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Fig.41. Body length in early life(A) and periods(B) when the morphology,
behavior, habitat and migration of 7.

A a: position of flection point, ossification B a: growth.
b: phototaxis. b: habitat
c: swimming layer. c: swimming layer.
d: habitat. d: life history.

e: developmental stage.

Marks indicate flection points; F1, notochord; T1~T3)total length; S1)snout
length; P1, P2)preanal length; B1, B2) bedy depth; El, E2)eye diameter; O1~O3)
ossification.
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Table 23. The speed and the amount of flowing water in the fishway, and number of individuals of the species collected with a trap placed on the fishway
at the lowest dam in the ' River

The speed of The amount of The ratio of the amount Number of individuals collected with a trap
Date Time flowing water water of flowing water
(cm/S) (fishway : dam) *Zp Zt Ps Ca Ro Th Oo Rs Ca Pp Tf
30 Jun. 7:00 478 122.5 46 :90.1
0 0 0 0 0 0 0 0 0 0 0
10:00 192.0 158.6 114 :886
6 0 0 0 0 0 0 0 0 0 0
13:00 68.0 51,24 9= D0kl
2 1 0 2 0 0 0 0 0 0 0
16:00 53.6 96.5 12.3 ;' 87.7
ST RTINS 0 0 0 0 0 0
19:00 69.6 69.6 10.6 : 89.4
0 0 0 & 0 0 0 0 0 50 0
22:00
0 0 0 8 0 0 0 0 20 0
1 Jul.  1:00
0 0 0 3 0 0 0 0 0 10 0
4.00
0 0 0 0 4 4 0 0 0
7:00 9B 26.4 (S8} 2 .CRLY)
29 Jul.  0:00 397 1859 46:954
0 0 0 0 0 0 0 0 0 2 0
3:00 570 13.0
0 6 0 0 0 0 0 0 0 0 0
6:00 394 13.8 SHR045
0 6 0 0 0 0 0 0 0 0
9:00 45.7 144 44:956
0 60 0 0 0 0 0 0 0 0
12:00 56.0 157 53 :947
0 1 0 0 0 0 0 0 0 0 0
15:00 46.7 334! 44 :.956
0 0 0 0 0 0 0 0 0
18:00 492 19.0
0 2 0 0 0 0 0 0 0 5 0
21:00 50.7 14.2 55:945
0 0 0 0 0 0 0 0 0
2400 473 13.2

*Zp: Zacco platypus; Zt. Z. temmincki; Ps: Pseudorasbara parva, Ca: Carassius auratus sp., Ro: Rhodeus ocellatus sp., Th: Tribolodon hakonensis;, Oo
Odontobutis obsucura obscura, Rs: Rhinogobius sp., Ca: Channa argus; Pp: Paraemon paucidens, Tf. Trachidermis fasciatus
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Fig.43. Number of individuals migrated upstream in the fishway experiments. Solid circles, squares, triangles, and open

circle, squares indicate 30~40, 40~50, 50~60, 60~70, 70~80mm TL, respectively. A) no partition; B) 2cm partition;,
C) 4cm partition; D) 8cm partition; E) 12cm partition.
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Table 24. The size of the spawned 7. fasciatus, types, materials and sizes of the artificial nests, and conditions of
spawning and hatching in aquaria

Total (mm) Artificial nest Conditions from to

male female material size (mm) spawning adhesion of eggs guarding by a male hatching
162 143 aluminum can 65 X 150 O O O O
131 155 glass bottle 65 X 150° O O O O
179 139 poly-vinyl pipe 60 X 90 X 150" O O O O
171 155 plastic flowerpot 100 X 150 X 125" O X X O
170 162 brick flowerpot 100 X 150 X 125" O X X O
176 153 brick block 210 X 100 X 30" O X X O
181 175 concrete block 255 X 143 x 70° O ) O O
172y ) BE stone 300 X 200 X 120° O X O O
143 156 glass wall O X X O

', a: diameter X length; b: diameter in lower X diameter in upper X length; c: length X width X height.
°, O: success; X: no success.
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Fig.44. Artificial nests where used in aquaria. A)a empty can, 65mm in diameter, 150mm in length; B) a
poly-vinyl chloride pipe, 60 and 90mm in diameter, 75 and 75mm in length; C)a brick flowerpot, 100 and 150mm
in diameter, 125mm in length; D) a plastic flowerpot, 100 and 150mm in diameter, 125mm in length
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Table 25. The conditions of the artificial nests used by 7. fusciatus

Year Date Stations Number of Number of the used Conditions 1n the holes
the blocks*  holes in the block

A male and four females stayed and a egg masses adhered.

