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Effectiveness of Paddy Fields as an Initial Growth Environment for Larval and
Juvenile Nigorobuna Carassius auratus grandoculis

SHIGEFUMI KANAOQO,2* TAISUKE OHTSUKA,3 MASAYOSHI MAEHATA 2
Norivasu SUZUKI* AND HIROICHI SAWADAS?

YTaga Town Museum, Inukami, Shiga 522-0314, 2Graduate School of Environmental Science, The University
of Shiga Prefecture, Hikone Shiga 522-8311, 3Lake Biwa Museum, Kusatsu, Shiga 525-0001, *Graduate
School of Bioresources, Mie University, Tsu, Mie 514-8507, 5School of Enviromental Science, The University of

Shiga Prefecture, Hikone, Shiga 522-8311, Japan

Carassius auratus grandoculis larvae and juveniles were released in paddy fields near Lake Biwa. Later, they
were periodically collected and subject to growth analysis of total length (TL) and body weight (BW). As a
result, daily growth rates in both TL and BW reared in paddy fields were high in comparison to those of fish reared
in fishery ponds and raised naturally in reed zones of Lake Biwa. The survival rate of C. a. grandoculis in paddy

fields increased with lower population density. Meanwhile, daily growth increments shifted from an increase to a
decrease at 11-24 days of age in TL, and at 15-44 days of age in BW. Therefore, paddy fields are considered to be
highly effective as an initial growth (until about 40 days of age) environment for C. a. grandoculis.
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Ak, JAREEOFHRY ISHRT A EBMLHN
TWb D E/, T—Fdh, 7FIBEEZILD &
FTHOARBEOICFREHATSE I EBBEINT
W5 (&R, Bl RER), 07 FOFHEILRER
BB DT TOEBBRIEIA A 7 /3R, Th—FILo
ARREEETH LMD, ChHD2BICLLASE
R TOWBEREREWEE 2O 5, £ L THREBD
BERIEKEDODATHREETH S, 19924 LD, K
cFIKE B & LABEBWOKRMBFRAIPED b
WE, 6 A15H»58 A3 HOM, BEMOKEYE
BEAEERA LY —20cm ICHERT A Lo ED BN,
IR, BRIZ X > THORMS L LB

EEMRLEIOEEINC S 2BIGELH & TF
RPPIKEERE T IS W72, LL, TOK
R T 07 S DOEEIREES L 7 A — RN AR O
B REBA IR B0, 07 FOBEICERE
BRIET C EBFEINT S, 1819

—7, BEHRUOKES I8/ FOENEREY &
5%, P OTREEWALOKERFIC O T/ FH
WEL, ZITENETZ> Qo EBPREINTH
5,202 KT 3 v H L FEOBEY L o—F T, 4t
RECEEMOAANKMBEEOEEIIZ LA v
E20N%720, BETL IO/ HFHERAOLETICH
BRRETHAEEZONS, LA LEETHE, BHE
HEREOR/FE L L TEIHETERWIEY OBEELKE
EEORICAELTLEY, a0/ FAKERTER
FITEOBERITEA YRV, ThTh, —Jdo7F8
KEANHELL CERTEEABONEHETE, K
HATEL L FRPRL, FFLIFCE S OfEES
WETAIEDBELPICI > TNWB22 Z TCTEEW
BDNL D OMIRCid, BEIOKBOKREEE BT
FTHILICEY, 2du7/rh OBy RECHET
BRAADPIED BN T\ 5,325

KEWK BT 507 HFHEROBRESCONAE Y
ZEiE, LELIEEHBEIN TWA,BB28 Ll InE
TRRINCEERT—ZRIFT LA BRSO TH
0, BEFERENRZ =W TRIZEEA EHL NI
o TTWin\y, T, —du/Fo@iiEiERickid 5

BERICEL Tk, ChE THEOEREE FICk
TAEBEICHT IREESOSPBREEINTVWELELHOD
D, BT BT 2HEOEBECEAL TEE LA EM
BB\, XTI TRPIFE T, KERATHRT AT
T BHRNCREL, RE TR L LB, K
PRSI AERELREL, —Jo7FOEEEN
BT AERLAETEIT E L OUKEOT R L7,

