZED,
TEREETIZV D EEZ BN,

DEDXHIz, FusysFuR eIk sins 5k
THICBWT, ZEERIESHEEEENTVEALNZ

R, ZEERERSETHLLEERZ LN,
FOE AR
=EEBOKIREICE ST & IIAONEV, T2

IEAERETH 5, 10CLITFR28CLLETIE, %
AN (RH, 1987) R EOEBMEEY &/27, %
LT, KBFEHICETHLVIZERAT S LBTET 5,
ZIT, BAERPSEKE (5C) ~, T, EAKED
LRk (30T) ~&v), KIREIZ & B NWIERGE
2, TR T ZOBKE L BRI KRR %
HBIODEREZTo 72,

1) M FHE

BRI

BTEI/EH L, BBFETATTERL-=MEELZ
BB T oA L Lz, WEIX, FRES ALLE
ERICBt 2 £ TS HM, F—AKEATREL TV,
FEERIZIZ, 200044 (LXBXD=130X50X50cm) %
v, 7—=5—=12&oT, KiEERAIZEKED21.3C
o5 TR BEICHET &7, 72, BRIZLBZ~NN3E
PREZVWEIIZ, DOXA—F — CTHEEEZFRF v
7 LTz, EEBREBOKNEFig. 2TIIR L7z,

Cooler

WT 4 DO meter ,,
recor er,l——»] '
3 1

ﬂ@u - ﬁ@m

Fig.27. Equipment used for low water temperature
endurance experiment.
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Table 33. Size of triploid and diploid fish and number of M.yokogawai metacercaria in triploid
and diploid fish after 25 days rearing with S.libertina.

Groups Examined BL (cm) BW (g) CF % Infected fish Mean No of parasite*#

P fish mean®+SD  mean®SD  mean+SD (rate %) (range) t
Triploid 20 10.0+0.77 14.0+2.76 13.9£1.79 20 (100) 41+1.80 (1~8) P>020
Diploid 20 10.0£0.49 15.2+2.78 14.9+0.80 19 ( 95) 41+2.51 (0~9) ’

% Condition factor (BW 1,000 BL*?)

%% Mean number of parasite per examined fish=SD
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Fig.28. Equipment used for low water temperature
endurance experiment.
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Fig.29. Changes of water temperature and
survival rate of triploid and diploid
fish in low water temperature.
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Table 34. Size and survival rate of triploid and diploid fish at low water temperature (5 C).

: BL (cm) BW (g) CF % Survival
f fish
Groups No of fis mean®SD mean=£S8D mean=*=SD No of fish Rate (%)
Triploid 30 11.6+0.60 24.6+3.55 15.7x=1.17 1 3.3
Diploid 30 11.1£0.54 20.6+3.38 15.1+0.83 4 13.3

% Condition factor (BW Xx1,000”BL*)

Table 35. Size and survival rate of triploid and diploid fish at high water temperature (30C).

. BL (cm) BW (g) CF % Survival sk
f fish
Groups No of fis mean+SD mean®SD mean=*+SD No of fish Rate (%)
Triploid 30 11.540.60 22.5+3.40 14.7£1.03 0 0
Diploid 30 11.440.70 21.0+4.06 13.9£0.97 0 0

% Condition factor (BWX1,000,”BL*)
#%k All fish were dead due to too high temperature
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Fig.30. Changes of water temperature and
survival rate of triploid and diploid
fish in high water temperature.
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7ol v, Tz, TREAIMEZHSETH, BRI
% THo7- (HM, 1989) L&, w54 T, HBEM
fa, MRS X ORI b DR LN, BFHIE
FELZVD, BIEPICHALNTS, KEICRHEA (25,
ZWE) Tholz (A6, 1991) LFHESIN T2,

EREOZREBICOWTIE, ArET I TIRMEE
bIZFEB L (EE, 1985) LanTwa7s, fhoffE
TiE, WTREALZZET2HET RV,

VR ADOZERETIE, TREEEL DS 2 KW
ARNVT b7 )y b bh, NSWIEREE SO, IEF
TIREBERL, ERHHENVIET S (Benfey and
Solar, 1986) L &h, VXA L AT T I ADERE
FHETIE, WG e HEAEL DR 1 7 AEBNZH,
RUEBHPFEBRL, MFRA70A FRAVEY (11-7 b7
AMATOY, TAMATORY, 1TB—ZRAXANTFTTVF—
W, 1Ta=—"A FaFL =208 T4 Fa7arxs
Oy) LTS NI VIZIEEBEEZRLL, h, =fF
RHETIE, SEABREERL, AT0A FRVEYRIFF
Mo E Y oEMEA LT, BTEREDL NV TH o
(Benfey et al., 1989) LHEIN TV S, MOEHET
b, ZVRAOEEGMEOT A PATO Y EITR -2 A
FSIF—NDLNIE, ZERIEX D &2 572 (Lincoln
and Scott, 1984) X &N Tw3,

=REEOEEIZOWTIE, TAY I F <X (Wolters
et al., 1982), =Y <A (Solar el al., 1984 ; [EH,
1985) TiZx1:1 T, K &0 T RAERBEHEIR-
THY (¥, 1985), w54 Tix, b¥riamiEr Kk
&, IRTHETH o7z (LS5, 1991) LHmESI TV B,

EREEROTEEIIONVT, TAIIBNT, EJEROK
ESERBINDS, TNEEIIREEN (Gerval et al.,
1980), TEDFEFEIZ, EHEMED 5 VIZIREY 3 v 712
LAREEDEETHA D (Wu et al, 1986) & Ei
7oo XHA T, HMREN»S, NEMETH S (Sugama
et al., 1992) LHEIN T A,

T, SURAOZREERORET X, DNASH BN

FHEE ZREEROFET, BEBEATHY, ZoBTEH
WTh, FTOEFENTE %2\ (Benfey and Solar, 1986)
LN, BEROZMEEETIE, ERRELOD HEFH
2L b, DNA ERELHBE, S, BMiidls (54
%), 3 (24%), 6 (22%) BEHETHY, ZhbDOEHIEK
ML — BB ROBIT, FRZBEFIEESNS
REME (6 BRSNS ZICE 5 T) #%5 (Allen

et al., 1986) L3 AHHMENDH 5,

ZVRAOZMEFEMETIE, B ATFOEA FRLVEY
(ZAMFTF—=N=118, FAPATFOY, 1Ta, 20
B —di0Hprog) NEME I DFEL L&KL, 2D I LT,
BB REOREEDOTSE L ¢ T, TEEOR
HTH»9 (PG, 1987) &8N TWwWa,

DEDOIHEIZALGNS L H 1T, ZREEOMERED R,
TRMER, HH, NEEE, BEICL->THRATH S,

L2rL, ZIZRBLTALONEDIL, ZEEOMIZE
WU, AFERRE, IR, SIEMIRE E TEET A Y
GSLIZ ML D EL{BWAENIZLALTH D, %
MCIE, ArEwaReF 4 5¥7T (O. niloticus, O. au-
reus) DX H1Z, JIEIKMARLEREIICE TET S
bDbLHBDS, BHNCETESL LDRBETHL, T/,
“REEIER RO IRRE, BHLZLVOEwEER
{, BBRIORENRI-NTVWDE L) TH5B,

—7, ZEEOHEICB T, AFERRAYE R K B
RETHEETLHILTHD, £LT, ML, 11,
V<A, AvEOI, 7457 (O. aureus), t
FRA, ITADEHIZ, BHBLEFERICETESD
DbHb, LrL, TNLOBTIIEHET, BB
HH%2LIhrboT, 2 TRETH), BFEINLZHE
SETHEFEEFALN TRV, T2, ZTRE#HL
BHEERRICALNEHENS VY, TN, =IVTAeH
5T MNIRADATOAL NRNVEYOREHEE,LS L) 2
FTIHHRTH 5,

ZRERoOMRE, TAUAF<X, =VYR, AVE
03, ¥4 TENLNTWAY, ¥4 %kE, o
BRI HEEOER ERBFETH D, ZEEITNTHI
HDE, = F5ADMIZ, ¥41) 785 % F T (Ueno
et al., 1982) 2SN TW5EYS, ZORKIZ T ZHL
MIZEN TR,

=REEIE, RUTHEEE DAEMTHY, FHREZRT
ZLETERWEEZOLND, 72, ThET, XX%E
R L7z VI HED RH-5 2, REEROBERIE,
MEHEWTIOBEDL, B—RASRONEHIIBNT,
3ty POYEEEDSBENRET H72DTHA) LEZ
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ENTW5, ZORKR, MTIIkL 2ERE O
Ao, WTHRBET, BTERIALNZo72D,
¥z, AbNELTY, IRTEBGET, BEKTFL
TolzbDEEZLND,

CONEER ED T, BBADLF R ZREBDOFER,
B;Wﬁkr%?%*hiﬁmﬁii FIFFED T LT

DNTRHERESCORTHELTWS

Wubtl? . ZIERT T, &h%@%$°
&, DI ié:/ué: FERT, 1@@%<@€ﬁ§tﬂ
BTholz, 7272, HIZiE, GSIVN0%ZEZ AL Db
DI PRBOHLNTz, PEIHHEEFET LI LT,
RxrEQa, Fr¥sy, a4, 7457 (O. aureus)
ThALNTWVE, ZOERIE, ZFHEOINRIIHRA 2
BMEOMBEIFET A0 EELONDL, —F, =k
TIOMEIZBWTIE, BEIZEERD L/ 2BEETE
EL, REREOZTIHLLOND, INbE{DREGE
LR TH o7z, Tz, BRNIZIE, BIBFHROER
HARLDSH B NTz s AR TIRFRET TH - 7275, TlD
wge (=S, 1992) TiE, 7IZBWTL, BEEHR
DEMEEBOREERNIC, =V~ AFABOEEETFHFER
ENTVD, ZORTILEREL 2, BENEZHES
FTh, FEET, BILETICELLONILALRL,
JALLTHIEL 72 ENTWV D, FBFEREVI) BT
X, A4, =V, kvEna, 7457 (0.
aureus), £ A, AR LLELBEBLTBY, EHKE
AVEVIHTIE, EIA, TFMEEBLTVS,

TRUEBICOWT D, METIIERET, BTEHELL
ZVURR, ATTITAREELBBLTNSE, LL,
MHEE IREB L TARVyEOILZER > TN A,
B, TAYHFTX, =IU<A, A ETITOH
EHLREB, ZEEOBRLFELTHo7, Tz, THME
IZoWThH, I, BREOBERLHETFORKRLS, 3L
AEDEELRITRE A LN,

LY, ZHET OB, ZREE, M, &
Eﬁu,y<®ﬁﬁt IZEETH Y, TZHRERNE:
BRETIIZVLDEEZ OGNS,

4) MR, BEHEES L OREBEZRHEICONT

ZREET7 omBtERIE, RMERE (Ht) ANES
OVUVEIRTEERLERETH 225, FRmEMEAKE
K, RMEROED D) FEEE S o Tz, &
OFRMEMILIRE VLV G b, BREHEECER
FMHICERDHLOTIE VA LBELT, MEIZOW
THRE L72e ZO/RKE, BEHEEICHALPZEITAD
NholzbDn, =HEEEEL ) RPRLE VTN

BhorLEz bz, 72, RAAFTRABRICIBITHEK
BOBIETH, ZHBERIITHEERLDEIPDE AN
L, EBIZMELIGEDLEZ LN,
MEEIRIZOWT, ZFEORMFMEIRKE N &
X, BA»6m %ﬂ“(a‘o N, ZHEEOHERIZHLNT
w3 (Swarup, 1959), Wolters & (1982) 1%, =f&fk
T AV FTRAOFRMBBEOEE, EEBLUEFER
ZERLDVABRICKREVERZRLIY, =B K RO
5I2iE, BEOBRDVIEMREEYNH S LHE L TV 5, Sezaki
5 (1983) 13, RERF V7T O=FhEo. =MEER
EMEE, RIMER LML) TiE, ZFEELVAL2ILE
WS, HATMEE L) T, 1ZEALEI W ERE
LTw5, Benfey and Sutterlin (1984) 1%, BeH KM
ETFTIIBVT, ZEFEOTFHFRLEKAEE (MCV)
TREAEXDREVA, RmMEREIIDRL, AT bIU Y
MEIZRIL/ZE LTwA, $7z, MEEEONET DY
VEREEFHMmMEAT I OE ViEE (MCHC) 13K
WS, EBEOFERHMERANE/ O v EEE (MCH) 1F
ZEEREIDEVE LTS, £LT, ZHEERORMERE
B0, T LTHRROESIZEEDT, Mign
BIXEETIE 2, MROESICLIZ2IDTLRVEL

TWb, 512, ZFEORMEEIFIEATED 55—
rTAVE, TREEIDREVEL, FHMRENT

FuvyigEl, SHELTEELRCZLHEL TS,
F 72, Benfey 5 (1984) &, R UAEICBWT, T—
Ny =Ny v = R AREkY A X1 X 5= E0
BRI RIIE L, A= FEEREEICBWT, 7a—%
AMARY=IZRDDHIBLELTWE, £L T, ZDK
&m,a—7%v7ﬁﬁ#%&ﬁifﬁiétﬁ%Lf
W5, Ueno (1984) 1¥, =R A OFRMIEROZIZ
“fEfkE Y, BETL 4411‘2 KEETLAERE o 7’_
A5, ARIMERIZ0.60% & Dledro7-& L, Suzuki & (1985)
X, ZBEERFY avoRMEKOERIE, ZHENL.2~
1.3 TH o7z HE L T\ 5, Johnstone and Lincoln
(1986) 1, A< YEEIN/= Y AMA DRI
HERIIBWT, ZHEERORMHEOES L fERED
EILEoT, ZHEARLEXRTEL EHEL T 5,
T/, AWEOLFFIZEE TH A Aliah (1991) b,
IZBWT, =Rk e ZREROMERERMICH 1T 5 Mgt
WICEZ o7z L, ZFHEOAT 7)) v MEE
ErubryeE, BLXUMCHCIZI kL IZE A LTHE
Tdho72012, MCV & MCH 1 " F5K762.25% & 76.08
%THY, RMERETIF41.82% THo72& L TW5b,
ZLTC, ZBEOoMCV oML, RMOKOEELY B