1997 Feb. 8 7-
8 A male stayed and a egg mass adhered.

Mar. 8
1998 Feb. 12 8- 4 2 A male staved.
A male and two females stayed.
4 3 A male and a female stayed and two egg masses adhered.
A male stayed and two egg masses adhered.
A male staved and masses adhered
Mar. 14 8-M 4 6 A male and a . . _ dand a egg mass adhered.
A male stayed
A male staved and two egg masses adhered.
A male stayed and three egg masses adhered.
Two egg masses adhered.
A egg mass adhered
Mar.28 8-M 4 p A male stayed.
A egg mass adhered.
Feb. 12 11-M 4 4 Two males and a female staved.
A male and two females stayed.
A male and three females stayed.
Two males and three females
A male staved and a egg mass __.._.
A male stayed and a egg mass adhered.

Feb.28 8-

Feb.28 11-M 4

(9]

* The block 1s composed of 3 holes
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B, ZOLIBRFET | DO LEHLLI-boodg s, EHMAIIC 5%

FREREMBET CITONAL. £/, EERBABBEFTINAH OSSN (Fig2) =

Uhler (

132



“EREAAE L%, ERRMBECBEL, ARICHEILEBREM . £
Fo. EROBMEB LA ~F VU TOEBTEROMKRAL L Eni.
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ALzaanr. £ LT, fitAkY o F~—2s3—(No.1500, 2000) THFEE %, 0.05N

HCL THIK L, YFFMBE (200~400 {5) F TR 2 3 L 7-.

FHADARLBREICRIZTHESOER (FHADAKRRBLERRIZERIZFTIR
TOEBYHIL-DIC, TRDIREEROABFHAZHVWCHEERZ
To17-.

YRER UL AT : Afd 1, 6.8+ 03mm TL(SD), n=400(/1 [X)
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HE R : A#d 47, 153 £0.6mm, n=180
EEWIHEA © B3 93, 23.9 ¢ 2.4mm, n=30

11, 23 3B LT 34ppt O 4 TR IXIZ

7. GIKILIE KRR T, EIFHVIERZ1T\V, B HO 13 oKk L7, AL, |
H3-SPI&XICERY D, REREBICIGUTCT AT 2T Artemia  salina S,

WE~ VI P23 Chydorus sphaericus, W =L A Y J1 Ortholadius akamusi DIEIZ
B 27 EBRTAARKBETTITONI.. FXORCEXKELZEAIRLX TREL, 1-2
B XKL BEESIC20 REHRL / FATLR2RZAER, BUKE
MIZELZ. 2L T, RBRETROZEERAOTEHL2RIL—TAE BRI
THEHEMOEDTFIELXREIR%, tBE (2 XMH), Scheffe test(3 XHILLE)IZ X

WEKRMAEEZEORELBE L.

HROKRE, EBRBICRITVKEBOE N=F I URKBITIRE, &£
ERICRIE T AKIBOLRILFHTERIC L > TRIES L., EBRAIL 1997 £ 8
AISIZON ORI A 68 15km Bl TERE L2 L O (EER 1), 8T 1998 4 8
AICBRE TR TRET CHREL-EE(ER ) &AW, E£5 1 THH
FRKIR T (22,5 °C) 0 3 /KH# (60 x 30 X 35ecm) IZ 25 J& (£ 59.5~89.3mm) §"DOULE
B, 24 LU 27 CICRREE L. £5& 2 CTitB KR
T (20.0 ‘C) 0> 8 7K1# (60 x 30 X 1
AT CTEX 2 KOKIBE 6, 10, 15 BLT20 Cic@AE L. BIEKRKX
D6 BLT 20 CRHERZROPAEIZLY, TLUAOKEY —FRF v K
(THERMO Z 500S) & 100V300W DK P HBIEHAH L — ¥ —%{# > TKIEDH
BhfThont. FXILEAKRT, HEFHER LT, BAH 113 oKL

2. TLT, 10 HMEEFERO A Y Oryzias  latipes (25 15~30mm) % #5684 L
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RBGLEFL, ERRLAR (EH2R, FHAZROMBTER, EHAMMERRER)

R,

KHITH L EBERBR H~x) OFMITE, WEMEOBITIL 1994~97 £
10~12 AICIIO)THRELAFHAZFELRY, KA TERERSIETITo 7.
WK ($H 5y 33~34) # A4L7z 12 fAlOKIE (60 X 30 x 35cm) IChb % M, EESIEMR
ELTars ) — bRUTE 8 25~45, & & 9em) 2 A, MM 1 B30 (-
2K 165~225mm ; #ff : 2& 158~230mm) WAL, G& 12 HOXT Z{ERL
F=. LT, WAEE»OLFEMB LOCFLICED £ TEOITEZ YT 4 CHRE
L, FRITBZARMT L7, £72, 1998 & | AITIIEEICY R 2 S 22T
fal {xa s L 7=t 5 & (&% 152~202mm), #f 5 B (&K 145~210mm) %, K (E
53 33~34) # AfL72 35X 1.5Xx0.7m OB D=7 Y — FAREIZIRE L. ESR
Hig L LTREONEIC 8 80 U Fi# (8 25~45, & & 9cm) 2 A4L, 1 H 5~10
B, KBRIE, HEOEBIZA & XT OMRLEOEBLITEROFEOEDR LT
WV, IEREEE M L. CoOBRBEOSAT IBAICIENERINZSE,
ETOELHIE LI bOERR LI, TRALOEREROEHEBKILLARXT, =
TL—al%ML 2~3 BRXIC I3 EKLE. RAOHEIMEASXT I, A
L Paluemon

AB1~2EB5x7-.