AMBLUHE

HABOEE AP T3 2003 £ B LU 2006 FEiT
HEBAD 2 >OMIE (BERH, SFWUW) OKETE
Thhic—du7FDFa~HEEERE L,

2003 FEDEB T, WHEBERWTO 3 >0KE (A,
B, C; Wihd 2000 m?) 1T, #EEBKERES CHRE
ITWio, RIREBICE S 07 FHE% £KEIC
A A 3~10 ik, +A5~15 &KL, £Ehis
PR R BT G & Lo, BIROKRE, HEEIET 7
H#0D 200346 A 3 HICEW L 72, HAIL6 A 3~4
HOWBICEN %17\, 6 8 5~6 BiCfransitL
Teo Eiz, MBHEOBEEGR-FEORMGH, LEEMED
HEEEINH E Ko, 30 ZKEIC BT 5EIR#E L 7
(Table 1), L%, A, B, CIcBI> 2 HIIZ6 H6B%0
His e 15, REOREITI6ASH, 20H, 26 H, 28
H, 30H, 7A3HD8EEML /&, 772 LKEICX
S>Toda7HHFEEBPRES W - cHR2, PO
BEL 2B NP BB 5,

2006 FDOER T, WEBRSFIUTOKE LT &
L 7oo B L7ofFEIE, T8/ (BB ELEIL/\IE
W) CTEHEINAEIVREBICS 58K (A X5 @K,
A AS5EE) 1LhCG (b B EREEE VeV
SHBEHR) AEENEHL, BEEYE GEEE
HEW) OBMKEICTHRENSI M, BLIUEE
MERERE L 2 — (WEBEETN) KBV TEADK
ICTRERE L QW58 R&, M2 h3 10 @EF
HHELNLERIEIRIZDDTHS, T 5 A 11
H»b 13 BOMIKEE L, L, 58 13 5% 0 High
T 5, BEZAKRTLTCALT~4 BEDOS5 A 17 H
oA B0 EAEOFEEHAE 1.19mg, 10E

Table 1 Estimated number of eggs laid, number of stocked larvae, and population density of Carassius auratus grandoculis in each

paddy field
Hikone Moriyama
Paddy field

A B C H1 H2 L1 L2
Paddy area (m?2) 2000 2000 2000 2190 3410 3000 3000
Estimated number of eggs laid 62000 162000 300000
Number of stocked larvae 44000 68000 6000 6000
Population density (/m?) 31 150 20 20 2 2




KERCRITFA=Id0 70K 193

HOFH LR 575 mm) KL 7o, FROBILMEE
e, HE1Im2ICoE20E4 (HK ; &FEX) B
JU @A CK; BFEER) LT, ThEZh2%0
KE (H1, H2, L1, L2) &k - 7 (Table 1),
SEKEOMK O3 LUBKOKE, 7 8KEMIH
WK OWERR S oA i, fFRERIE, 5P 27 8,
6 45H, 14H, 20 A0 4 EEFHEL,

WINOFEIIC W T HFHEROREITIHROR,
HEALXy b (15cem, #20cm, #HE 0.5mm) %
Av, ERLIUKERIZADTSOWRD 277070,
FELFHERZEDIC 10% V<) Vv TREEL 2, K
HEE, £HOERDPD 20~25 BEE S VX LITEA
T (JeRRUBABDP TN AT OBECIILELRE) WE
W& Lo, BERIR—N—FZ 3NV TRGEFTTE
HEo itk BERFCHEYRHEL, T, JFAT
EREBEARTEE L/, FEIF 0.1 mg BT, &
£ SEEART 0.01 mm BACHISE L 72,

iz, WTNOFEMIZE TS, KEOHRT LRI
BOWTHEKOKBEZREBEL, KE>» DEERE~HETL
HMRETNTEREL, EERPHTRLA, $/, HBXRE
DAKBICR DB N/HEROER L T7% > 72, HKIT
A/B,COKHTIZ6 A30B &7 A3 D2 HEERKL,
H1, H2, L1, L2 Cit 6 A 20 BICER L /= SKEOHE
EEINB RO BOCEGEE, REICE D B S W EF,
W EGE»S, KERICBT S In 7 FHADER
E, BLRUKE»LOWTRERLENL, KEICKT A4
Bl L7,

