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Fig.1.1 Annual changes in caiches in Lake Biwa.”
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Fig.1.2 Annual changes in catches of crucians in Lake
Biwa.”
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Fig. 2.2 Hatchery-reared larval and juvenile nigorobuna Carassius
auratus grandoculis. A) stage A: newly hatched larva, 5.2 mm
standard length (SL), O day after hatching (DAH). B) stage B:
pre-flexion larva, 5.9 mm SL, 2 DAH. C) stage C: flexion larva,
9.0 mm SL, 8 DAH. D) stage D: post-flexion larva, 11.7 mm SL,
14 DAH. E) stage E: juvenile, 18.0 mm SL, 28 DAH. Each scale

bar: 1 mm.
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Kig.23 Relationship between standand length and Flexion
angle of notochord end in hatchery-reared larval
nigorobuna Carassius auraius grandoculis. Standard
length:estimated value before fization.
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Flig24 Changes in proportions. of Axlosal fin fold
height{DFH), B: pre-anal fin fold height{PREFH) and
Cpost-ana] fin fold height(PSTFH) to standard length(SL),
with growth in hathery-reared larvel and juvenile
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longth:estinmted value befiore fization, Refor to Fig2.1 for
each fin fold height.
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Fig.2.5 Relationships between standard length and
number of fin rays in hatchery-reared larval and
juvenile nigorobuna Carassius auratus grandoculis.
DF:dorsal fin, AF:anal fin, CF:caudal fin, PF:pectoral
fin, VF:.ventral fin. Open and closed symbols
represent soft and spiny-soft lays, respectively.
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Fig.2.6 A:water temperature and B:growth in
standard length of hatchery-reared larval and
juvenile nigorobuna Carassius auratus grangoculis
in rearing period.

Standard length:estimated value before fixation.
Solid circles and vertical bars indicate mean +SD of
standard length. Refer to the text for each stage.
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Fg2.7 Relationship between standard length and
body weight of hatchery-reared larval and juvenile
nigorobuna Carassius auratus grandoculis.Standard
length: cstimated value befbre fixation.
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Fig. 2.8 Proportions of A: snout length (SNL), B: head length (HL), C: pre-anal
length (PAL), D: total length (TL), E: body depth (BD), F: caudal peduncle depth
(CPD), G: body width (BWD) and H: Eye dimmeter (ED) to standard Iength (SL)
in hatchery-reared larval and juvenile nigorobuna Carassius auratus grandoculis.
Standard length: estimated value before fixation. Refer to Fig. 2.1 for each length.



R A

BOLNBZDAT, BERARAIEHDTEAETCHS. R
F—UBIEAD L, OBRBREINAMESESHHER
T35, ¥, TRRENREh, B8y ORERRE
BT 5, A7—VCOMERMBRSMKRER, 4
LENTHESMKRE X EORINR L B b BRT
5. ETOHEBICIIEESH L EHEEOWEFLRHES,
A7V OH%PITIY, FHE, REDIRCEERE R,
THECRERLR2LOBEERBRENBD S, 2T —
UDIRABLEDOHIF 1o BBFARET, HEAEE
BB 5, CORF—CORITICirE IES
PRHEER T, BRI Ao ANEE,
BEBL VBB CHEELRSE 42, 25 CFE
OB ELLEITT S, AT —VETR, BHBR
%8, EERFOMEHBIERNTLHERKTL, B
BRBERERT 5,

2. % (Fig. 2.5) MEROERIL, RERELER
{, AF—VC,hRHSmTRDOLNG, AT—Y
DicET3LEDLIZ, Fi, Rk I0MiEoR%
ARl THET 5, HEOHKFIIELOIDHE
NT, Al TCHEBTEIL51T2%. BELEE
PRAABOBRIIFAL mmCERICET S, Wi
LEHEDOEEER bLAT —VECAVFL mm T
T¥ %,

.M ATF—VDIEAY, hENI mEELS L
HKRNEPRBICRRRET S, 0%, B, BR
WMERTHE LEBICECED bh, ATk :
¥+, AF—VERAY, FAlém XL ToOM@EET
B 03 Bk (B e Ot 250~26080) I2ET 5,

EiGN. 8. ARNEEORE Fig. 2.9)

1. 8 81, RF—VACREBRTHEH, R
F—VBIEEBTALEDIZIERRBEL, BRELE
biCEELHT. TOEMIX, 1 BROERS T
0. 2mm 0. 02+ 0. 01 mm®, 2~3H W 6. 5+ 0. 5mm
T0.05%0.01 m®, 4H#IBDOFT.3+0.3mnT0. 06+
0.01 m®, 5H#®DM7.7£0.2mn 0. 080,02 m®
ThB, ¥, RATF—VCOLITITIZEEORIEIT A
SRHMENRBOHLNB L)Y, 2T — UDITiXAl
ERBELY bREL RS,

2.8 R7T—TABOMIIX, WiEHOHEED
HRRICABCAROBERFET S, MAathixaa
CRoTERLR1IMOARBDLND., AF—IC
DRI, BiES OB BT/ L RO R 1
~L BRI EMtET 5. INTERLE oA i,

14

ZOART—VORRRI2EBLE RS, AT—YDO
¥ificit, $EGIEETRICECHRETsL LD
RO ~DO BB OBRNRET 5, D5
NOMEHPHHGRBEICREL, XT—PDOD
R EHEOL/IORS E CHEAM L VRARIC
RS H AT—VECETHE, ThhEHBRHIXX
LIZEEML, RALIZIERAKRLR S,