2) FARAE

(1) WA B

1 F D OIS E IR & S (% FE, 1989), JLNKFEN LI
NWE ZAHTIBRBIIONCAMPEBHZEL LTI EWVW)IFERZE
fo. 2T, %) OFAEEREILRFNIOR, R TITo7. 2D
ittt i FAE 3870km’, I EEHE SR 194km O—FRIAT)IIT, £ OIRILIE S B ORE L (52
& 1218m) I v, UI0 Lo 7 L& 2 Ay, BAR#ICE Lm@Em A O
L TWD (FigdsA). Z OFIOEKENE LR 8km £TT, MEIZL-
TEHIVDHDOD 6~8km LiliE CERBIZEZVZREAL TS S. MFICLDF
WEITRRKTYH 25m 259°C, R THLFRSHIMELIZEAEEMRSH
IRV, KFEONNEIRIR <, W OB TIR K 500m, A H A5 40km EFECH)I
18 80m, JKiE 3m Z8X 5. MOHOLEAIZa 7 ) — FERTKIEN 3m
LLE, BEREANEESETARIE Im RIFOEFTTEH 5 (FigdSA). RiROF ANLH
57km ERICIERY LRSS, COXLMIBERESFEHETIMEICKEEREA

FhELTHRBESNIZLOT, @& 19m, BEFKE 1120 5 m’, HAKIE 15m,

BTN ~FY OEBREIIED TLRNWZ LEBREENLOERICEVAL
mETotold, WONLEZETOERTE E, Kt OEGREIZHEMN RV S
I (LN NFN @) =80 RLEND 2 AEM S L. Fric e
Gl

N, &N, =), RE)TThbnl. E@FINEm a5 9.5km 12 AR
EwEHRENHY, JIE 2m BT O/ THY, EFES S00m EIZiE
8 30em a7 Y — MERHY, T ETEAERME LI, NFJILE
A28 15.7km ICEFHAZFL, IO T KSR/ THY,

BUEE D 47km EOEECEFEXEE Lo, &)L, =ZH)IE 31.0km £
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Fig 45, Sampling sites around the river mouth of the Gonokawa River.
A)the river mouth: B) Gotsu Port.



LT 35.0km EiRICEME ZFFOPRIEOZHTH L. £ TN HE L DI
1.8km, 2.7km IR T a7 Y — FEERDH Y, BEIX ALY Efi~D
AHEOB LRS-, BRENLE I ETERAERXE S L.
RENTREXHOPCRLEKLERICAZEL, RltoR O 54 51.0km (286
Mz FED. ZONNSIHED 70 T2, RFEH L 14km EROEE) L o
S ETHRERRE L.

o, Ko OEZS.O0IZ, £OR 0.5km RIS B DITEBEICINT
ERBRAEL L CTFHEOEELITo 7. TEBEINMEMEZT bT Ry b &

27 U—FMEBT, BROKBDZ=a 7V — EFTHENT-AVIITSH

RBARLTWD., HICHBRODIK, SEE(SI2DICIFERNZEL, F¥
DIRTHYREDMHENER LG T D (FigdsB). Z oLz
B L T DI h bbb T ERRER L LIEF 30 28X 5.

— oY EFAETERBiERBHAICE S ZARFIO TRF)IITIT>7-.

Q)MES®E

A~ VOEBRFINN W~XVITBAROBEFRETH DD, TOIEMRTAEL
ALY D28 UMFAEEZITo . EEARIEE L CTEREETF (1987, 1994)
NEEDFEIELLOE 4 B AARARERSEERE, WIIRERSELHAL
1e.

FHER DA D~ X VFHAOEBEZBH LI T 578, 1995E 3 A 14
H& 4 A 24 BISITONRAEZS0E LT, # 1kt TETT L8 ELH0E
08m., BE03mm OHA LY b2 -, FBEM AL OS5 0~1km LI 8