B A% 2 o0FEHSCBT A I/ HFHA
OB, LUTICHR 9 Richards® O FERA DT
LU & 01T - 72,

W=uoll+reexp{—K{E—14)} 1"V

TRL, w: BB HICBT A9 A X (&R, #&E) ©
ETFNVHEEME, 1o BRIOBAT A X, K HINGRE,
by : REOBEHEATH S, 7 IHERET VOB ERE
TENGA—RT, r=~10 & & Bertalanffly D&
R, 3 r==1/3 © & & Bertalanffy © 3 =X, -0 O
FE % & Nid Gompeltz DFER, 3 r=1 T logistic ;L&
KT %,.% BE, BEORREN CIIFEEILFERE
D2FICHAL, BIEEEIEEDOIFICHHATS L
e E N5 Bertalanfly DEERPBHE VLN B T &AL
VW, Bertalanffy OFERIZ O XS ICABPERIIC LD
WEINARE/NZ — VOB CTH 525, K
WA THREZIHET A ERPH o T &7
hiE, REROBES LV ETREHESBE LN, Ber-
talanffy OEX THEEL IS TER W &0k
%o Richards ODEER TR COREROFE/NZ—
ZOWTDONRSG A= B rELTEZON TN S8,
r DEIZ L > THREROBREIC KT THHEROE/L %

RETHT EHBTED,

B 1B 5 & EEY 4 XOEREDS FHE b, B
BREEZ 0, OERFMIKD ZEEREL T, BB
YBNRGA—ZY 9 b pe, K, by, r BEUEERX D
WET T - 72,30 85 A—& r OEFEIZ 1T Microsoft
Excel OV JN—% Wiz, 722 LY A= L SHEE
T, 52 20EHEIC L » TREYRERL2BE LN WS
HEWBHBDT, INT A—ZOFEMEEZEE 2 720 BRE
HEZTIEV, ZOBRDS L THEAE P RKIC -
7odhD%, FHT—F~OBETHR L ETEAL
72 ¥72, r=0 T Richards DEREREFEHE I T,
ZOFEHFETHTHICLVEUIBEONTWFREEL D
Bo X TrOMIMENR /3T &7z » o8BI,
Richards OB ERTr—0 & LB ESOBBME L L CE
Fx N5 Gompertz DFERD

M=l exp [—exp {—K({t—1,)}]
AN BFT- T, AICDDB L DN EWHDEF IV H B
L7, 7, 10 HBLIETO T — 2 BRENC 7% - 7o
i, EBOKETELNA 4L BEOY 4 XDOEH
% 1@Es L LTOMHEL 7=,

T/, WEOHALS L OREOE AT D /20,
P OFEH H1, H2, L1, L2 CTHREINHBIIFA
PHBREO— a7 RO E &R LUMKE & FEE
FHEOBEFRIC W TN ZNOREEZ K 10 OF H
BN ER L 78, B/NTIEC LD EREHERY
Kdic, Fio, &R IEEGROBRKICOWTHERNZ
FEIC LV ERERERERD, BEROHBIC B\ CEE
FRPREINTOEEFICR OGP LR EHETE
L7z

EREER

KEAICEITZ2=O00 7 HFHAOLRLEEORE
2 TFIVERANOBTEHDILVE W Tn 347
HEOL2RIZ, 10 BT 9.3~13.8mm, 20 BT 17.5
~26.0 mm, 30 B#S T 24.9~27.9 mm, 40 H#T 26.8~
35.3mm TH o7z (Table2), TAFEIZI0OHET
8.8 ~30.6 mg, 20 B # T 81.2~259.1mg, 30 H i C
225.7~331.5 mg, 40 HEH T 295.3~690.1mg TH - 72
(Table 3), INLOEFIIREEMEL HETS &,
FIERBROER TR Lz, Hl OKBIZ BT 58k EE
BEOETIVA L EBHHER Fig. 1, Fig. 2 1R,

F7z, H1, H2, L1, L2 CTREIN-EHTAaILVED
—Idn7 3Ok TL (mm) LEE W (mg) DREIC
L,

log W=23.239¢log TL—2.169; »=0.995
OBBERE LNz, 727201, logidER 10 DF AR
TH5H, AR, EdAE SL (mm) SAEE W (ng)
ORI,
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Table 2 Estimated total length (mm), daily growth increment (mm/day), and daily growth rate (% /day) of larval and juvenile
Carassius auratus grandoculis in each paddy field by approximation to Richards’ growth function