3B AT—VATE, BRicoonfElicAEE
RRFETD, HEIEAMETHSORKR C—RER
RERMMETH B, AT —VBILAD L —KMFEHR, X
F—VCOMEIT R ZREF LI 2T B2 Y, @i
RELEREBET D, AT —PDORERIIMEIBAHER
L, 22 BErE,

4L AMMBE R7—PATE, ERROMLE
R—ROMIENS 25, LRBIZIFRLRABESH
g3 5, EmA#ME L T Intermediate cell
nass"®RHBbOD, KERCEELZZIIXELT
W2V, ERICREEAOMREY, KBKIX1AD
BROMRENRFEET 5. BHEIBETBDHH S,
AT7—VBCET 5L, HbITHME FERAHEL,
B LEAETCRTRCZ ) 25 rH 50 i3ER
DERELEIONDZRRL LS,
Intermediate cell mass IXRFEIZM/NT5, B
RBORBIZIZaa, FRERLTVWS AR, HMEE
BZ K PE < FRIRIITEHE LTVWRY, AT —
DCTH, M IMERERRER, XRXT—VRl
LIrANIIZSENHEET D, Intermediate cell mass
RELIMDPLEERT S, Thicflbo TR
ELTHIR BBV ARERBS LGSR OMR
U AARER S, UEBNL CHRMS HE - BET 5,
PEBE TR, ABICHRE LARERRT—TC
O¥TIEb L, RECREET S, AT —VDTII,
EThE CERRE> LHAEER—ERT S, £k,
AF—=CDDFRIZE - T, FRIROMIE S
M S B LIERCIEELTS, X7 —VERET
L, BREORBR—MELNMOEERARWE
NIRRT 5.

BEBREORE Fig. 2.9

1.R R7—PATHE, AEOAREEICAETS
A, NERN, AERN, R ERN, 80T
RPETCHB, LHL, RAF—TCITiiEnNics
RBRL, Wz —ER ikl BMREERE P A 7B
TH5XHIERB,



WA= D = w T ORMHERIZ o Wt

Staga A =
Stage B =
Stege C =——————
Stege D
Stage E
Singlu Slpdder with ajr.—- Tee ‘Ankaricr-part < postarier—prt - T
Alir biadder : : W Askmier-part ¥ ]
Muscular system : h-“h-ﬂnﬁ.::h“d:r:‘hmw: E
Ordinary muachs . nucieus ranalersnos complet .
Red/pink musole -4 . W Layars inormass repldly
Respiratory organ - A fiow lnywrs : :
Oral flap ' [ '
Gl wF i lnmwlios ' H
Digestive organ 4 Sconigy A Ghrersasr |
Alimortary canal . wFolds sppear ' o Twistad onee oo
1 w'\fasloles st secgen or ' .
Liver : : = : I
Pancress : .
y organ , : ! ' 1 1 1
Heart ¥ Psation ' : ' ;
Blood : . ; \ ' H :
Hemopplelc organ SRR T !
Imarmaduts call mess i ! ' .
" | — _
Pssudolymphold tissue in a hoad kidney E . . :
[nterstitial pseudolymphoid tissue in & body kidney ' : .
Head kidney v Seversl urinary tuiules : t ;
Body kidney w Single ranal tulnde o '
Urinary bladder : Bpeclalization of renal tubule and glomeruius
Endocrine organ : . .
Thyroid giend v Colloid appear v Rupid wotivation . |
Serse organ Woomplets struoturs - ! L
Visusl orgen Eye w Mossic patiam of vieus! cells appeer '
Y organ apithell 2 Complets struchure - * [ '
mm . m N L} 1 L] 1
Otfactory lamalle ¥ Olfactory rosstis
Nostri Sorwiets nterior and postariar coenings ¥
Guutetory organ Taste bud ' : - . .
Autitory/balance organ  Sami-gireuler cansl
Orista ampullaris ‘o : 1
Otolith -1 Astarious 2 : '
Waoberlan apparatis E - ¥ Ousifled : : :
Lateral line organ Free nouromast : — .
Lateral ne pored soale | | T ! v i
5 10 15 20 25
Standard length (mm)
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stippled bar: degradation. Refer to the text for each stage.
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Fig. 31.1. Results of immersion macking of nigorobuna Carazsha awratus grandoculis egge in ALC solution. Uppermost piates
show the immersion period. Asterisks in the 2nd, 3rd and 4th pistes from the top indicate significant differences to the control at
P<0.05 by chi-square test. Vertical bars in the 5th platea from the top indicate standerd deviations. Visibility of ALC marking was
classified jnto 4 levels: clearly visible (point 100), visible (50), acarcely visible (25) and non-visible (0). Evaluation points were
shown as average valne of 10 fish.
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Fig. 3.1.2, Results of immession marking of srval and juvenile nigorobuna Carassius auratus grandoculis in ALC solution.
Asterisky in the uppermost plates and the 2nd plates from the top indicate significant differences to the control at P<0.05 by chi-
square test, Vertical bars in the 3rd plates from the top indicate standard devistions. See Fig. 3.1.1 for evaluation of marking.
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Fig. 3.1.3. Relstionships betwoen evalnation of ALC marking in nigorobune Carassine
auratus grandocalis otolith and trestment period. Vertical bars indicate standard
devisiions. Asterisks show existence of non-marked otoliths. See Fig. 3.1.1 for

