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Fig.71. Seasonal changes in the gonadosomatic index [ (ovary and testis weight: g) X
100/ (body weight: g) ] of 1~3-years fish. The specimen were collected in the
Gonokawa River and Gotsu Port from 1995 to 1998.
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Seasonal changes in the gonadosomatic index [ (ovary and testis weight: g) X
100/ (body weight: g) ] of 0~1-year fish. The specimen were collected in the
Gonokawa River and Gotsu Port from 1995 to 1998.
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FERICIX S L7z (Fig73). ZORGICHEY, | AU EOEEKIZEIT KRB X
T— U DOEEHENE Fig74 (IR L. HOBE, FIGR7- GSI O LR )tE
£ 10 AICBERORT =V, WOKRERNRALA, GSI OfELEW 12~1 A
AT =20, MERBMMoIV, VBRI, LT, 2 AURIXRAT
— IV, VIBK¥EEZENZ., —JF, #TiE GSI B EFZ#MRBLA 11 BICHE
HMORT— 2 U D 70%, RBIORT— JIBH 30%% S, REIRB O
RAT—VIVIX I3 Az, ELTERURBRIERT - VRRFEEZLDL.

| BATEEH P ORBIOERMB MR LE 112 BIZHOW T, HKA
THAMBOMBFOBELZITo. TORRE, BIZOVTHE | &AL 10~12
BICHARAT =Y U~IVTH27I b0 567, YA (n=I)HEFI ok
EREINTWARWREERKIETH-72. —F, MTIIBEB L 29 E&$ 4
BiETR7T—21, NIBBB I, ZHLERTE LA GSI 25 9~24 OEETH
., INHORKRIE 97.2~123.0mm (FH) 1136 + 11.5) T, RFHOYKEADE
£ 60.0~107.5mm (1) 845 £ 13.4) IR T K E o 1o,

Bk 2 AR OMBE FARH 2T @R OP TEBEEZITo 1@
EEDOEL B 1HAT, 2K 200mm Z8X DL RKER2BANBRELL.
KA THEIDATREZREIRIL | RALLETH Y (A&, 1995), EEZFDOFERIL
BHLH—FL. LrL, fETTHIERAITRBT 2 LOOHEMITEL W
EHUEEINTIN (A, 1995), IDONEN~FY THOHOSEA L EHEIC
MY 52 THENRR LN,

N FYHETIE 12~2 AICHEDOTRMERKB+2ICBELHEF TSN
(A7 —TIV), #ETIL 1~3 AICHRRPICHEIMREDBR I TR Y (RT— P IV),
BB LR OMBFOBIEN O, Tl DB CH%MEL 12-3 B &%

ZHond.
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Fig.73. Photomicrographs of ovaries and testes in various maturity stages. a)testis at
stage 11, 178.4 mmSL. collected on November 1 in 1997: b) testis at stage 111,
177.0 mmSL, collected on January 15 in 1996: c)testis at stage V, 119.0 mmSL,
collected on February 23 in 1996; d) ovary at stage [ ,143.4 mmSL, coilected on
September 24 in 1997; e), ovary at stage I1. 170.5 mmSL. collected on November
12 in 1996; f)ovary at stage V, 1493 mmSL, collected on March 23 in 1996;
vg, yolk gloube stage; oocyte; ao; atretic oocytes; sc, spermatocytes: Sz,
spermatozoa. The bars indicate 0.20 mm.
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Fig.74. Monthly changes in maturity stages of ovaries and testes. The specimen were
collected in the Gonokawa and Gotsu Port from 1995 to 1998.
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Q) SRR DI & RIS E L CESIEIHK OHEE

BREES A DEAL 1996 £ 10 A% 1997 4 2 RICB T LIRROBES M OF
(k% Fig75 12 x Lo, e 10 A 19 BICERE L7 @& (2K 155.8mm,
GSI=1.01) OFREIL 0.5mm R L D 1| BETHY, AR OIFR DM R T —
LD ERT =Y ThHho7=(Fig75a). 12 A 12 BIZREL-BEEK (2R
188.0mm, GSI=1.26) Tit, T OIREBEIL 02~0.7mm TH Y, B =IKGHEKH %
P LA T = UDOBEE AT —2 | OFRBENRBE I N (Fig75b). 12
A 31 BIZERE L @& (2K 1952mm, GSI=24.2) Tit 0.4~0.9mm O/ FLD PR EE
& LI~1.6mm OIRBEN LR Y, AIEIXRAT—T 1, BEREREMOR T —
M Td o7 (Fig75¢). 1 A 15 BIZHE L7 @& (2K 189.4mm, GSI=7.04) X
IO HOT, DEOIE 1.5mm A% OIRBEDITA, 0.6mm KigoDd X T —
1L 06~1.0mm O AT — I (05~1.0mm) D 2 SO RBETHER IR
(Fig7sd). 2 A 2 BOEEK (2K 192.0mm, GSI=10.2) Tik 0.9~1.3mm O X7 —
MR Lb LGB 0.6mm RiGDORT =2 [~ OB DL
(Fig.75¢) .

ZOX)NRIBOEOHERBICLY, WX VHMITKRD L D R, EIHERE
ZELHLODEBXOLND. EV, RBEHL 1 DOE— FE2FOBENHRY,
BENVEDICONT 2 o0F—RICHBEL, REORENGEHREIND. £D
HOIFBRIPIILKRICEIN SN D BETOIFEDIE), PEROERRLLEEBXD
A YRBED D 72 D (Fig.75d) . FEAFE L OB ARE PRI S, ROBEEPD

BRBED R X ISR L, BUERSIND.

SRR O & 2 RSB EICHRAIE L, BURRLTNWDL Z D, I~vF

UbhVY~ /03I ERERICEEIEIRATHD Z ENRALNERST.
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Fig.75. Seasonal changes in composition of oocyte diameters. a, GSI=1.1, 155.8
collected on 19 October, 1996 ; b, GSI=1.3, 188.0mmTL, collected on
12 December, 1996; ¢, GSI1=24.2, 195 2mm7TL, collected on 31 December, 1996;
d, GSI=9.8, 148.8mmTL, collected on 15 January, 1997; e, GSI1=9.8, 189.4 mm
TL, collected on 2 February, 1997,
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B, ERRELUEIEE 199 £ 12 B005 1997 £ 2 B TICHRES
AVT-RREA L -0t 11 BRI ZHWTER L= % Table 42 IC;m L 7-.
AR L7 K D ICHR IR D il 2 BETh o1 7- 0, KBIGRRE, /RIGREEIC DT

470~15,500 KL T 6,100 + 4,200 KL TH Y, BHIFEICHER
EILRY ORI - 1 (Mann-Whitney, U-test, p>0.05). 2 ARt 2 Gét T 5 &
880~33,400 %I, T3 14,400 £ 9,700 KL T - 7=. ZZIitk & KK (SL, mm) ORI
IR ORMRDEE O HALT-.
REIGREE HR$%= -9780+ 113.9SL
INRLGRRE Y%= -6769+80.9SL (r=0.931)

: BR%= -16550+194.7SL (r=0.970)

aul

&)

BMEICIEmWBEECTERERRBRIZL, AEOKEWLDIZEZHOKN
BiZ R Z & ) s X 47z,

— 7, 1994~1996 AN T H REIR & 7 B IKDE I $ % Table 43 i
A L7-0 1 ETB OESRL 1,100~18,000 K, F# 7,700 * 3,600 $7 (177.8 + 30.3mmSL,
n=10), 2 [E] H % 6,000~19,400 ¥I, FJ 13,000 £ 5,300 $7 (193.6 + 14. ImmSL, n=4), 3

+ 1,900 ¥I (211.9 + S.4mmSL, n=2) T » 7=.
INHDIL, EARRDOZ N7 1 BB OEIICOWT, 1 [EB OEIRLAETR
LI-KBISRBECH DM ERIE) 2720, ZnbofEfEoikikE, 2K KR
(SL, mm) ORHRKL L KEIPHEHZFEE L. TOKE, KEIPEE T
4,800~14,200 %7, T 10477 + 3453 1 & 780, EBEOEIRK LY HEEHE, ¥
& HITRRKERMBEEARLEDN, AERZRR O LY (Mann-Whitney, U-test,
p>0.05), KAUGAEED | BB OEIRFICEH INDI EEEIND.

