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Effects of Rearing Density on Growth and Maturation of
the 0-year-old Fourspine Sculpin, Cottus kazika

Naohiko Takeshita'", Toshinori Hamada® ® Fumitaka Hatooka®*,
Takashi Uehara*®, Tama Ogi*° and Itaru Tkeda®

Abstract : Effects of rearing density on growth and maturation of 0-year-old Cottus kazika were studied over 4
years. Juveniles 90 days after hatching were used in the following 2 rearing conditions: 1) 52 fish were reared
in 150 liter tank, representing the high-density condition, 2) each of 52 fish were reared in individual 57 liter
glass aquaria, representing the solitary condition. These experiments were continued until 300 days after
hatching. Almost of all fish were mature in the high-density condition. Whereas, large sized fish were mature
and small sized fish were immature in the solitary condition. Therefore, data over the 4 years demonstrated
that the maturation of O-year-old C. kazika was quickened under the high-density condition.
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RIRFEAE, BRETONARFEN DM 556 km
W THRE L. 20094E108 21 HIC L R21] mm, M4
214 mm, 20104E10H 110 2 195 mm, ME223 mm,
2011410 A 20 H 12 #6208 mm, ME221 mm, 20124E10H8 26
HIZHE212 mm, M212 mmZEREL, KEKXREROHF
FEERICHEA L7z Bfuddok (BEAKEAK) AHE (60x30
%35 cm, BASHIEZRZY) CTHEAICHFTEZIT, Y FHFFK
FAEAHEE (D RENL AT v 7, MFEEEHRAEH)
100 gizxd L, AK9O0me% MA T& < BRDIGEEE LAz, $REESE
DLRZAREY S, AFROESEHL LT, BEOLA
EICIZIEA33~34 pptDHEAREE & Lz, 1A HAIZ,
HEARAKIE (90x45 %45 cm) 12, 2 ¥ 7 1) — PROUE T T v
7 (NEI%X9 cm, B 530 cniCEIWT) #EIEEELT
AN, 1ARECEEZB L% HATHCEEZZZICE
U7z BEFHIZ20104E2H29H, 20114E2H24H, 20124E1H

Table 1. Mean total lengths (+SD) and number of individuals (in parenthesis) of Cottus kazika, in high-density and solitary rearing

condition, at 90, 180 and 300 days after hatching.

20H, 20134E2F3HIzfThh, MEALIZEIC20104E3F23H,
20114E3R19H, 2012463F1H, 20134E3B4HEZ Y, *
D, HEZIRORE L HFFZIT o 70

BMEL fFALHADETS

WAL L 7P R A — R KA bR (302) 12#5001E
P OIAL, HkOENTH LR (200me /4 T, 600mé /
FOLT V= a YEITVWEHTE L7z, BMb#2~40H 121,
FEHAL NTTNTIA Y, BASHEN) LTS5 4
Ya I —F) g ANE (drtemiasp, TS5 A4
Ya)r7ry 7290, BRAKHALK), 30~70HZIXS
75 723No. 4 (RFEEEKRRNKH), 60HLEEZ Loy
FXERAEAAE 2 GRE L2, 72, BB LY,
EFA—RER A PAOELED ) OFTEE % 2000 4k &
L7zo BRLTE60H 25, 4 ICHBRAAEKZ HAK L THRK
BIE L, 80HLLRIZBRAKERDADENTH LA (200me
/) kL7

Experiment period

Days after hatching

90 days (Initial)

180 days

300 days (Final)

Sex
& rearing condition
1st period (2010-2011)
High density Both sexes
Male
Female
Solitary Both sexes
Male
Female
2nd period (2011-2012)
High density Both sexes
Male
Female
Solitary Both sexes
Male
Female
3rd period (2012)
High density Both sexes
Male
Female
Solitary Both sexes
Male
Female
4th period (2013)
High density Both sexes
Male
Female
Solitary Both sexes
Male
Female

38.5+2.6 (104)

38.9£2.6 (52)
38.7+2.3 (30)
39.0£2.9 (21)

42.0£2.4 (52)

41.9£2.3 (52)
41.6+2.3 (28)
42.1+2.4 (20)

32.8+1.7 (52)

33.842.6 (52)
33.6£2.8 (25)
34.0£2.3 (24)

44.3+2.1 (52)

43.8+3.1 (52)
43.1+2.3 (10)
44.3+3.2 (32)