ovaiuation of marking,



HRA—

L= #taR16. ImDfER L EOXNRALI L DK  Bi. LAL, AERBRR (LY H) L AEARHA
WCHELEL ZA,80THRICII Y DALCERAN ORAREBRAOHARIZIFEZZALN 2ok
bb U R OALCHRIRER X 1, Fig. 3. 1. 4AITR (P>0. 05) , % 7=, FEICHIH S hic AOREBA L xR
Lk i, E0OMEROFHEIXBRS b e®  ADOEREFie. 3. L.ACIRLE, CORFHMHAIIC
Dok, HBADHANLILALCOBNELMEI R BHNTH, BEOARORITIAFEEZIA N2
XixBD ORI, 272 (P>0.05), LiIZR~RE LB, RREEALR
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Fig. 3.1.4. Retention of ALC-marking (A), and influences of the marking on survival (B) and
growth (C) in nigorobuna Carassius auratus grandoculis. Solid and open symbols indicate marked
and control groups, respectively. Circles and quadrilaterals indicate groups marked at egg and
Juvenile stage, respectively. Vertical bars indicate standard deviations. Marked fish and control fish
shown in A had been reared separately, while these fishes shown in B and C had been reared
together in the same tank. No significant differences (P>0.05) between marked fish and control fish

in B and C were recognized at each'point by c/i-square test and Student's 7-test, respectively.
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Fig. 3.2.1 The process for ALC multiple marking of otoliths of nigorobuna Carassius
auratus grandoculis. Rectangles show immersion time (days) of eggs or fish in ALC
solution. All fish were captured on the 40th day after hatching to check ALC marks

in their otoliths (lapilli).

SHREMSABAAORK - ERICE L IZTERD
M BEARNO=To7FAam~A\TEI
B(XrIv, )IBREE 22 TI99465H8HIZ
BINL, BoNI% [RUREEREE) & TS EEMREE
DT THAEZEA Loy 7 U — PGl
#FL, FANRBICIARIRLADT, RRERRE
%, MTRIDINEEEK L7-16 mg/LOALCHE] m*H~
URHBRE® LTEROEHS~RKRE#RLE
(Table 3.2.1), MALGBIZ2TODANSLLLIDT,
T EE % 266, 000 3*28.0X 5. 0X 1. OomAKED 2> 7
Y— btz BB L 7-3.5X 2. 0X0. TniE & DiEA &
R2BOTOIBFIZINAEL, LEOWAKEEALT
ER LR G, EROBMAEIRES FE (T A

E721EB, BEEFERHFAR) 28R T 5F TH 2 T42
AT L. 2O, ZEE#BEEITable 3.2.1iC
ARL-FERT, 2EEEZERIT A 244G L7216 mg/L
DALCHE1~2 niZ24B¢H1%® " H5EIBE L TEA S
EER L. ERPRERE TCH o T EERHO
BHAEMS T L-FI4E6 A 26 H (42 H i) 124X, £
Ehi-2A(ZEEME131, 8298, AREREE102,
622) ZBE L UHERABMZEED I /KF 1 ~REL,
BRT A w48 U2 A HIEM LT, Fig. 3. 2. 2IZ7R L
EEERRETHILMEEITLOEENRICBEAETS
aUBEFREARTYY L— LTl LT, 225,
TR 122 EAERREE S B 112508, AUREERREEN D IX
2R EEELY TV T L THFEREL-. %A,

Table 3.2.1 ALC marking process in otolith’ 'of nigorobuna Carassius auratus grandoculis released in Lake Biwa

Immersion time (days) of nigorobuna in ALC solution™ before and after hatching

Mark type
-4 1

19 29 41

Multiple mark
(5 rings)

Dot mark
(core)

*1: Lapillus.

*2: Eggs or fish were immersed in 16 mg/ L ALC solution for 24 hours on each immersion day.
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Fig.3.2.2 Release point of nigorobuna Carassius auratus
grandoculis with otoliths marked with ALC. Fish were
released in the center of 8 wild reed zone along the shore
of Kohoku Town.
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=t/ FRALRASI 7y ATEEL, TO—
HBERMRELE. BH, Tnboab, b5, 800RD
#HELFARY EROFECHEL, 468, B &
UCEAR & DBRRERNL L,

SHAE SUREWEE L 2 KM ORRIIM
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LY REL, P05 TV Th b oK E AR E
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e

SEEROBRE Fig3.2. licRkLEMmT==
v 7 F O TRAFALCH~RNT 5 &, BAK,
FRY O ORI CHL T OBEBRIT AR, FREAD
BRCRFRADT A XU THERI RV
FRICEXMIRETE, ChERVET L TSR
MMM TRECH -7 (Pig. 3. 2.3). ZDOZEIEMOM
SRR R % Table 3. 2. 2iTR LA, SR L
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UV Group C

UV Group A
(Control)

Fig. 3.2.3 Photographs of otoliths (lapilli) of juvenile nigorobuna Carassius auratus grandoculis.
NW: normal white lighting. UV: ultraviolet lighting with G filter. Scale bar: 0.1mm.

See Fig. 3.2.1 for group names.

Table 3.2.2 Evaluation of ALC multiple marking in otolith™ of nigorobuna Carassius auratus grandoculis

Immersion frequency in ALC solution

Group™ Beltee Basing Frm— Mark type Evaluation of multiple marking

A None None None -

B Once Once in 2 days: 4 times  Core and 4 rings Unclear

C Once Once in § days; 4times  Core and 4 rings Clear

D Once Once in 10 days; 3 times  Core and 3 rings Clear

E Once Once in 15 days: 2 times  Core and 2 rings Clear

F Once Once in 20 days; 1 time Core and ring Clear

G Once Once in 30 days: 1 time Core and ring Clear

*1: Lapillus.

*2: Shown in Fig. 3.2.1.