RRANOZEINE 2+ 1B E LR E WEIBED 8,300 5,600 K1, /S VWERBED

6,100 * 4200 KT, MEDOEIGBEVEIRDO LT, Y~/ B IDX ) RAEOD
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Table 42. Number of eggs in an ovary, and standard length of female, C. kazika
captured from December, 1996 to February, 1997

SL (mm) The number of
Large group Small group Total

145.7 5,800 4,900 10,700
1552 6,800 5,700 12,500
189.3 13,800 9,800 23,600
22082 16,700 8,300 25,000
156.9 6,400 4,700 11,100

943 2,100 1,500 3,600
179.5 8,300 5,900 14,200
119.3 4,700 3,000 7,700
240.5 17,900 15,500 33,400
163.8 8,800 7,300 16,100

85.4 410 470 880

(159.1 48.1) (8,300 t 5,600) (6,100 t 4,200) (14,400 £ 9,700)

Parenthesis, average £ SD.

Table 43. Number of spawned eggs and standard length of females, C. kazika spawned in
aquaria from 1994 to 1996

SL (mm) Number of Number of eggs
I st 2nd 3rd in large group

128.5 1,100 + 4,856

1441 6,100 + 6,632

149 4 i 7,236

159.2 5,800 + 8,352

176.4 + 6,000

181.9 + 10,938

186.9 8,300 + - 11,507

190. 1 it 19,300 '

1977 4 8,500

205.0 + 13,569

205.6 ot 15,500 13,637

207.8 4

210.1 14,500 14,150

2145 + it 12,600

2152 * +

(1875 £27.1) (7,700 * 3,600) (13,000 £ 5,300) (13,300 * 1,900) (10,477 * 3,453)
+, no measurements. -, no spawning. The eggs of large group were estimated with the

expression formulated by regressions between the number of the ovary and SL of
females (shown in Table 42)
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REINSHT-HE T, BE—EEOELIEKIERE 210.imm OEEK TR 1 =&
H723 11,200 ki, 2 81 H 2 14,500 $i, A& 205.6mm 1,800
R, 3 [EIH2 15500 i THY, LS 2, 3EBOFNEL, kil LIcEIRE

LEEIREROBICHEEI LN EZ X LD,

N~ X OZEREUL o ) 2 BHAREERIC (%%, 1981 ; Marconato and
Bisazza, 1988), (ARIZ® L CT—®&EF L. Lo L, RIZEK 150mm OOfE K
Tl B EHELIZEE, Cottus gobio TILESIEL THI 800 %I (Marconato
and Bisazza, 1988), Cortus hangiongensis CiXZZI0E TH) 3400 K7 T 5 DIZxt
L T (i%p%E. 1981) L7, &
~ X U OURERILALTAYRT | Smm Biitk TH D DIWZxt L, Cotus  gobio OO ¥R
2.2~2 7mm (Marconato and Bisazza, 1988), Cotrus hangiongensis Ti% 2.0~2.4mm &
AIROGWINRVNRITHD. 2oL )R LD CHEICRYS HDEBT, IR
RFYIEAI VT, —HIL KD E, b /B0 Z5E L MBI OMERER D b,
CHNFEIRBET L FHAOETREOE WV THIEOIT b D, /e bE
BB LURMEIEEOZRICER Y 260D EEXHND.

Q) ITERRENICI T D EINB
PESR B L EESR A D 5 B

X7 (Fig76) . ISR B oMo ok St2 T, E|mai 33, KK
12-2.0m ThH W WHETH LN, AMAOERBVOERICIERE 20~100cm
DEDVFEFER Y, #kdE, BRCAEPELL TV,

AR L2 K DI Ol TN ETICE L OB L-BALA G 0~4 OFFL
%R H R VIR R AT AR E S, RBIRANTONE D~ X ) OBHE 5

221






O—ETHD P S, L, IRERITANT S0 B H T E L)
D TARGID)F A EZ D Tkm Ll (& bIZER) ICHLH 222 &b, A
ffECHLEMLTWDRMEELRBWEEX LND. RBINED~X U DEIRH
AR O TH - 72 GIRE - KBERERBAKE AR, 1992). £7, FiEREAKH

-

=RHE TR CTABOEIN BB SN THD (BFDO - 7R, 1998). #id
L7 Lo~ x U OFFLRFAES T 10 THLIDT, BET D LARDOEM
St O e £ DED OISR IND LHBrEnD

LM L L) O ~1km £l (ZRRD) T, 1995~1998 &0 12~4 Bz~
FUMRMA 48 BOBREIN, TNOLOEMBREHBEFRICRITLIZER, #T
ERT—TIV-VI HETIEAT—CUN~VORETH Y, %2 1~3 At

WCHESREN BB INTZ 0D, REHVBENRERHESXOND. ZO/RIT
Al L7-fFHE O B DR L7ZEIR(12~3 A) &L iI3E—&%L, 2 b%
WEE) 2 LITONBED~ XU OFEIRMIL 12~3 A LHlrEn .

PESREAR L SR DIRMIR  (LARIAMAN ) St2 T 1996 42 A 23 RiCRBEN 7
BRBE & T 2 (RE LB A (Fig76) DEM L BADKE &, SIStk & IRt
L UNBRE % Table 44 (27 L7, SISRIL R 1R 24~45cm, F4E 19~35cm, & & 12~25cm D
BICEROBHLFOATF G EHEPDOFICHFELTOACEEATN 1 RT
DOMEMRA (2K 119.0~189.8mm) BER L Tuvic, B 1ENH7 ) OIS 2-3
WT, TnETREENA, ], FBALRR-oTEIY, | JARIELY O
1040~5190 ¥z, HR{RIL 1.44~1.66mm Tdho7-. £L T, RMLRIFEFELTND
BEOROBEBRBINTER—ChY, ERZBICHLRHVFLISEL LIS,
BELO R I & B> 7RO B ED S HURNTH o 1.

SRR EINI~F ) OEFFERTZFEATHY, FHERFEKHT=RFih%

DOEE# THOMho =~ x Y (o - 55, 1998) & —& L. £/, h~F%
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Table 44 Nests and egg masses of C. kazika found in the sea area on 23 February, 1996

Water depth  Nest size*' TL of male ~ Number of Number of Egg diameter Day taken
(m) (mm) (mm) egg masses eggs (mm) to the hatching*’
12 35 Xx20% 12 119.0 3 4490 1.59 2 0.08 4~ 6
1230 1.50 £ 0.07 5~6
1040 1.66 = 0.05 7~9
L2 45 X 35 x 25 127.6 3 4110 1.56 = 0.07 5~ 7
3070 1.51 £0.09 5~6
1700 1.44 £ 0.06 6~ 8
2.0 24 X19%18 189.8 2 5190 1.61 £ 0.07 13~15
3380 1.59 £0.06 14~17

*' Longest X shortest X height; **, egg masses were incubated till hatching in 9.3-10.1 °C.



U ORENEE OIS ZREL T2 &, %9 2 /KEHNEINEER CIEH

47 Polygamy OIFIRFEN KRB THITOA T I b0 EEX L.

ERRADOKE S LERRRL LUCMBEOMNE TREE, LoO)IF O~1km
E (R T 1995~1998 400 12~4 AICHRE SN~ % ) BELHE 19 B,
M 28 RTHY, TOLEEE 4 1142~207.0mm 35 L K 92.8~219.6mm TH Y,
MEFERM TEOERICHBREITIRD L AL D> 5 72 (Mann-Whitney, U-test,  p>
0.05). THALOFEERMMKE Fig77 IR L. O~F% U OEIBAIT 0-2 A
THRINTEY, Eo2RITERA, | KA, 2KRADIEIZ 1142~119.6mm,
127.6~196.6mm, 207.0mm, Hff Ti% 92.8~123.6mm, 127,5~214.7mm, 181.8~219.4mm
T, TOMMITEENAIZHETIE 150, 80.0, 5.0%, #ETit 143, 71.4, 143%
o Rl

B~ %Y Tit, EYREEOEMBILB 2RULLEEX LN TE - (BBH, 1962

CAZA, 1995). S ENI I A L NI ig#E B O N - EE O 80%
UEIT#E 2 A ETH o725, —8ICiid | MALEEN T\, filk L7 X
INH~FY ORRIBBEEREERRKE LS, RERBFEN>T-—EBOLHRANKIAL,
FRICE-f- LR INT. ¥, REBKOHEMEDOFEHEMIIED TREL

T, TALOEORRICLABERELRBO DR 7. £7-, AL

LTb, 1996 & TiifEAs 207.1 £ 20.8mm (n=14), #EA3 199.6 £ 23.6mm (n=9), 97
FETILMEDS 1947 £ 17.6mm (n=14), #ED5 202.5 + 17.5mm (n=11) T, HEMEOK E
SICHERZELR D L9 (Mann- U-test, p>0.05), KA 72 & T
Jr 05 31 2 MEMERR] O R R K & X122 (Natsumeda 5, 1997) XD LN N H D
LEE s,

N ) OESBAOHEBEOMIZOWTIL, ERHOT~F Y OBFEE
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Fig.77. Composition of the year class in each size (total length) of C. kazika
collected around the river mouth of the Gonokawa River from December to
April during 1995 to 1998.
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BICL DB L) L8 L <, MEENBENDITEENEL SN, §Al
i U72Bim] b5 v 7 Tl 8 S AL 7o MEME D A BA b L 7. 1996 £ CitfgiL 14

9TE, 1997 ETHHMEIL 14 T8, ML 11 RERBE SN, BEL LEHEORE
KEICHERETRO LA 72(1996 4 1 x =034, p>0.05; 1997 4 : x
=0.08, p>0.05). A~FVIZILNTHY~ /03I LFEHICERBAOMELIT

ThohELEREIND.