e, E 0~2km 12 4 Him, TEEERNIC 4 ARG O, & 1-2 BIORAE



AT T, TORER, ITERBEENICABEOFHEANRZHAER L TV Z L)
HEBIL, MR oLz b0l EL2T o7, £9°, IIEBRIRATF&AIL 1997
L 1998 FE D 1-3 HIZ& 8 Hh& T (Figd46A), A&H% 12 RFEICE TICED T
REINT. DX UAFAIP L& UL OBIERICE LI EEZ LD, |
s 60 PO NRR (55W) THlEE AL L, HICEE-FAZI-LM(BES
:0.lmm) T~ —F, BHAiEOFABLUERMARETIRARD
T4 MIELELR>778, 1995~1998 D 1~6 AT St.1, 2 T(Fig.46A),
BARKLWRALIZHMB(EHA  0.lmm) THE Lo, FlEEELR B E 8k
60, BEREIIEICEEZESELTWDIHDEL, BEKRKTTHWINRTH DD
AR LR OIdM L7, £, FEMARKEILSL3, 10 THITW, ZHaAHD
ST ERAENBESEKRBENHE L7272, HB(BE : 12mm) Z /-,
FRELAFHAITR2T s%PHEL~ ) v hickELE. £LT, RBAEICK
AT T 96.0%, HEAWI T 97.1%IC#Ede = L 23 BFAINIZ B L 7200 T (n>100),

BAIINZLEICARERICBR v,

FHEADKRE, BB, ZEHB KAEERO BEBEEIL 1995~1997 F D 1~6

EEZThETh 73, 79,

~ U TCREH, 7 <0 9%y — e, REFESHE. Al L7
BRIK L FAROFIETUHEL, Bz L. LT, AHEBEEOBRER
RIS S > TH LA B LM OBERRIC LY FRAEKORREAEEL, XA

ARSI D IFHEB O R, HH LB &R 28w L 7.

BE#AR L~V o#t, EE BRALSOBEBARELREAIT L EBT,
BartHiEICE ST 1995 E 4 H G 1998 £ 9 A £ THEMN TN, FAEM
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132° E 134° E
Gotsu Port
A

Sea of
Japan

500m
Gonokawa R.

10km

Fig.46. Map of the sampling sites around the river mouth (A) , the main course and the tributaries (B) of the Gonokawa
River. Numbers of figure A and B indicate the sampling stations, respectively.



AL O BRI B R D i A (St.2), IO ER(St3), WA 6.5, 14.5, 28.5,
322 B LU 43.8km Lt (& 4 St.10, 11, 12, 13, 14) 0 7H#1G & L7z (Fig.d46B).
JMEDFARITIS L TRMB(ES : 12mm) MBS : 3mm), EiTvihn
—HEESRMEAEZITY, TOBEKRBOEDN 2 FH@EHE (12.56m) &£ 0
REBLURBEOERME MBOR I 5 100m” B2 OREEEEZREH L
fo. B - WA ZLEICFEO S 95, 310, 350 B LT 51.0km EiRICAG
EOBMAE LD, ko E@EFIN, ®)II, =R/ ERENTITODNT
(Fig.46B) . AN L7-FAEXBAIC E@HF)NITILR 150m MR T 4 s, &®IIIT
(149 250m MR T 8 M, =&)ITiL 12km IR T 3 Hie, BE)ITiX 300m
MIFRC S R OBREB 2RI, ThLOXMNEROZBZ 2L, WAIKH
BLTRERBVEL, RBLTCRBICLOIKENRETH > 72720, BK
BE LS BIRELZITo7. ZOMTMLK 40cm, BE 12mm ORAE %
LEboT, ZhEBABICIvXVIChEETHIEFESNATHELE.
FELIIBERITI2Z2EZRIE%, Goto (1985) TV, H—HHEMRFLLUEZ
HHEE &% INEARUBRL, YRS - MEOME &L AHOMAE DY
LY BRI % aTEE & L CERE R S B L 7.

I~ XY ORWBH AR L0, Y~/ I ERBRIZ 1996 L 1997 4
B 10~12 AiC EEHI, =8I, REN B LTERBEH Stil OF 4 BT
(Figd46B), Il #8912 F CHROEZ Liicmi> TR bF v 7% REL,

BAAMELI-D~XY AR L7-.

EMIBRE T1~XVOERETRDODLI-D, 1995 F 4 B0 1997 £ 3 A %
TITIIDN EFOR AT TEE L 10%TtERL<Y ABEKRKE, 1996 F£
WIiIIONTIHRELEHB L%, 128 4 AICEEL-EEREH 179 B2ZHWT,

NFVOEREELXIT7-. REAZWYVIEL, 274 F7 7 X ETHE®
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ERAPICEEL, A LEmAKY S F~—/3— (No.1500) CHFEE, M+ (FH

L., EERUBE T CTTRENAFORELHLBE L.

REZB LIS D, Bl L7CEHBGEEZITo72 179 JEIZ, 1995~1998
EIILONTEHRELI- 649 REMA T, B 2R OBGRZA 7. BT D
(3-G)), A~FYOFHEOE—JIXEE2 APAETHY 2 H 15 B%H
0 EIRELT, TORER L FEmOLBEZRD.

T/, AR R EZME AL T Lo AR OEMEE L BidiFo K E &)
LAM2RHMME, £ L TKRXZHWTAEBARESR(GL) ## 7.

