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Fig.IV-1. Rearing tank used in the experiment. (a) Experimental group A and B, and (b) Experimental

group C and D.
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Table IV-1. Culture conditions
Experiment 1 and 2

1A

for the seven-band grouper Hyporthodus septemfasciatus juveniles reared in

Treatment Water temperature
(Experimental group) Gl 8d]
Experiment 1
Small amount feeding
(A) 24.67 £0.75
Large amount feeding
(B) 24.67+0.75
Experiment 2
Low current velocity
(B) 24.67 £0.75
Middle current velocity
(©€) 24.67 +£0.76
High current velocity
24.65+0.74

(D)

Salinity DO
(gL (mgL™)
3293 +0.16 9.03+1.70
3293 +0.18 8.15+244
3293 +0.18 8.15+2.44
3292+0.17 7.62+1.59
32.90+0.21 7.52+1.30

All values are presented as the mean * standard deviation in each experimental group. The mean values were calculated by meas-
urements values from 98 to 135 days after hatching in Experiment 1 and 2.

d) BAEKLEORBORES L UFREDOFE
RERAAREICEAER I Y BT oML, = FL oy
Jya—nE ) 7x=bx—F0 (FEHisETE, KR
#HVT0.3~0.4 ml/IOWETIHBOBEEEITV, £
B, REBXUOMEELHIE L (Tables IV-2, IV-3),
ZO%, “hLOERIELIZEOMEROFMELE LV
XM EERAEC LB REOFmCERN L, B &G
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B, Zh 52 TOEAIE, Koumoundouros et al.
(2000) D HIEIZHEYY, -21TH H-20°C TE LI HAE
7L, BABXRAECLIBREBLUEOMRERD
P U7o, MEWGEE (RE/ARS3 X 103) 1%, =
nooOMEMAERNTHIA LK,
EAOKIERWIL, FHEHE i ORTEE R X O EIE
OB/ Lz GBI TR 3M) , FFHER i dh DFREE
i%, BE# (Chatain 1994) #ZE(C, R L Bz
DRI OHEER (HDWIE—2BEOHER) ohla T 7
BIERD L R & BEE T 2% S OHEE (HD W
—oEOHE) OFLERTEFE2EROBMOME (o
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Table IV-2. Total length, body length, body weight, survival rates, frequency of swim bladder inflation, condition
factor and daily feeding rate at the commencement (at 98 days after hatching), at intermediate measurement (120
days after hatching) and at the end (at 136 days after hatching) of the experiment 1

Timing Treatment " Total length Body length Body weight Survival rate Frequency of swim bladder  Condition factor Daily feeding rate
(Days after hatching) (Experimental group) (mm) (mm) (® %) inflation (%)
%)
Al the commencement of
the experiment - 52 71.5249.86° 60.15£8.29° 6.2042.61° = 4 26.77£1.59° =
(98)
At the intermediate ’
measurement Sl sonownt feadiog 10 o - 895:2.13° 960" - - 1.40:0.08°
(A)
(120
Large '“"’(B"‘; 4 Boodig 10 - - 13514254 99.5° - - 275:0.01°
At the end of the Sl gl
i ""‘"l A‘"}“ eoding 106 93.08:8.29" 7828697 1393415 §7.0° 8.7 28.27+1.70° 145:0.11°
(136)
Fagh el fowdling 105 107.43:6.82" 90.35+8.26" 25754842 980" 24" 33624313 3,1940,09°

(8)
Total length, body length, body weight, condition factor and daily feeding rate are presented as the mean + standard deviation in
each experimental group. When the data were measured at the commencement of experiment in each measurement item, statistical
test was performed to establish differences in the data obtained on each sampling day. On the other hand, when the data were not
measured at the commencement of experiment, statistical test was performed to establish differences in the data obtained in the
both experimental groups on each sampling day. Different superscript letters are significantly different (P < 0.05).