FLLTEEDE (THEEDLI2ME) Ik bnE LT
W5, 7o, ROFEORE, FEIBITHED, Hl
DENEFRMER TH o7z VI FEREET VL,

INLOMEITALNS LI, =ZFMFIE, ZFEEE
DUBEEIIBNT, ARICL->TELOERIHLLD
O, MEHERTIE, ZEALRCERZAELTBY, 7
L FFETIE R,

ERHEEE L OMRT, EEHINDIE, KREKOK
XX (REE) LMFOANESTOY Y ETHS, BIAL
72X 91T, =TI, ROEKAOANET O VRE
R LRILTHH A, MlRKREEIKE:, ZLT,
MAORMEREFHERLANES O VEIZIZIZFE L TH A
A, RMOEFREDS DR VeI FEEE Do TE, IhhH
DFEIE, ROIROFBEEZEREICBNT, =BEI R
EENEEZLRTFEL, BEHBEEIIEYHLI L%
HEESE D,

Benfey and Sutterlin (1984) (&, Rk Mk
BRIZbET VT, BEHREET 7O, EMESE
(PO.) TIZBIT A, BREHEERZ kOIZLIA, K
PO R EE POLICBWVTH, ZHEEOBREESRILIZ
EREENZ L, P74 (Swarup, 1959) DFFRE
MLTho/zbLTwb, L2L, EPO, TTRVE
Bz 2T, ZFEe ZBEOESTL 2 b Mz
EEE L TWwWh, Graham 5 (1985) &, =fEHE0KAE
ET BT, MEMIRIE Benfey and Sutterlin
(1984) OHFEHELFE L THo7zb L, BEESE 50mmHg
IZBWT, ZFEo~nersral v EREME (Loading
Ratio) 1&, ZREEDTT% TH o7z LTWnE, 2D
WAL -BEENLIE, BolhAT s oy VgL E
BLT, =0 BREEFEL, & T HEED
68BIZTHEVHIHKREBETVE, £LT, ZOMHKEE
WEEH DWAIE, BWELTVAAIIZAETIEZVAD
HNZWD, HEENEETHEMET T, =EHEOR
FEBBIEZHTEPb N2V EREL TS, T2,
Aliah & (1991) ¥, =Z=FEAET7T1LOBRRHEEEIX, =
BERLDSWEMERLZD, BEEZALONZ»o7
L, AR LEROEREB/TV S,

INLOHEE, Lw) SALRKFEREDT T
EREEOMBEHEEEIH/ELAL P REI VI L
RLTHEY, BEBEFRETIE, EXTHIEERBLT
Wb,

=BT ICBNTE, BEHEEIZENZVWODIZ,
RIMIKDOEFFE (MCV) 28, filanms (EL) I2&5
LOTIERL, MBOEXIZLE53DTH S (Benfey

it

and Sutterlin,1984 ; Aliah et al.,1991), T b b,
=T 2 ORE RIS RTF CHEDEVET T,
RIMMEFREFEOEREEIL, ZHERERELREIFLZVI2OT
W hLiEEINS, T/, MEOEERIRET T,
ASRAIZHIVEE) (Aliah et al., 1990) X 1 $fi{b
B LIS T, ZHEOBEERENFETL, IR
CRIZELOTIRZWREHEESIND,

5) FUREB X OJKIERMEIZOWT

ZREERT ZOPREICE LT, Vibrio anguillarum
ST ARENE, ETVART ST OMER, BLUF
057 F VA EENRHRISRT 5B EERE L7,

FOFER, V. anguillarum O =fE4EIZR 4 5 LDo B
&, ZEFEOTRL) LRRENLDOD, EidHLNE
Mol Tz, ZEEOECT ) FHT 7 F v OFEFHERIE
TREELDRPENSDTH o/, 2B, WMEBICBIT
B, NBREREBRDONNIBIRILTIE, ZBEOFTHVE A
WIET AEMMBA S NIz, BT ) AR T 2ORERZ
MEERRTH H205, ZOERRKIIHT 5 =FEOTRE
i, ZREEL)RRHTFVL 0D, BHLPRETII 2P,
7oo F7z, ¥UF s FIVAB L UM ROFE B
T, ZEFE EBEREOBICEERETA DN Do
7o LIzt oT, THHDFERIEICHT 5 =FEDH
RHEII R L ME L AR 3N,

ZREEEOTREICE T 2SI 2, THN IZH
T AHHE (Parsons et al., 1986) %, ABFENOEE S
oL (FRHES, 1990) DfIcs) RéH7z6 2w, Par-
sons Hlf, =V AXF U OBRBE=HEEHAO HN
T A VARG L BEREIE, SV RO EHL DA
&L, FUTFTOT/ELN RREND, FEED
ozl L, ANBBREEBRUBEONNWIEERD Kro 7
EHELTYS, LAL, ZoHEE, EE= kot
T (Chevassus et al.,1983;Scheerer and Thorgaard,
1983) LEAELTHY, TONA T v FEHEOIHN
TRED, VU A LB S OBOEE T
Hbo L7zhoT, RE=FEOTHRIEEL LT, FHES
5 EITEE TR, HF, =V ALMOY 7 tA
O =FEEO THN FUREPFRE S Tw 2 9%, €O
fiEE7Z—E L T\,

KFED=ZRART LIZONTHRLENEY, =B EDH
IR AL ) 2R h, AFETHL IO LHEES
nas,

ZREART ZOEKES L UEKEREOEERTIE, »
TNOHEDL, ZHEOFPMEEL YR FIZED,
AEFRE D RV (FARRE) bDTho7z, =FEAAD
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HEMEICET2HmED RH52nDT, FEEDIZ
LEFEDH, ZEAOKEREEZ/EBEIDD BFFNL O
LEzZbND,

6) ZOMOKENE (HEE, EBE, HkLEFmT

) 122oWnT

HEBZEE D Aliah 5 (1990) 1%, =REET7 OB,
FRRE, BEOSMEEEY —HERLEBL A, TO
R, ZHEROEREORE SIITHRLEZTZ VDS,
BEMEORE X, ZHEKLYREC, Misguidz
PolebLTwb, £, BELREIIOVWTER, =F
I TEEI VMR THo7mE LTS, #LT, 2O
BEEOR BB ICHERIH Y, oSz
FTE, BELZEDEWATERET COEBAL LT,
SREEEELTVWEOTRZVHAEHREL TW5,
KIFFED 6 £ I/ A EAFTEB TS, =BARDEK
BEENI AL D #id, BENEE) b “HEERIZERETIE
hrolz, T2, BT AERNEHETLINDY, =
BEDL L DITBNE AR L D SEERDS RSN TV 5,
Wiley and Wike (1986) 1%, =f&EFAEAD TRV F—
NS VAL, BEENIZ TRV F—D12~13% H3HBEA
b, TA%IIHEE SN, 13~14%HREICHIT 5
NBELTWE, IhiE, ZHEERBOZENLZNT
ATHBEHREL TS, Small and Benfey (1987)
&, FUVr ERAEY S O=EEICOWT, ARIER,
HImER, AR, MEEMROEMBORE SEATY
b TORER, ZEETIE, ZTNOOBPHIBOKE S
PRRICHML WAL L, HEAOKESRHEOK
XEDPTBEERLTHL I LD, FHBROKORL
PHRTEZELTWD, LT, MESRBMEIHORM
Pk, MEOHSCEFRENICHET 20 bMhznt
L, BEICBIZ2=ZHEOEEARR L EICHEENH Y £
L LTWA, T/, KRMEFKLPLHMEREOBA L, ~
SOV OERRPRIEY AT LAERTAEA 9 LIk
#HLTWw5, Konishi 5 (1991) &, =fEk9 27 5 <A
OFHRICBITZY VYV —uFRT) a—7 U REHIOWT,
BB O AT 2 LRI BE % 1T 5 7205, 2R
DI TREFREHEL P ZET 2ol HEL TS,

INLOHEITHALND L) IZ, ZHEERIITHELD,
BB T AMIIERE (, MBI DRV EV)
HELoTwE, LL, BEOREEBELEHT T, ZfF
BERBOEZ D > TWVDL L HIZA XS (Small and
Benfey, 1987) L, %, RO L HICZ RV F—N
FUART) A= REOEDLL v, 7272, T
DNTHLND LI IZ, ZHEEOFEENI AL D,

BB EOEENH LI LI THLEEZOND,
ZREETIOFATFICBNT, AFETIE, MEEE
RRFAREOME L LT, 1~ 3%DEABPHEH
BILUBRRAOERZERL TE7z, INHDOMEIZH
W, ZEFROMANTTEEE EIEDLEEIAIE
72707z, Johnson & (1986) X, Fr¥7r=fFik%,
YK LMK TEHE L7225, WRk~OBIGIE ZHE L ZEH
ol BE LTS, Quillet 5 (1987) b, =2
TAD=REAHEA T K ETETHAETT 57012, K
AN LD, TR OER o EBEL TV A,
BIE (1991) 1%, =AY 2 ST ARERNEL, AT
VMEREMEFONaA & ViEEEZAZEZ A, =fE
RO ZE N MEEIF100% (ZfE5E : 53.8%) TH o7
ELTW5, NaAd & VigfEix, —fEfk $—135,000ppm
THol=ns, =L ZHEEAEN MIE4,000ppm T,
FffECThHo7-LHEL TS,

IS DWmEOT rRHARINERAETHY, T
LELRBETH S, TLITHKICEL T, LIFLIZHER
ICETHEN, BPHLELTLA2Z P —KRICECHMbRN
TWa, Lo T, =ZFE72d, FrRaER,
BRI T ATREIE R ZN Wb D LHEEINS,
T 7o, BRI 5 ZFEOMHEICOWTIE, ZhET
BEVRHO BV, MEZREERTITZE, ZHMHF
LDOENRTHPOHNZ WD, BEOLF TIEEI W
bOLEEZBND,

FEA4E Z=EH7IOWENFE
T FET L b d X )12, ABREICSASD
LWEEAZF LTS, 2L T, ZORREITT TOEH,
EREEEICHESN TS, 3ty bOF /6% bD
SEETa, BHEEELT, Y0X) aRERXET
LriE, R, ABEELOEEIIBNTH, F-,
SHOMAREL ) 20 bEERMETH D, LaL,
=R EAOTEREBIFERICET &R, M Ty
FEHH (Cassani et al., 1984) R AKPEEY S (Sutterlin
et al., 1987) IZDOWTREHEINTWAIZT TRV, £
T, ZEET 2OME L BRADIETEEL, RADE
BRI DWW TR,

BEIH HAansiERE

T IOMEAIIE, ATIXEAICH BT AR Y
D, ERTIIEHHICHELT S, LT, ZORH
ONEFEENEFRLERIUE, ZOBROTEIRPREL



CEIZHBT b, IR AEMAOHNES _Fhe £
A L) THME, B, ARNEESRICES L TL
BLEZONHDT, ZHEKLDOBEBEEEZITo 72,

1) Mkt i

'BTAEIC/EHI L, 38845 A11H ¥ THEL L 72 =518
(fA&T7.7£0.85cm) & “f5F (FRKT7.8+0.58cm) OFE
MBRETORMAAL Lz, WHITHZEICHT ST,
S5tARIECHAICHBLIZODTH D, BIBIZH25T
&, —B10% DA< YEEERITo 72, FEMLOBEIE
5% Fig. 3LIR L 72,

Trunk length

Dorsal fin height

Head length |_— No of dorsal fin ray

Eye axis Body height

Snout length \4—.,
7/ )) R IO - é “Tail height

A
Upper jaw 1engthW [}
Head-Trunk length le
Tail length
Body length
Fork length
Total length

Fig.3l. Morphometrical measurements.

2) % R

BEIISHEBIZDWTITo 7248, =5h L 5 EmE
TS 5720, EUEOTHERYKRE, SHMLOR
SEGRETHRLHE (KRL) ko, =FEke
BEOZMAICBIT 2 ERIOFHMEL, WED t HE
DFER % Table 36ICF LD TR L7z, ZEMKIE 8 FRAL
IZBWTIE, 2L OMICARREZALD N>
708, LHEE, RAER, &, BWS, T#E0 5 &5
THELRER R L, &8, TOLEIED, =BED
FBMEEL) BN EEL R L,

3) W &

R Y ZREEHAICOWVTO, BEIAFICL 526850
OPEMRERTIE, BEEBIBVWTORAEEENAL
N, TOMOEATIIEDS Lh o7z ENTWD, £L
T, BHREHOZEDS, BKRY 3 v 7 12X 2B OTHE
H2sHbE LTS (5, 1986), SRIOHEIZE THE
ENHALNIZbODH L, FHROEIZDVWTOMAE
WS, BiEE ECRIFTRLEEICBV T, FAFRE
DENCLE ST, EEOERELLZ LD, ABHET
L menTtnws, SEOEIETIE, BlIEICH]T S F
TOWMBDEERMIFIL, KEREVDTHo7, Thb

Table.36. Ratio(mean+SD) of the various lengths,
axis and heights per body length between
triploid and diploid juveniles.