GL=100 X (La-L)/LJ/ T

(Lo iRt O 2%, L BHlEO2K, T KO HE X TOMBRHE 20

BHE X)) OBMEOBEITIL 1995~1998 FEICHE LI-ITDIED 10%FH
M~ U UBEARL R)ZHWT, FNOLOERNEDOMBBEMEKE B2 0
BHEOBARMBEEKZHUEL, ZNL 2B, 2RI EE L.

0% 1995 4£ 4 A 726 1997 4 3 A £ TITIIO)I & T ORI O THRE L
T2 10% ML~ Y AT 2 119 T2, #f : 167 ) ILAFEORBIBE DA
chiEbnr. £, AMBRERIER(GSI=AMRER g X 100 / &) 2 FH
L. &0 COERMBRP OBALIC L > TRIVKIBIZEEN W &2 FRON
T4 ORI R DM LR LD 2, KEOBRRDES RIEE )
SR TEMOEFMBOEREFBRYVHB L. ThEdxH ) —L, TLERET—IL
TRA%, ~"T7 4 8BEZHNTHEBVAREL, ~~v XU xoF Y
AT LD ZEHREEARE L TRRART VBB L. SO, BETHRELE
M OBR B E&IEAZ MO TRIMEE £ ROIR S H & RO TEOFEH

AR RN
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PESRSA T O %¢ E b, (RO HFAEICIS VTR
BE#%EBZXZONDFANVITHEAENICEIR, REShT 06, 2K
FEYNSS IR T D 2 L s S, £ 2T, XY OEINGHOFEMZ L
IS TS, 19951998 4200 12~4 T IO JINCBEE) 2T dvie e ¢, FRiB

W& AKX -/ L Th-~K Y OESNE, ISR, FHAZEEL T (FigdoA).
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2. FiRELER

DERNRA L KR, H3oMEK

(BRI 4

I XU OZHEBREYRER 1.71~1.84mm O ILEIN T, FHEIE % 0o Bk (B
£ 0.03~035mm) 23 > 7=, YRIHLMESPEIRSID &, 1 8cm, EHiIZ 4em, &
E2em ) | DO ETH TEIREAA O EEICERY &, JIRICL-TZOE
HIT®, 18, RI@EREOERBL 7208, BRBEOETICED BROE(L
RSN, ZHOOIRZBAKIRO6 £ 12 C) FTTRE, BEBL

=7, 20 BRI CERFERE, 30 BEETHRAL, 60 BEEITO HARICEL, 8 HB T
A2 BB X AL7- (Table 26). %, 11 HEH TR, 7 v, —Kias 10 /%
iR S AL, 12 B B T, 20 BEiOER, 7 v/ —KBEO# KD, 16
A HCIRBOBEOBOME RS L, HENERI L. 22 BH TTHR
Mo L. ZHE% 25 H H CTRE(LIZE » 7~ (Table 26).

AP CIESR S AP J0 ¢ % U 02 BRI LY, KE, AR @ C, BREE 1.71-1.84mm
Bie ch~7-. — 4, WIARINED L 2E 216mm O 14 RO O E/LH X
N~ FUOINLHERET, IIFE 1.78~1.82mm ERE SN TIY (854K - 1L
M. 1990), (RIFRIL CTh 7. SEBEICHW-RRZEN L-REa02
Bt 205.6mm THY, MOKISIZESWTHERIBEINEOLDOEIZIERLT
ot il D RKTIRE LI A6, &E, B lke T, KERNT
OISt - b o L HRENEEATR L., ZOoXk )i~ x ) oI
IWEOEFIDERERLY, ZORIKNE LTRAOBRAEMICEREZIT T

(6)}, R TIttR~ REERIEM L &
O DH N, RERIZHVWABHAOEA, A7 IPRLOILEEM/RE TS
ST, RHEEH S TIRO @I B THAIL LD ENHB Lotk

RN,
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Table 26. Egg development of . kuziku

Time elapsed
after spawning

Development stages

Water
temperature ('C)

0 hrs
6 hrs
10 hrs
14 hrs
16 hrs
20 hrs
30 hrs
62 hrs
7 days
8 days
11 days

12 days
16 days
22 days

25 days

Newly-spawning eggs

Blastocyst stage

2-cell stage

8-cell stage

16-cell stage

Morula stage

Blastula stage

Early gastrula stage

Late gastrula stage

Appearance of embryo

Formation of optic vesicles, lense and 10 myomeres
Appearance of Kupfter's vesicle

Formation of notochord and differentiation of brain
Disappearance of Kupffer's vesicle. 20 myomeres