Estimated total length Daily growth i i W

Sampling 0 Parameters o) Y gy N i

e Goy Koy r @ 10 200 30 40 5 10 20 30 40 5 10 20 30 40
Hikone

A 279 031 121 252 7.9 138 2568 27.8 27.9 093 L4l 057 0.03 0.00 118 102 22 01 00
B 282 022 114 164 80 137 248 27.8 282 095 130 0.66 0.09 0.01 120 95 26 03 00
c 279 038 134 345 77 131 260 27.9 27.9 084 135 062 0.02 0.00 110 10.3 24 01 00
Moriyama

HI 272 018 174 206 63 94 182 249 268 053 074 091 0.38 0.08 84 7.8 50 15 03
H2 302 013 17.2 125 63 9.6 184 256 288 056 0.76 0.89 051 0.18 90 7.9 48 20 06
L1 305 016 190 177 62 93 181 260 204 051 072 0.96 055 016 82 7.7 53 21 06
L2 47.3 007 244 062 63 93 175 271 353 052 069 0.94 092 0.69 83 7.4 53 34 19

Ue: theoretical maximum total length

K : growth coeflicient

to : growth inflection point (point at which daily growth increment changes from an increase to a decrease)

r : model parameter; 7= — 1: Bertalanffy function, »=0: Gompertz function, »= 1: Logistic function, 7 increases as growth decreases more rapidly.

Table 3 Estimated body weight (mg), daily growth increment (mg/day), and daily growth rate (% /day) of larval and juvenile
Carassius auwratus grandoculis in each paddy field by approximation to Richards’ growth function

Estimat dy weight Daily growth increment Daily gro
Sempling et Yy el s e
sie (fr‘]z) K (digy) 7 (d?’) 10 20 30 40 5 10 20 30 40 5 10 20 30 40
Hikone
A 321 0.30 151 052 2.8 30.6 259.1 317.2 320.6 148 125 158 1.1 0.1 529 408 6.1 0.3 0.0
B 397 0.13 166 0 45 37.7 207.1 3315 3775 259 114 173 7.7 24 57.7 30.3 84 2.3 0.6
C 302 0.27 155 046 2.7 27.7 2298 2965 301.9 142 108 160 1.6 0.1 518 391 7.0 0.5 0.0
Moriyama
H1 328 0.13 228 023 18 105 953 225.7 2953 0.71 3.3 13.3 105 4.0 39.6 31.0 140 4.7 14
H2 616 0.07 29.4 0 1.8 10.7 86.0 236.5 3869 0.77 3.1 12.2 16.3 13.0 419 29.2 142 6.9 34
L1 493 0.12 26.3 025 1.7 9.0 90.4 269.6 405.0 0.62 2.7 14.7 177 9.1 36.0 30.0 16.3 6.6 2.2
L2 2310 0.05 43.7 0 1.7 8.8 81.2 309.1 690.1 0.64 25 139 31.7 425 36.7 284 17.1 10.3 6.2

Ue: theoretical maximum body weight

K : growth coefficient

fo : growth inflection point (point at which daily growth increment changes from an increase to a decrease)

7 : model parameter; »= ~ 1. Bertalanffy function, »=0: Gompertz function, »=1: Logistic function, » increases as growth decreases more rapidly.
r=0 indicates that the Gompertz function was selected as a result of model selection.

log W=3.732+log SL—2.458; »=0.991 AOKEIC I H— R BER/ X — v OEREIC D - 72
OBRY, £F FEEER ORI, EE R B, — T, AR TELN IR T FFREED

TL=1.421+SL—2.705; =0.996 EEARIAELOBREHAT T ICBT 56k
DOEEN, ThXZ BN, KETO I 7 HFHE R L IkEsd 5 b, ARPBLZOGEFRER L Z2
BOWMIREICET 5 SN s TOWE T, FigEiEsk Bllir->TWw5, Fisbb, AfFETHELN/.ZT0T
EB10~12 HET9~15mm, 20~21 H# T 11~21 FTHARELUEBESPKE P LI LTS, Fik,
mm, 27~40 B¥ T 14~29mm L WO BEENRINT FHEEETOMEKT, 10~13 HEBTFEE£LE 5~9 mm,
W5 28520 T DEE AR TEONIERRNTERK 20 H#T 8~20 mm, 30~33 HiH T 10~26 mm OFiFE
BET 5L, TNFN 10~19 mm, 13~27 mm, 17~39 KH5ERESINTED, 82930 FLHEBBVEET
mm 755, L7ah - TR CHE SN BRE/ N F — LAFEORENE  HEETH S, T/, FREMT