Triploid Diploidt
No of fish 25 25
Upper jaw length 14.4+0.66 13.8£0.50 P<0.001
Snout length 8.91+0.35 8.9£0.55
Eye axis 5.6+0.31  5.5+£0.31

25.5+0.80 25.5%0.65
48.0£1.17 48.5%1.21
73.5£0.72 73.8%0.70
111.8£0.91 110.6£0.91 P<0.001
12.1+£0.65 12.1+0.98
119.3£1.15 118.0£1.22 P<0.001
19.9+£0.93 19.6%0.63
Tail height 8.4+0.28  8.2+0.28 P<0.05
Dorsal fin height 17.7£0.76  15.7£0.84 P<0.001
No of dorsal fin ray* 10.7+0.48 10.8%0.41

Head length
Trunk length
Head-trunk length
Fork length

Tail length

Total length
Body height

% Practical number

t, 3A3H~5A11HOMH, =REFZ 5t KIERN TS558
BHPFAEIN, ZHEEIIFAEOKETT,ITRIHE &
N7z, ZREROABTEREL, EIZTHEEOLHED T THo
720 TOL) REARTREOENHEE OFEICEEL,
&R, RAEK, BWS, BESECORFEEYE L -on
bz,

L7225 C, HROEMKFOMALEDEELD L,
ZREAROREBIC BT IR ERL, AR TR
LEEFZTVWLDEHEE I N,

E2H RANsEEE

TLIERAIC R AL, MEOHEENELS L)1k
bo B IEOWMM TR L )12, ZHEEOMBEIITS
HMET, SR ZAMBOREROETFRELZ TR E,
TS ZEEOMEITRIAL 2V DT, RAOTKEDE
A EDNTEEND, FIT, BADIHEEEEIZOW
T, ZEEE/BE, BLUZNENROMRE HERE
L7z

1) #MEtL ik

"BOFEITIEH L, FBTH I AL6H FCEM L 72 =54
ETfE R MR A L Lz, MEIX T A2TH A Sl I
THETORM, RO 5t KET, ZNENLT2E £504
B2 £ ICHBENZbDTH L, HIEHROTMEDY ~
TV L BRORE S, BXUAMEREH (GSI) %
Table 3TIZF L& TR L7, ZfEEDOFHFHERE L
DHOFPICKENo7z, 72, FEFLOBEEIT IV
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Table 37. Size (mean+SD) of triploid and diploid
adult fish used for morphometry.

Triploid Diploid

No of fish 26 30
Body length (cm) 13.9£0.89 13.1£0.93
Total length (cm) 16.3+1.00 15.3+1.03
Body weight (g) 37.6+6.53 34.5+6.18
Condition factor * 14.0+1.15 15.2+1.69
GSI##% female 0.18+0.09 11.39+2.72

male 6.07£0.51 8.86+1.17

% BWX1,000BL*®
st GW X100/ BW

YREEY Y TV OWTITW, BROHERDOEELRF L
HEIZL 272,

2) & R

=R L R0y Ve E, IS S
IZonwT, FWMUOERLLEE®EL (ZHE) %
Table 38I1Z/R L7z, /2, TNOHD tBREICLLEE
#=% Table 39127/R L7z, Table 38, 39IZ/R L7z & 912,
MEr GOy TVeke LTiE, =R Z/H%RE
NENOKRRELIIBWT, LFEE, WE, BEE, BERT
E, ZBRFEISHEEIDARICES, BRXER, BWE,
THEECTIIAEILE»o7, L2L, R, BERE, &
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Table 39. Statistical significance (t-distribution) of
the differences between the morphometrical
characters of the triploid and diploid adult

fish.
Total Female Male

Upper jaw length P<0.01  P<0.01
Snout length P<0.01  P<0.01
Eye axis P<0.05 P<0.05
Head length P<0.001 P<0.01
Trunk length
Head-trunk length P<0.05
Fork length P<0.01 P<0.06 P<0.01
Tail length P<0.01
Total length P<0.06  P<0.06
Body height P<0.001
Tail height
Dosal fin height P<0.05 P<0.001

No of dosal fin rays

% Practical number

Too =75, MEHERNICTE 2 LECS 5 &, METIIZ L OF
MTEEEVNALNT, HIZWZIE, BEEENALNLLE
hol-0iE, RE, BAE, BWE, BHEEHO 45
DHTHol, HDOFTIE, MEHLT, £ DT
BEEVPALNT, AEEFAbLN-0X, BIELE
EO2EMIZBNTORTH o7,
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Table 38. Ratio (mean®SD) of the various lengths, axis and heights per body length of triploid and

diploid adult fish.

Triploid Diploid
Total Female Male Total Female Male

No of fish 26 13 13 30 15 15

Upper jaw length 12.1+0.36 12.1£0.37 12.0+0.35 12.5+0.56 12.7+0.55 12.3+0.47
Snout length 8.14+0.32 8.0£0.30 7.9£0.34 8.3+0.48 8.51+0.42 8.0+0.43
Eye axis 4.4+0.32 4.3+0.21 4.5%+0.38 4.6+0.30 4.5+0.25 4.6+0.36
Head length 22.2+0.76 22.3+0.60 22.2%0.92 23.0+0.82 23.3£0.92 22.6£0.54
Trunk length 48.6+2.12 49.8+1.34 47.5+2.19 48.4+2.28 50.1£1.65 46.6+1.29
Head-trunk length 71.1£1.78 72.2+1.37 70.0£1.48 71.5+2.12 73.3£0.72 69.7+1.40
Fork length 110.6+0.69  110.4%0.61 110.9+0.71 110.0+0.66  109.9+0.58  110.1+0.75
Tail length 13.0+1.14 12.9£1.12 13.1£1.19 12.7£0.66 12.4+0.64 13.0+0.54
Total length 116.56+1.49  116.7+1.11 116.2£1.80 115.7£0.92  115.8+1.10  115.6%0.73
Body height 21.1£1.06 20.6+0.96 21.6%=0.93 21.6+0.95 22.2+0.91 21.0£0.55
Tail height 8.5+0.47 8.2+0.35 8.7£0.50 8.6+0.41 8.4+0.44 8.8+£0.32
Dosal fin height 17.3£0.60 16.91+0.42 17.61+0.54 16.8+1.06 16.0+0.81 17.5%+0.66
No of dosal fin ray* 11.1£0.33 11.2+0.38 11.1£0.28 11.1+0.37 11.0£0.38 11.1+0.35

s Practical number
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Fig.32. X-ray photograph of triploid and diploid
adult skeleton.
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Table 40. Number of total vertebra in triploid and
diploid adults by X ray photograph.

Sample No Triploid Diploid
1 60 60
2 59 60
3 59 59
4 60 59
5 60 59
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Fig.33. Experimental tank for jumping behavior
observation.



AN L7z, MEDOHRARDAKE & & Table 4112
RLIDS, ZRBEDOHBMEEL D DTN S o7,

AL, BEEYFH), LEhRPFvnEInTny
HIEREF (Uchida et al., 1990) % REtH o TEEZ
7w, b EERITRB X UUREHZRO L IZhAZEET 5
FiEL L7z, EBRFAERZNITRII0R & L7z, EBIIME
CHRABLZHAWT, BT TIMERL2A, EREER
DHF—HIZ00FOBEKEICNEFL T, HAATH
EIE7, EBRHIMIZ8 A10H~15H T, EBHOKIE
1320.6~21.0CTH o7z,

Table 41. Size (mean®SD) of triploid and diploid fish
used for the jumping behavior experiment.

Groups No of fish BL(ecm) BW(g) CF *
Triploid 50 10.3£0.49 13.3x£1.71 12.1£0.62
Diploid 50 10.7£0.67 15.8£2.93 12.9%+1.12

% Condition factor : BWx1,000,/BL*
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Fig.34. Experimental tank for ascending behavior
observation.
2) & R
E VL fTED

SMDEERRIZEBIT B, =fEfke ZEHEOERRLE 5

B XL U2UERFZO L idhZE % Table 421278 L 72,
WINOEE, WTFNORMIZBWTYH, =KoL »
FhR, ZEERLVENERZR L, 72, AEOE
B3 EOFYE Cidhg, SEEBICBLTE, =&
R1351.3% T, ZREEIZ82.7% TH Y, 24BEEIZHB W
Tid, ZHERIZT6.7% T, ZMEKIZ%.3% Lk o7z, T
DX, WTNOKBEERIZBWTYH, ZHEDFH
EEIREER, ZHERLD BHESPIEVER R L,

Table 42. Jumping rate of triploid and diploid
group at 5 and 24 hours after beginning
of experiment.

Jumping rate (%)

Experiment No Groups
5hrs 24hrs
_ Triploid 54 76
P Diploid 9% 98
_— Triploid 52 82
P Diploid 84 100
Triploid 48 72
Exp-3
P Diploid 68 88
Moan 45D Triploid 51.3+3.06  76.7+5.03
ean= Diploid  82.7+14.05 95.3+6.43
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EERLGERE, T CICHETAEENAL NBO 2,
—BICERLTHET2TENI AL N2 h o7z, 24k
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Tabled3. Ascending rate of the experimental
triploid and diploid fish.

Ascending
Groups No of fish
No of fish Rate (%)
Triploid 50 8 16
Diploid 50 27 54
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Fig.35. Experimental tank for observation of
oxygen consumption and swimming
behavior in triploid and diploid groups.

Table 44. Size (mean=®SD) of triploid and diploid
fish used for oxygen consumption and
swimming behavior experiments.

Groups No of fish BL(g) BW (g) CF#*

Triploid 10
Diploid 10

10.4+0.27 13.1%£0.77 11.740.44
10.4£0.38 13.0+1.09 11.5%0.87

% Condition factor : BWX1,000/BL?

T, HHAAICL o T, BEAROREILZVEETH -
7oo F72, EBRRGRLO0DROBEREDE, T42b
L, I0BOBNE LTOMBHEETIE, =f&4KT0.28
~0.62ppm, hour & NT YV FHBRALNI=H DD, 30
DY EIX0.45ppm, hour TH o720 —F, ZIEEDF
¥{E120.46ppm  hour T, MEDMICHEEZITALN L
Moz,

L2 L, EBRFOBEKRITENCIE, %) 0BNIBE
EN7z, SETONERIIEL TALNLDIE, =1F

Table 45. Oxygen concent ration before, at 30 minutes and at 60 minutes after beginning of
the experiment, and oxygen consumption of the triploid and diploid groups.

Oxygen concentration (ppm)

Groups Experiment — :
number Initial at 30 min at 60 min (Final) Initial-Final %
Exp-1 6.42 6.22 5.97 0.45
Triploid Exp-2 6.36 6.26 5.74 0.62
Exp-3 6.07 6.04 5.79 0.28
Mean +SD 6.28 6.17 5.83 0.45+0.17 4%
Exp-1 6.33 6.15 5.90 0.43
Diploid Exp-2 6.05 5.86 5.56 0.49
Exp-3 6.20 6.17 5.75 0.45
Mean=SD 6.19 6.06 5.74 0.460.03 sk

% Oxygen consumption in 10 fish
k% Not significant at P>0.50
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Fig.36. Experimental tank for observation on
territorial behavior.
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Table 46. Size of the experimental triploid and diploid fish used for territorial behavior experiments.

BL* (range) cm

BW * (range) g

E iment .
ﬁfﬁgﬁn Groups No of fish
Triploid 5
Exp-1
*P Diploid 5
Bxo I Triploid 5
xP Diploid 5
Exp-II Tr~iplo.id 5
Diploid 5
Triploid 5
Exp-IV
*P Diploid 5
Triploid 5
Exp-V
P Diploid 5

13.2 (12.2~14.0)
13.0 (12.1~14.1)
13.2 (12.2~13.7)
13.1 (12.5~13.6)
12.9 (12.3~13.3)
12.8 (12.1~13.5)
13.3 (12.4~14.7)
13.3 (12.5~14.8)
13.6 (12.9~14.4)
13.6 (12.7~14.3)

29.4 (23.3~35.3)
29.6 (24.3~35.9)
28.7 (23.4~32.2)
29.1 (25.6~33.3)
25.9 (21.8~29.0)
26.8 (23.8~32.4)
31.3 (26.2~41.4)
31.1 (26.8~39.2)
31.4 (26.3~39.3)
32.9 (24.1~40.1)

% Mean of 5 fish
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Table 47. Judgement of fight for territory between
triploid and diploid fish.

Judgement No of triploid No of diploid
Superior 6 5
Relative superior 2 9
Even 3 3
Inferior 14 8
Superior by sex Female T 5

Male 1 9

Larger 5 2
Superior by size Smaller 0 6

Same 3 6
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Fig.37. Experimental stream for observing
the feeding behavior of riverbed algae.
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Table 48. Pre and post-experimental size (mean+SD) of triploid and diploid fish used in Experiment-I (Augl6~ Sep27).

Post-experiment

Groups Pre-experiment
Total Female Male

No of fish 50 46 26 20
Body length (cm) 12.21+0.65 13.1£0.60 13.1+0.57 13.1+0.66

Triploid Body weight (g) 23.7+3.69 25.9+3.58 26.01+3.53 25.8+3.72
Condition factor 13.1£0.92 11.6+0.73 11.6£0.81 11.5+0.62
GSI* * 3.5+2.87 0.8£1.13 6.0£1.10
No of fish 50 46 31 15
Body length (cm) 12.2+0.56 13.0£0.72 12.9+0.68 13.3+0.76

Diploid  Body weight (g) 24.6+3.61 28.8+5.82 28.3+5.44 29.8+6.62
Condition factor 13.6£0.80 12.9£1.09 13.1£1.04 12.5+1.11
GSI 11.4+4.00 13.9£3.90 8.7+1.55

% BWX1,000BL* %% GWX100,BW
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Table 49. Pre and post-experimental size (mean+SD) of triploid and diploid fish used in Experiment-II,1I.

Experiment Pre- Post-
Number Groups experiment experiment
No of fish 25 25
Triploid Body length (cm) 12.0+1.01 12.940.90
. Body weight (g) 26.4+7.22 29.2+6.45
Exp-TI Condition factor 15.1£1.09 13.3+£0.94
(Jul 6~26) No of fish 25 25
Diploid Body length (cm) 11.3+0.73 12.6%0.79
Body weight (g) 23.2+£4.63 27.8+5.23
Condition factor 15.7+0.89 13.7£0.74
No of fish 25 25
Triploid Body length (cm) 10.7£0.37 11.6£0.36
Body weight (g) 16.7+1.89 19.8+£2.04
Exp-II Condition factor 13.6+0.83 12.6£0.73
(Aug 4~24) No of fish 25 25
Diploid Body length (cm) 11.3£0.57 12.8+2.23
Body weight (g) 20.6+3.38 25.6%+4.15
Condition factor 14.2£0.79 12.8+£2.47

* BWX1,000BL*

Table 50. Daily growth and growth rate of
triploid and diploid fish released in
the experimental stream in
Experiment-I (Augl6~Sep27).

Table 51. Daily growth and growth rate of
triploid and diploid fish released
in the experimental stream in
experiment-1I, M.