Table IV-3. Total length, body length, body weight, survival rates, frequency of swim bladder inflation, condition
factor and daily feeding rate at the commencement (at 98 days after hatching), at intermediate measurement (120
days after hatching) and at the end (at 136 days after hatching) of the experiment 2

Timing Treatment " Total length Body length Body weight Survival rate Frequency of swim bladder  Condition factor Daily feeding rate
(Days after hasching) {Experimental group) {mm}) {mm) ® %) nflation (&)
%)
At the commencement of
the experiment - 52 71.5249.86" 60.1528.29" 6.20:261° - “r 26.7721.59" -
(98)
At the intermediate Lw comedt velodi
t p i 10 - - 13.5142.94° 99.5 - - 27540.01"
(120)
Middle “?;' velocity 10 - 14375477 100.0 - 2.5820.16"
High sox m’“}' valoly 10 - - 17752538 9.0 - - 2115007
At the end of the K p
i "‘"("BJ‘ velaciey 105 107.43:9.82" 90.3548.26" 25.75+8.47° 980 724 33624313 3.19:0.09
(136)
Mt ‘“:'c;‘;" welacity 14 10634:790°  59.43i6.64' 24484677 1000 875" 33.4142.96" 3284025
Fhien ecreel Jekocity 104 1066747517 8971632 25294646 985 #6.5" 342550 44° 424:0.09°

©)
Total length, body length, body weight, condition factor and daily feeding rate are presented as the mean *+ standard deviation in
each experimental group. When the data were measured at the commencement of experiment in each measurement item, statistical
test was performed to establish differences in the data obtained on each sampling day. On the other hand, when the data were not
measured at the commencement of experiment, statistical test was performed to establish differences in the data obtained in the
three experimental groups on each sampling day. Different superscript letters are significantly different (P < 0.05).

A (2E#25 om) Z4EHERAL L (Fig. IV-3), AT

i 131 SRR Ml O, KABAICST 57

HET DR KR M BEICRE VR E LTz, RAEATHE, 8§
I~4HERITIZITEBRRIC ML, Zh b omihf BT
177.1£1.4° (162F#) TH Y, 175" LATF ORAMH
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n=52, WRERAE T : n=104~106) |ZxtT 5 Y %A%
OFEIEGTHHE L7- (Tables IV-4, IV-5, IV-6, IV-7).
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Fig.IV-2. Measurement of the bending vertebral angle in seven-band grouper Hyporthodus septemfasciatus juveniles

using free software "Imaged".

Fig.IV-3. Soft X-ray image of a wild seven-band grouper Hyporthodus septemfasciatus (23.8 cm Total length). Wild
seven-band groupers were collected in Gokasyo Bay (Mie Prefecture) in March 2009 and reared in tanks where they

were fed commercial artificial artificial diets, The rearing experiment was continued until they reached a total
length of 24.8 -

29 em

— AR
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Fig.IV-4. Frequency of lordosis and kyphosis at the commencement (on 98 days after
hatching) and at the end (on 136 days after hatching) of the experiment in
Experiment 1 and 2. (a) Lordosis. (b) Kyphosis. Double asterisk: Significant difference
between the two groups at P < 0.01. Single asterisk: Significant difference between
the two groups at P < 0.05.

Table IV-4. Maximum bending angle from the 1st to 4th caudad numbered vertebra at the commencement (at 98
days after hatching) and at the end (at 136 days after hatching) of the experiment 1

Timing Treatment

Angle
(Days after hatching) (Experimental group)
180-175 175-170° 170-165" 165-160° 160-155"* 155-150° 150-1458" 145-140° 140-135 Total
% (n) % (n) % (n) % (n) % (n) %% (n) % (n) % (n) % (n) %ain)
At the commencement of
the experiment 84644 382 9.6(5) 1.9(1) 0(0) 0(0) 0(0) 0{0) 0{0) 100 (52)
(98)
At the end of the Seuall foedi
s Small amount n
experiment (A) 2 87.7(93) 28(3) 57(6) 28(3) 0 {0y 09(1 00y 00y 0(0) 100 (106)
(136)
Large amount feeding \
(B) 71.4(75) 9.5(10) 9.5(10) 384) 38(4) 1.9(2) 00y 00y 00y 100 (105)

*Indicates that, at 160-155 degrees, the main effect of amount of feeding formula feed (difference in amount of feeding formula feed)
on the maximum bending angle statistically significant by the G-test (P<0.05), but not statistically significant different by the
Ryan's multiple range test among experimental groups. Different superseript letters are significantly different (P < 0.05).