ik, 10 BTN DTHSLLDD, BEHA IVHICHRBmShAEETIE, I5ERTHEREI
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mm,3® 30 B C 16 mm, 3® 40 HE T 18 mm3?® (£
Zn4F 12 mm, 20 mm, 23 mm YY) MEIITE
D, REVEHROBRLD SHRELEBEVEEPRD D
Nz, L7cd-C, KBIBT 507 FHFHERDORE
RiZfER, fERE LTS LHET TRI VRSB
HERELIDSBEVEEZ BN,

HEOEMCHS RREDRYS HREER2ETH
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=30 F o}
E
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Fig. 1 Total length growth curve of larval and juvenile
Carassius auratus grandoculis calculated by Richards’
growth function in paddy field H1. Each white dot
represents the total length measured at each sampling
date.
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Fig. 2 Body weight growth curve of larval and juvenile
Carassius auratus grandoculis calculated by Richards’
growth function in paddy field H1. Each white dot
represents the body weight measured at each sam-

11~24 B, BETIE 15~44 BESTEmM» A
U EHEE SN/, &RICEIT % v Offii 0.62~3.45
O|BIZH D, 1T logistic RERIC K - 72 EMBE
BT 5y OfFE 0~0.52 OEIFICH D, Gompertz iL
BRABLWVIF INIGEW/SZ -V %R L7, Richards
ORERIC B TGRENINT A—F r DEIRILETE
-1, AETIZ-1/3 25 Bertalanfly O ER & LT
REANZFNEHRTKED Tz, TOLDITKERY
DOfElE, =7 FORRICHECER I T 574 09E
BB I T /ol EBRERT 5,

LK, EFINRCLAERIEAERIT 272~
47.3 mm, ERMEAMAEIL 302~2310mg LHEEIN
7= (Table 2, Table 3), CHIFEBEMIIBIF L _do
TrFORKEE4A00mmiZdbHA, —BPEEAD
45 250~350 mm? % H A & FEAB,

Zada I HEROBREPERICH - RE & LT,
KEOBRELPREL oI/ IHBEOATICE 3% <
Molcl EBEZLND, I 7 FHAIIMAFR 138
~16.7mm (££ 16.9~21.0mm IZfHY) TExiaE%
TS5V OEEBYN S, SHITER
184mm (£F234mm MY Pl Eick? &EES
THBERBEINRLELTEBMOLNT VWS L
HoTC, O 7FHAI L - TKEBFBLEBRE
THBHDIT, MNREEMMICETAE TLHEEIN
Too ATFETIEHFAEINALTOKET, 1T 30 B
EFTIIOFHELRICEL TWe, —FT, KEAKSE
GAH-d073HAOEEICL L TOHRERENELRS
HEBA LN (Table 2), CHOHREELHFEEEZS
NAIVVOREP T 7 IHACHRINEZ 0D
SOV FHAPEEEISEOMENRE B EEL
b, CTOkd, EKEECTHNE, KHROHREE
DOWAVEEL 0B EHEINT,

—ORTTFHAOKEMSDORT HKREIZRT S
FKEHOZ IO T7FHAOR TMEMFEE, KEICRDERS
N/cEER, ARE, KE» OO TEHRE Table 4 IR
L7ce HEERESREL, MBEL LV (Table 1), £EE, I
TRIEBHOKHA, B, C CHREEREEDOEL -7