Daily growth*  Daily growth rates* Experiment Daily growth*  Daily growth rate*
Groups Sex Toups
BL(mm) BW(g) BL(®)  BW() No BL(mm) BW(g) BL(®) BW(
Triploid 0.21 0.05 0.17 0.21 Exp-I  Triploid 0.45 0.14 0.36 0.50
Diploid 0.20 0.10 0.16 0.38 (Jul6~26) Diploid 0.65 0.23 0.54 0.90
Triploid Female 0.21 0.05 0.17 0.22 Exp-M  Triploid 0.45 0.16 0.40 0.85
Male 0.21 0.05 0.17 0.20 (Augd~24) Diploid 0.55 0.25 0.46 1.08
Diploid Female 0.17 0.09 0.14 0.34 % See Table 50 so for calculations.
" Male 027 012 0.21 0.6
% Daily growth:(L:— L)/ D;(W.—W.)/D ERRELTom DIy ISE LT, 7Bl
) L. — L, W, — W, 71)§, %@%ﬁ‘jblﬁbf\ﬂ&#ott%bh, BH%%?‘L:T
%k Daily growth rate: L X100; W, X100 B ETE AT,
2 2

L., body length ; W., body weight pre-experiment.
L., body length; W., body weight post-experiment.
D, experimental days.
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Fig.38. Comparisons of body length, body weight
and condition factor (BW X1,000BL?)
between triploid and diploid fish.
Exp-1:0, triploid female ;
@, triploid male
A, diploid female ;
A diploid male
Exp-I~1I : O, triploid ; A, diploid.
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Table 52. Results of general components (%) in triploid and diploid fish fillet,
in case of feeding on riverbed algae.

Groups Sample No Moisture Protein Lipid Sugar Ash
1 73.6 19.4 5.2 0.03 1.8

2 73.2 19.5 5.6 0.03 1.8

o 3 73.3 19.5 48 0.05 1.7
Triploid 4 74.9 17.9 6.6 0.03 1.3
5 73.5 19.2 6.2 0.02 1.4

Mean.SD 73.7+0.69 19.140.68 5.740.73 0.03£0.011 1.60.23

1 76.0 18.1 3.9 0.05 1.3

2 76.6 18.0 41 0.03 1.2

o 3 75.8 185 49 0.04 1.4
Diploid 4 74.4 18.7 5.0 0.06 1.4
5 75.6 18.7 3.9 0.03 1.3

Mean.SD 75.7+0.81 18.4+0.33 4.440.55 0.04+0.013 1.3+0.08

Table 53. Statistical significance (t-distribution)
differences in general component between
triploid and diploid fish.

Comparison t
Moisture 3N % <2N k% P<0.001
Protein 3N>2N P<0.02
Lipid 3N>2N P<0.001
Sugar 3N<2N
Ash 3N>2N P<0.01

* Triploid, *% Diploid

Table 54. Comparison of general component(%) between
triploid, diploid, wild and cultured ayu.

Groups  Moisture Protein Lipid Sugar Ash
Triploid 73.7 19.1 5.7 0.03 1.6
Diploid 75.7 184 4.4 0.04 1.3
Wild * 74.6 18.3 5.5 0.1 1.5
Cultured * 69.5 17.8 10.4 0.6 1.7

% Food analysis (Matsumoto, 1984)
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Fig.39. Experimental stream for observing the spawning
behavior of triploid and diploid fish.
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Fig.40. Schooling behavior of triploid and
diploid males in spawning bed.
One half of triploid males were
marked with white ribbon at frontal
part of dorsal fin.



NB=ZRERT 2 OEY R L ORI 2%

Fig.41.1: Triploid and diploid males chasing a
diploid female (V). One half of triploid
males were marked with white ribbon
at frontal dorsal fin.

2 : Spawning action just after the chasing
activity (Both chaser and non-chaser
males gathered around the female
momentarily and splashed water
during spawning action).
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Fig.42. Changes in survival rate (SR) of triploid
and diploid females and males observed
after the spawning period and until next
Spring.
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Table 55. Gonado-somatic index of triploid and
diploid fish after experiment (Apr6 ).

Groups  Sex No of survivors GSI*(%)+SD (Range)

___ Female 24 0.240.23(0.04~1.10)
Triploid
Male 1 0.03
Diploid Female 3 11.0£0.68(10.5~11.8)

% Mean of GSI (GWX100/BW)

3) Wk

PESIRURERE L, BEDAA6HTTHEBLLLO
DT, ZFEROEIFRIIE o7, =/HE0
HEWZ 1 EPER LD, ZoMEMEE, ik LX),
GSIA%0.03% CHEBEIZEEZELTEHT, 200N AE
FHETH, MOXHITEERTE-bDLEEZLN, £
7z, TRERTIE, BEZAERTE 2o 72h%, MEIZ10%2°
R L7,



NB=IERT 2O A R L DR IZBE T 2 BF5E

BAAOWINIBWTH, EFOKIEANRPVAIITIL,
BETHMT I0FIET 5, SROERTIE, REKE
M6I9CTHo72T &EBAT, MEMIIOEREIILE
FNOBREEEIZ Ol L {13 <, :FW@MﬁE%T
ElolbEZ BN, T2, ERETROAREIC
K%wﬁ%%%gtfwéo%%ﬁﬁ#57ﬂﬁbh
Teofzizd, EhTL1~4B0OMIC, BEICLD LR
PNLBRORHBESASLNIZ, ZOLI) ERLERE
TEUEDND HY, ZBEOMHI SPERTES L
I NN BT, =HEEOE, HEmVERSE
T,@ﬁ?éytﬁféékﬁgéﬂto

EAR ERIEEOME

SRR T I OEREREEICE L TIE, TB (R
TEE W EITE), BENICBIT BEKITE, Zbidh ),
B (FEEEITEEEDHLRE, TEREZE
L7 a ORIK—ikas), £ (£MEATE), EINH
BOEZRME) OKHEBIZDOWTHE L7,

1) 178 (& O3 ITBI 1 RATE), BEhICBIT 5%

WATEY, b)) 129V T

EEKEIZBIT D, =B EOL TIIRFIETHEELD
HOPIED o7, £72, WEREZRELZEZS, *®
0 =ZRFEROW B TREARL D552 AR SN,
51T, W0ROBENCL 2BRHES LERITE & A7
t:é,M%ﬁ%ﬁ?d:ﬁ%&@ﬁ?ﬁ@&%h&#
oo LU, WEHATENCB VT, =M, K
LTEIEL Tk L, ‘T”’?ﬁfﬁi@@@ﬁ‘% D, KGRI
%oT%CZ%WQQ@ékuﬂ%%T%oto&b@

DHEIZOWTIE, =FFLZORELZHFELTWAZ LN
bholz, LL, KL —202bId) 2HENE

7 Ed, HAICADZ 2:75‘%71%9 7o
DX, ZEEOTENE AL D S5 A HH A

S, RICEREER2NAN ﬁﬁ((méﬁﬂtﬁm, b e
BEERICEY, ROV ICLZ2HHED BRI DEEE
EEIND, T/, BhE L TOBRHEERIIET 2V
DD, FOHEFATED N &2 0, ERIIZBIT R
RIEDFERMESR, BOWARIZH STk SO M
WhbEWHESND, 5T, 2bIXNELELI EH
5, ROV IZL2EHEISMBELIYDECEEES N,
EVRRITEIOERE R EFELTWD, 7272, 2bid
DHEEIZOWTIE, ETIEERLI YV REVEEIENTS
D, BIROHF LZWTIE, ZBEOHERLEL 25
REELH D 2 L9,

2) M (EFEEICHT2EMER LR, &S

HMEBE L 2B 6 ORE—ES) 1I22nT

BB 2 EBRTIE, =SB AL IEERY X<
ECTEBEREIN, T2, REH»SHARIZHT
TORRIZZEEICE Y, BB r22 L, 20kE
B HMERITIAEARE R A EEAHR SNz, 208
M7z o T FERE L EE L - =/, BRI
FIRT TIEWARERS L ko728, ZBEI Y, Ko
B2, RERCIKSIEEL L, BEHERPHEEIIRD ED
BWEWVIFERTH o7z,

T ZITANNIBNT, KFEDODDIZEHLIEN DY,
ZOMIIFNL 2 LT, MEEHELBHL TR T S
BETH S, =MEET AR I NG, 5
BEOEBHL V) TAERROFEIIA LTSS, Z0
BRELTOZBERORERIZ, REH (BF) T34
RIZZ Y, Bl (BE) 1805 L 5% LEb2
bOLHEEEIND, ZHEEROBE—BESIT L R
RELHEMER LD, TOERD, ZHBEORBHE
BICLBd0h, MEEECLZ200, Z0OMICLS
LD, RFFETIIHL NI TE R Do/, TNET
ZRERBOBEEESICET I REIRS -5 R0,
1272, ZURAIIBWC, AV XHNUFUESZ=
BEOTLY Yol T— 3K EN e holzb v
45 (Choubert and Blanc, 1985) "5 DA TH 5,
WIFNIZLTYH, WITHRE L=Z/BET 20fE—ik
s, Bamé LTOMEICKE BT LI Lidnwn
LHERIND,

3) G (AFEATE), EINHIBOARME) 1I2oWnT

BT TOEBRIZBWT, ZHBEOMILEINRE &
Vo ZEINEEICE o 72 (S L d o 72285, = EK0
M TR HERAREINERICSIN L 72, Lo L, =K
m%:%WW®AkﬁE¢éﬁai,%@@ﬁu_%w
ILggnb o L#EEEIN, T, ERBEMTE2ED
TENBRET COAERETIE, ZHBEOMEDADHF
LYo ﬁ#oto~ﬁ,:%¢®ﬁiﬁ%%ﬁih%$
EBATHRETT AN, TOERBRRIZEZ LD THEN
bDTH o7z, THUE, ZREEOHEI DT PITEFRKL,
—1ﬁf$@ﬁﬁ7b‘éliﬁib7§fﬁ‘oﬁﬁﬁ IBWTTHo7z,

L5 (1986) &, 74 57 (O. niloticus) D=4
FREEREE, 20X TEIO—E I AE725Y, WATENI R
ShaholzbEL TS, b5 (1991) 1%, 7<%
D=RERHED, ZREEOBRIIME I LT, IE® % KREAT
BeRlLict LTwhb, £LTC, ZOHEEIZHEEOH
IVAEBIIEP o EHRELTWE,

L), =R L S AEM T, BIAOREDS A
ENBLEZLNTWA, ZFEAEHEITZ D TldZzwnh



bEn v EREENS (Purdom, 1983), FE, #
DHEOWFT, =HEEEIEITEE (REEETFEbo 7
ELThH) Tharh, ZHEEOERRRHRT S L0
LI N7z,

Bk L7z & ) W=7 2oL, EE{TE%
RLID, REeholzb ¥+ 5745 ET (O.niloticus)
LIERZoTWA, F/, RLAELTYH, =ZHHEOH

BEE L ) RETHOBEN S oo T AT IL
b, RRRLoTWVE, INLOEFETEOFESLIEE
DEIE, BREIZLZENTIERVW» LEREENS,

=T ZHNINCHUR S vz s, HEIZEINCRE S
Y, L IAERBHNEREIZVWbOLBohs, LarL,

HEOFIIEINEBNCSINT 5 DT, EOREEITHAERE
ICHEBTAHLEVITREDBRETELZNTHA ),
FERERTR DAEFRIEIZ DWW T, @Jttﬁi%%b&%

Niv, Lirl, SEAE= U< X ORI S REBE

HL, Egﬂﬁﬂfﬁ@’\\/‘%ﬁ‘&%ﬂ% (Benfey and Solar,

1986) L\vioi-HEFidh ), =HEHEOELS ZRHEAEDHER

RERECTHDITLREEILNTNEL L) TH L,
AR U728 912, TZIZBWTIE, =HEEIIERT

&Y, ORI E wiﬁﬁ%TLto_ngw ik

WHAICBVWTOREEEEZEZ N, ZRHEEOMED 6

PEFETE S L9 2mINId o> Tix, =B EE, EN

HBRBEEEI TRVARETERFL) b LH#EINS,
4) Bz
DEo Xz, 41117-&71 , —HECIETE R L 3l

Lt%g%%%,@ﬁfi%%%&&ﬁ%%é(%@)

EHELTWD, LA oT, 4%, =Bz lutAEs

ELTHATAICHzoTIE, UTORICEETRET

H59
=REEIE, TREEICHEATH RS, SRVIKITIS
MENLFTWITREMER, BAHICRRIEDEREDL H Y

DB END, BISGHTICEKET 2 LENHLEELD

Noo 7z, =B, TEBEEZEAT, 2HiIEN D
T 57%%, COREFZMELINED, ZOIXHED
EhHI LD, ZEELZTORIRY, &5 VIETEED
”§<§ot\ﬁf@ﬂ%# LNFRHTHA), L

ML, EIEICBWT, =HEEOEIE ZEEOBERRD
HFEATEI R R L, T1IOZEBET b bBEEICEELTR
IETIREMED H B, Lo T, BEEThNITWA
AT, ZEEOBRIIEICRLERETHAH, =fF
oML, EFETEIEZITOT, BEEICER L2V, £
D) ZHEHLIXVEDHELNENEEZEZONL, 51

B L 2V OT, ZEEOMERE L) &P ERBICE F

h, T, MWATELOABHHES LI 2VOT, HRY
WCHEHIPER SN L WIHIREbH A LHEESNS, I

T, ZREEOHEISC SPERTE S L) ZIRP VA
NTiE, BEFTERTE, BELTHETHLILEEZDL
ns,

ZREERT R BGL L EEoEeEIcE L Tl
BEEKS EIERAR (1989~1991) 12X~ T, AMEFH
FEEREM (iR, BRERHEEE, 2bhIX) AR, £FR
FKIR, BEL, RETEE, EIMTENMBL) L =REAEOkED
EERBTRDITON T B KD £ Y20 R,
AR FROE B EBIFEOMRFB R LIZEAL
FELTEY, FRAEZALNR, T2, EERRITIC
I BFARERIE, AFEOEREHEENSBEEND
DEILFELTVAE, ZLT, WAKFRL b, =kl
WERREE & L CHHAPTRETH S E L Tn5E, ST
R, AFEOEBRBEDS, MAROERBGTIZE > T
ViEEN/bwz L9, 7272, MARKOM T, =RKAEH
DOIEFERIIOWT, BEVHRALNT 5, FEEARIZ
FRERIC R LB FIEAONT, RIS Loz
LTwWa, —7F, BEARE, FHEEGESALN, %5
BEDSHoll LTWwA, MEDE VI, HAOHEEKIZE
L5L0%, FABREICLZLDD, HDHVIE, FOMO
ZRIZEA5D%, WIKTIEIAATH 5, 28, RBFFED
FERIL, BEAROBRITE, T2, WARE D, =
BRI I AR IR ITE KL TH H DT, B,