64.1+ 5.7 (98)

87.6+12.5 (51)
86.7+11.9 (30)
89.0+13.5 (21)

61.3+5.6 (51)

87.0+15.4 (51)
84.5+14.9 (28)
87.1+14.6 (20)

64.8+8.4 (50)

77.2+11.8 (49)
78.3+12.1 (25)
76.0+11.6 (24)

65.1+7.0 (51)

81.0+13.6 (44)
82.2+12.2 (10)
82.2+12.9 (32)

91.1+ 9.5 (98)
89.8+ 9.1 (60)
93.2+ 9.2 (38)
121.4+13.8 (51)
120.9+13.5 (30)
122.0+14.5 (21)

82.7+ 8.2 (41)
81.6+ 6.3 (17)
84.3+ 8.2 (24)
118.0+15.5 (48)
115.9£13.3 (28)
120.9+18.0 (20)

94.1+ 9.7 (47)
91.2+ 7.1 (24)
97.2+11.1 (23)
116.9£13.7 (49)
116.8+10.0 (25)
116.9+14.4 (24)

99.6+ 9.1 (50)
95.1+ 8.1 (14)
101.8+ 9.0 (36)
122.5+13.0 (42)
119.1+ 8.8 (10)
123.5+14.0 (32)
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Bfb#290H (1H3, 20104E6F21H 281, 20114F6A17H;
3, 20124650300 ; 481, 20134E6H2H) DA< *F U %
VB 52 02K (2010E D ASK) 125, WL
3008 ¢, 210H FOMAEFERE T -7 BLHRWOBIZE
£ (TL, mm) Z@WEL, 1XKE2EHAE (2010FE0H2K)
ETEIE (010FEDH2E) ODAETEFERETL, b5
1X Tidb2ff k% BhEHE L7z (Table 1), SHERT I,
150 £ DFRPEAFAKME OKEIZH100 £ ISR = Hv,
BRAAEKDOENF I L (800me /5%) &L, 2807 L—
Ya v (%600ml /%) %4To 7. BHETHE IC1L60%30X
35 cm®57 £ kM (REIZ#42 0 ICFRE) 2BV, EBRE
B(FIITVSYITANT—, ARZIFH TFY
X Tr N vR&f,) &L, 600me /DT V-3
VRV, BHEL ~104 OBKRETE 072, WThOK
Wcdh, Yoy —SoRBI fTbEdr o/, HEHIZIHL
H, BERHLIFMENICITY, REO4% % BRI, FHREHH
L5¥CHZTHREREE L, KR, EBREoT -2
YFE4Ya Tt X ARREBICLVAEL, 6AK18 T,
7TH#22 T, 8A#24C, 9AK22 T, 10AM20TCLEL,
LADKREERERZTHT, 11A15~19 T, 12A11~
16 C, 1A9~12 CITIETF €7z,

Fb#2180H (134, 2010469H19H ;2/, 20114F9H15H;
38, 20124E8 A28 H 4/, 20134E8A31H) R U300H (13,
20114E1 A 17H 28, 20124E1 130 ; 38, 20124F12H26H ;
481, 2013412H29H) &R DM E % 17v> (Table 1),
300HDEZICFNV<Y VAR LA, %B, HHER%ZI
DHL, MECHH%2TILLEIIZFOER (GW, g

#PWEL, TROKXICE VIEEY (C) ZFEL, K
e REBEHH L 720
GI = 10'xGW / TL®

B/ R

AEFRE

EERTROAKREE, 18 (2010~20114F) TRER
BT X T42%, HHMAEFXT81%, 2/ (2011~2012
) TREFEMATRE T88%, HMMHERXT23%, M
(20124F) TR EBHREAETRTHOL4% HBHAFTXT
94.2%, 4%1 (20134F) CTRBETEMABTX TI2%. Huuf
BHRXT807% ThHo 720

ERERTCERATICLIRRDEL

EBRRHBE (MLB0R) o£RiE, 4HiIHTElRD
b7z (Kruskal WallishiE, P<001, Table 1) T, %
HRCBIAREEATX L BEMFATROERICOWTD
AILBEIT R 072, ERABRE T, REEHTE, BHE
BFOREIcB W4 d 2RO O o7
(Mann-Whitney U E, P>005, Table 1)o & Z 578,
L2180 H, 300H & 3 ic, 4R & dHMAETR OF A
BRERETX X ) AR 572 (Mann-Whitney U-R5E,
P<001, Table 1),