pling date. KEATRLEL, THIKB, C e\, ER5FIUH
Table 4 Survival and leaning from paddy fields of Carassius auratus grandoculis
Hikone Moriyama
Paddy field
A B C H1 H2 L1 L2
Number of juveniles leaning 44400 32830 52489 9466 11949 4084 5445
Number of juveniles remaining in paddy 1600 18560 16640 1357 3192 64 0
Survived population 46000 51390 69129 10823 15141 4148 5445
Survival rate (%) 74.2 31.7 23.0 24.6 22.3 69.1 90.8
Leaning-out rate (%) 71.6 20.3 17.5 21.5 17.6 68.1 90.8
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DOKEI B THEGEEE S H1, H2 I 4R%
B, WTFREES, BEEEEMMENLL L2 TRAER
R, WFELEP -7, 2 DOREM THHAKHORES
BB EEZ2 N5, HIRIC X AEARICITERA
LAY, WTNORIBIC W TLEEREESE VK
HTE, AR, WIRBMEL -, £/, KEKEX
N -BEOR TEAELRICH T 5841 17.5% ~71.6%
ThHolc, HREROWA LEERIC, BEETH-BE
ERR, MTRAFIES L3HABR LN,

ZOdO07FONBEFBFRE L TOXKBOENE &
BB E LTV HBICBITAERERIY, 28T
0.51~0.95mmday~! (Table2), {KZE T0.64~2.59
mgday~! FHEE I N/ (Table 3), T % BRERIC
B4 e, 28 T8~12% day~! (Table 2), & T 36~
58% day-1 &7r -7z (Table 3), &8, HAEL L1210
B, 20 B#, 30 B, 40 BEMC BT 5 EER LI
B95L5 AP RLEVEEZRL 7,

KECZIR T FOMAEENED - IcBH E LT,
KEAEWZ EREZONA, Z 07k, K30
CTHhARRE24C EIFEALRAUREERLA LT 53
FORB B, H, ERETE - FILFTAOKET
it, 20065 H20 66 HA20 B ETOREETHEL
TSR AIRE 224°C CTH - oy CTHITRBHOEEM
THEEBOFHKE 185C LD A4 CTEL - 72,
IZRE RO B rpicid, KEMOARRIZ LIELE 30°C L
EERREL, COEKERR, KEKBHAIdRT S
FHEBOBREL, RHORMELL I VHELD E VD
DI L 7w RedE &,

Fie, KERNIZBY 52007 FOKEREERRER
PoltBHBLUTBERERAEL-/7L D 1 DOHEK
LLTC, SBEMHDORIBPELLND, SFIUTHOKETHE
BINIFHAOEVIEEEL, HEELRI-IE
D1oDFHH LA, BELTIESAE (IV VI
PEETH->7cEBbh%, HE&BICSTS T
FTORER LUEERRD, WO L TYRY LY
Brachionus, 5~10 BB LRI IV Vv oHs B2 - b &
KRR EBEIEDHLNT NS, 829 —F, HKE
DRBIIES < OFEWD 5 WSRO N &
BLTEY, WECHBEZZI0~30 8,63V VT
BOMES T2 &5 2 SFUHIKETOER T,
SARBI~IVVaMonad, 6 B3Iy v/ a
Daphnia 3 5\ 7 A& LF 3 9 3 Scapholeberis 755
SRRB TSI P TH o EEBEL TV 5,
oo T 7 FHFHAPERHONBIOKERE
W CEBRANICH A L T 5 Chydorus™ & i3TMEER UE
BAKRELELL, LPLIhBL3BEOTSV I Y
I VVvaER, EEMD Chdorus & & dhic-_dar
FHFHEROBELEENEY L CLIELIERE KAk

o (FES, RREE), KARKBVWTEELRFLL
> TWebEZ bR,

INHOT ERDL, KEWKBT S0 73O
BEECLY, HEEER, £BE, HIREEHLA
B, BOKBORER & I % LkAEZI7 FDfF
MBI ALEFTET & U CHoICBIES 5 2 & BE
Zbhi, ok, BEHROOBETESRKETE, HiE
Zh O 40 BRECPFLBThbhEZ EHBEW, =
07 FOERPHEZ P HLEB O LIfThhiEaIc
i, ZOFFLIEBWT, BESER LR/ TaT
FHER ARG BEIRE P WA EBTEIRE L
IZ7x 5, Lich-Todo 723 KHE CHlEEs#%
Z, IR EEMA~BE T 5103 LRI IiER&
ThHEEZDNS,

KGR ERT BICHlc-> T, WERKERRED L
B EIR, E R EE ORISR, NI
R, BRI RFRERENRESYEHRZEOEE
CHEARRZICH L TEWIED, KFRTEDBICH
Too THRBERZEW, TMERIEENRDE
ORMMBERICIIRAROTF— 2 2 B QR E, BE
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