Appearance of melanophores on optic cup
Beginning of heart pulse. 34 myomeres

Formation of branchial mantles and nares

of lower jaw
Beginning of hatching

8.0
8.8
o
9
o
99
9.9
10.6
8.7
8.4
8.9

9.8

5 s

o

9.2



(2) KR & ¥ B &

KIR(X) EFE L BE(Y) OBERZ Figd7 (&R Lo, MEICILLAT OB
&V TR ST,

X 10 ™ X (7=0.961)

ZOMFRNIZLY, EKBICHTOIFLAMERRZREK I DL, KIRSTT
633 H, 10 CT310H, ISCTISIBERY, v~/ I LREKRICKEBOE
FICEDF L B s HBEEER B O L. KEOIFOKEKIEL 21
CTHDLZEDBRHMOLATWDN (ARG, 1993), A~ XU O BBITKER)
DEBROMEIZIRVEEICHIC Y (A%, 1989), Hug W)z L - THL
BrOKBRELOLRD OB RS DLEZZOLND. B ITDHL9124-13)),
B Ui T HLERARRICHLY, ZOBICL > TKEBEICEVWAALNRD
72, R—EBHMCHLHILATERRICENA LD LHEEIND.

QIINRAEICRITTHSORER
SORMD BIX, FHoSAKMICHAL LTS 1| RTo2ELIER,
2TOKEATHARERNBE SN, EBRFLRUEDICED, RAICIHE
fRe S, SANRABRE & FHERE P/ FER % Table 27 (TR L7z, 5 15~35
TITo 7 S X, 16 K TIE2 T 95%LL EDORHLRZR L1223, 5 10 T
L2 KT 95%LL L, 1 KIE L T0%DFHLRTH 7. 20 L 5 KOBAIR
mEfEREREENMFIE L, T LIZIEEL R 2T,

ZOXINH~F ) 2B R TEINIIT > 72 b O ORES TIHFHEICEDS
T, FHEB ATRERE S ORR 2 FLRFE 2 &9 DL, TOfEIT 10 THo7-.
£7-, BARKTAILZHL, SI2EBEIKICELIZBETH, RKTHIHLIZE
BRWIERMLATWD (5K « IUA, 1990 ; LA - £HE, 19D). ZhbHD

EBERIAROFEMBH2RES LBERERLHERIND. I~F Y OE
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Fig. 47 Relationship between days to hatching and water temperature
in (" kazika eggs.



Table 27.

pre-spawning to hatching

No

(9] (3]

— O D00

13
14

15
16

P
18
19
20

21

of eggs of (. Kuzika for salinities in case of same salinity from

TL (mm) of

males

206
163
185

181
240

197
197
197
195
217
219

177
195
196

181
191

175
205
190
190
185

186
196

240
73

(195 = 19) (184 +26)

females

188
153
159

184
219

129
206
190
207
215
123

173
205
183

188
184

173
203
214
186
178

151
183

219
184

Salinity

at fertilization

39
35
35

30
30

25
235
25
25
23
25

20
20
20

15
15

10
10
10

5

SiES

Parentheses indicate average = standard deviation.

148

Viability
(Hatching rate)

Hatched (>95%)
Hatched (>95%)
Hatched (>95%)

Hatched (>95%)
Hatched (>95%)

Hatched (>95%)
Hatched (>95%)
Hatched (>95%)
Hatched (>95%)
Hatched (>95%)
Hatched (>95%)

Hatched (>95%)
Hatched (>95%)
Hatched (>95%)

Hatched (>95%)
Hatched (>95%)

Hatched (>95%)
Hatched (>95%)
Hatched (>70%)

No development after
embryo stage (0%)
No development after
embryo stage (0%)
No development (0%)
No development (0%)

No development (0%)
No development (0%)



PR PTILAR O3S LR O A L BE X LT Y (%58, 1989), RRIJIT
AT QA SR L7 ADESIRIC (EfRA - KERBFAFEAH, 1992), #ER
EART =R OBBEIR THAOBICMHE LI ~F Y OB ER SN T
5 (FF0 - 522, 1998). ZALHOHEDES AR I TW RV, bl &
LAREBICIST DFHEIRRE 0 10 UL EOKBETH- 722 LR FREND.
£72, FEINBETDE D OEE) T D QIR E OEDEICER END LT D &,
ZOBRFIEHBFIC L > TEL, EIFLEZRIIT I LTOEROUE 2ILR

DA[REME 2R L TNV D,

@) (LA, LM
EROMEZIRELI/KENTI97E2 A1I0BE 2 A 2 BIC 1 Rome

fLiFEEOB (L% Table 281Z/R L7, 3 B2 BICHH L2 46E D, 3 H6 B
D1 BT TROIOF LY — 27 RRH L, ZoOE— 7 MiIcE LZ£ 10000
ROFHE Lo, THLABEIL 15 205 19 HIZT TH 1000 BOSFEL L 7223/ 48
BTHY, 3 A 21 BIZFHLET Lo, BRABOFLEEEIT 0~6 B TILE
it60d B (1 BEH 2950 R), 6~12B¢TiL 342 R (FEH 16 £17), 12~18 BETiX
8449 2 (7 402 £ 1154), 1824 BETHE 3171 B (252 :52) & 72, 12~18 K¥DFF
(A8 A $ D3 0~6 35 L TF 6~12 BRIZ R TH EIZE 0> 72 (ANOVA, Scheffe test : p
<0.05) .