SEAMLSBABORE - ERICHE L IZTERD
Wil 2EEMNE, BKEOEMSET L-428 ik
DOFRT, FHEBROLRERIE L & b IZEBEN~K
it U7z, Bt = T Zh & B A O ff F R % Table
323" L, EPFOERRIIZ EEMEN
49.6% T, AREMBEED3L. 6% LY bEEICE,M -
7= (P<0. 0001), ¥7=, BORRFAOERIL, ZEEWR
BEA%16.6£3. Tmm (EXMEESD), ACREEMEREA16. 7
+4. 4mT, HEM CHEBEZIIA LN o72 (P=0.7
68) .

Table 3. 2. 4{Z1%, BEEM~HE L /=B A O FEH
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(P=0.884), ¥£7=, BHiROMHMAZEE L -REM
i, z=0.000185(P=0.500) & 72V, ZDBAIZHHE
BHOFHRIZERERA LR R T,

EHI, ARERM L ZEABRBEOFMAOKE, &
BEBLURERECOARERADh o (Zh
FhP=0. 718, P=0. 968, P=0. 718) ,
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Table 3.2.3 Rearing result ol nigorobuna Carassius auratus grundoculis in the ALC marking process ™

Rearing result of nigorobuna in ALC marking process, until released in Lake Biwa ~

. Standard length at
Marktype " The numberat The number pypy™ The number of release™ Age at
hatching (H) at release (R) released fish relcase
Mean + SD N
% mm d
Multiplemerk — , 000 131829 496 13157 166 + 37 250 42
(5 rings)
D::::)* 266,000 102622 386 102402 167 * 44 220 42

*]: Shown in Table 3.2.1,

*2: The multiple marked fish were released immediately after completion of the last marking together with

the dot-marked fish in Lake Biwa on June 26, 1994.

*3: Significant difference (P <0.0001) by a tcst of two proportions under normal approximation.

*4: No significant difference (P =0.768) by Student's r -test.

Table 3.2.4 Comparison of recapture rate and growth between recaptured ALC multiplc and dot- marked

nigorobuna Carassius auratus grandoculis in otoliths '

Standard length™ Body weight'*  Condition factor”
Mark type N 2 =
Recapture e = = + SD  Mem & SD Memm + SD
% mm 8

Multiple mark .., 0.134 95 + 109 247 * 96 321 = 024
(5 rings)
Dot mark

o) 139 0.135 909 + 93 248 + 77 320 t 025

*1: Refer Table 3.2.1 for mark type. These fish were released in Lake Biwa on June 26, 1994, and
recaptured from 132 to 293 days after release by trawl net.

*2: Number of recaptured fish / number of released fish>100. No significant differcnce (P =0.884) from a

test of two proportions under normal approximation.

*3: No significant difference (P =0.718) by Student's 7-test.
*4: No significant difference (P =0.968) by Student's s -test.
*5: Body weight / standard length®x10°. No significant difference (P=0.718) by Student's r-test.
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Table 3.2.5 Otolith ’-somatic relationships in length of larval and juvenile nigorobuna Carassius
auratus grandoculis reared during the period between 1992 to 1996

= 2

Year Lot no. Age N Standard length SL=aOL +b

Mean % SD a b R?
d mm .
1992 1 30 98 156 + 22 55.8 -3.01 0.812
1992 2 40 100 168 + 28 50.3 -3.24 0.889
1992 3 24 112 105 = 15 359 1.78 0.878
1992 4 32 99 149 <+ 3.1 46.0 -1.10 0.963
1992 5 32 99 150 = 29 474 -1.54 0.947
1993 6 44 116 156 == 30 48.1 -2.57 0.876
1993 7 44 119 154 = 26 46.1 -1.77 0.840
1993 8 44 120 167 + 3.7 49.8 -3.11 0.931
1993 9 42 114 182 = 36 49.2 -2.94 0.923
1993 10 42 118 170 = 3.8 51.5 -3.85 0.935
1993 11 42 117 180 = 39 46.8 -2.38 0.954
1993 12 42 120 168 == 34 482 -3.33 0.930
1993 13 42 118 177 = 34 40.5 -0.78 0.888
1993 14 47 9% 218 =+ 38 51.2 -3.60 0.936
1993 15 42 120 166 + 39 409 -1.44 0.943
1994 16 44 150 176 == 44 50.0 -3.54 0.922
1994 17 44 150 162 =+ 33 42.7 -1.85 0.946
1994 18 44 150 206 == 27 440 -0.80 0.833
1994 19 42 150 171 = 3.7 50.6 -3.48 0.913
1994 20 42 118 157 + 34 51.5 -3.83 0918
1994 21 42 150 185 =+ 45 53.3 -4.54 0.912
1994 22 44 148 163 = 3.6 50.2 -3.80 0.932
1994 23 44 148 166 = 3. 49.7 -4.46 0.892
1995 24 62 137 209 = 35 47.6 -3.93 0.869
1995 25 62 139 212 = 36 515 -5.32 0818
1995 26 60 138 198 = 39 527 -5.53 0.855
1995 27 52 160 186 = 36 47.8 -3.97 0.884
1995 28 52 159 192 = 39 50.3 -5.14 0.889
1995 29 52 139 160 = 3.0 41,6 -1.50 0912
1995 30 55 139 178 = 3.2 46.5 -2.73 0.840
1995 31 45 242 161 = 3.1 49.0 -3.27 0.907
1995 32 34 140 157 == 34 523 -2.90 0.918
1995 33 45 372 176 =+ 3.1 43.1 -3.18 0.879
1995 34 73 138 194 = 39 399 -2.91 0.889
1995 35 52 140 165 = 4.1 438.5 -4.39 0.925
1995 36 36 139 183 £+ 35 49.0 -3.60 0.906
1995 37 83 93 250 = 46 46.4 -6.69 0.902
1995 38 83 89 241 = 49 45.1 -5.62 0.935
1995 39 73 117 21 = 47 43.8 -5.31 0.906
1996 40 64 265 233 = 3.6 44.1 -4.26 0.868
1996 41 64 230 237 = 34 43.2 -3.86 0.836
- All lots - 5,800 - - 36.7 1.49 0.862
*1: Lapillus.