EREHEDTELT, ZOADLEIER LR o7,
BOE =EGT7IHFRADEE

AIEDEIFRAZROETRE TR/ L )12, FEETH
LBEBETIOH L, MIZETER?ITE A CFRELT,
B L2 TEINHZAIL T, BETLILNTE
BEVHRFREEZFL TV D, T OBE 5D R
TR B0, BEOFE KR EAEKRICB IS HBFL
BRI LD, BERORE, EMEIRORE L R, #*
BB L FAmOHEE, B L UTHEREREIC OV TRE
Lo 28, ShoDRELmMs 2 Lix, =FFET7T20
SHOFIAENSH 2 TH, TAURDORELR 5,

EE MELERME
ERMICBITA=FET 2OBERABTOTREMA 72

B, TIOEREBKRT ZbbEKRE, LFICERT
ZET B &) REKRTORTERZITV, =1
DA EFRMEZ AT,



NB=ZRET 2 OEYFRRFE L TSR ICE T 5%

1) #MrteFHik
HAKRERME

11A~34E 2 A0, #TKIC L ZEKREEZTV
SRR L R OO A TREE B L 72,

HAAIE, CBAERICIE L, 3851 H F TERL
CERER Y REROMEREE LT, ABEICIEFEE O 5tk
TE2 R H, ZREAE ZEROMEA LR 4 AL
7oo FRKE LTHTFAREZEKL, FRENTRZVWREEIZ,
181~ 2EOHKEZIT> 7z, EERFBREOHRRIIL,
SRR, MEI54R, HEIS6RT, &K TIk, ME101
B, #I56RTH o7z, HRARBKDEV L, FiREAFR
DNWERILEBLDTH B, F7z, =fFEholErkE,
=EEOHES LU TREEOMREICIE, $TTICTRERS
FHEL TV,

EERHARMIZ11A18H ~34F 2 H20H & L7275, #ifH
DEFEKIRIE, 118 TI218.5~19.2°C, 128 Tix18.0~
19.5C, 1 ATix17.2~18.8C, 2 ATIZ17.0~18.8T
Thotz, BIEIRIITEHTV, NBAZZDODLH
DHIFRH L,

BB

AF KRBT T2 ERMTO, =fEHHERED £
ERE L7z,

AL, 8oFEILAFTER L =B EROMHED >
L40g A XD b D& L7z, EERBRFOHERARIIL,
ZREEDOMEAMA3R, HEIX535RTH o 72, FFIZIZ80
m’ (48t%) OMFEKIEE AV, #BEKIRE FIF572
B, HTFKOFEKEEBIID % Lz, REFIZZEEST
RWEREICLIH L~ 20fTo7z, EBIIIIA12H ~34E
5 ASLH OMAT o 7278, BIRIZIZIITBAT Y, ~NWIEA
XZEDODERY BT,

2) & B

EAGBERME
EERBAMARE L M TRFICBIT A, HERAOKE S LA

482 GSI (GW X100,/BW) % Table 56127~ L7z, B
RO GSI 2 A5 &, BHHA L b RBIORIIEL
THY (Fig.14), FTL EEMIIBIINEET 2 b
D% o7z (GSI: 27.6~55.8%), F7-, EERKTH:
FCTUEREL DR ZEAROMOAT, ZHEoie—
EROMREIZRE L TB 5T, AMERDLEITL TV,
EERFMGE LI TR O, =FEL ZHBREEORT R
&, ABORFEEEZ Table 5TISR L7z, 72, 4
FEOERROEAL % Fig. 431277 L7z, Table 5TIZR L
72X918, ZBEEROMEREDZNEN4.0%L0.6% &KW
EREZRLIZOICRH LT, ZEEOMIZ85.7% & v
BWERETHo /2, LA L, ZHEEOBIZFI4.1% D4
BEICLEE), ARIIBABOEFERL TV, ¥
7z, Fig 4312 L7 X912, ~“"WIRIZ ZHEEOMD S
BOBEY, ZREOESZIIZDDN, ZHEOH
X, ZHEEOHEL D BTGB HEAEA LN,

Table 57. Initial (Nov18) and final (Feb 20) number
of and survival rate for triploid and
diploid females and males.

Groups  Sex Novl8 Feb20 Survival rate (%)

~ Female 154 132 85.7
Triploid
Male 156 22 14.1
o Female 101 4 4.0
Diploid
Male 156 1 0.6
EACRERE

=REOUEROETRE (FBF&ED 1 A31H OEKSE
% Etr) %Table 58I1Z/R L7z, F72, WHEGNOHEEFTK
e, =R ERRDOE(LEFig. 44128 L7z,
HEKEIZ, 1ALBAE2ATHICSCHEETET L
A, BEDOH-7-RHARE, T—BWIZIZ6~TTE
FTET LB S o7, EFEEIZDOWTIL, Table 58

Table 56. Mean size and gonado-somatic index of triploid and diploid females and
males in survival experiment (normal rearing water temperature).

Initial (Nov 18)

Final (Feb 20)

Groups Sex NY BL(cm) BW(g) GSI ) N  BL(cm) BW(g) CF GSI @)
o Female 10 18.3 86.1 13.7 0.3 10 19.3 98.9 13.6 0.9
Triploid
Male 10 16.6 54.9 11.9 4.6 10 16.8 43.1 9.0 2.8
o Female 10 15.6 62.8 16.1 41.1 4 159 52.8 13.1 18.3
Diploid
Male 10 16.5 53.1 12.0 9.9 1 15.6 38.1 10.0 1.5

1) Number of fish

3) GWX100BW  4) Survivors

2) Condition factor (BWXx1,000,”BL?)



Table 58. Changes of survival rate (SR) of triploid females and males in the survival experiment

(low rearing water temperature).

Sex of Initial (Novl2) Middle (Jan3l) Final (May31)
triploid No of fish Survivor SR (%) Survivor SR (%)
Female 443 163 36.8 150 33.9
Male 535 1 0.2 0 0

(a note) Bacterial gill disease caused high mortality between Nov 29 and Dec 3
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Fig.43. Changes in survival rate (S.R) in the first,
middle and last ten days of each month,
between triploid females and males.
3n.f:triploid female 3n.m:triploid male
2n.f:diploid female 2n.m:diploid male
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Fig.44. Changes of water temperature and
survival rate (S.R) in the first, middle
and last ten days of the month in
triploid females and males.
3n.f:triploid female
3n.m:triploid male
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Fig.45. Growth curves of triploid females
in the post-spawning period based on
total length (TL), body length (BL)
and body weight (BW).

Table 59. Size of triploid females in post-spawning season, range in parenthesis.

Oct 16,’85 Jan 27,’86 Jun 26 Sep 4 Oct 17
No of fish 25 30 30 27 22
Total length (cm) - 22.2 25.0 26.4 26.4
(19.2~24.6) (21.4~28.3) (22.5~29.7) (23.0 ~29.9)
Body length (cm) 18.0 18.8 21.3 22.6 22.4
(15.2 ~20.0) (16.2~20.7) (17.8~24.8) (19.0~25.0) (19.6~25.4)
Body weight (g) 78.6 85.7 153.0 172.8 178.7
(38.9 ~110.6) (57.0~112.8) (88.5~252.7) (88.2~249.1) (99.9~301.5)
Condition factor* 13.4 15.2 15.6 14.8 15.6

*BWXx1,000BL?*
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Table 60. Gonado-somatic index of triploid females
until the next spawning season.

GSI (%)%
Month No of sample
Mean Range
4 0.16 0.43~0.08
5 0.18 0.31~0.08
6 31 0.78 8.94~0.03
7 70 0.48 4.77~0.06
8 29 0.56 5.31~0.08
9 — — — —
10 13 1.34 10.90~0.17
11 5 0.69 2.21~0.25
* GW X100/BW
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Fig.46. Triploid female with
high gonado-somatic index.

Fig.47. Tr1p101d female.at the age of 2 years 6 month
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Fig.48. Three types of one-year-old
triploid females.
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Fig.49. Method for massive inducement of
triploidy using cold-shock.

2) #& R
REMFHLEIZBIT 2, FIVE, IV 5 FER
IRAFRER, FEMRIEH OF ML, WILFad, R0



NB=REET 2OEY AR L ISHICE T 5%

Table 61. Experimental results of a massive cold shock application for triploidy induction.

Grouns Number of Survival rate in Rate of abnormal Number of Hatching Success
P collected eggs eyed embryo stage eyed embryo hatching larva rate rate
Triploid 160,000 40 - 24,000 15 100
Triploid 400,000 40~50 8.6 133,000 33 100
Diploid 10,000 80 1.7 7,000 70 -

* By erythrocytes size measurment

IS T MR, B I U= EEIEETIE% Table 61
ICFEDTRL,

10A1TH D =FE RO 72 ORIIFUT16 754 T, 10 26
HORINEITA0TH Th o7z, BRIV 5 FEIRIE D
EFREIL, FNFN40% &£40~50% & IFIFEBETH o7,

ZIREF OFEERIEEIX, 1THOINIDOWTIZEE
Lo /zns, 26HDOIITIX86% %R L7z, T72, &
PRELC AT BIREZEIZ15% £ 33% T, 1TH DIID T 5326
HORE D bEWEZR L7,

ZRERMLOBIIEICOWTIE, MH OB LFAEZRS
LTEHELZZDENOD DTIZR WS, HEAL1002
DOFTRCHE=fFHREZ->TBY, WMHE S HIIEIL100
% & M7 E NIz,

FEROZfEEIZ, 10268 DIDO—ETH B 1 AR %
RAWT, BEZBIZE o TER L7z, ZORIRIMAETRE
1380%, ZIFEIBIEEIZL.7%, MILERIZT0% TH o 72,

3) Wk

POl @:1%12150)}3‘2% EHBLT, ZBAEDZRRIEDOE
BERIZITITFER R L, AEREBRILZRIGH 5 Fem L,
7z, 55?1|3$’C , ZREEOIZIZER RN LENLUTT
Hotze TNHLO=EROBFEIL, EAKERY 3 v 712X
HbDEEZLNEY, ITHONOMLES, ZnFT
DR (22.6~58.7%) LV, BWEREZRLZZ, 2N
1%, FREBIEE (R Lz0o72) %, 26HOIRL D
B0 el Tk whr L #EE SN,

ZDEHI, REEKBLAELZEZA, ZFEDIRE
b ToEIEZ, ZEEOENL Y BENLD LR ST,
LorL, 721 B47-0) OFIPEHIETHR L% A
BTHHDT, BELZREEKRLEIZE ST, #1075
BREMOBILFRDOEENLw ) RATRETH L LEX
¥ (A

F2E EERELEERR

AR OREEABLIIC X o TYER L 72 =5 R0 L
FRIZOWT, REHN 1g T TCOEBAERBRLITo7

1) e FE

=EEOBLFAL5T,0002 %, &M EERaZE AT

OF LTEHAER D20t KiE (LXBXD=3X8X 1m)
THIZNE L, RAOFEEHEIC L > TEREITo7,
fE MK, 128 28 F TIREaKE v, Pl
k% ZDF TRV, #kid T AEOEKD HIED,
BAHUKEFCIZ 1 HUARETH > 72, BILBEOLH SIS
BIFsfABEKERE, L LTHWETLY, TVTF3I
7, BLUBREEEOIWREEE % Table 6212F & O TR
L7ze 209 LEBEKIRIZOWTIE, MEZITo TV
WOT, BAREEKRICE BED A LN,
FEREICOWTIE, BHI0BDOY 7)) v 7%
1oL b, HEE (1500 8) CERBEZEEL
720 F7z, 10A13BAICIEIE L7z =R ZEF% 11 /%
YSA MKETERL, AEREONREE L7,

2) % R

20t KIEX V- REEERBRR O =f5fkE, 1tk
1% 7R EERBRX O =R L T ERICow

Table 62. Water temperature and types of food
given to the triploid larvae and juveniles.

Age Range of No of No of Artificial
Brachionus  Artemia  food (g)
(days) W.T(C) (million)  (million)
0~10 17.56~18.3 900
~20 16.7~18.4 1,000 65 230
~30 15.4~16.8 700 315 1,420
~40 15.0~16.7 300 3,360
~50 14.6~16.0 284 4,800
~60 14.1~14.7 58 8,400
~70 12.9~13.7 11,400
~80 12.7~13.4 18,000
~90 11.8~13.4 22,200
~100 12.4~13.5 23,600
~110 11.8~13.2 24,000
~120 12.2~13.3 23,700
~130 12.5~13.4 18,000
~140 12.3~13.3 25,000
~150 12.5~13.9 22,500
Total 2,600 1,022 206,610
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Fig.50. Comparison of total length growth curves
between triploid- 1 (A) in mass seed
production, triploid- 2 (O) and diploid (@)
in small scale seed production.

Table 63. Comparison of survival rate between
triploid- 1 (mass seed production),
triploid- 2 and diploid (small scale seed

production).
Groups No of No of Survival
P lavae juveniles rate (%)
Triploid-13#* 157,000 93,000 99.2
Triploid-2** 16,300 3,427 21.0
Diploid = 16,640 9,770 98.7

% Bred in 20t tank % Bred in 1t tank
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Table 64. Water temperature in the practical breeding
test of triploid fish from juvenile to adult.

