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Growth of the Crucian Carps Belonging to the Genus Carassius
in the Lower Reaches of the Nagara River, Central Japan

Kiyoshi Suzuki and Seishi Kimura

(Received July 26, 1977)

The present report deals with a study of the age and growth estimations based on the
ring marks of scales for each of three subspecies of Carassius auratus: ginbuna, Carassius
auratus langsdor fi Temminck et Schlegel, gengorobuna, C. a. cuvieri T. et S., and nagabuna,
C. a. buergeri T. et S. The materials used in this study consist of 463 individuals of gin-
buna, 270 individuals of gengorobuna, and 175 individuals of nagabuna. They were col-
lected in the lower reaches of the Nagara River, central Japan, during one year from
May 1976. For examination of the scales, six scales, from 8th to 13th, of the row just
above the lateral line of the left side of the fish were taken, and three scales among
them which are revealed to be subject to regular in shape were employed for measure-
ment.

The results obtained were summarized as follows:

1) The annual ring marks on scale are formed once a year in the spawning season
from May to June in each subspecies.

2) The relationships between the body length (L in mm) and the scale lenth (R in mm)
for each subspecies were shown by the following equations:

for ginbuna , log L=0.8243 log R+1.6120
for gengorobuna , log L=0.7743 log R+1.6065
for nagabuna , log L=0.8185log R+1.6245

3) The body lengths at the time of each ring formation (/,) were calculated by sub-
stituting the mean values of each ring radius into the above equations. The results ob-
tained from the Walford’s growth transformation method indicated that the plots of I,
against /, fall on straight lines as follows:

for ginbuna , l,.;=0.7915 [,+61.76
for gengorobuna , [,+1=0.7109 [,+66.92
for nagabuna , 1,.1=0.6835 [,+69.75

4) Applying the Bertalanffy’s equation for length increase, the body length (L,) and
the age (r) relationships for each subspecies were represented by the following equations:

for ginbuna, L,=296.2 (1 —g~0.2338 (1+0.1868))
for gengorobuna , L,=231.4 (1 —g™0-3413 (¢-0.08125))
for nagabuna , L,=220.4 (1 —e0.3806 (¢-0.03963))

(Faculty of Fisheries, Mie University, Tsu-shi, Mie-ken 514, Japan)
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EENDHBINT TH B (RKRAKDHEEMZR, 1957;
ObHMAEWEIRMRE-, 1966).
EEOIEBINTHRB R4 Lic¥ v 75 Carassius
auratus langsdorfi Temminck et Schlegel, » v = r
v 7 C. a. cuvieri T. et S., +# 7+ C. a. buergeri
T. et S. o 3 WOV TER L EOIRRIC X b &
L, IBICohb DR DO ERINKIETS
VTR L, ZTORRETFT O BILOTHRETS
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Table 1. Collecting data of specimens used in this study.
Ginbuna Gengorobuna Nagabuna

Date No. of Range of body No. of Range of body No. of Range of body
samples  length (mm) samples length (mm) samples length (mm)

May 8, 1976 20 122.0~223.0 5 111.4~217.0 0

22 2 141.1~258.3 0 0

28 14 125.0~252.0 7 165.3~213.4 0

29 31 55.4~241.0 25 60.3~221.8 0

June 6 12 133.5~202.5 15 65.0~193.6 0

13 11 95.5~237.4 1 214.5 0

14 6 59.8~ 78.2 2 100.4~132.6 0

15 6 125.2~198.0 7 142.1~191.0 0

19 7 165.4~253.4 0 0
20 28 24.2~263.2 3 44.7~240.5 4 68.4~218.2
27 14 31.5~154.2 2 96.0~124.6 32 59.0~204.0

July 4 17 62.5~267.0 4 63.7~206.5 0
18 18 28.7~224.2 2 146.1~199.0 4 83.7~211.0

24 7 ©4.0~202.0 14 87.9~149.1 0

29 7 34.9~ 85.0 2 69.8~182.5 0
Aug. 2 19 61.2~255.1 6 97.9~184.0 11 135.6~221.9
19 18 98.6~192.2 39 81.2~198.6 2 124.8~203.5
22 9 123.2~275.0 11 181.0~205.0 2 158.0~184.0