T, BEEMTICB VT, BE%300A 01~388Ci,
HREOMEZZIFED SN dh o208 (Mann-Whitney U-
B 5E, P>005, Tablel), 4 CEMPFRETH o &
(Mann-Whitney U-#Bi5E, P<005, Table 1) HIFAHFET

151 1st and 2nd period ¢ 71 8rd and 4th period
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Fig. 1. Relationships of total length and gonad index for males of Cottus kazika in high-density and solitary rearing
condition at 300 days after hatching. O, 1st period; <, 2nd period; &, 3rd period; ¥, 4th period in high-density.
@, 1st period; @, 2nd period; A, 3rd period; ¥, 4th period in solitary.
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1390, 180, 300HIZBWT, AROMHEZEIZRD Shlid o
7= (Mann-Whitney U-#%€, P>005 Table 1).

SREMAE CHEAERTICK DRADEN

HOERLGIOBEHRETFig LORT, RBREMNTROGI
2O ERET2 mmOMBED GI (03) BAHE, 49~123&
BWETHY, BEREIEXLTHEARZE L, HBATKX
TH84~145DFHEL005~08DEWEICKE L b h
oo BWEOREEORERIIEALTHREELTWZOT
B, ERCEOEADBRIMRTEHTH o 72720 FK
BENIMT L, 72, 1H0£EL4 mm, 489108 mm
D2EROCIL KRB RDEIENETH o 7258, FEHR
BEAEEL, PREALTEY, KEBRBIHLLEER
bh7=DT, BEEMEE LTHYHo72,

607 4stand 2nd period
o
< o
s 40- o *
| * *
] o)
§ | o g3 B
2 oo S ¢
20 <
E o OQ) o 0, ¢ High-density
] - Soli
I @, ¢: Solitary
OR— ¢ o8 ¢ senntee

MR GIOMHZEFig 2128 T, BHEEATREOGI
28 0 2 K61 mmo A IX134~500L B ETH
D, FEICINENERL CARArSHETELTHEX
LT, BHMMAER TIE237~5700 B\ W EL03~11D
TWEIZKE S Gz, BWEDOEROIIEIE, &
ETRLTARBRPOHBEZEL, BALTW O THEI,
RWEDOBEEDOIIEILEH TH o 7272 0K L HIK L7z,

WALHE300H DEmBEAETR T, 1, 3, 4HicBvTid
ETOBENFERL, 2BV T/ PRORKIELK (&8
72 mm) &HEIEGK (61 mm) DAIFRERATH Y, Bk
BIIHEI6%, MEIL% Th o7 (Figs. 1, 2 Table 2),

— FEMATRX Ti34ieTIcB v TRERERITHE
L, #0413 HTIZ30~64%, METIZ50~75%Tdh o7z
(Table 2). MO @R, HOREIMEAS1121£116

3rd and 4th period v

VAv ;;
vV v AZY
2% Vs v
W 4
A g A A

7 v
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v vv
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A A whviwwsdvERw
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Fig. 2. Relationships of total length and gonad index for females of Cottus kazika in high-density and solitary in rearing
condition at 300 days after hatching. O, Ist period; <, 2nd period; 2, 3rd period; v, 4th period in high-density.
@, 1st period; @, 2nd period; A, 3rd period; ¥, 4th period in solitary.

Table 2. Number of immature and mature individuals of Cottus kazika in high-density and solitary rearing condition, at 300

days after hatching.

High Density Solitary
Experiment Period Sex
Immature Mature Immature Mature
1st period (2010-2011) Male 0 60 13 17
Female 0 38 13 8
2nd period (2011-2012) Male 1 23 15 13
Female 1 16 13 7
3rd Period (2012) Male 0 23 16 9
Female 0 24 18 6
4th period (2013) Male 0 14 3 7
Female 0 36 16 16
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mm, RIMEEDS, 127.7+108 mm (Munn-Whitney U-#&
5, P<001), 2BAORBHMEAEAT100+149 mm, FIE
k2%, 1227+708 mm (P<005), 3% @ & &K # 8 1k »°
1100+100 mm, KREHMEAEDS, 1290+89 mm (P<0.01)
TRBEERDBAECTH o 7208, 40 RBBIEKA 1120+
7.8 mm, BEMEAEDN221+£78 mmTH Y, ZRFDSR
Ldrodz (P>005 Fig 1), MoE&RE, LHoRBEHAMEE
7%1168+ 138 mm, BHAGEAS, 1305+ 120 mm (P<0.05),
2D RBEHMIAEA117 143 mm, BAEEL, 1379=
100 mm (P<001), 3HADRBAEAAH1132+145 mm,
BAEAD, 128064 mm (P<001), 4o KekzEk
A1124+87 mm, HEEMEAEA, 134780 mm (P<001)
ThHY, RAEFEIABETH -7 (Fig 2),