(D EMITH L EBRERR

AWAICE T DBMITH RAKMICEIT 2<% ) OFBITE2BETE
WinoTo 0T, KENOHRENRBRELZ, BRER L U7 FRIQIZL > TER,
BREFLIZ. LT, BIBINTERNGKRE, ER, IREBICEDIEMITEO
INH — % Fig 78 WR Lo, BEKEICIRAE®R I CICEIKO U FiE (LT,
BEMY)ICAY, KakE, RE, Dz T2 R4 Lz (Fig78a). £ L
T, HZ EHDIVWIIHBICLT, BEZ 29V TRV LRBRONERDERZ
el t, VIR L7, ERITEINEB INED S E, 23 A ) BLICE LKA
AL HEZ MR 7. B RO D e, NERESHE, 2TOEYIRYT
TEERLADG, R ICHEICHEYT L, s OFASCERRIEIZ D F2 DU 72 (Fig.78b) .
ZOMBHOXITENTBEEICAD Y, MZBE L% CICRICEY, BURO%ZXK
E<PRE, FMELZIRT . Zo—EOITEZ 1~ EEHYIRYT D HiZ, HDOE
MOLBONKICAY, EHERO LBz, I EBEY &, HALEH
&0 (Fig.78c), MEDMRBEE D & & I, FENRMICERY G- T, HELK
G972 & RBRICEORENBER IR, BIRRENH 12cm, HEH Tom, &HS
) 2em O¥FEMAEKEL L ME LT, Bo LBEORBHICERAMTIIbNAL. Z
NOO—EORE L EIITENILEIC BB LIERICHT TITONT. 1 I8 %
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ming o4

Egg mass

Fig.78. llustrations of spawning behavior of . kuzika. Left and right sketches are
front and side views, respectively. a) tail digging; b) courtship by a bite; ¢)
spawning; d) fanning; e) vibration for egg mass.
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JIoRENL 20 23700 1 BEFIEARE L 7-iCE2 RO > >XHL, ik L7ZHRA
DIFRATEN 2 & 5~10 BB VIR Lz, Z OISR O L 7o % Kig
AN L, AR Lo REITEHZHRYVIEL, BUOKIIKICE-T2. 20 LD
WL TR A 3 EIOERICES Lz, £ LT, RYIOKEEND 5~10 HED
ERLIA L 7D U SN T HIBWAWL, BREICER Y § o 72 1-3 JRsRICxt L T,

, FREAIUL S
CL2H T 2T DI NNA T L—2 a3 0 %1T-o 7= (Fig78e). HIXMILICED
£ TO35-40 HMERZH, TORBITEEZKELE.

d—11 NIRRT D Conus  gobio TIXSMREP DAL T L—3 3 AT
HrThHiRnb oo, TAUANOERMITENLEIMOE HTE), KRBT, E
R1TE), ORIRBITENCEDL LT, I~F VRV~ /W ILEBOTHELE
(Morris, 1955). LU, HBARERKD CHED/NFT 12K Cottus  nozawae &
X a v AT AI Cottus hangiongensis TIE/3A 7 L—3a 1T & RERE DD
D EITE 24T\ (Goto, 1982, 1988). I~ X% VY O FEFAITEY /S — VLAl
WU~ T ERKRIS, (WORKD CIEICHRTER{IEL TV D E N

2.

ABERICBIT2EBHEBIR 19984 1 A 25 H~-3 A 25 HFE Tw 2 » A,

7o, £, EDOITEN % Table 45 (Z/R L7-. No.l DL 2 A 13~19 HD 6 HREIZ, 3
ROMEZNEN 1 BIOXTEFERL, & HICHIBBREICE 7. BEORR
L 1~2 @ B2 32 BEfE], 2~3 BB 107 B¥ T, mHEEZAEDLE DL 139BEHTH
512, FLT, TO®HERT #BREY, FLET 3 I EZRELZ. No2
OHEIL2 B 193 A 4BETIC2ROMES | BIOEIRZIToTN, €

O 2 PRSIV R L B EBE R L AN, BAMCHEI L, #EEh D2 RELR
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Table 45 Behavior of males, (. kaztka in an aquartum which some males and females were taken on from January to
March, 1998

No. TL(mm) Time Behavior of males
202 18:30 on 13 February Pairing with No. 6
0:00 on 14 February Spawning with No. 6
2:00 on 15 February Pairing with No. 7
8:00 on 15 February Spawning with No. 7
15:30 on 19 February Pairing with No.8
19:00 on 19 February ning with No.8 and guarding
ee egg masses ed No.6, 7 and 8) until hatching
2 188 15:30 on 19 February Pairing with No. 10
19:00 on 19 February Spawning with No. 10 (no fertilization)
0:00 on 26 February Stripping an egg masses (spawned No.10)
16:00 on 27 February Pairing with No. 7
20:00 on 27 February Spawning with No. 7 (no fertilization)
19:30 on 4 March Stnipping an egg masses (spawned No.7)
19:00 on 6 March Pairing with No 6
22:30 on 6 March Spawning with No. 6
19:00 on 8 March Pairing with No. 10
3:30 on 9 March Spawning with No. 10
20:30 on 12 March Pairing with No.9
23:00 on 12 March Spawning with No. 9 and guarding
three masses (spawned No.6, 10 and 9) until hatching
3 178 17:00 on 5 March Pairing with No. 6
21:30 on 5 March zell, of pairing with No. 6 without spawning
4 198 From 25 January No pairing and spawning (no nest)
to 18 March
S 152 From 25 January No pairing and spawning (no nest)

to 18 ch



Mmool TO2 R AKMENLEIRY Eif, EREBRECEELI-L S, WT
NLRZXWHETH Y, HEOEIPORPITONT LEBEINT. TO%, ZoHiL3
Ho~12 QA6 BENC 3BIO~T IR L, 3 RIOKIFEZITVY, 350804 187,
RUNDORZHO 2B 2R &, BHERHEIRIE 1~2 B B 25 53 B8R, 2~3 B H 2% 90.5
Bl T Y, RFT 1435 BRI TH 7. TO®RIIRT 2HEARET, 3 i
fif £ CIREL 7. No3 OEIL3 A 5 BIZ Nob DL | [EXT 2 AT,
No.6 W~T ZMMHAER 720, BMEITIEELR) o7z, Nod & 5 D2 RO
ILFESBRHMPICE R, XTERXBHFRITORN -7,
ZOEHICHEOKRERRILEK 6 BT, TNEBELEXT MR LARN-
f=. &6IC, AR L KH)OICKATHRELLIBRICB T, R—OmENBREL
TV EEOIBOFHL B 2318 TEWEB/ILERM O 9 HIcE O & FESP
L2 ¢ RLTWS., ZOL)ICh~F Y Thy~ /b I LERICEDOED
FRMEILE S, I TITR R X ) ISR B OBR O D L HEE ST,
FEEBRIZIS T DOMEDITENZ DU T Table 46 (278 L. ESRZ | BT o712 1% 98
L7 No8 #FR< &, &TA 2 EEYRL. 727ZL, No9 ik | [EH DIEIIEF
AT ZERETICEIIL, REHTH-o7-. 2 b 2 BOEIRFENRIL 289499
B[] (214 398.8 = 86.6 B¥fH]) Tdhr o7, | ERT Z AR L 7o % IZEESRHE 97 I fth o
L ~T #4AHE LT-Ok No.6 DD | Bl T, EIREIER (1~2 8], T3 1.8
204 [B]) & NT AR ( t
Whitney, U-test, p>0.05). ~7 a0 O FEIRIZ E D £ TOBEMIL 2.5~8.5 B¥ ) (F
¥)4.6 + 1.9 B¥fE) THh o 7c.
BRI CAERBADE I LHEEER OXT DR, Polygyny OB EL L D
(Goto,1987 : Broun, 1973). W~ X% U OBE, WOEEOME T 2R, %