Days of W.T(TC) at 9:00 a.m.
Date
breeding Mean Range
May26~Jul 6 1~ 42 20.0 19.0~21.5
Jul 6 ~Augl2 43~ 79 21.4 20.8~22.4
Augl3~Sepl6 80~113 21.1 20.5~22.0
Sepl6~Oct 6 114~134 19.5 18.5~20.5

T TEOREORE L L,
H 2B 5 kD £ 5ERR 5 GSI % Table 651278 L 72,
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Table 65. Size, Condition factor and gonado-somatic index (mean+SD) of the triploid samples.

o7z,

Date May26 Jul 6 Augl? Sepl6 Oct 6
Days of breeding 1 42 79 113 134
No of sample 50 31 30 15m" 15 30m" 30£”
Total length (cm) 6.9+0.44 9.2+0.46  11.5£0.77 16.2+0.96 16.0+1.55 16.2+1.54  16.4%+1.52
Body length (cm) 8.3+£0.52  10.9+0.53  13.5+0.88 18.8+1.16 18.6£1.74 19.0£1.62 19.2+1.68
Body weight (g) 43+092 11.0+1.63 22.5+£4.71 652+10.62 63.8£20.88 74.0+22.69 T71.8+18.54
Condition factor®  12.8+1.23  14.2+0.88 14.7+1.20 15.3+1.70 15.0+1.48 16.8£1.38 16.0+1.78
GSI (%)* - - - 3.7+0.66 0.3£0.35 6.4+0.98 0.9+1.41
1) Male 2) Female 3) BWx1,000BL* 4) GW X 100/BW

Rk D, BTIIRROFEENALN, “REHLFERL "

72H%, METIX, 108 ® GSIT0.08~5.51% & AAEZENH 2ok © Female

200, JREDE ITRFEET, “REBOEILZ ; @ Male

4$§<‘:1$w§@%’21t#5&7’:&§%]?ig.51<‘:Fig.520:
RLTH, BRAB/IOEHRBICALNS L) I, BHHIC
BEENKEL LD ERE R LI,

KB P ONVIEREE L ~N\VFEE % Table 661278
L7ze NWEOBERIZ, FELTARIIEIA2L0T, M
BHERP O 57 FVREIRRT S 0O0Eho72,
ekl LTIL0M4BRANVIE L, ~NWIEEIE10.3% %
w7z,

L T
100 [ o Female !'
i e Male
=
2 I
m
50 |-
L
0 A A A A .
-38 1 42 7 113 134 days
4/18 5/26 7/6 8/12 9/16 10/6

month/day

Fig.51. Body weight growth curve of triploid fish
in practical breeding test from juvenile to
adult.
plots are mean, maximum and minimum.
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Fig.52. Body length growth curve of triploid fish
in practical breeding test from juvenile to
adult.
plots are mean, maximum and minimum.

Table 66. Number of dead fish and mortality in
the practical breeding test of triploid
fish from juvenile to adult.

Period of Dead fish

breeding Number Number per day Mortality(%)

May26~Jul6 410 9.8 4.1

Jul7~Augl2 146 3.9 1.5

Augl3~Sepl6 221 6.5 2.3

Sepl7~0Octb 257 12.2 2.8
Total 1,034 10.3
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Table 67. Results of the flavor test (Shioyaki) made by 6 testers between triploid and diploid adult fish.

Triploid Diploid
Test item Appreciation  (point) No of tester  (score) No of tester  (score)
Delicious (38) 3 9 ) 2 (6 )
Taste Common (2) 3 (6 ) 4 (8 )
Undelicious (1)
Unkown (0)
Good (3) 1 (3 )
Fragrance Common (2) 2 (4 ) 1 (2 )
Bad (1) 2 (2 ) 2 (2 )
Unkown (0) 2 (0) 2 (0)
Good (38) 2 (6 ) 3 (9 )
Toughness Common (2) 3 (6 ) 3 (6 )
of fish Bad (1) 1 (1)
Unkown (0)
Good (38) 1 ( ) 1 (3 )
Feeling Common (2) ( ) 3 (6 )
of grease Bad (1) 1 (1) 2 (2
Unkown (0)
Total score (46 ) (47 )

Table 68. Result (appreciative points) of the flavor tests made by 11 testers between one-year-old triploid

female, diploid adult and riverine adult fish.

] Shioyaki Fish of Shioyaki Arai (Sashimi)

Test 1tem

Triploid Diploid River ayu Triploid Diploid Triploid Diploid
Taste 35 43 45 38 43 49 43
Fragrance 29 33 38 27 32 30 29
Toughness of fish 37 46 49 39 44 47 39
Feeling of grease 34 38 34 39 35 38 39
Total score 135 160 166 143 154 164 150
No of testers who
preferred it 0 2k 8k 1 10 7 4

% Equally appreciated by same tester (ties), not included

b, W72 LY bR EED 2 W ERTH o 7228,
RO 72113, ZHBELYRADORENS L, ZEHR
FREMNTZIZRE TH oz, BEREEARL L, M
N7 2D 166 L T DL L, R TEFLRAHL60H
T, SEAREAIZISBALRELV DD o7, 512,
PREDOROIFFE L VE SNDIE, 213y, W7
2 (8A), “HEfkLmA (2 N) OJET, = klE
BEMELWVE L2 ATV o7z, BICiE 1 A2,
N7 2 LA TFRSL LzEREL H o7,
o xHIZ, [EBE] <id, BERATIE L 2w 2@l 7
ZOFMATR S T o 72hS, BT T TH D = ERBAE

BLETBRLUBRALOBTL, »R)OENALR, =
BRBERITTFEN R VER L2572,

EROFADOA] OFATH, ZEEBERIT, B
D, AOLEDIZOWTIE, Wy ZEAYEA X
D SFHEREIID e hodz, 7272, BRODDIZOWTTE
TREENS»r oz, ZOROOY OERIE, [HEEE]
DG LHLRolz, £, HELWE LHREDE
b, ZREAEBERIT L ADORT, THEALZRADION
BT, BRI 207,

LHL, Tdowv] oFald, B2 E0RBEEL X,
YRR DERL o, ZEEBERIZ, K, FY,



ADOLEDIZOWTIE, Wihd kU mA LY LT
MEEALZ L, BODYIZDOWTET 1 ibhdolz,
FELWE LEREOKD, ZHEARLSADLIALY
SAZEVT ANTHoTz,

3) Wk

LRAOERRBEE, S, ZH/AEOLFADERIT,
IRPIEOD N IZZHEEIIS ST, FEHPAOLEY TS
REHLOD, EERELTIE, ZEEEHINEDLL L
Ve S 7

bold, FRBROERA I AhATHY, B
PRBERATHEDT, BEHRIZED %) ERTDOELD
ZRTDLENH LY, ERABL L TCO=ERLURAD
S, & IICEBIEIRWDDEEZ SN,

BERDOERABIE RO, ZHBHRBEAIL, (18]
TRAFTH LS, o] TIRIFIFNL LM N,
SHROFMAFEEREL 72,

7272, AFRBRTIE, URAOARKRRBRL IIERY, i
KEOFEMMLEBIIMIC, YREDVHE DD D, T
IOEESEIFAEREILL o TERPELL I EDEL
MoNTHY, =FHEBFEAZFETLIHAD, 2on

KRBT HUENSH D LEZ LN,

7o, ARERTIE, ZBEARBEAIT (o] 1ITTh
WBIHFENLEVIRERTH 7225, FOFELETOF A
BHELTWAE, Thbb, MTHHZEAEERIZINE
MEEL 2D, & IS0 RO MR
f,Wﬁ%@$fﬁ%%@£béﬁéﬁ&&wo%&A

, KRESOWNN 7 2 OMEME & = fEARBAE R O % & 5
}:Flg BUITRL2 LD BENEL D, WV 21T,
=REAFBERIE, bW AEEOEAGHIENT TR,
EEOTETNPE 2, FFIIIFELME L EZ S
n7z,

P2

Fig.53. Cross section of one-years-old triploid
female (upper) and large wild ayu
(lower two:female and male)
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Table 69. Characteristics of newly spawned

fe H

triploid (8N) ayu in comparison with diploid (2N).

Item

Characteristic

No of chromosome
Type of sexual chromosomes

3N:84 2N:56
Female: XXX Male:XXY (Sexual ratio:1)

Treated eggs
Hatching rate
Success rate

(Cold-shock)
1/3 ~ 1,72 of non treated
90 ~ 100%

Breeding of larvae
Growth
Survival rate

(Hach out ~ Juvenile BW=1g)
Slightly inferior
Slightly inferior

Breeding of juvenile
Coefficient of variation in size
Growth

Survival rate
Food conversion efficiency
Daily growth rate

(Juvenile ~ Adult)

Larger than 2N in BL and BW

No difference (Separate rearing)
Slightly inferior (Communal rearing)
No difference

Slightly lower (Identical feeding level)
Slightly lower ( ” )

Maturity season
Growth

Secondary sexual
characteristics

Gonado-somatic index

Oogenesis
Spermatogenesis

(Autumn)
Only 3N female grows
Growth of 3N male stops similarly to 2N

Only 3N female does’t show

3N male develops similarly to 2N

Mean of 3N female below 0.5% (f2N:27%)
Mean of 3N male is about 6% (m2N:12%)
Not any normal eggs (Sterility)

Not any normal spermatozoa (Sterility)

Hematological characteristics

Erythrocyte
Cell major axis
Nucleus major axis
No of cells (RBC)

Hemoglobin content (Hb)

Hematocrit (Ht)

MCHC

MCV

MCH

(Adult)

About 1.2 times larger than 2N
About 1.3 times larger than 2N
About 27% fewer than 2N

No difference

No difference

No difference

About 1.4 times higher than 2N
About 1.3 times higher than 2N

Oxygen consumption
Individual
Population
Death for lack of oxygen

(Juvenille ~ Adult)

No difference

No difference

Early death (Communal rearing)

Resistance to disease

Susceptibility to

Vibrio anguillarum
Effect of vibriosis

vaccination

Susceptibility to

Gyroductylus japonicus
Susceptibility to

Metagonimus yokogawat

(Before adult)

No difference (High early mortality)
No difference (Slightly lower RPS)
No difference

No difference

Resistance to water temperature
To low temperature
To high temperature

(Before adult)
Inferior (High eary mortality)
Inferior (High eary mortality)
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Table 69. (cont)

Item

Characteristic

Morphological comparisons
Juvenile morphometry
% Adult morphometry

Adult skeleton

(% Adult in early maturity season)

No difference

No difference between 3N male and 2N male
Difference between 3N female and 2N female
No difference

Tests in experimental tank
Jumping behavior
Ascending behavior
Oxygen consumption by group
Swimming behavior
Territorial behavior

(Before adult)

Inferior

Inferior

No difference (Separate)
Slightly inferior
Slightly inferior

Observations in experimental stream
Growth
General component
Spawning behavior

Survival after-spawning season

(Before adult ~ Adult, Mature adult)
Inferior in before adult ~ adult
Small difference

3N male shows normal courtship

3N female never shows

Only 3N female survive

Flavor tests
Shioyaki

(Adult)
No difference

Table 70. Characteristics of one-year-old triploid ayu (after-spawning season).

Item

Characteristic

Survival after-spawning season
In normal water temperature
In lower water temperature

Only 3N female survive (WT:17.0~19.5C)
Only 3N female survive (WT Min level:8TC)

Growth

Gonado-somatic index
Sexual characteristics

Life span

Morphological appearances

3N female continues growing(Variation is large)
Unchanged (Not developed)

Don’t show

About 2~3 years (2~3 times longer than 2N)
Normal (76%), Slender (14%) and Skinny (10%)
types were observed

Flavor tests
Shioyaki
Arai (Sashimi;row fish)

(Comparison with 2N adult)
Inferior
Superior

3N:Triploid 2N:Diploid
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Summary

Ayu, Plecoglossus altivelis is an important fresh-
water fish not only for aquaculture but also for
river fishing in Japan. However, both industries
have been in a slump for several years due to unfa-
vorable increase in its consumption, together with
its depleting availability in nature. Therefore, de-
velopments in improving its breeding potential has
been a major look out for those concerned.
Triploid ayu production were one of the targeted
species because 1t was produced early in studies on
manipulation of domestic fishes (Taniguchi et al.,
1985).

Present studies were concentrated mainly on bio-
logical characteristics of induced triploid ayu.

The methods of inducing triploid ayu by blocked
extrusion of the second polar body with cold-shock
treatment was examined first. And then the physio-
logical, morphological and ecological characteristics
of newly spawned and one-year-old (after spawning
season) triploid ayu were examined in comparison
with normal diploid ayu or in alone. Furthermore,
experiments on the practical test for aquaculture
were also examined.

1. Method of induction

The time and duration of treatment in cold-shock
for blocking extrusion of the second polar body
were examined with the use of the ultra violet
irradiated sperm. Results indicated that a suitable
treatment time was 4~6 minutes after fertiliza-
tion, duration with cold-shock (0~0.5C) of 30 or
60 minutes showed 100% success rate of triploid
induction (identification by chromosomes count).
Triploid Ayu was produced with 90~100% success
rate (identification by measuring erythrocyte size)
at 5 minutes after fertilization with 30 minutes
treatment duration in cold water (0~0.5C). The
rate of hatching was about one-third ~ one-half
production of normal fertilization.

Chromosome count and erythrocyte size were used
in assessing the identify of triploids. There was
little difference in success rate by either method.
The success rates by chromosome count and by
erythrocyte size measurement were 100% and 96%
respectively at 30-minute duration treatment.
Chromosome count is suitable when exact identifi-
cation 1s necessary, and erythrocyte size measure-
ment 1s suitable when brief identification is required.

2. Biological characteristics of triploid ayu
1) Physiological characteristics
(1) Growth, Feeding efficiency and Variance
of size 1n juveniles
At breeding larval stages (Hatched out ~ Jvenile :
about 1g, BW), the growth of triploid groups was

a little inferior to that of diploid groups, and the
variance of body size in triploids was larger than in
diploids.

The survival rate of the triploid groups was slightly
lower than that of the diploid groups, though tiny
weak fish in the triploid were apt to die.