T, EHBEMATR L BT OWLERI-E 5,
IHoRHBEAT XK CHEOEAEYE L, HITIREES
FREBEMATR & b ICEIS AmSED bhi: (ZE
e, P<005; Table 2)o %2 °C, MEHERNIC BB Mk & R
BEEEOEERB OB NI OWTIAR, HIIMIE -
Tele DB D e o A O MDA (Fisher DB EE
#, P>005 Table 2) 2K &, BHEEHAFTRICHTH
MABTR T, REBEARPELICLBBELE (xR
EdH B\ idFisherDEHEE, P<00L; Table 2)o

Z =

AHEICLY, IvFVORALHFEATTLL, B
HMEBTOEELYEREVBNY, TOEFLEAENHIET
BB, HHEAERIT) &, BESBEWINIEEROT»S
REPEFSHB L, 2OHEILHETIE30~64%, HTIE
50~75% CTdH B Z EFHL NI 572,

BEREIIBWT, AERORD;SBEBTZ EHMESL
T3, LaL, LONZBE 57~ %) ORBERT
1~3ET, 2RAVFEHOERTHAZ LIFHLLPICE -
TWARY, $7- WBLHHICH o HRBEROEN DR
HHN, WO 57~16 kmDKIETiE, KEDORASMK
BERRICH Y, MO 532~55 kmOKIRTIE, TTOD
OADSREATH Y, T/, WOPS7~16 kmDAKIKT
i, ETOIRAFRIGERICH Y, WD 532~55 km
DARIRTE, MO URBDFRBEIATH - 72" Lizdio T
BB AEREEL V) EFTFREN, AF)0RAD
MAERZ RO MR ITRIE S iz, AFIRICBWT,
ERROABENBRZTo T v, REEATIC

B AEREPEEIBLrEZHLPITEILIETER
AEeY AR

DL AT EEREEEESRAERSCRRICEE
ERIZT LD, AELFERE CHAEEROAFREE b O
A v F 3w VHhC hangiongensis & M B DEIERE D
INFH Y HC. nozawae THE ENT W B, L8R H

ORBUN EEHINOH yFawh I hTik, BAMC

WO E L7, ABFESROTRBICE &F 1
RN, ERTCRIAT 24, ABRBEMEVERTTCHLEL
7ofEfRE, KB, BRTHERAT LI ESHLPICER,
COEIIETIROLNED, BIZETEETEEVwEY
Yo E2, FEIMIITRE L RERDOHIEAE, SAD
L12H £ TOMR, B, BEE BHELGT CKES
HF LR KEELGT AT I ARIBEERAS
Bk & B U TSR L, BHEESRAETER, 20
FORBICER L BESERBIET 52 LB bh
TWb, —F, LEREEHOTRENNTF I V8 TR, E£E
BESEC LTI, ERTRIANFHETY, ARRE
FERCFFRE TR, KB, BHTRAIBEL I Favh
VA ERETROAFERERPAED LN T B,
ProZ ers, BEETRRIERIEE L -DME
PEL LY, BEETIRAERIENS DRI HL
HBHEV) XY, MR EEBERHICERSRID I LT,
Mo EE, WREE, W e v EFROEVICEDS
T, AVIBBROBEYEEL DNz, LI2AoT, HY
HBABEOEHABESOMBRELT IR BEESATICL
DR EBRBEROET, R REREOKT 22K
T5E, RHOMESLKEBEERSCL2BHEATICBITS
RBIIH R T BUEFHLTHA ),

I

AREITICH2Y, SBROKERFREYEESR
BRI E R OFEBRICHETER LT FMEo Tiziiw
f:o 'l:;‘:l: D @%@ﬁ%%@‘éc
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