*2: Regression equation of standard length (SZ in mm) to long axis length of otolith: lapillus (OL in
mm). All equations are statistically significant (P <0.0001).
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Fig. 3.2.4 Relationship between daily growth in standard length (DG) and relative length of
otolith to standard length (ROL) in larval and juvenile nigorobung Carassius auratus
grandoculis of the 41 lots reared during the period between 1992 to 1996. Long axis length
of lapillus is shown as otolith length. Solid line indicates the regression curve,
ROL=0.0194DG0255, R2=0.482, N=5,800, P<0.0001.
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Fig. 3.2.5 Relationships between measured standard length (SL) and estimated standard
length (S‘Z) in larval and juvenile nigorobuna Carassius auratus grandoculis of the 41 lots
reared during the period between 1992 to 1996. Solid lines and dotted lines indicate
regression lines between SL and SL and 95% confidence intervals, respectively.

Calculation methods of SL, and correlations between SL and SLZ are as follows. A: calculated
by the regression equatlon between long axis length of lapillus (OL) and standard length (SL)
of all individuals, 7 =0.842SL, R°=0.842, . N=5,800, P<0.0001. B: calculated by regression
equations between OL and SL of each lot, SL=0.997SL, R?=0.935, N=5,800, P<0.0001.

C: calculated by the multiple regression equation with SL as a dependent variable, and OL
and daily growth in standard length as explanatory variables of all individuals, SL=0. 997SL,
R*=0.941, N=5,800, P<0.0001. D: calculated by the equation SL=33.90L+5210L/D+21.2/D
-2.69 expressing age in days as D, SL =0.991SL, R=0.893, N=5,800, P<0.0001. Refer to
Table 3.2.5 and the text for each regression equation and the equation for D, respectively.
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Fig, 3.2.6 Standard length distribution of nigorobuna Carassius auwratus grandoculis released
in Lake Biwa, and comparison of recapture rates for estimated standard lengths at release of the

fish. Rectangles show the number of released

fish. Open circles and closed circles indicate

use of the equations ¢ L=50 60L-3.48 and ST. =33.90L+5210L/D+21.2/D-2.69 (OL: otolith
length in mm was measured from the outermost ALC lumincscence mark of recaptured fish;
Dr. days after hatching umtil release), respectively. Refer to the text for the details of these

equations.
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Well water supply

Slidac for flux aqustmentm

Glass tube filling rectifier

Air supply

Cap(C,)Transparent actylic tube(B,)
Bore 34 mm, length 450 mm

D,

A

Measurement ofvg.;;/

flow rate

ow Acclimation bowl
¢ 330mm

For burst speed measurement

f Well water supply

Overflow
(F2)

Glass tube filling rectifier
Experimental Qsh \

Air supply

Tap for flux Cap(C,) Transp::'tt acrylic t:b-e(EBz)
""’“(‘g,“‘*“\ D Bore 34 mm, length 450 mm
2
Overflow

LLLLELLLL L I_

For cruising speed measurement

Fig. 4.1 lllustration of the apparatuses used to measure swimming speeds of
nigorobuna Carassius auratus grandoculis. Arrows indicate direction of water
flow. Refer to the text for the letters of A to G.
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1 i

Sectional figure

Fig. 4.2 Illustration of the annular tank used to rear nigorobuna Carassius
auratus grandoculis in running-water. The current was generated by injecting
the water sucked up by the pump. The control fish were reared in the still
condition in an identical annular tank but without an induced water flow.
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Fig. 43 Relationships between standard length and swimming speed of nigorobuna
Carassius auratus grandoculis. Solid circles: SL<16 mm, open circles: SL=16 mm.
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Table 4. HIR L= fhRBEBREOSAIZHE L, &
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Fig.4.4 Relationship between standard length and
swimming ability index:SAI, and relative SAI:SAI/SL
of nigorobuna Carassius auratus grandoculis.

The relationship between swimming speed (SS) and
swimming time (f) was expressed by the following
formula:SS=at", where a and b are constants specific to
body size of nigorobuna. SAI was defined as follows:

SAI=[7*" sSdt x 10~
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Table 4.1 SAl of cach standard length of nigorobuna Carassius auratus grandoculis

Mesn Burst speed(ABS)"'  Cruising speed(ACS)"” Constants”™  SAI: swimming
standard length  Mean N Mean N a b ability index”
mm mm/s mm/'s

6.7 95.7 16 31.9 I 9% 0134 1.33
7.5 97.9 17 419 1 98 £0.104 1.68
9.4 137.9 1 4.5 2 133 -0.138 1.86
10.7 195.9 6 4.5 5 196 0.181 1.96
11.4 2188 10 41.9 ] 219 0202 1.89
13.6 257.1 17 496 5 257 0201 2.23
144 295.7 9 51.8 4 296 0.213 2.37
154 330.0 10 71.6 1 330 0.187 317
16.6 3384 4 60.1 2 338 -0.211 2.74
175 3334 4 7.3 3 333 0.187 3.20
182 3386 3 96.6 3 339 0153 4,10
19.6 376.8 5 98.3 4 377  0.164 423
20.6 3716 2 143.3 3 n 0.116 5.84
21.5 3852 5 139.6 9 385 0.124 5.73
2.5 4083 1 167.5 5 408 0.109 6.77
244 4343 2 191.0 3 434 0.100 7.64
25.4 456.8 1 192.8 4 457 0.105 7.76
264 429.1 1 1984 4 429 0.094 7.88
28.6 4729 3 2204 1 473 0.093 8.75
29.4 463.7 4 2424 1 464 £0.079 9.48

*1: Measurement time: s for burst speed, 3600s for cruising speed.
*2; SS=a+/" where SS: swimminng speed in mm/s, ¢ : swimming time in s.