Sep. 7 15 68.5~222.7 0 1 84.7

19 14 66.0~202.0 29 41.5~231.0 13 41.5~203.5
Oct. 17 10 64.5~197.8 9 118.0~208.2 14 77.6~170.0
Nov. 17 11 113.5~212.0 18 119.5~180.1 18 79.5~235.2
Dec. 15 18 122.2~245.0 2 173.0~200.7 6 145.9~203.3
Jan. 14, 1977 21 134.5~223.5 1 169.8 6 135.2~217.0
Feb. 10 25 123.5~215.7 12 123.3~187.5 16 128.8~175.5
Mar. 12 43 41.9~209.2 17 122.4~211.5 11 134.2~200.9
Apr. 13 34 45.6~257.8 8 101.2~250.0 25 46.4~214.0
24 7 209.0~278.5 12 184.0~256.3 2 45.0~ 50.9
May 8 19 133.5~211.8 17 155.5~256.7 8 152.0~237.5
24.2~278.5 270 41.5~256.7 175 41.5~237.5

Total 463
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Ginbuna Gengorobuna Nagabuna
Fig. 1. Scales of three subspecies of Carassius auratus. Ginbuna, 206.5 mm in body length:
gengorobuna, 177.4 mm in body length: nagabuna, 155.8 mm in body length. f, focus; ry~rs,
each ring radius; R, scale length.
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Fig. 2. Seasonal changes of terminal indices Z{(r(,fl_—r:’),,/;/zr’m} of scales for one to four ring
m

groups. Circles show the mean values and lines the standard deviations.
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T 5. ZOFBITREGERETTICRKIC b, EEIC (r=0.9786) -+ (2)
BERTZEND, ZhHORBUTE 1@, 5 A2 6 FH 7T log L=0.8185 log R+1.6245
A CTEBHINCIR IR S 2 N B L5 e, (r=0.9884) <o (3)

Licdio T7 FERHE 3 B0 icBlbh 2iRBuieE
WTHHEEXBIENTES.

T I h bERLSE TR S hic o BfkoKR X
SEMWEST B0, (kR L(mm) LR R(mm) %
W 777127 =y + L, WEOBEFELRS 12 (Fig.
3). BPSEEZ IV ELRERRIIKOER TED
Iha.

¥y Ir log L=0.8243log R+1.6120
(r=0.9893)
log L=0.7743 log R+1.6065
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Fig. 3. Relationships between the body length and the scale length.
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Fig. 4. Mean values of ring radius in each age.
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BlgIcxt LTRSS IR T, Liedis T A L+1=0.7915 1,4+61.76
Z OPFFETIL Lee Blfd —IL&E L CaMipkiconT (r=0.9990) ceea(4)
KDICEERFEOTFHMELY TOREM[EEL, chbD Fyaaw 7 1;=0.7109 [,+66.92
fitize (1) ~ 3) DERITRAL, BERIXEOHE4E (r=0.9962) e (5)
HEH L (Table 2). = h b O HEFEHEC L - T FH T l,+1=0.6835 [,+69.75
Walford OB £RIZHi< &, #4533 iER—EREC (r=0.9973) ceee(6)
WO (Fig. 5), hEROBRRBIXROIHRNTELINS. Ly 88 n BT O B AR (mm)

Table 2. Mean values and standard deviations (s) of ring radii and calculated body lengths at the
time of each ring formation.

Ag N Ring radius (mm) Calculated body length (mm)
e
Mean Mean+o Mean Mean+o
1 410 1.98 1.52~2.44 71.9 57.8~ 85.4
2 317 3.66 3.07~4.25 119.3 103.2~134.9
3 217 5.08 4.47~5.69 156.3 140.6~171.6
4 107 6.22 5.61~6.83 184.7 169.6~188.6
Ginbuna
5 46 7.76 6.36~7.76 205.0 188.1~221.6
6 17 8.00 7.33~8.67 227.2 211.4~242.8
7 5 8.61 8.05~9.17 241.4 228.4~254.3
8 1 10.03 273.0
1 254 1.90 1.42~2.38 66.4 53.0~ 79.1
2 199 3.85 3.18~4.52 114.7 98.9~129.9
3 106 5.42 4.61~6.23 149.5 131.9~166.5
4 52 6.37 5.77~6.97 169.4 156.9~181.7
Gengorobuna
5 22 7.35 6.67~8.07 189.3 175.6~203.5
6 7 7.74 7.47~8.01 197.0 191.7~202.3
7 5 8.48 8.21~8.75 211.5 206.2~216.7
8 2 8.79 8.63~8.95 217.4 214.3~220.5
1 160 1.74 1.37~2.11 66.3 54.5~ 71.6
2 104 3.39 2.86~3.92 114.4 99.5~128.8
3 56 4.67 4.07~5.27 148.7 132.9~164.2
Nagabuna
4 40 5.63 4.96~6.30 173.3 156.2~190.0
5 14 6.07 5.39~6.75 184.3 167.2~201.0
6 3 6.61 5.70~7.52 197.6 175.0~219.6
- 300 = |
f GINBUNA GENGOROBUNA NAGABUNA
~ 200 B —
= 100 B -
= l L L 1 1 ! i
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BODY LENGTH , Ln Cmm)