SOLDIC2IMROEINA OEL2 BT o723, FHEMMIXEE TH 20

N, ZHIABOIRNEK CEARAE SN, RBRONAT TRENEL
Lol ED b LHREIND. UL, 5 BREICE 10000 R23EF L THEL

LTy, BRICESHIVWHEBI L LIFRARRERGKLEEZIOLND. T
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28 Daily changes in numbers of newly hatched larvae
(. kacika at intervals of 6 hours from two egg masses
guarded by a male.

Date Time
0~6 6~12 12~18 18~24  (total)
March
0 0 0 0 (0)
2 0 0 3 . (5)
3 0 2 0 (3)
4 4 16 30 31 (81)
5 9 26 83 79 (197)
6 2 28 220 154 (424)
7 37 51 61 531 (680)
8 25 6 3652 529 (4212)
9 24 41 38 961 (1064)
10 18 33 4074 172 (4297)
11 227 44 27 170 (468)
12 13 6 5 36 (60)
13 8 7 23 (39)
14 18 8 10 19 (55)
15 6 4 50 110 (170)
16 72 10 124 97 (303)
17 5 6 13 90 (114)
18 48 10 3 150 211
19 70 39 24 13 (146)
20 2 2 0 2 (6)
21 3 g o) (8)
70 g 0 0 0 (2)
23 0 0 0 0 (0)
24 0 0 0 0 (0)

(total)

(604) (342) (8449) (3171)
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DX D RFFAEHHORMILLEEP LIFLIXR L LD RIREZEIRT 5~/
NI HBREIN, YRALURICFEFAREBZVER BIFIERI U Cho7To. #%
BYDEIIC4-(4)), KELY~ /D IDLIICFLIHESL LI EET
DA T L—a U fTE8E L, YAALURCET I LOEFILEREICST D
NTER) ZEIG B SN D.
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DEHAFTROBEEFHRR

MBFICHEOIFEREITHEL
ABHBEN KIENTHRERE, FAF LI~V VIFHAOFEERZLE
Figd8 IR L7T-. FHLEZOFAOEKET 63~7.0mm T, I Tzl L, AHE
0L 10~12+20~23=32~34 T > 7= (Figd8A). IR EIF SR AIEEE(CWipe /s KRR
BRHEELEL, PROMDR LIZ 5~7 Ao, REOFMERMEZ 10 B REk
PREFIL, REATERIZE A 03mm OMERDTFTE L7- (Figd8A) . {FAITHiL
V5L RBFICKIENCHEBRAZE-> TV . Af 3((KE 6.5~73mm) CHRH
EMER OB ET, BEEABALA L, WK@K ~FIT L7 (Figd48B). A
B 6 (AR 6.6~7.6mm) TTRAE L HINHBMOIARNIAE Y, MEKE IRH N IHK
L, AT/Ed{FEIRICfAIT L7 (Figd8C). Al 9(AR 72-88mm) CHFE O LA
CHIREROZRNIE LD, FAIZ 48 EOBRBFIMVB R X7 (FigdsD).
e 15 B (AR 86~94mm) CHZEN LB L, KEMFRMIIBITI DL L
21 #? (A& 8.8~9.6mm) Tf%
BHEROD 2 #K, ATERZE D 4 ®WASPAIRIC/Y, 552 HHE - BEEE R TER S A0
7= (Fig48F). A& 30 (AL 10.1~11.4mm) TILFEEORERNERIL L, 4L F 1
HHOMMBENREBLL, ARICBERBVBERINGY, HABICEITLE
ZOE, HREBIEIERBICBITL, KEICFHRLET IEELZEHR

L7-. LT, L% 35 A (KK 12.0~14.1

AFVOEECH BRERNMNOKRILOHERE 2 Figdo (2R L. 2RI
83mm £ CHBVBEMmMESRL, TO% 98mm ¥ TIHAERLA. LT, K
& 11.9mm ETIHBENICER L, BREOTFIFRULRE R 7. il slitfs
& 83, 98, 11.9mm O3 WPFIZBH L. MR THAER 85mm & 143mm 0 2