Lo L,

MRS | PESR N A BB BEYR ) D T, Mook A E B> TR Y, #EE
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Table 46. Behavior of females, C. kazika in an aquarium which some males and females were taken on from January to March, 1998

No.*' TL (mm) Number of Spawning Number of A B
spawning times interval ' h Pairing times ~1st ~2nd ~Ist ~2nd
6 179 2 499 3 5.5 35 2985
7 181 2 289 2 6.0 4.0
8 210 3.5
Ok 145 2 390 25
10 194 2 417 2 35 85

Pairing period A, from pairing with a male spawned to spawning; paring period B: from first pairing to spawning.
*', Numbers refer to females shown in Table 44.
*°, This female spawned at the first time without a male.



EHLBEEE, RALo-BBELEMILIE0D, X ) OBBEFEID
Polygamy & & X L 7.

N~ X OMEOEINEE & XTRBEIBILZIERE TH Y, X7 OMHEZ
BIEEAERDST., THiY~ /1 I OMICE T XTOMAE X B
BIH : FH20: 1408, 2EE8 :26:09/E, 3E8 :30t22 RB)ICH~TH
SN IVETHD. F7o, XTEENLEIICED £ TORRE G 2.5~85
B (CE¥) 46 198 TH Y, Y~/ W JICHRTEY. ZE@EEORE
TEOBWICLDEBZZOLND. AL LRERFICHLODESITRILITO N, ¥
Y/ AIDOHFEHMEES DRIARAATLEEERANICIEAND. LrL, h~F )
DINHFDOEITENIRIFICHDY, HZBEL TISICRIZERD. 34bb, ¥~
71 I OMETREICRENIC RIS E ANLH AL, KRERICHELZEIRTE RV,
N7 OMBBEZNEL, ERETORMLEMLTIEEZLND. LIL,
71~ X U MR IED IR D X RRICHICH & AR W o o), SREFRFICHEZ RIR T,

NT DMHBFEZBDIRL, ERETORMLEIRDLEEZLLND.
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3. X%V OETERK

BARBISHRATDIION 2 ERFROBE LT, HEHFE, £BMCHEER
FORBAER, B LLERREOENEARER O ICEIIREREZED, X U0
EELZHBEREFATEICL > THLMI L., TOEESR® Fig79 ik
Y LD

ARFEOZAFINILREELF I C, HEBRAOFRBIZL Y KR 10°CFTH 31 HH
DRWVITNBEAME 2B CTILICED. BLE&OFRILEEICINE & k%
BLH, ITICEOLTWS. [FRIEOEXREZEDL, BILOBBIZILAERA
THAEICEFIERICKEEY, KEERICBENZR L, FHLEK 5 B BRI
HEERICWIT L, A @aINcBIT I o & bic, BEZRBLITD. v
XU OEEILIET FEI 2 E 7+, FEiFRITHBEPHKRETHOLTEY, o
K ORBEODENITKECHTFHIL I DRFEILMBORAKI B EE2KICHY T
L5 OKEF - FHIZ, 1961 ; %58, 1975 0 KD, 1994).

71~ % Y OIFERILATFEITEE | A0 OLdiadk L IToO)IR OftTic, #
WEAETE %1 D B T A & HEEUTITEARENICE N, W SREAE 23 11
LLEC ek, RIS L. fE T CiiiEk 8~9mm ORICHFFE L
kDY, L) EZOHEHLOEKRILOESHELZIBDOLND. KR
10.5mm EHELMIZ KKk 1B3mm HERYIBITI L0, EEROLELEXED
OO EMZHEZDLD0HL L) EZORPITHD. ZOL) RAHTNISH D
VTR RE DO B ALIC k> T, REBUERELELEN, KEEBICEEL,
WK TORENAREL L. XKATH 2 »y ABORHEAFTYES, 2K
20~22mm (ZEY HEICHEEL, WAMKTHEIEL, &K 100 B E THRICE &%
Sfctk, HBAZENNCH E LD 2. REHABEOS LG, BROBEE
FEB LT OT I FoRalLF IAREDRLEAAERAICEY BEERS +

THOZENHMOLNTIEY CEBF, 1994), V~x U OHEILIFGEHNHEFEHIC
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E1
B1S1
P1T1 S3
a
b Ppositive storongly Positive slightly None
c Up and down
Sur ace between sur ace to bottom Bottom
d Sea or brakish water
e larva Juvenile Young
6 7 8 9 10 11 12 13 14 15
Body length (mm)
g Rapidly Slowly Rapidly Slowly
b Fresh water
G Demersal
Settlement
d Early
Jan. Apr. Jul. Oct. Jan. Apr. Jul. Oct. Jan.
0 age 1 age
Month

Fig.79. Body length in carly life (A) and periods (B) when the morphology,
behavior, habitat and migration of . kazika.

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

e: developmental stage.
Marks indicate flection points; F1, F2) notochord; T1~T3) total length; S1~S3)
snout length; P1~P3) preanal length; B1, B2) body depth; El, E2) eye diameter;
O1~03) ossification.
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BTV 22K 20~22mm RiZICTA0O OBECIERANERI LI LEEILND.

N~X YO EL 8 AETHEREL, TOEBBILRAKBICBITIS. T0®k
W OMRAIE TEEMZ DX, (ZOJITIL 1995 4Tk 23~45km, 1996 4Tt
5~50km OAWED & AR AR AR Lz, 8 B ¥ Tk il ClE ik ks
WL, BHICHEOB FICEL LN, 9 A DILE OBEEITEE L3
NOERWEHEICHEYT 2. YRATRCEROBROESLLRETIIC, 2K
100mm LA EOBESITEXTROEICERY L. KEOI~XVIZZO®EE
DR Z R 5 ETOM 1719 »y AFIRACXificE ¥ £5. £ LT, EEME
KoO—EpiLPIIA TR Lok, BEOAELMIZSHIZLBRA~LBALEITD.
ORI XIVIEI1T y ALULEZFNINTAI Y. EODKRITEERA, 1
AL LEPLEIIO THARRMERZ, KPOLEZIIDT TUECL R R
#FEIFT, 2 FERTRAR 250mm IZRK9D. KENFEBEERIC UL, b~
¥ U OREAKIEBIE 15 CTHY, 6 CUTOKBRE TIIREROE#BERZ R
LTI, iLONTI LRI HEITT TORREHIIEKIRIC L DR
tEZLNS.

10 AICAD ERFNEEY AMBOBENRIEIT D. BT EICL2E
100mm Z8E % 20 2 AR PLTHDIN, REROBRNPIADBOYRA L
W 1T 5. BEFRIIL 12 B £ THET 2. o X Hich~x Y B ELER OE
ER XY, RULENER Y A LV erofikdidoy~/ 13, £LTYFF
Anguilla japonica 7213 T 2 (EAR, 1994) .

EHHE N2 AERDD 3 HETIIRIBET I~ X ) OBENEIRB SN, FIEK
WATF&R (B #E 0~4) OB SITEBEZ T TRUIO)INAKTO N ~ ¥
VOFEM LRI, IO ORIIHREEH TH LD, B SV %E
L TEHY, IRRBEIAHTFRAOHBSOKBEIIL 10 Z2&IZ8X T,
EFTEHWFLREZGDLICOICITES 10 LEORBEAKTIHEZZH, BESHE
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HIENEHKETHAZENAKERNERICEVBELMNZIEIN, EABRLEZXDITH
VXU BATRAKIE IS 10 L EO KIS CTER L Cuny-.