Fig. 5. The Walford’s growth transformations of the calculated body length.
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@) ~O) DERZ Lin=1, #RAT 5 &, BHiRABIR
HELLT, F¥v 75Tk 296.2mm, ¥v a7 F
Tix 231.4 mm, 7 7+ Tik 220.4 mm 2B HR 1.

R 30T 2 (AR EHET 55 & LB & 4
WO ThEZE BT 20805 5. —IC
7FHOEINNT4A~TH, BNESH~6Lxh
TEDY (BHih, 1963; #F « %4, 19651k, 1969),
Z OEIIEALR OEEIER NI E—F T 50T,
Bon Ll 1 LIBLWEELTILDOh 20,
L7k - TRSERIF OHEE (A& L, (mm) {3 Bertalanffy
OREAVDERD LS icEKbER D

Fvrr L,=296.2 (1 —e~0-2338(1+0.1861))

- (7)
yrvaey 73 L,=2314 (1 — e~0-3413(£+0.08125))

fesRRBIITHIKIC T 2 3 SO hR—FERRC
DT, ROEFXHRD b TV % (BARAF, 1977).

Fv 7 log W=3.01210 log L—4.52160
--++(10)

log #7=2.93946 log L—4.37763
S (11)

log W' =3.16039 log L—4.85918
cee(12)

yrvaey7r

>FH T

W kK (mm)
L: (k% (g)

DEDRRICL Db lcF v 7 F e rvary 75 .
FH 7 F DR OHEE R & HEE (AE 1L Table 312
RTERHTHA.

CORTRLIHEERRIL, SESCEELIRELL

- (8) BERM LT, ¥v 77, 777 FBIV4ERUTO
FHTF L,=220.4 (1—e0-3806(t-0.03003)) Fvaay 7FTEETNIEL, SERUEDY v IR
= (9) Y 7 F TIPSR E i 7o TV B (8K « AH,
Table 3. Estimated body lengths and weights by the Bertalanffy’s equation at each age.
A Estimated body length (mm) Estimated body weight (g)
ge
Ginbuna  Gengorobuna Nagabuna Ginbuna  Gengorobuna Nagabuna
1 7.7 62.3 67.5 1.7 7.9 8.4
2 118.5 111.2 115.9 53.0 43.3 46.1
3 155.6 145.9 149.0 120.5 96.3 102.1
4 184.9 170.7 171.6 202.6 152.7 159.5
5 208.1 188.2 187.0 289.2 203.5 209.3
6 226.5 200.7 197.6 373.3 245.8 249.1
7 241.0 209.6 204.8 450.1 279.3 278.9
8 252.5 215.9 517.9 304.7
9 220.4 323.7
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Fig. 6. Seasonal changes in the mean values of actual body length.

Black circles show the zero-

age groups, white circles the one-age groups, black triangles the two-age groups and white

triangles the three-age groups.
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Table 4. Mean values and standard deviations (s) of actual body lengths at the time of each ring
formations.
A Ginbuna Gengorobuna Nagabuna
e
£ N  Mean Mean+o N  Mean Mean+a N  Mean Mean+o
1 40  63.1 52.1~ 74.1 3 70.6 61.4~ 79.8 36 73.2 59.0~ 87.4
2 36 126.9 112.8~141.1 26 123.8 115.3~132.3 18 132.4 110.6~154.2
3 46 151.7 136.5~166.7 31 148.2 130.1~166.3 30 150.3 139.0~161.6
4 58 178.7 165.5~191.9 25 178.8 161.1~196.5 10 171.2 155.2~187.2
5 32 203.1 184.0~222.2 18 190.5 176.9~204.1 20 196.6 186.4~206.6
6 16 219.4 195.8~243.0 13 208.1 194.9~221.3 9 204.0 189.2~218.8
7 6 251.1 234.6~267.6 3 228.4  216.9~239.9 3 218.3  204.6~233.0
8 3 253.2  250.0~256.4
9 2 248.4  240.0~256.8
1977). = o Z LiZBL T, WTHRLABRCEE L bkt fAR—IRBEMRE A D &, (kR 100mm PUF & (FRH