At breeding juveniles stages (Juvenile ~ Adult),
the growth of triploids was similar to that of diploids
in separate rearing, but was a little inferior to the
growth of diploids in communal rearing. Even in
separate rearing, however, under condition of limited
feeding, the growth rate and the feeding efficiency
of the triploids were a little lower than those of
the diploids. But in the maturity season, the growth
of the triploids exceeded that of the diploids. This
tendency was due to the successive growth of the
triploid females.

These growth tendencies of triploid ayu were
similar to those finding of other triploid fishes.

In juveniles (Mean BW: 6~7g), the variance of body
length and body weight in the triploids were larger
than those in the diploids, and a tendency of
variance in the triploids was similar to that of the
gynogenetic diploids (with blocked extrusion of the
second polar body). These results suggested that
genetical characteristics in triploids are complex,
and variable.

(2) Maturity, Secondary sexual characteristics,
Sex ratio and Sterility.

During the maturity season, the gonads of the
triploid female exhibited low levels of development
(Mean GSI:below 0.5%), but the gonads of the
triploid male developed up to about half the GSI of
the diploid male.

Secondary sexual characteristics were not found in
the triploid female, but were found in the triploid
male. The appearance of the triploid female has
shown no change since summer season.

Sex ratios in the triploids were 1:1 until the
maturity season. This result suggested that survival
rates between triploid females and males were not
different.

Normal eggs were not observed in the undeveloped
oogenesis of the triploid female, nor were normal
spermatozoa in the spermatogenesis of the triploid
male. Therefore both females and males were pre-
sumed to be sterile.

These characteristics of triploid ayu were similar
to those of many other triploid fish.

(3) Hematological characteristics, oxygen con-
sumption and Resistance to lack of oxygen.

Hematologically size of the erythrocyte cell in the
triploid was larger than in the diploid, but the
number of erythrocyte (RBC) was smaller than in
the diploid, though the hematocrit (Ht) and hemoglo-
bin contents (Hb) were not different from diploid.

In oxygen consumption, there was a tendency for
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the value of the triploid to be a little higher than
that of the diploid, though there was no apparent
difference in both values. However the triploids
died earlier than the diploids, and dead triploids
were more numerous than the diploids due to lack
of oxygen (communal rearing). These results sug-
gested that triploids were weaker than diploids in
resistance to lack of oxygen.

Hematological characteristics in trlplold ayu were
similar to those in triploid landlocked Atlantic
salmon.

Large-sized erythrocyte cells were common to
triploid ayu and other triploid fishes.

Results showed that there was no apparent dif-
ference between triploid and diploid in oxygen con-
sumption and this was similar to results in land-
locked Atlantic salmon.

(4) Resistance to disease and Resistance to
water temperature

The Limited Death 50 (LDx) of Vibrio angui-
llarum (sero type:A) in groups of triploid ayu were
a little lower than in groups of diploid, but there
was no significant difference (p>0.05) in the mor-
tality between infected triploids and diploids.

Effects of vaccination to vibriosis in triploids
were a little lower than in diploids. A tendency for
the triploids to die earlier than the diploids was
observed in these experiments.

The number of parasites such as Gyroductylus
japonicus and Metagonimus yokogawai was not sig-
nificantly different (p>0.20) between triploids and
diploids.

In experiments of resistance to high and low tem-
peratures (30-5°C), triploids died earlier than dip-
loids, and the survival rate was lower than the
diploids. These results suggested that resistance to
changes in water temperatures in triploids was
inferior to that of diploids.

(5) Other characteristics.

In observation of breeding tests for six years, it
was apparent that the swimming behavior of the
triploids was slower than that of the dlploids, and
feeding behavior of the triploids was inactive than
the diploids.

2) Morphological characteristics.

It was estimated that there were no basic differ-
ences 1n 13 morphometric traits between triploid
and diploid juveniles.

Significant defferences (p<0.001~0.05) were ob-
served in 8 traits besides trunk length between triploid
and diploid adult females because the triploid
females were not mature. On the other hand, sig-
nificant differences (p<0.05) were not observed in
most of traits between triploid and diploid adult
males because the triploid males were mature.
Apparent differences were not observed in skeleton,
i.e.the shape of each bone, the number of fin rays

and the number of total vertebrae, between triploid
and diploid adults in August.
3) Ecological characteristics.

(1) Jumping behavior, Ascending behavior,
Swimming behavior in groups and Territorial
behavior.

Jumping rate of triploids was apparently lower
than that of diploids, and ascending rate was also
lower. These results suggsted that upstream ascen-
ding quality and recatching rate by fishing in
summer (main fisheries season) of triploids will be
inferior to those of diploids when triploids are
released in natural rivers.

In oxygen consumption rate of 10 fish, a signifi-
cant diference (p<0.50) was not observed between
triploid and diploid, however, swimming behavior
of triploids was slower than that of diploids. These
results suggested that triploids may die of lack of
oxygen when the water levels in the river fall, and
triploids may be washed away by strong stream
current.

Territorial ability of triploid was inferior to that
of diploid in competition for territory except for a
case that the triploid was female; besides was
larger than diploid.

(2) Feeding behavior on riverbed algae and
growth, and General components of fish
body in case of feeding on riverbed algae.

In the experimental stream, triploid also fed well
on riverbed algae. The growth of trlploids was
inferior to that of diploids in periods of growth
and maturation. But in the maturity season,
growth of triploids exceeded that of diploids.

The triploids which had fed on riverbed algae for
20 days showed, like diploids, general components
of fish body similar to those of wild ayu. The
moisture content was less, lipid and ash contents
were much greater in triploids than in diploids, and
great differences (p<0.01) were not found in
protein and sugar contents between triploids and
diploids. These results suggested that these tenden-
cies are found also in natural rivers, and differences
in components of fish body will not affect their
value as foodstuff.

(3) Spawning behavior and survival after
spawning season.

In the experimental stream, the triploid female
was never involved in spawning activity, on the
other hand, the triploid male was involved in
spawning activity together with the diploid male.
But, when triploid males were released together
with only diploid females, the spawning activity of
triploid males was weak. Results suggested that the
triploid female did not affect the reproduction of
the diploid, however, the triploid male may affect
the reproduction of the diploid when the population
of the triploid male is much greater than the



diploid male.

During and after the spawning season, survival
rate of triploid females was very high, and diploid
females was very low. On the other hand, triploid
males died a little later than diplold males, and
their survival rate was extremely low. These results
suggested that triploid female would survived until
the next year at a high rate in rivers warm enough
for some diploid females to survive.

4) Characteristics of one-year-old triploid ayu
(1) Survival in the next year

In normal rearing water temperature (17.0~19.5
C), survival rates of diploid females and males
indicated very low levels, but the survival rate of
triploid females was very high. On the other hand,
the suvival rate of the triploid male was low though
it was a little higher than that of the diploid male.

In low rearing water temperatures which fell to 8
C in winter, the triploid female could survive until
the middle of May (after experiment) though the
triploid male died before the middle of March.

These results showed that only triploid females
could survive at a high rate in both normal and
low rearing water temperature.

(2) Growth, Gonad level, Sexual characteris-
tics and Life span

Triploid females continued growing after the
spawning season. The more the triploid female
grew, the larger the variance of growth.

The gonad of the triploid female remained at the
level of newly spawned fish, and the secondary
sexual characteristics did not appear in the next
spawning season.

Triploid females cotinued to breed for 2 years and
6 months after hatching. At that time, some infirm
fish were observed, therefore the life span of the
triploid female was presumed to be from 2 years
old to 3 years old (2~3 times of diploid).

(3) Appearances

Three type of morphological appearances were ob-
served generally in one-year-old triploid females.
These were normal (76% ), slender (14%) and skinny
figure (10%). These results suggested that triploid
has genetic variance in morphological appearance.

3. Practical tests
1) Large amount of cold-shock treatment

A large amount of cold-shock treatment was exa-
mined in a riverbank with 160 thousand and 400
thousand eggs that were collected from several
dozen wild ayu.

As a result, rates of hatching were 15% and 33%,
and a total of 175 thousand larvae were obtained.
The success rate of inducing triploid was 100% by
measuring erythrocyte size. These results showed
that the mass production of triploid larvae for
aquaculture is quite possible.

i
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2) Juvenile mass production

157 thousand triploid larvae were reared with the
normal rearing method in a 20t tank. As a result,
the survival rate until juvenile (mean BW:0.08g)
was 59.2%. This result also showed that the mass
production of triploid juveniles is quite possible.

3) Rearing from juvenile to adult

10 thousand triploid juveniles were reared to adult
in a 80t tank. As a result, the mortality was
similar to that of normal rearing, but the variance
of growth became larger as days went by.

In the maturity season, the gonads of the triploid
male developed, and the secondary sexual character-
istics appeared. But, the gonads of the triploid
female did not develop, and the secondary sexual
characteristics did not appear.

These results showed that rearing of the triploid
from juvenile to adult 1s quite possible with the
normal rearing method.

4) Flavor test

In flavor tests of newly spawned triploids in the
cooking style of Shioyaki, 1.e. grilled and seasoned
with salt, the taste and the feeling of grease were
similar to those of the diploid, and the fragrance
and firmness of the fish were a little inferior to
those of the diploid, however as a whole, the flavor
of the triploid was not so different from that of
the diploid.

In the flavor test of the one-year-old triploid fe-
male, the flavor through Shioyaki was inferior to
that of newly spawned diploid, but the flavor of
Arai (Sashimi, i.e; raw slices) was superior to that
of the diploid.

The triploid females which grew larger in the
following year had small abdomens because the
gonads did not develop, and therefore, there was
large edible part in triploid female suitable for
Sashimi, raw fish.

4. Improvement of triploid

Two fundamental improvements have been identi-
fied for the practical use of triploid in the aqua-
culture industry. The first point is making all
females triploid, and the second point is creating
genetic equality.

The clone 1s necessary for the simultaneous im-
provement of the two problems.

All female and genetically equal triploids are
obtained by using female clones and masculinized
clones. This method has become technically possible
with ayu.

In the near future, more practical production of
all-female hetero-clone triploids will be possible by
using two superior clones which have different char-
acteristics.



Appendix Table 1. List of reports on autotriploids and their author, prior to 1988.
(extracted from bibliography by T.J.Benfey, 1989)
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Fish species*

Method of shock

Auther (Year)

Black Sea-Azov Sea
sturgeon

White sturgeon
Pink salmon

Chum salmon

Coho salmon

Chinook salmon

Rainbow trout

Heat
Heat
Heat
Heat
Pressure
Pressure
Pressure
Colchicine
Formalin
Heat
Heat
Pressure
Cold
Heat
Heat
Heat
Heat
Heat
Heat
Pressure
Pressure
Nitrous oxide
Pressure
Heat
Heat
Heat
Heat
Heat
Colchicine
Cold
Cytochalasin B
Heat
Heat
Heat
Heat
Heat
Heat
Pressure
Pressure
Heat
Ether
Heat
Pressure
Heat
Heat
Cytochalasin B

Vosetskii
Kowtal

Utter et al.
Chernenko
Benfey et al.
Yamano et al.
Arai

Chernenko

Seeb et al.

Benfey et al.

Refstie et al.

Utter et al.

Johnson et al.
Chernenko

Parsons et al.
Phillips et al.

Seeb et al.

Benfey et al.

Small and Benfey
Benfey and Donaldson
Small and Randall
Utter et al.

Johnson et al.

Hill et al.

Phillips et al.

Seeb et al.

Lieder

Purdom and Lincoln
Refstie et al.
Chourrout

Thorgaard et al.
Chourrout and Quillet
Chevassus et al.
Lincoln and Scott
Scheerer and Thorgaad
Yamazaki

Chourrout

Lincoln and Bye

Lou and Purdom
Solar et al.

Sumpter et al.
Bolla and Refstie

(1967)
(1987)
(1983)
(1985)
(1987)
(1988)
(1984)

(1985)

(1986)
(1988)
(1982)
(1983)
(1986)
(1985)
(1986)
(1986)
(1986)
(1987)
(1987)
(1988)
(1988)
(1983)
(1984)
(1985)
(1986)
(1986)
(1964)
(1973)
(1977)
(1980)
(1981)
(1982)
(1983)
(1983)
(1983)
(1983)
(1984)
(1984)

(1984)
(1984)

(1984)
(1985)
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Appendix Table 1. (cont)

Fish species * Method of shock Auther (Year)

cont Heat Choubert and Blanc (1985)
Heat Leary et al. (1985)
Pressure Okada (1985)
Heat Purdom et al. (1985)
Heat Solar and Donaldson (1985)
Heat Allendorf et al. (1986)
Heat Almeida (1986)
Heat Benfey et al. (1986)
Heat Dorson and Chevassus (1986)
Heat Forster et al. (1986)
Heat Johnstone and Lincoln (1986)
Heat Kim et al. (1986)
Heat Parsons et al. (1986)
Heat Phillips et al. (1986)
Nitrous oxide Shelton et al. (1986)
Polyethylene glycol Ueda et al. (1986)
Heat Blanc et al. (1987)
Pressure Boulanger (1987)
Heat Chourrout and Nakayama (1987)
Nitrous oxide Johnstone et al. (1987)
Heat Nakamura et al. (1987)
Heat Oliva-Teles and Kaushik (1987)
Heat Quillet et al. (1987)
Pressure Sakai et al. (1987)
Pressure Ueda et al. (1987)
Heat Happe et al. (1988)
Kamchatkan trout Heat Chernenko (1985)
Atlantic salmon Cold Lincoln et al. (1974)
Cytochalasin B Refstie et al. (1977)
Cytochalasin B Allen and Stanley (1979)
Heat Holmefjord et al. (1983)
Heat Benfey and Sutterlin (1984)
Pressure Benfey and Sutterlin (1984)
Cytochalasin B Bolla and Refstie (1985)
Heat Graham et al. (1985)
Heat Johnstone (1985)
Heat Fox et al. (1986)
Heat Glebe et al. (1986)
Pressure Johnstone (1987)
Pressure Small and Benfey (1987)
Heat Sutterlin et al. (1987)
Brown trout Heat Scheerer and Thorgaad (1983)
Heat Arai and Wilkins (1987)
Arctic char Heat Glebe et al. (1986)
Brook char Colchicine Smith and Lemoine (1979)
Cold Lemoine and Smith (1980)
Heat Scheerer and Thorgaad (1983)
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Appendix Table 1. (cont)