*3: SA7 =_["'"ssmuw 3
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Fig. 4.5 Transition of swimming speed (upper traces) and standard length (lower traces) of
nigorobuna Carassius auratus grandoculis reared in running water (solid circles: trained group)
and in still water (open circles: untrained group). Uppermost rectangles show the training
process of the trained group (solid: in running water, open: in still water). Fish of untrained
group were reared throughout in the still water. Vertical bars indicate standard deviations and
P-values refer to significant levels of difference in swimming speed between the two groups.
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Table 4.2 Comparison of survival rates within 24 hours between trained and untrained nigorobuna
Carassius auratus grandoculis Teleased in the ponds”' where largemouth bass exist

The number of

Survival rates of nigorobuna Fisher's exact  Mantel-
Trial number largemouth bass . . probability Haenszel
( ) standard length  Trained fish®  Untrained fish™ test procedure
% %
2
1 (108 mm, 106 mm) 50 30 P=0.325
1
2 (192 mm) 40 30 P-0.500 P=0.186
2
3 (200 mm. 235mm) 80 60 P=0314

*1: 5.0x8.0xdepth 1.0 m ponds made of concrete.
*2: Micropterus salmoides.
*3: Ten fish were examined respectively. Trained fish were reared for ten days in rurming water after

ALC marking, and untrained fish were reared in still water for the same number of days. Refer to the
text for ALC marking.

Hoh, MEMCERERSZONAE»S(P0.3 =L 7HECII28R,0.109% L 720, MEMOFH®E

11~0.500), 7%, 3EMOEMBREL—IELTHLHEE
X B 1= (0. 186).

2L ERH~OHBKERM BEH~BGELE R
== AREH DL —= I ROEREE R
Table 4. 3Iz7R Uk, MR OBHRRO &R
hELERIZIIEELEB LN (FNEh
P0.641, P=0.229, P=0.146). FHRENE L CAH

A EERLL B Do (P20, 680), 37-, FH
WOMMEFR L REKH &L, z = 0.00088 (P-
0.500} & 720, ZDORAEIT & IR Fibfdt [ 1
H oo,

PlL—= EETHATRE, 0.096%,3Eh L —

Table 4.3 Comparison of recapture rate and growth between trained snd untrained nigorobune Carassius auratur grandoculis
refeased in Lake Bivea

ALC mark Releaged fish Recsptured fish ™
C] - )
ype’? Standard length . Standerd length™ _ Body weight N e
Mean = SD Memm+ SD Mem = SD ¥
mm mm B %
Trained fish 7 4 rings M6 = 29 49,100 pgs = 82 232 + 66 47 0.096

Untrained fish” Coreand4rings 148 + 2.7 25800 915 & 121 262 = 110 28 0.109

*1: Refer the text for ALC marking.

#2: These fish were relcased in Lake Biwa on July 17, 1992, and recaptured from 90 10 263 duys after reloase by trawt net.

*3: No significant difference (P =0.641) by Student's 1 -test,

*4: No significant difference (7=0.229) by Student’s ¢ -test.

5 No significont difference (P=0.146) by Siudent’s 1 -test.

#§: Number of recapturcd fish / number of relessed fish=100. No significant difference by a test of two proportions under
normal approximation taking the correlation (7=0.500) and no correlation {P=0.680) between iwo groups into account .

*7: Trained fish were reared for xeven days in running watcr. and untrainod fish were reared in still water for the same mumber
of days.
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Table 4.4 Comparison of burst speed between nigorobuna Carassius awratus grandoculis

reared in concrete pond and in Lake Biwa

Setting place of  ~ Standard length: SL *!  Burst speed: ABS °  Burst speed: RBS
the fish cage Mean + SD Mean + SD Mean * SD
mm mm/s SL/s
Inconcretepond 10 121 % 0.8 2070 + 37.0 173 = 40
InLakeBiwa 10 115 * 0.7 2512 + 523 20 + 46

*1: No significant difference (P =0.067) by Student's 7 -test.
*2: Significant difference (P=0.044) by Welch's ¢ -test.
*3: Significant difference (P=0.024) by Welch's ¢ -test.
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Fig. 5.1.1 Schematic representations of the investigated reed zone in Lake Biwa.
Solid and open small eircles in figure A indicate the stations to investigate the
distribution of released larval nigorobuna Carassius auratus grandoculis, dissolved
oxygen concentration and water temperature in 1992, and the stations to investigate
the habitat characteristics of nigorobuna such as dissolved oxygen concentration,
water temperature and density of food zooplankton in 1994, respectively. Figure B
shows the positions of net passages set in order to investigate the movement of larval
nigorobuna in the reed zone in 1995, and solid small circles in this figure indicate the
investigated stations. Characters in both figures indicate station names. The shoreline
at the time of the investigation in 1995 was retreating to the offing compared with
those in 1992 and 1994.
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Table 5.1.1 Larval and juvenile nigorobuna Carassius auratus grandoculis released in the reed zone ' of Lake Biwa