Table IV-5. Maximum bending angle from the 5th to 22th caudad numbered vertebra at the commencement (at 98
days after hatching) and at the end (at 136 days after hatching) of the experiment 1

Timing Treatment Angle
(Days after hatching) (Experimental group)
180-175 175-170° 170-168" 1-65-|60' 160-155 155-150° 150-145" 145-140° 140-135 'i'blal
% (n) % (n) % (n) % (n) % (n) % (n) % (n) % (m) % (n) % (n)
At the commencement of
the experiment o 63.5 [33]m 26.9(14) 1.‘3‘|:I;tb 5.8(3) 1.9(1) 00y LNV 00y 00y 100 (52)
(98)
At the end of the
7 Small t feeding
experiment "“(":']‘ & 65.1(69° 25527 8@ 28(3) 192) 09(1) 0(0) 0(0) 0(0) 100 (106)
(136)
Large feedi
’"':’;“ e 467(49)° 276029 162017 38(4) 19(2) 192) 1o(1) 0(0) L) 100(105)

Different superscript letters are significantly different (P < 0.05).

Table IV-6. Maximum bending angle from the Ist to 4th caudad numbered vertebra at the commencement (at 98
days after hatching) and at the end (at 136 days after hatching) of the experiment 2

Timing Treatment Angle
(Days after hatching) (Experimental group)
180175 175-170°  170-165  165-160°  160-155°  155-150°  150-145°  145-140°  140-135 Total
Y (n) % (n) Yo (n) %a (n) %e (n) % (n) Y (n) % () % (n) % (n)
At the commencement of
the experiment -~ 846(49) 3802 96(° 191 0(0) 0(0) 0(0) 0(0) 0(0) 100 (52)
(98)
Atthe end of the tob —
. current velocr
cxper;bmﬂnl o v 7L4(75)°  95(10)  95(10)° 384 318(4) 19() 0(0) 0(0) 0(0) 100 (105)
(136)
Middi eloci
Sy Aan o S8 870" s8® Lo 10 0® 00 0@ 1000104
il SLO3F 144015 25006 67()  29G)  0() 0(0) 0(0) 0 100(104)

Different superscript letters are significantly different (P < 0.05).

Table IV-7. Maximum bending angle from the 5th to 22th caudad numbered vertebra at the commencement (at 98
days after hatching) and at the end (at 136 days after hatching) of the experiment 2

Timing Treatment Angle
(Days after hatching) (Experimental group)
1801787 175-170°  170-165°  165-160°  160-155  155-150°  150-145°  145-140°  140-135 Total
% (n) a(n) Yo (n) Yo (n) Yo (n) Ya(n) % (n) % (n) % (n) % (n)
At Iﬁe commencement of
the experiment - 63.5 (33" 26904° 1901 5.8(3) 19(1) 0(0) 0(0) 0(0) 0(0) 100 (52)
(98)
At the end of the g
experiment iﬁ"""‘t;; velocity 467 (49" 27629 162017 38(4) 19(2) 19(2) Lo 0(0) LO()  100(105)
(136)
M "'“IE’“ Vekocity 462(48)° 3750397 586  58(6) 19(2) 19(2) LO(1) 0(0) 0(0) 100 (104)
Highcurieot eloCiry 9y 8(6)° 3804 48(5 00 Lo(1) 0(0) LO(1) 100 (104)
o 65.4(68)" 183 (19) 58(6) -8 (4) .8 (5) (U] O0f L

Different superscript letters are significantly different (P < 0.05).