T KA SRS Fh T\ otz Lee HEIZE 5
THREGRWNSCBERShb DL Bbh b, E125
FEREEDy v ey THTonTEL, BilXhi R
HEMPREL RO T, WEARMIKE ko1
tEZbRA.

RICIKEDOERNEL Y BB, FEMGBED
WM& L, »OFERORROKEV0F~ IFRIZD
WTH O FEHEERY RS, Fig. 6 il kR
DOIFIATFEOHEE (AR % H£A T L THiV 2. Fig. 6
BB CF VT FTIRT AL I0 BETO
BRI E AABR, ILALERED S A% Tk
BE—ET, REEAKELTHAS, Fhorvaey 7
FRIVFHF T TIIRERS Bnbihth, ¥v 77+
AU L ICHER 10 BTEIEL, 11 ALbkEic
AB. Lo T3HME D, SA~6 AENLLHERD
RENMEE D, 100k, U#EREE CKRIETS
X5THs. 20X BREHPREIEEYED K€
v a2~ A (ChMEWHIEHNER, 1966), IGBE
DAXE (MR, 1969) THABI S, RitEBE O
R BT 5—AGEREELDNRS.

D EDOEHORREEYBE TS &, FiRTE 0FEfl
RITBERAKIEN & FipRia® (S A) ofk%d—%
DI LRI 2 TOER B RFESBTtRbT
LHTE % (Table 4), hboENGREHEERRE
BT AHE, FvIrbry 7 TIIEER L LHEE
HRITEN AR O FEI+EEEZORBENTH D, (X
F—FHLTWa., Ly vy Tey 7r Tl E~24
BRIV THEAL ETRUEL HEME A —FE T, &
FEOFIPILBRIRATHS, ZOFERE LTUIKD
YO EZDBZENTES., ¥y ary 7+ TikLeeBl
SRR Bbh 52, ZoiEsic Fig. 3 Wil

200mm P DS TIE TRy P IRAEELEZOT
=% <, ZortdhbERRBE T RERERIC
ST BEROMMNER L Y &/ X S EINS R 2AHEES
BB, LiA-THrv ey 7F0B48, hEZHTS
BROMME R L BE—DERTREIE D Z LITEH)
HBHLOTHBH. Frcthk 100 mm T s L O° 200 mm
TR ERTAAHFET S L 4ExLbR . Ll
e S OWFETIE AR 100mm LA Fi X o 200 mm
D HEEMN TS Tler 72D T, B—DEHTLD
L.

REZZOMETELORBREYBET TICHRE XL
TWB 7 FEORE LI L. i (1969) X 58
BT kT 5 F v 7 FORRIL I FETELE 77.9~955
mm, 24T 138.5~150.8mm TH 5. = hbxEK
EAPAIBESZFT (1957) X 5 eR—FREGEEH
LCHhECRET DL, 14T 62.2~76.6 mm, 24T
109.7~122.0mm & 7cH, ZOMETELhEREE
5T 5.

W (1942) ik Bk, ¥v=aey 7roRABILCE
FAREIL 1 ETHE 11.51cm, 24T 12.87cm Th
5. Eih (1963) 13 14E T kK 9~11 cm 24T 15
cm, 34T 23~25cm, 44FE~64T 0cm [THET
B EMRT B, ChBAYE R RER (1966) (X EEMW
Y v Ty 7 HTOWTEOFETTHE S\~ /o Fraser
DRERMND, 1HETHEE 4.5cm, 24T 9cm, 3HET 14
cm, 44T 19.5cm, ST 23.5cm, 6 F£T27cm, 7
AET 29cm, 84T 30.5cm, 94T 31.5cm, 10 4T
2cem LHEELE. PH (1969) iz XhuE, FER TR
1R E 112.5~138.5mm T RET 5 E IR TV 5,
CHERPRKKOKPHHBGZAT (1957) X2k —HhE
BIRCARIZIRE T % &£ 89.6~109.3 mm Xr7ch. Lk
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