ALC marking > Released fish
Group Immersion time (day) of Date of release Standard length Nanber
Mark type nigorobuna in ALC solution Age
before and after hatching Mean + SD N  atrelease
DAH™ mm

Al Core -3 19-May-1992 2 5.5 + 03 124 1,074,000
A2 Core and ring -3,9 27-May-1992 10 7.6 + 1.0 100 295,000
A3 Coreand 2 rings -3,9, 19 6-Jun-1992 20 9.7 + 14 135 49,000
A4 Coreand 3rings -3,9, 19,29 16-Jun-1992 30 15.1 £ 25 113 26,000
A5 Core and 4rings -3,9, 19, 29, 39 26-Jun-1992 40 16.1 + 28 140 29,300
Bl Core -3 17-Jun-1992 5.7 + 04 112 313,000
B2 Core and ring -3,7 23-Jun-1992 8 7.0 + 05 129 193,000
B3 Coreand 2 rings -3,7, 15 1-Jul-1992 16 8.1 + 09 142 199,000
B4 Coreand3rings -3,7,15,23 9-Jul-1992 24 10.7 + 1.5 180 91,000
B5 Coreand 4rings -3, 7, 15, 23, 31 17-Jul-1992 32 14.8 + 27 124 25,800

*1: Refer to Fig. 5.1.1 for the location.

*2: Refer to the text for ALC marking. The multiple marked fish were released immediately after completion of the last marking.

*3: Days after hatching.
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Fig. 5.1.2 Distribution of relcased larval nigorobuna Carassius auratus grandoculis,
dissolved oxygen concentration and water temperature at investigated stations in the
reed zone. See the uppermost map and A in Fig. 5.1.1 for the location of the reed
zone and investigated stations, respectively. Two-days-old larvae (group Al in Table
5.1.1) of 1,074,000 and 10-days-old larvae (group A2 in Table 5.1.1) of 295,000 of
the same birthday were released along the line connecting Sta. A25 and Sta. 025 and
the investigation was conducted on May 31, 1992 four days after the last release.
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Fig. 5.1.3 Distributions of larval nigorobuna Carassius auratus grandoculis released into the net
passages set in the reed zone, and dissolved oxygen concentrations at each investigated station in
the net passages. See the uppermost map and B in Fig. 5.1.1 for the location of the reed zone and
investigated stations, respectively. Fourteen-days-old larvae of 2,200 of 7.50 £0.71 mm (mean=
SD) in standard length were released at Sta. e and Sta. 1 on June 14, 1995, respectively, and
investigations were conducted on June 15, 16 and 17.
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Fig. 5.1.4 Standard length (SL) of releasced and recaptured nigorobuna Carassius
auratus grandoculis. Triangles: average SLs of released fish, open circles: average
SLs of recaptured fish in the reed zone by a hand-net, solid circles: individual Sl.s

of recaptured fish outside the reed zone by fixed traps (masuami), solid lines: range
of SLs, figures: numbers of sample, dotted line: SL=16 mm. See the uppermost
map and A in Fig. 5.1.1 for the location of the reed zone and fixed traps (masuami).
respectively. Refer to Table 5.1.1 for group names A1-B5.
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Fig. 5.1.5 Length and width of gut contents of larval and juvenile nigorobuna
Carassius auratus grandoculis collected in the reed zone on May 31, 1992,
See Fig. 5.1.1 for the location and overview of the reed zone.
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Fig. 5.1.6 Changes in density of zooplankton, dissolved oxygen concentration and water temperature
at investigated stations in the reed zone from April 27 to May 30 in 1994. See the uppermost map and
A in Fig. 5.1.1 for the location of the reed zone and investigated stations, respectively.
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Fig. 5.1.7 Time-dependent changes in dissolved oxygen concentration and water temperature at
investigated stations in the reed zone A) from April 27 10 28 and B) from May 22 to 23 in 1994.
Asterisks show supersaturation of dissolved oxygen. See the uppermost map and A in Fig. 5.1.1
for the location of the reed zone and investigated stations, respectively.
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Fig.5.1.8 Comparison of the low oxygen tolerance
between nigorobuna Carassius auratus grandoculis and
honmoroko Gnathopogon caerulescens. Refer to the
text for LDOs,. Horizontal bars indicate SDs.
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Table 5.1.2 Comparison of survival rates of larval nigorobuna Carassius auratus grandoculis
in oxygen-free water with open-surface or closed-surface

Standard length of
Dissolved ~Water ~ Water  experimental fish  Number Number Survival
oxygen temperature surface survived dead rate !
Mean £+ SD N
mg/L °c mm %
1 0.00 19.9 Open 105 = 06 10 8 2 80
2 0.00 19.9 Closed 105 = 05 10 0 10 0

*1: Significant difference (”=0.0004) by Fisher's exact probability test.
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Fig. 5.1.9 Transition of the body specific grevity accompanying the growth of nigorobuna
Carussius auratus grandoculis and honmoroko Grathopogon cacrulescens. Vertical and
horizontal bars indicate SDs. Dodted lines show the specific gravity of environmental water.
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Fig. 5.2.1 Illustration of the apparatus used for the avoidance/preference test of larval nigorobuna
Carassius auratus grandoculis to water with different properties. Test cistern made of transparent
acrylics boards: width 160 X length 300 X height 50 mm (water depth 25 mm). Test chamber
portion: width 160 X length 100 X height 50 mm. L-side: the left half of the test chamber.
R-side: the right half of the test chamber. Solid arrows indicate the directions of water currents.
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Table £.2.1 The results of avoidance/prefercnee (est of larval nigorbuna Carassins auratus grandoculis to water with different propertics