HATicEdhAxH Y, 85Smm £ T ER, 143mm ¥ TCHBAEBPMEPZRLED

152



€Sl

Fig 48. Larvae and juveniles of C. kazika. A) yolk-sac larva, 0 days, 6.5mm BL; B) yolk-sac larva, 3 days, 6.9mm BL; C) preflexion
larva, 6 days, 7.1mm BL; D) flexion larva, 9 days, 8.2mm BL; E) postflexion larva, 15 days, 8.9mm BL; F) postflexion larva, 21
days, 9.3mm BL; G) juvenile, 30 days, 10.5mm BL; H) young, 35 days, 13mm BL
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Fig.50. Development process of several bones of C. kazika larvae,
juvenile, and youngs. Sohd circles and squares indicate beginning
and finishing ossifications, respectively.
Bone No. A) vertebral column; 1) centrum; 2) neural spine; 3) heamal
spine; B) pectral fin; 4) cleithrum; 5) supercleithrum; 6) postcleithrum;
7) coracoid; 8)scapula; 9) actinost; 10)ray; C) caudal fin; 11) urostyle;
12) hypural; 13) parhypural; 14) epural; 15) uroneural; 16)ray; D) dorsal
fin; 17) proximal pterygiophore; 18)distal pterygiophore; 19) spine; 20)
ray; E)anal fin; 21) proximal pterygiophore; 22) distal pterygiophore;
23) ray; F) pelvic fin; 24) distal pterygiophore; 25) spine; 26) ray.
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Fig.52. Changes of the gathering rates under the light of  kazika reared
In aquarium.
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Fig sS4 \R L. BiFAYOBRE 1| LVEEBLARRTH, B2 0 KTHER
Rt 3 HBLAERENARL, 16 HH TEMRL 7= (Fig.54a). £7-, HEH 11
XTHAEKRBNRAD Ui, 32 HBE CTREM LT (Fig.54a). H5 23, 34 XOAKE
FERILE &~ 32,5, 338 % T(Figs4a), MKRIZHZENIH LT (ANOVA, ttest : p
»0.05) (Fig.54b), ‘F£5) B M pk& &1L 022, 0.21mm T - 7=. {FHEfE AR o B # 47
PO LIS E, R TR OAEFRRITESY 0, 11, 23, 34 KXOJEIC 383, 572,
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HL A B IZKE < (ANOVA, Scheffe test : p<0.05) (Fig.54d), ¥ H MK & BRITE
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i, 2TORT 60%LL EDAFREZ R LT (Fig.sde). BREIREREITIE S 0 XH
HIEZ 0.15, 0.15, 0.13, 0.06mm T Y (Fig.54f), HE5r 0 X, 11 K23 34 X &
W HLAEICEIT- (ANOVA, Scheffe test : p<0.05).
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%, in press). ZO X I ICKABEOEBD
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RO~ x VITEEEDZHHLRA L, B THIEESTHLARAETDH
LEEBEZLND. BF - RBRAEN9) FKBERZHETTCOHIXY (EH2k
57.7mm) #fABE L12BE, KR FTHNIEBATOAKRICEER RV L%

HEL T, BEEOD~XFVIHIEWEICMEZES L E26N0 0. ~F%))
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Fig.54. Survival rates (upper) and growth (lower) of reared C. kazika larvae and Juveniles on various salinity
conditions. Rearing experiments were conducted for 3 different growth stages: larvae (daily age 1~45) , pelagic
juveniles (daily age 47~91) and demersal juveniles (age 93~133). Solid circles, squares, triangles, and open
squares indicate salinity O, 11, 23, 34 ppt, respectively.
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Hivic. TOFER, 20 CEX2 10 BHOL2EOHY, BMMERERL Lo 2 X
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L7z, 27 CRLUADKIRX (6~24 C) Tik 70%LL LOAEKRRBRELRLTEY, &£
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Table 29. Growth, survival rate and feed intake of (. kazika on the rearing test (20,
24,27 C)

Water temperature (U) 20 24 W
Total diet intake (g) 42.4 393 112
Survival rate (%) 100 72.0 44.0
Total length (mm)
Initial 7 7S ON/ =20 694176
Final 714 £78 70.5 £ 8.1 70.1 £ 79
Gain * 1.4 £0.53" -0.12+0.74" -0.26 £ 0.89"
Growth rate (%) * 0.15+0.13* -0.015+0.096° -0.087+0.19"

*The rearing tests at 20~27
Superscripts shows those treatments in which the mean values are significantly
difterent (p<0.05) .

Table 30. Growth, survival rate and feed intake of C. kazikua on the rearing test (6, 10,
15,20 °C)

Water temperature (C) 6 10 15 20
Total diet intake (g) 2.8 43 7.0 18.5
Survival rate (%) 93.8 100 100 100
Total length (mm)
Initial 547%75 53.7 £ 8.1 54474 54370
Final 549 +t79 543181 552+73 SSRGS
Gain * 0.23 + 0.63° 0.59 £0.52 0.86 £ 0.50" 0.65 £ 0.69
Growth rate (%) * 0.04 +0.11° 0.11 £0.10 0.16 £ 0.09° 0.12£0.13

*The rearing tests at 6~20 C were designated by a-b for ANOVA.

Superscripts shows those treatments in which the mean values are significantly different
(p<0.05)
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