KRBT D 0~F) OFEIMNTAESICH D2 KBOIREIHDO T TIThbh, |

71 FHEBIC S L - ADEICRI R (% Ak, 1988, 1994) TH HHEFER O~
TEEIRT, MEIMAFZEEIL Polygamy T#H 2. KN TOHEOEHHEHMBM TV~
A IERKRTELS, IMREMMEZEIL-OOFRFREKIRE X L.
EHMITENLE RN OIMREBITEINICEDL LT, AXREDOoOmAN T HEELED
3, REITEFONIDE, IMRBITERONS T L —2 g B3R LNAT
Rigo T, EIRMON~F ViR K 250mm (ZFEL, O OKEL 2
RAT, —&E AL, M3IRATHERIND. EIRKOEIKOKYEILEDR
%12 y BTHEMELEZDN, REVEN-72 2 RAITEMICEEY I 3
R CRER], ERTHEBXOLND. £LT, 811 » BICRSHEOIFREIZ L -
T, WROETFERDBALEYS.
IONEEERFRIFAAE LT, I~FXVDOEFEELEY EL 07208, K
A ARBRITIHKBR» O BRI, KEFERITITHRRINBR2LEHRICHHEL,
INOLOERBOBRBIRRLIZENEZOLND. EVDTKBREZIILDE L
FREBFHAKRESESTND I ENFRBREN, &4 ODEEIZEIT2BEHIZO
WTIHHRIC L > TELRR->TWnDEEX LD, LinL, KEIZEI 508
RBEIIDRL, BIAITH D0, ZTNHLOMRE2MET 5 & ERXNRAEER
HKIZOWTIHAFRE—HLTHBY, BABAEI~F Y OEFELEZH LI

LTcbDeEEZXD.
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4. (R L HRUXE

DX VILOFEEBENBEHLCEY, BETOLY K7—4T7 v 70OH T
HAMICIEE SN TWD (2E, 1995). £OREE LT, mAaso#RE, #ib
HIBDO TR EIC L HEINGHT L (FHAOKBTREOEL, RESCEEN
AKOWNRAE LA BREEKOBILODIZ), HEOBRERIZ L8 EEEFICFED
EBMOFEIMEE EBRNOBDREBRZESFOLND. ZZTIHENALOPRTH
EOLEBICHEMNIIEEZERIFIL TV DI EBSXONIIBICE I EAEFTLEZO
tH, NLTEFEEOFBICHOVNTRINTD.

DEOH LIHE L €DK
AT L7z k91 (3-(4)), B Lo 7~8 AICIXIIDNZ RO & THROEE T
WIS ~F ) YEAVBEEY, BEBNHEHEFEIN TV, 2ENICATHLETIRO
METLLHLEET, LR~ ETERVIIIBELFETD (@A - £A,
1992 : #2H, 1995). —F, W ~F%V UEA (2K 35~73mm) & A\ 7o FHifE
10~97cn/sec. TITHOIL Tk HESETIE, 1| B O D HIZ 56~100% D E & A 1m D
KENzmNO L~ B8 L, RES 30~120cm, & Z 10~80cm, i &F
45~56cm/sec. TITHOAN TR LGB O M EER T, BRES 120cm TH
17~40% DM L RER L TWD GRIRE - KRFEMARBELMEH, 1992). oL Hil
EEANIE N~ X Y LR R DR E S M EEEA R L TV S, £ 2T, KA
PIINCREINTZEBEICBT D ~X ) OB ERRZAES DO, 1997 F
6~8 HIZHIRR T OK FlEORETEEH 4 Bl 24 BFFHFARZIT o 72
m, %z 30cm
T, Im BOYY RIFBRE SN TV, YW RITEOEZEX 25cm T, &L
EXRREBEDOYIY RIFIC b T v 7 & (L) (Fig.80A), 3 BEMIHIfR Tt L &, 5

LU SO MBS @7, Co Ty 7R E L5m, 18 Im, B &4 6mm
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Fig.80. Fishway of the lowest dam and a trap in the Shimoko River.
A) fishway and a tap; B) individuals captured with a trap
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DEFAET, 20 x 100cm OFRAEE HH, &I 0.5~Im ORMBEAATHE TE
LH0THD. BENPOLET I DEAMOKIREBICAARMA LIS LI, #AER
BRICESZAB L. 0B, ZOREIZIIVTIXRNEEESN TV RNho 7.
THRIMNOBREIZBITD T v 7IRER R %L Table 471277 L7-. 6 AEEFOH
ETIL3ILR, 7THRETILIR, SHB¥THAROI~F I BEEINT.
Az T N Zacco temmincki, 7 1 ¥R Carassius auratus sp., 7 7 A Tribolodon
. T =t Plecoglossus altivelis altivelis, = 2/ 33V 8 Rhinogobius brunneus

sp.. 7 X TV Chaenogobius urotuenia, X~ FF 7 Tridentiger
v Paluemon  paucidens, € 7 X7 = [Eriocheir japonicus O L1 FER S i
(Fig.80B) . FAABFOFEIL 101.3~191.7cm/S, it &IT 316.5~699.9/S T, FiHLR
O EILFN & O 24.0-49.5% Th >1-. —F, KD 7 BE¥OHFE TIL
A~XVOBETERINT, DFNDICAHIVLY IR, TLIREEIXT=2
RBHFEHREINEE T Thoz. ZOROEEANTE, HEXZTHL TN

149.7~160.8cm/S, 794.4~1284.5/S T, BHEDF T VM EX R L. RAEHOR

SEIORFETITEKEZRE, 2FEBICI XY BEESNT. BREA
(1992) (2 LA, MREBED & &3 120em, 2D 80cm T > T H i 49cm/s T
17~40% D @K (2K 41-57Tmm) B L35 2 E N ERMICFEAS A TEY, D
P 2em DBEZEX HZ N TERDS T2V~ /I _#BLEATEHN

EEZLND. TLT, THIIOEEOHETYH, WAKRETRVWIREY XKRDOD

BUCHWOLNTWIARBETHH-TH, BERMEICT DI EIZE ST, £0DH
FREZBIET DL EDARETH DI EZELAOLND. BEZLDOFEIIITHELND
A~FYV OB EREHAENRBEIN TRV, REICEE LE-REDKG

NWIRWREDFEOLTHDLEELZLND.
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Table 47. The speed and the amount of flowing water 1n the fishway, and number of individuals of the species collected with a trap set at the fishway
in the lowest reaches of the Shimoko River.

The speed of The amount of  The ratio of the amount Number of individuals*
Date  Time running fluid flowing water of flowing water
(em/S) (s) (fishway : d S5t @a Th Pa Rs Cu Tb Pp E) Ck
18 Jun. 10:00 124 4
EHOLOF 010 0 0,0 00 0,15 0,0 0,0 0,0 6x il
13:00 163.6
e &0 0,0 WO 4 1] 0,70 0,0 0,0 0,0 10,1
16:00 123.6 4040 495 505
0,0 0,0 0,0 0,0 1,0 0,8 40 0,0 0,0
19:00 12317
@ 900 0,0 00 6,0 0,120 0,0 0,0 Fnal
22:00 101.3
@& 0,0 00 00 00 0 SOS0L O 05 3 S0 2 0, 1
19 Jun.  1:00 1200
0,0 0,0 0,0 0,0 0,0 20 0NOR O 0828 (0N 0,0
4:00 122.0
0,0 0,0 0,0 0,0 1,0 0,35 0,0 0,0 0,0 0, 1
7:00
Qe @50 @0 6:0. 20 1,65 0,0 0,0 0,0 0,0
10:00
4 Jul. 17:30 138.4 5293 30.7 693
0,0 0,0 0,0 0,0 0,0 00 0,0 0,0 0,0 0,0
20:30 105.7 3559
0,0 0,0 ONO" SOLO 0,0 0,0 0,0 1,8 0,0
23:30 150.0 5117/3)
0,0 0,0 0,0 0,0 0,0 0, 0 0,0 0,0 5,12 0,0
SJul.  2:30 164 4 506.5
00 64 60 L9 090 0,0 1,0 0,0 0,4 0,0
5:30 143.0 422.0 321 67.9
0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
8:30 138.2 4203 303 69.7
%0 900 00 00 DO 0,3 0,0 0,0 0,0 0,0
11:30 129.4 390.7 38E3 661
0,0 0,0 0,0 0,0 0,0 0, 4 0,0 0,0 0,0 01
14:30 191.7 316.5 256 : 744
@ 00 50,00 - 00 © 0,0 0, 1 @), ©_ 0, @ = 00 10 (@
17:30 181.2 6048 381 619
*Zt. Zacco. temmincki: Ca: .; Th: Tribolodon hakonensi, Pa: = s altivelis altivelis; Rs: Rhinogobius sp.; Cu: Chaenogobius urotaenia; Tb

Tridentiger brevispinis; Pp: Paraemon i » By Eriocheir japonicus; Ck: Cottus **Fishway trap, side trap.