Fi adF, Signlficance level
] . Ohbject of Property ol each l:x]:erirm.-nl'I . ")
Experiment avoidance/preference Evaluation o blank test
fest Test water side Control waler side Mcan = SD A i
{I.-side In blank test) (R-gide in blank test) ) ’
%
Lake Diwa water Lake Blwa water
Blank tost - DO™: 8.98 mp/l. DO: 8.98 mg/L. 500 + 40 6 — -
wr™: 19.2C WT:19.2C
. Lake Biwa water Lake Biwa water .
Fixp. 1 bl‘fl:;“‘ wateral ey 2,08 mg/L DO: 8.76 mg/L 21 ¢+ 108 6 :"“ '"’;‘“““ 0.668
WT: 20.5°C W1: 20.5C onprelerence
Shorcline-waler in eod zone  Ouler edge-water of reed zonc
. Shareline-water in  Zooplankton-rich™ Zoaplankton-scarce™ £ 128 .
Exp. 2 reed z0ne DO: 5.92 mg/L DXO: 7.57 mg/L. 6l.1 128 6 Preterence 0.045
WT:21.0C WT; 21.0°C
Sharclinc-watcrinreedzone  Outer edge-waler of reed zane
Filtered shorcline-  Zooplankton-free Zoaplankton-reo Non-avoidance
Exp.3  terinmedzone DX 7.69 mgil DXO; 7.90 mg/L U5 £ 20 4 yprefenee M0
ﬂie%m’ th culturod 1k, znz.'m thout cultured
. iwa watcr with cu £ Biwu waler withoul cu Non-avoidance
L!h'. Biwa watcr kton " zooplankton added™ 59.7 £+ 126 6 Non 0.062
Exp. 4  with culiured zmnnup_’lm*l w':d“l DO: 8.13 mg/L preference
- 3 L]
zooplankion added WT: 21.0°C W 21.0°C (645 = 49 5 Preference 0.000 )
Lake Riwa water Lake Biwa waler
. . g Shaded with bluck cover Not shaded .
xp.5 Light shielding DO: 8.34 mg/l. DO: 8.84 gL, 245 = 55 6  Avoidance 0.000

WT: 200T W1: 20.0°C

2 NETIREEE

——
=

NN -0

-
-

A4 % LE

*[. ¥,.: distribution frequency of Jarval nigorobuns at the lefl side of the test chamber at every one minute from 5 to 13 minutcs later in the blank fest, 7 the samc frequency
al the st waler side in Experiment | 1o 5.

42: Dy Student's 7-test or Welch's £-tost.

*3: DO: dissolved oxypen concentration.

*4: W1 water temporature,

*8: Test water: Brachiomus sp. 180 iml/L, Afytilina sp. 60 ind /L., Scapholeberis sp. 30 ind./1., Cyclops sp. 30 ind/1., nauplivs 1110 ind/1.. Control waler: Brachiomnus sp.
390 indsL., Mytilina gp, 60 ind /1. nauplius 330 ind/l..

*6: Text waler: Brachioms caliciflorus 120 Ind /., Mving macrocopa 240 ind L., Dapfmia sp. 600 inl/1.. Control waier: Zooplankion-free.

*7: Rejected the extreme valuc: 35.5% (P <0.0% by Thompson's vutlier test).
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Fig. 5.2.2 Illustration of the test cistern used to examine the avoidance/preference of larval
nigrobuna Carassius auratus grandoculis to a different water temperature from that before

the experiment. Test cistern made of transparent acrylics boards: width 110 X length 430

X height 50 mm. Test chamber portion: width 110 X length 230 X height 50 mm.
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Fig.5.2.3 Temporal changes in distribution frequency

of experimental fish on the left side of the test
chamber (see Fig.5.2.1) in the blank testF.(A) and
its coefficient of variation (B). Solid circles in Arefer
to the average values of six measurements, and
vertical bars to the standard deviations.
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Fig.5.2.4 Temporal changes in distribution frequency
of experimental fish on side of A of the test chamber
(see Fig.5.2.2) in the blank test: Fo(A) and its
coefficient of variation(B). Solid circles in A refer to
average values of six measurements, and vertical
bars to the standard deviations.
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Fig.5.2.5§ Temporal changes in water temperature in
the test chamber (see Fig.5.2.2) in Experiments 9 to
11.
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Table 5.2.2 Results of avoidance/preference test of larval nigorobuna Carassius auratus grandoculis to a different water temperature

from that before the experiment

w o Fqand Fp
. . Object of ater temperature of each experiment ) Significance level (P)
Experiment avoidance/preference Evaluation between blank test ™
test Side A Side B Mean + SD N
%
The same as The same as
J— B :h . — —
Blank test antecedent antecedent 49.6 37 6
High 1 g
igher or lower water . Fes
Exp.6 temperature than Higher than  Lower than 66.3 83 4  Preference 0.001 1
antecedent antecedent
antecedent
Higher water Higher than The same as
Exp.7  temperature than 65.0 125 6 Preference 0.014
antecedent antecedent
antecedent
Lower water .
Exp. 8 temperature than Lower than The same as 44.6 77 6 Non:avondance 0.090
antecedent antecedent antecedent Non-preference

*1: See Fig. 5.2.1 for water temperature in the test chamber.
*2: F , : distribution frequency of larval nigorobuna at side A of the test chamber at every one minute from 1 to 4 minutes later in the
blank test. F;: the same frequency on high (in Experiment 6 and 7) or low (in Experiment 8) temperature water side.

*3: By Student's 1 -test or Welch's 7 -test.
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