Fish species * Method of shock Auther (Year)
Japanese char Pressure Arai (1984)
Ayu Cold Taniguchi et al. (1985)
Cold Ueno et al. (1986)
Pressure Taniguchi et al. (1988)
Gwyniad Cold Svardson (1945)
Northern pike Cold Lieder (1964)
Grass carp Cold
Cytochalasin B Cassani and Caton (1985)
Heat
Pressure Cassani and Caton (1986)
Cold
Heat Thompson et al. (1987)
Carp Cold Makino and Ozima (1943)
Cold Ozima and Makino (1978)
Cold Gervai et al. (1980)
Colchicine
Cold Meriwether (1980)
Cold Ueno (1984)
Cold Taniguchi et al. (1986)
Cold Wu et al. (1986)
Willow gudgeon Cold Ueno (1985)
Rose bitterling Cold Ueno and Arimoto (1982)
Japanese common loach Cold Suzuki et al. (1985)
Cold Chao et al. (1986)
Loach Pressure Vasetskii et al. (1984)
European catfish Cold Krasznai et al. (1984)
Cold Krasznai and Marian (1986)
Channel catfish Cold Wolters et al. (1981)
Cold Chrisman et al. (1983)
Heat Bidwell et al. (1985)
African catfish Cold Henken et al. (1987)
Cold Richter et al. (1987)
Threespine stickleback Cold
Heat Swarp (1956)
Medaka Heat Naruse et al. (1985)
Colchicine Sriramulu (1962)
Perch Colchicine
Cold Lieder (1964)
Tilapia (O.aureus) Cold
Heat Valenti (1975)
Heat Don and Avtalion (1986)
Heat Penman et al. (1987)
Cold Don and Avtalion (1988)
Tilapia (O.mossambicus) Heat Pandian and Varadaraj (1987)
Heat Penman et al. (1987)
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Appendix Table 1. (cont)

Fish species* Method of shock

Auther (Year)

Colchicine
Cold
Cytochalasin B
Ether
Heat
Pressure
Heat

Heat

Heat

Cold

Heat

Cold

Cold

Cold

Cold

cont

Tilapia (O.niloticus)

Hirame
Plaice

Winter flounder

Varadaraj and Pandian

Chourrout and Itskovich
Shah and Beardmore
Penman et al.

Don and Avtalion
Tabata et al.
Purdom

Lincoln

Hoornbeek and Burke

(1988)

(1983)
(1986)
(1987)

(1988)
(1986)
(1972)
(1981)
(1981)

Note: Cases in which the technique was not known and triploidy was spontaneous, are omitted

% Common name: Scientific name

Black Sea-Azov Sea sturgeon: Acipenser guldenstadti colchicus

White sturgeon: Acipenser transmontanus

Chum salmon: Oncorhynchus keta

Chinook salmon: Oncorhynchus tshawytscha
Kamchatkan trout: Salmo mykiss

Brown trout: Salmo trutta

Brook char: Salvelinus fontinalis

Ayu: Plecoglossus altivelis

Northern pike: Esox lucius

Carp: Cyprinus carpio

Willow gudgeon: Gnathopogon elongathus caerulescens
Rose bitterling: Rhodeus ocellatus ocellatus
Japanese common loach: Misgurnus anguillicaudatus
Loach: Misgurnus fossilis

Channel catfish: Ictalurus punctatus

Threespine stickleback: Gasterosteus aculeatus
Medaka: Oryzias latipes

Tilapia (O.aureus): Oreochromis aureus

Tilapia (O.mossambicus): Oreochromis mossambicus
Tilapia (O.niloticus): Oreochromis niloticus
Hirame: Paralichthys olivaceus

Winter flounder: Pseudopleuronectes americanus

Pink salmon: Oncorhynchus gorbuscha
Coho salmon: Oncorhynchus kisutch
Rainbow trout: Salmo gairdneri
Atlantic salmon: Salmo salar

Arctic char: Salvelinus alpinus
Japanese char: Salvelinus leucomaenis
Gwyniad: Coregonus lavaretus

Grass carp: Ctenopharyngodon idella

European catfish: Silurus glanis
African catfish: Clarias gariepinus

Perch: Perca fluviatilis

Plaice: Pleuronectes platessa
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Appendix Table 2. List of reports on autotriploid by breeding of tetraploid X diploid and their author,
prior to 1988. (quotation from bibliography by T.J.Benfey, 1989)

Fish species B;eid;lg Author (Year)

Rainbow trout s 2N X 4N Chourrout et al. (1986)
2N X 4N Blank et al. (1987)
2N X 4N
AN X 2N Chourrout and Nakayama (1987)
2N X 4N Oliva-Tales and Kaushik (1987)
2N X 4N Quillet et al. (1988)

%k scientific name: Salmo gairdneri



Appendix Table 3. List of reports on induced allotriploids and their author, prior to 1988.
(extracted from bibliography by T.J.Benfey, 1989)

Spawners Method of shock Author (Year)
female X male
Pink salmon
X Chinook salmon Heat Utter et al. (1983)
X Japanese char Pressure Yamano et al. (1988)
Chum salmon
X Coho salmon Heat Seeb et al. (1986)
X Chinook salmon Heat Seeb and Seeb (1986)
Heat Seeb et al. (1986)
X Brook char Pressure Arai (1986)
X Japanese char Pressure Arai (1984)
Coho salmon
X Chum salmon Heat Seeb et al. (1986)
X Sockeye salmon Pressure Benfey and Donaldson (1988)
X Chinook salmon Heat Seeb et al. (1986)
Pressure Benfey and Donaldson (1988)
X Rainbow trout Heat Parsons et al. (1986)
Sockeye salmon
X Coho salmon Pressure Benfey and Donaldson (1988)
Chinook salmon
X Pink salmon Heat Utter et al. (1983)
X Chum salmon Heat Seeb et al. (1986)
X Coho salmon Heat Seeb et al. (1986)
Cutthroat trout
X Rainbow trout Heat Rohrer and Thorgaard (1986)
Rainbow trout
X Coho salmon Heat Chevassus et al. (1983)
Heat Dorson and Chevassus (1985)
Heat Parson et al. (1986)
Heat Quillet et al. (1987)
X Cutthroat trout Heat Rohrer (1982)
X Atlantic salmon Heat Purdom et al. (1985)
X Brown trout Heat Chevassus et al. (1983)
Heat Scheerer and Thorgaard (1983)
Heat Quillet et al. (1987)
X Brook char Heat Chevassus et al. (1983)
Heat Scheerer and Thorgaard (1983)
Heat Dorson and Chevassus (1986)
Heat Quillet et al. (1988)
X Grayling Heat Chourrout (1986)
Atlantic salmon
X Brown trout Cold Svardson (1945)
Heat Holmefjord et al. (1983)
X Arctic char Heat Holmefjord et al. (1983)
Heat Glebe et al. (1986)
Brown trout
X Rainbow trout Heat Scheerer and Thorgaard (1983)
Heat Purdom et al. (1985)
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Appendix Table 3. (cont)

Spawners *

Method of shock Author (Year)
female X male
(Brown trout)
XBrook char Heat Scheerer and Thorgaard (1983)
Heat Scheerer et al. (1987)
Brook char
XRainbow trout Heat Scheerer and Thorgaard (1983)
XBrown trout Heat Scheerer and Thorgaard (1983)
Japanese cher
X Chum salmon Pressure Arai (1984)
Tilapia (O.aureus)
X Tilapia (O.niloticus ) Heat Don and Avtalion (1988)
Tilapia (O.niloticus )
X Tilapia (O.aureus ) Heat Don and Avtalion (1988)
Heat Chourrout and Itskovich (1983)
Plaice
X Flounder Cold Purdom (1972)
Cold Lincoln (1981)
X (Plaice X Flounder)
Hybrid Cold Purdom (1972)

Note: Cases in which triploidy was spontaneous are omitted
*k Common name: Scientific name

Pink salmon: Oncorhynchus gorbuscha

Chinook salmon: Oncorhynchus tshawytscha

Japanese char: Salvelinus leucomaenis Chum salmon: Oncorhynchus keta
Coho salmon: Oncorhynchus kisutch Sockeye salmon: Oncorhynchus nerka
Rainbow trout: Salmo gairdneri Cutthroat trout: Salmo clarki
Atlantic salmon: Salmo salar Brown trout: Salmo trutta

Brook char: Salvelinus fontinalis Grayling: Thymallus thymallus

Arctic char: Salvelinus alpinus

Tilapia (O.aureus): Oreochromis aureus

Tilapia (O.niloticus ): Oreochromis niloticus

Plaice: Pleuronectes platessa Flounder: Platichthys flesus



Appendix Table 4. List of researches on inducement of triploid fish in Japan, prior to 1990.

Fish species*

Method of shock

Author (Year)

Carp

Fancy carp

Goldfish

Loach

Rose bitterling
Biwa gudgeon

Tilapia (O.niloticus)

Rainbow trout

Masu salmon
Japanese char

X Chum salmon
Chum salmon

XBrook trout
Pink salmon

X Japanese char
Ayu

Red sea bream

Black sea bream
Hirame

Cold

Cold

Cold

Heat

Cold

Cold

Cold

Cold

Cold

Pressure

Pressure

Polyetylene glycol sk
Heat

High pH,High Ca sol
Pressure

Pressure

Pressure

Pressure
Cold
Cold
Pressure
Cold
Cold
Cold
Cold
Cold

Ojima and Makino
Ueno

Taniguchi et al.
Taniguchi et al.
Oshiro

Suzuki et al.
Ueno

Ueno

Ueno and Itomizu
Onozato
Yamazaki

Ueda et al.
Nakamura et al.
Ueda et al.
Onozato

Arai

Arai

Yamano et al.
Taniguchi et al.
Ueno et al.
Taniguchi et al.
Harada et al.
Sugama et al.
Sugama et al.
Harada et al.
Tabata et al.

(1978)
(1984)
(1986)
(1990)
(1987)
(1985)
(1982)
(1985)
(1986)
(1983)
(1983)
(1986)
(1987)
(1988)
(1985)

(1984)
(1986)

(1988)
(1985)
(1986)
(1988)
(1984)
(1988)
(1988)
(1984)
(1989)

* Common name: Scientific name

Carp: Cyprinus carpio

Goldfish: Carassius auratus

Rose bitterling: Rhodeus ocellatus ocellatus

Biwa gudgeon: Gnathopogon elongathus caerulescens
Tilapia(O.niloticus): Oreochromis niloticus

Rainbow trout: Salmo gairdneri

Japanese char: Salvelinus leucomaenis

Chum salmon: Oncorhynchus keta

Pink salmon: Oncorhyncrus gorbuscha

Ayu: Plecoglossus altivelis

Black sea bream: Acanthopagrus schlegeli

Hirame: Paralichthys olivaceus

sk used sperm fusion

Fancy carp: Cyprinus carpio
Loach: Misgurnus anguillicaudatus

Masu salmon: Oncorhynchus masou
Brook trout: Salvelinus fontinalis

Red sea bream: Pagrus major
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Appendix Table 5. List of prefectural researches on fish triploidy and gynogenesis in Japan (1991);
Fisheries Agency, 1992.

Prefecture’s Research theme and fish species

name Triploidy Gynogenesis Other theme
Hokkaido Masu salmon Masu salmon Tetraploidy
Coho salmon Coho salmon Preservation of sperm
Rainbow trout Atlantic salmon Super male
Rainbow trout
Aomori Rainbow trout Rainbow trout
Masu salmon
Twate Rainbow trout Rainbow trout Preservation of sperm
Masu salmon Masu salmon
Masu trout Masu trout
Miyagi Coho salmon Coho salmon
Masu trout
Rainbow trout
Akita Hirame
Yamagata Masu trout Masu trout Allotriploidy
Rainbow trout Preservation of sperm
Fukushima Rainbow trout Masu trout
Masu salmon
Fancy carp
Ibaragi Rainbow trout
Masu trout
Tochigi Rainbow trout Ayu Preservation of sperm
: Kokanee salmon
Gunma Ayu Ayu
Fancy carp
Rainbow trout
Saitama Goldfish
Fancy carp
Rainbow trout
Chiba Hirame Loach
Hirame
Tokyo Masu trout Masu trout
Goldfish
Rainbow trout
Kanagawa Ayu Ayu Preservation of sperm
Pejerrey Masu trout
Hirame
Yamanashi Rainbow trout Rainbow trout Allotriploidy
Fancy carp
Nagano Rainbow trout Rainbow trout Tetraploidy
Lake whitefish
Niigata Fancy carp Hirame Androgenesis
Tilapia Fancy carp
Toyama Masu salmon Masu salmon
Ishikawa Masu salmon Hirame Allotriploidy
Fukui Hirame Preservation of sperm
Shizuoka Rainbow trout Rainbow trout

Amago salmon




Appendix Table 5. (cont)

Prefecture’s

Research theme and fish species

name Triploidy Gynogenesis Other theme
Gifu Ayu Ayu
Amago salmon Amago salmon
Aichi Rainbow trout Goldfish Allotriploidy
Amago salmon
Japanese char
Mie Amago salmon Amago salmon
Shiga Rainbow trout Biwa gudgeon
Round crucian carp
Rainbow trout
Amago salmon
Osaka Deepbodied Deepbodied
crucian carp crucian carp
Wakayama Ayu
Hyogo Hirame Allotriploidy
Okayama Amago salmon
Hiroshima Mud dab Mud dab
Ocellate puffer
Fancy carp
Tottori Hirame
Shimane Hirame
Ayu
Yamaguchi Hirame
Kagawa Sand borer Mud dab
Ehime Amago salmon
Tokushima Ayu Androgenesis
Amago salmon
Kochi Ayu Ayu
Red Sea bream
Fukuoka Ayu Ayu
Carp Carp
Nagasaki Ocellate puffer
Oita Amago salmon
Masu trout
Kumamoto Red Sea bream Hirame
Miyazaki Rainbow trout Ayu Preservation of sperm
Masu trout Seed stock
Kagoshima Tilapia Hirame Androgenesis
Hirame
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