Table 47 continued

The speed of The amount of The ratio of the amount Number of individuals*
Date  Time running fluid flowing water of flowing water
(cm/S) s) (fishway : d *t %ICa »'Th  Pa Rs Cu Tb Pp E; Ck
16 Jul. 10:00 2125 809.8 245 K125
OSSO (0} (010 0,0 0,0 (0); (ORS00 018 (08 = 01(0)
13:00 154.5 8309 267 :733
0s@ 500" 0,07 %6 ""a0 0,0 0,0 RO3 @ 0, @ @0
16:00 149.7 797.8 340 :66.0
LO 0,0 00 00 00 00 00 00 00 00
19:00 150.0 794 .4 255:745
0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,1 0,0
22:00 USSES 798.5
QGO0 B%o 00 D0 00 0,0 OHOREL0 00,040
17 Jul, 1:00 156.1 890.7
0,0 0,0 00 00 00 00 00 00 10 00
4:00 160.8 12845 2252 S U738
15 Aug. 9:00 1129KS 469.7 240:76.0
0,0 M9 "00 90 0 2 0,0 ORONSHOMORSNONON ] |
12:00 144 8 699.9 399 :60.1
0,0 0,0 LO 00 219 00 30 00 00 ol
15:00 167.9 SIS 351 649
0,0 0,0 L0 00 2 2 00 40 00 00 1,0
18:00 138.0 455.1 29.1 709
G0 Yo 90 60 1,11 00 0,0 0,0 0,2 00
21:00 123.8 346.1
@o oo Mo 00 1 2 0,0 0,0 0,1 0,1 00
16 Aug. 0:00 1443 422 4
G0 B0 %6 0y O uB, 2 50,0 OSIOF 0525 1101 "10:10
3:00 1432 31953
0,0 0,0 00 00 0,1 00 00 02 00 00
6:00 SIS 3979 303 :69.7
G 0 w0 609 M 0..00 0,0 0,0 0,0 0,0
9:00 1323 627.5 422 :588

*Zt: Zacco. temmincki, Ca: Carassius : ; sus altivelis altivelis;, Rs: Rhinogobius sp.; Cu: Chaenogobius urotaenia; Tb:
Tridentiger brevispinis; Pp: Paraemon I . E): Eriocheir japonicus, Ck: Cottus . **Fishway trap, side trap.



DENRFEOUBEE LTOATEIREROFA

BIARTIHRENR I ~X ) OBHEEENTOATEY, ALEBIZLDRE
EAERMITEERELIN, ABICLOBOMRIIRTEEL 2o TV D (X,
1993 : #2455, 1993 ; A2 D>, 1994 5 #24, 1995 ; $5 KD, 1992 ; &K - (LM,
1990 : I - #20, 1990 ; LA - #2H, 191). LxrL, h~<xVUOEBEIL
2EMICED LTEY, AEOMBECREORE L LT, Ak LB H
LIz, ORI N TR EIC LY B LIHE LICEIRRE O ED
EETHD. AMOEINGILIT O LIRS, EHEXITRBEENTE
BEOTICHRE TNZ2RETIERALZBR L. T OEIPBRIE LR D1k B
Y 2ED 10 LEORERTHY, BERETHDN, AHEHIDOERBVDELR
IZITR R 20~100cm DR AR EHICHELER > Tz, £, FHADKE
BELZORSHICHY, INLORELAEOENR, FHRAOKEFREOLE
GFHEIRETED. ZOLIRBREVBRKECHREFSND ZLNHLEE LV,
BECHE O T, EBFEERLICLDENREOREIIH LT, Wikiisliz A
TEMRZRAL, BENICZARVBOBREOVN ORABETILERD D.
@R (85 - (i, 1990 ; (L - £, 1990 ; LA - 22 H, 1991) Tik, Ki#
ATBILE =L RE, KIGEE, R ~I~X ) 2BBEIETEY, EoAH
RIZBWTHKERNTa 7 ) — MU FRICHEMIEDL LI L.
ERINFI OB CTITANLEWRE ~D~X Y NFHRL-BELHY BRYE - KR
R BAE, 1992), KHMOBEH ATEIFIKROEAIZ L) EIRREL2KET

DIENARETHLEEZIDLND.
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. BeER
1. ¥~/ 03¢ 0=%) OEEROLE

Y2 /I h~x ) OnHE, FELRESCENE, EIFAREZ X IHET
Table 48 (TR L7z, mifEE & XA BBULENIORABL TH 503, EIRDOTSD
HEhk £ T DMRFELER THD. Y~/ D ILBARTHARABILE & ZORA
IS, ES THRREES O PEEE, EEHOBFEEZOMAFRINNIGMY
. INOLOFOBITMMENREVWATH]RELTND. —F, I~F VXA
AEAHET, BARBUTHKEL2LILORET, KEEMTIEHERNNLEE
BETomJIEmaicAE B Y 5. ZROOBEMY RO, BREEOBLE
ARSI TSV, BREOAEBBEILE bICALiE 30~40 B TIRIEF—L
TWDIZHhrb by, FEOFMOBERILRL, Y~ /7B TI#EY
EDOREWVEBIEEZOFRNIINE NI RFOFZAT, I~FVIZBWTITAARE
NOIREET, TNENOEEEZE> TE L LEBEND.

0 fE O IR L ERTEZ O FAEfTE IR T, IISROIKRE CRESREAR IC/TE L, BADHE
LKoo TH, & &, FRELZTOBEIIEL THDH. hoRKN I I E AR
HERE OFSPERH B IR % BEOR EAZ I YRSR CREZ (B H, 1936 ; 12/, 1975, 1981),
OB LB BITIR AR A RORTEICHIRE TH 5 (155, 1988). LaL,
NXFVICHRTY 2/ D IDOENRIPEBRRXCKRETH D, FHILAAEBKIE
W EDORLED RS LD, WS SRR LK E TOIRVEFE TEIAL,
Y~/ NI THES 20, h~FY TIHI0UL ETIZEAEOIRNREFICFLL,
ZHEICESEREIEL L ELICRVREEEZTRL, BEoEHOE L WRE
WCEIE LT EE2 WA DI EDBHALNER T

WA LAF&ILVy~ /7 0 I TIHARER R 69~73mm, W~ %Y Tit 63~7.0mm,
HABITHMOKELZN L 13.8-15.8mm, 10.1~114mm T, ¥~/ IDFH

MRETHD. —RRICKEID LR RBEOFEVBFHEST D2 L BBMOLNATERY
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Table 48. Ecological characters of 7. fasciatus and C. kazika

Characters of comparison

T. fasciatus

C. kazika

Distribution
Japan

world

Eggs
Character
Diameter (mm)
Period (Days) between spawning to hatching under 10 T

Larvae and juveniles
Standard length (mm) of newly hatched larvae
Standard ~ (mm) when individuals transfer larvae to juveniles
Total length when individuals settled to the bottom
Planktonic season (occurrence
Planktonic period (Days)

Migration
Types of
Total length " when individuals occurred in the FRS water
Periods of upstream migration
Ages those individuals migrated upstream
Periods of downstream migration
Ages those individuals migrated downstream

Growth and age
TL (mm) for 0, | and 2 year fish
Life span

Breeding behavior
Spawning season (spawning area)
Matenals of nest
Spawning and mating system
Maximum spawning times and spawning interval of a male
Spawning times and spawning interval of a female
Number of spawned eggs per female (180mmTL)

The coast of only northern
Ariake Sound and the nivers
flowing 1n these water bodies

The coasts of Korean Peninsula,
and eastern China and the rivers
flowing in these water bodies

Spherical, adhesive
1.98~2.21
19.7

6.9~73

13.8~158

240

February to April (sea and blakish)
33~41

Catadromous
more than 24
Aprl to July

0 years fish
October to January
0 year fish

120~190, no individuals
for a year

January to March (sea and blakish)
Oyster shell

pair spawning and polygamy

S times for 7 days

3 times in about 2 weeks intervals
7610

The coasts of Japan Sea between
Yamaguchi and Akita Prefectures, and
Pacific Ocean between Kanagawa and
Miyazaki Pref. and the rivers flowing
in these water bodies

no distribution

Spherical, adhesive
1.71~1.84
31.0

6.3~7.0

10.1~-11.4

20.0~22.0

January to April (sea and blakish)
40~47

Catadromous

more than 27

March to August
mainly O year fish
October to December
mainly 1 year fish

70~120, 130~250
mainly for two years

December to March (sea and blakish)
Rock

pair and polygamy

3 times for 10 days

3 times in about 20 days interval
12600



(& - K, 1989), (FHADOKE SOEWVITIREOEBICHRLIZLEELD
2. FEMEIEY~ 1 I T334l B, I~F% Y TiL40~47 BTY~/ D
IOHFNEL. FEBOZKRILVY~</ N I Tt 24mm, A<FY Tit 20~22mm
CRTE OFNRRRRE V. ZOBRRILEAEDT 082 P & U 7oK T b
EBIZTZETHEBETDLILOD, TNETNNRRSREIGEIG LCER S

RTHMOFBICLDLKMLOEE B KRE L, KROBBHLHE LD, FHAD
PH OB REW., ZOREBHEICHISLTLY XKBOAKTLY BNWEE
EHELICLIEEEIND.

Mt e LR EIEROEEFERA S ANV EFEL, £ OEEBILRKETSH L7290,
—EME 2 O L T OBEDBE TR L&A LS. Y~/ 73T
2K 30mm TP TITRABUCHBR 3 2Dt L, <% Y TiHL 40mm TH D,
A~ x ) OFBCRRMMICER, KABICEEY, B ERBRO2RNKE
k4. Y~/ W IOPEFRIL~TH, 1<X Y TIH3I~8HATHY, I~x
VOB BB EMEIIRPITHD. ZOMEBORRE L TIHERSS I XY
DEBRRPICOED L, BEENI~X ) OB ERICE LT, ¥ LS
RWIZEDNBEFORD. RBIENITE HIZ 10 ADEEY, Y~/ 7 IiTdeEhA
THOHDIIF LT, N~FY THEZEOREN I HATHD. ZORFERDE
VLR IAERR 23 Y~ /0 Tl 1 s CTH DI oIEx L, I~ X U DOKERS L 2
BTHhoZliche o<,

Y~/ Nk 1 ETEE 120~190mm (SELLERRL, TOKRYEIEEME
B, N~FVIHERAKTH | £TEKE 120mm £ T L2EEY, %<
L 2 sk, —EBILiE
A~FYV Tt 12-3 AT, A~FVOHFRRPLEHRCLILD. ZoLHIg, ¥

2 NIE X VIEFEULBRAESER D HRABETHY N5, K, KR



Elfp, FMIBOWTHERERMEENRD . ERFATILE ISR OFHETHES 10
ULEomgK, RKETHY, KETHY~/ D IFFCHFR, I~vX)EE
XRICEIRTD. Y~/ W IOEPREOEREIIEKIETSHY, EIRERELRY
ZDEALR. EIZ A~ XY OERBRBIILERERZ L LTHAHATE L)
RZMBBEB LR, ZOL)IBRBEOPT, HHLEREFMA LRV EEIZ
EoT, BIEIIIXRR, RELZEREREREINEME L TEELILLER
DD, BREOEERY A NMILXT ESR, Polygamy OIFEEETHY, L b
ISR EI DR - 2 2R T—9 5. LaL, HEOEDEMMYIMSCHED
PEEIRMRR 72 & DMBEIC BN TIHEFOENDBH LD
BITEFERREVPEH L TWDEVbiD. & HICHEICK M EREIC L
WABKED TRICIRDONTWDH, Y~/ W ITH#ENNRZLLS, BERO
BEZ ENARWZE VB EBEOERFEREEZL LI, AEOH ETE 5 AE
DBREBRLIBELREIVLETHD. I~F U THEROBEDO/NSIWVEEZ
LDz bnmedl s, MBOREBEBBEMRBOMEFVIEETH D, A OKOH

VYORED 1 >ThHhD. KR THEREE I 7 V- FTry 7R UFE,
BILE=VERRRLICER, ERLTEY, NLERKROBEAICLY ERE
BRIV L&, EEOEINRELZH#EFFT I LT, RUDBORWHERT

HOHEEZLND.



2. BAY CUREDERBHKLK
BERISCRK & AP R EZMY £ &0, BARERKN CIHARSEOAITR
49IZR LT, v~ /2 DI~V IIRFTELER DOAEIERXR S A L%
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Al 870> O TROK B D0 b ) TR O R B B A3 TR K S~ IR A L 7 B DL E 2 Trk e
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Table 49. Migration types of Japanese fresh-water sculpin

Species Life cycle*'
Spawning Ea Growth Upstream
T. fasciatus ca S S R StoR Rto S
C. kazika ca S S R StoR RtoS
C. hangiongensis am R S R StoR Rto R
C. amblystomopsis am R S R StoR ?
C. pollux(S) am R S R StoR ?
C. reinii la R L R LtoR 3
C. nozawae fl R R R 2
C. pollux(L) fl R R R 4

*! ca: catadromous; am: amphidromous; fl: fluvial; la: lacustrine.

*2S: sea; R: river; L: lake.

References, Goto (1975, 1977, 1981, 1986, 1989, 1990) ; Shimizu et al. (1994) ; Kuroda (1947) ; Tsukahara (1952) ;
Takita and Chikamoto (1994)
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BERI MR E AR 2R £ &8, HERERKD COIHEABESREOINE,
PEYN LSS LR LIFARDOKE &% Table S0 Z/Rm L7, Y~/ & h~FYD
SEHEERURIRIL 1 4-2.2mm. (R E] R & @B AL b ik 1.3~2.8mm Tdh D OKEF -
FHE, 1961 ; 17K S, 1994 ; %%, 1977, 1981) OIZxt L, BEHEIL 2.6~3.6mm
TH Y OKEF - FHik, 1961 ; %F%, 1977), EIEREO b ODERERIZH /S0,
SBEAFLEROFROERICHLRBREINTEY, BHEO 8~9mm (ZHT
[6] 358 F (5.9~8.2mm) D F /M &L, T OFHLAFROR T ER & R Tk
BERIFEBHRL, BENLEBLTWDIOIZX L, EIEECILEIIEETCED
, REGEBATORETH D . EHIRELFE R ELER, wiflEHER & ME i,
[REt R DNEIZH A9 D. Z oL D RELERDS/INREE, BEEAL KIRDEL W
DR ET ) O A B AR HIRKIEA~E A BRIk DA TR o/
EEZEZ LTS (Goto, 1977). —RRICHABINZ S RERVB&H W& CTHEM
BERE L ZEBMMNEN (=3 Z2F—, 1961). T LT, B4 Tk FNn
WK XV HAEEMED A < (Gross, 1987), ET D= HRAMEDF BRAR D2
WIRBBETOH D EEX LN, MRABIZBAL T2 P HROEIRKEIRED
IR BN O KIRDESNERIKENT- b O LR IND.

BESN STk & RATZEAE R DI £ & - BARBERAK D U BRSO %M
1T&) % Table
9 ETHIBEV D, L L, SHEEILLOIRKN A FABED Polygyny TH

ZOIFL, Y~/ H I LA~vF Vit Polygamy THDH. &biz, ¥~/ 43

X NSHh, SN FNTCH, ~NFAThFEREITDY, MICEREL TR
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Table 50. Egg diameter, number of spawned eggs, total length and developmental stage of newly hatched larvae of
Japanese fresh-water sculpin

Species diameter (mm) Number of New hatched larvae
Spawned Matured Spawned Matured TL (mm) Stage
T. fasciatus 1.9-2.2 kel 1200- 7800  1300- 8900 7.2-7.9 preflexion
C. kazika 1.4~1.6 1.2~1.6 1500- 8900  1500-10500 5.9-7.0 preflexion
C. hangiongensis 20~24 i De=2 2 ? 400- 1700 7.6-8.2 preflexion
. OMopsis 1.9~2.2 Ii.55 58 ? 550- 3600 64-72 preflexion
‘o 21-28 1.9, 1 ¥ 600- 1900 preflexion
C. reinii 1.3~1.7 1.0~1.4 ? v 7 preflexion
C. nozawae 2.6~33 2.3~3.0 i 120- 720 8 -9 flexion
C. poll (L) 33~36 2.6~3.1 # 147- 190 flexion

References, Goto (1975, 1977, 1981, 1986, 1989, 1990); Mizuno and Tanba (1961) ; Shimizu et al. (1994) ; et al. (1996)



Table 51. Characteristics on the breeding behavior on Japanese fresh-water sculpin

Species Spawning Mating Courtship Spawning times Maturity Maturity
system by a biting in female ages* size*
T. fasciatus Pair Polygamy practice P/ M=F M=F
C. kazika Pair Polygamy practice 2 1~3, M=F M=F
C. hangiongensis Pair Polygyny lacked 7 M>F
omopsis Pair Polygyny lacked 2~3, M>F M>F
) Pair Polygyny 7 1(?) ? ?
C. reinii ? ? 4 ? ? ?
C. nozawae Pair Polygyny lacked 2 M>F M>F
C. pollux(L) Pair Polygyny lacked (?) 1(?) 2~3, MOF M>F

* M: male; F: female.
Reference, Goto (1982, 1983, 1987, 1988, 1989).
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CHEBMREBEIGER O NF NN DRREEE X LARTFEENT N IDE N
B (AR, 1977). ZHILMEEA~OKFEOEWICEEL, R4 TiEso
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Fig.81. Map showing the of fresh water sculpin which habitat in Japan.
A)T. (. kazika, B) C. pollux, C)C. amblystomopsis and C. nozawue,

D) C. hangiongensis
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129~14.1mm THY, FRBEAT—VIIBITI26RILY~/ D
TRV EDoT. EEOFARIRBEEKL, EOENXMEERL, HBAKER
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VI. Summary

The ecological investigations of 7rachidermus fusciatus and Cottus kazika were
carried out in two rivers and near the river mouths, the former in the Kashima River,
northern Kyushu, Japan while the latter in the Gono River, western Honshu, Japan.
Observations were made on the collected specimens. The problems which could not be
understood by investigations in the field were solved by various rearing experiments in
aquaria at Fishery Research Laboratory, Kyushu University, Japan. These investigations,
observations and experiments were practiced between 1993 and 1998, and the ecology

which was clear by these studies are as follows.

Distribution /. fasciatus was captured in the rivers flowing into Isahaya Bay,
Nagasaki Prefecture, and the northern Ariake Sound, Saga and Fukuoka Pref. C. kazika
was reported to inhabit the rivers flowing into the Sea of Japan between Akita and
Yamaguchi Pref., and the Pacific Ocean between Kanagawa and Mitazaki Pref. In
outside of Japan, 7. fusciarus was reported to be distributed in the rivers flowing through
Korean Peninsula to eastern China, while no reports are available on the distribution of

C. kuzika.

Eggs The eggs of 7. and (. kacika are shaded with light white, yellow,
orange, or red, and 1.9-2.2 mm and 1.7~1.8 mm in diameter, respectively. Eggs of both
species are almost sphere, and adhesive. More than five thousands eggs gather and form
one mass. Many small oilglobules are recognized on the yolk and begin to fuse and
harden into a mass gradually when the hatchings are drawing near. Incubation times are
short, 20 days in 1. fusciatus and 31 days in C. kazika at 10 C. The embryos of T.

and C. kazika hatch out at salinities more than 20 ppt and 10 ppt, respectively,
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when the salinities are controlled before spawning. In case the salinities are controlled

Jjust after spawning, the embryos of both species hatch out at more than 10 ppt.

Larvae and Juveniles In aquaria, the newly hatched larvae of T. fusciatus are
6.9~7.3 mm BL, transfers to preflexion larval stage at 8.2~84 mm BL after 5 days,
postflexion larval stage at 10.7-10.9 mm BL after 20 days, to juvenescent stage at
13.8~15.8 mm BL afier 27 days, and to young stage at 17.5~18.9 mm BL after 34 days.
While the newly hatched larvae of C. kuzika are 6.3~7.0 mm BL, transfers to preflexion
larval stage at 6.6~7.6 mm BL after 6 days, postflexion larval stage at 8.6~9.4 mm BL
after 15 days, to juvenescent stage at 10.1~11.4 mm BL after 30 days, and to young
stage at 12.9~14.1 mm BL after 35 days. Ratios between body length and total length,
preanul length, body depth, or eye diameter in both species often changes in the periods
which transfers to flexion, juvenescent, young stage. Ossifications of and C.
kazika are completed to young stage. These two species in larval stage swim to surface
layer, gather to the light completely, live in the brakish or sea water and die out only in
the fresh water. That in juvenescent stage go and come from surface to bottom, gather to
the hght shightly, live in the brakish or sea water and die out only in the fresh water. But
that in young stage settle in bottom layer, not gather to the light, live whichever in the
fresh, brakish and sea water however grow rapidly in low salinities.

In the nature, planktonic larvae and juveniles of 7. fusciatus occur in the or sea
water area, near the coast of the Ariake Sound and near the mouth of the Kashima River
from February to April. These larvae and juveniles are collected in surface layer, then
they settle in bottom layer and begin moving to the fresh water area when total attain 24
mm TL. While pre-larvae of (. kazika occur in the brakish or sea area, near the mouth

of the Gono River and in the Gotsu Bay from January to March, and pelagic larvae and
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juveniles appear in the sea area, Gotsu Bay. These larvae and juveniles are collected in
surface or middle layer, then they settle in bottom layer and begin moving to fresh water

area when attain 20 to 24 mm TL.

Migration The youngs 7. fusciatus migrate from river mouth or coasts to upstream

between April and July. They settle down and grow up in fresh water area of the river,

and move downstream to river mouth or coast between October and January. In other
word, this species makes a round trip between sea and river in a year. While youngs C.
kazitka migrate upstream from river mouths or coasts between March and August, and
settle down and grow up in fresh water for a year and half. They move downstream
from river to river mouth or coast between next October and December. That is, this
species makes a round trip between sea and river in two years. But a part of the
individuals with rapid growth or slow growth complete the round trip in one or three

years, respectively.

Growth and Ages attains 20 to 50 mm TL in March, 90 to 130 mm TL
in October, and 130 to 190 mm TL in January, that is, in spawning season. The life span
of this species is one year and this fish spawns in the next year after hatching. A part of
adults beyond their life span are unusually collected in the rivers only between spring
and summer, but it is probable that those adults will not join re-breeding in next
spawning season. The individuals collected with mark-recaptured method shows that the
growth of this species is slow in summer. On the other hand, there is a wide difference
between the growth of individuals of C. kazika. They attain 70 to 120 mm TL in a year
and 130 to 250 mm TL in two years. So maturation ages also have a wide range, from 1

to 3 years, although mainly 2 years. Like this 7. fasciatus, C. kazika is also estimated to
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finish the life span after spawning. Growth of this species is different between tributaries

and that in winter 1s slow.

Sexual dimorphism and Maturity The ripped 7. fusciatus and C. kazika have some
differences between male and female. In 1. fusciatus, the tips of dorsal and pectoral fin
spines and rays in males are thicker and shorter than that in females, and the abdomen of
males are yellow, while that of females are white. In C. kuzika, the mouth of ripped
males are red, while that of females are white. The maturation ages and sizes are one
year and 100~190 mm TL, respectively in 7. asciatus, and mainly two years, sometimes
one and three years and 120~240 mm TL, respectively in C. kazika. There are no
differences in maturation ages and sizes between males and females in both species.
Both and C. kazika have 2~3 spawnings in one breeding season. In the seeks
of breeding season, /. fasciatus shows highest GSI value of 45%, where as, C. kazika
shows GSI values of only 20% or below. The number of eggs in ovary per female in
both two species are in proportion to body length, and that in 7. fasciatus 1s nearly same

as that in (. kazika, when compared among females of 150 mm BL.

Breeding Breeding behaviors of 7. asciatus and C. kazika are similar to that of the
other species of family Cottidae. The males of both two species show following
behaviors in aquaria, mouth, tail and pectoral fin digging, and anal fin cleaning as
nesting behavior, biting courtship as spawning behavior, upside-down pair spawning,
pectoral fin fanning and the whole body vibration as parental behavior. They made pair
with plural number of females during a few days, and the females spawn twice or three
times on a fourteen days interval in and twenty days interval in C. kazika.

Both males and females always change partners at next spawning, so the mating
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systems of this two species are estimated to be polygamy. In the nature, 7’ fasciatus
spawns |~3km off the river mouth in the Kashima River, and C. kazika in the Gotsu
Bay. The salinities of their spawning grounds are more than 10 ppt, and these values are
in accordance with the values for breeding and hatching obtained in the rearing
experiments. The nests of 7. fusciatus are mainly of oyster shells and those of C. kazika
are of stones in natural spawning grounds, which were identified from the appearance of

some egg masses on the nest or from the appearance of the male guarding the nest.
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