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Study on Seed production of the Sevenband grouper, Epinephelus septemfusciatus

Yasushi TSUCHIHASHI
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Fig. 1. Sevenband grouper, Epinephelus septemfasciatus
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Fig. 3. Checking the sex of sevenband grouper
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Fig. 6. Experiments of implantation of methyltestosterone
on the sex reversal in the sevenband grouper
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Fig. 7. Gonads of sevenband grouper, Epinephelus septem-
fasciatus (a,b: group A; c:igroup B; digroup C; e:xgroup
Dy 1 month after the initiation of treatment.

a: Ovary, group A: Oral administration of methyltesto-

sterone (10mg/kg diet),

b: Hermaphroditic gonad, group A

¢: Hermaphroditic gonad, group B: Methyltestosterone
{Img) in a silastic capsule/fish

d: Hermaphroditic gonad, group C: Methyltestosterone
(dmg) in a silastic capsule/fish

e: Ovary, group D: Control

Table 1. Bffects of oral administration® of methvltestosterone (10mg/kg diet) on the sex reversal in sevenband grouper

Months after the N TL{cm) BEW(kg) GSI Sex distribution Spermiation
initiation of treatment {mean+SD) (mean®8D) (mean=x5D) female  intersex male
U] 5 493423 2.0+0.4 0.0254+0.002 b 0 0 0
_______________________ l:J 19512121103 OnaSim]m O : ‘3 .
2 ____________________ : PP Unh?inmg S 1 ____________________ l ................. O ..........
P 2 ___________ 5““_0 | Ul}b5i{]0](]2 : 0 ....................... n .........

# Administration was carried out twice a week for two months
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Fig. 8. Gonads of sevenband grouper, Epinephelus septem-
fasciatus (a,b:group A; c:group B; d:igroup C; eigroup
D) 2 month after the initiation of treatment
a: Hermaphroditic gonad, group A: Oral administra-
tion of methyltestosterone(10mg/kg diet)

b: Mature testis, group A

c: Mature testis, group B: Methyltestosterone (1mg)
in a silastic capsule/fish

d: Mature testis, group C: Methyltestosterone (dmg)
in a silastic capsule/fish

e: Ovary, group D: Control
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Fig. 9. Gonads of sevenband grouper, Epinephelus septem-

fasciatus (a: group A; b:group B; cigroup C; digroup

D) 12 month after the initiation of treatment

a: Ovary, group A: Oral administration of methyltesto-
sterone(10mg/kg diet)

b: Hermaphroditic gonadgroup, B: Methyltestosterone
(Img) in a silastic capsule/fish

c: Testis, group C: Methyltestosterone(dmg) in a
silastic capsule/fish

d: Ovary, group D: Control
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FHLMTESH LN T2 (Fig.Te, Fig.8e, Fig.9d.).
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12, 14D L Ll E#Rafhid 505, 0% Ll

(Img)

syt

IESLMTIRE DR, #2 5 HEIZHAT# Y
ﬁ#tﬁ%ﬁmw:_#w%éﬂfuéoitﬁﬁ
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MAt b2 » AMMph AT O 4 FRISEEXS52 52
ERHE AN TR, I Edh, RERIZET
HAMTA Y77 bPO&PIEH2 » BT, 1ERIZE
F a2 — TP MT %> T ~@#&qﬁﬁ¢m A,
RIS S Al EOliEawEELI oL,
2—3—3 =3

%% Table 3. 128 L7z, BRI D KIRIZ16.T~
NICTdhot MT A 75> FOMAIZL BT
Lo dz, HGA 1 # HiZIZIZHERNERES S Ll o 7298,
15 HEI0HMBICIZ1LE, 2612, 205 HEBLUT
AfIZiEFNEFNIRE 4 BIZBV TR RO b7z,

2 #1213 5 BElETHER S o, MEOFEE,
WT-OEEIEETH- 7. BB, ZORNIT AN TR

RERCHWAL A, ERENEATL LIS

Table 2. Effects of implantation of methyltestosterone on the sex reversal (Img or 4mg in a silastic capsule/fish) in

sevenband grouper

Experimental ~ Months after the N TL{cm) BW(kg) GSI Sex distribution Spermiation
group initiation of treatment (mean®SD) (mean=5D) (mean=®SD) female intersex male
Control 1 5 50.3+1.9 2.0%0.3 0.03940.006 5 0 0 0
2 5 50.9+1.9 2+03 0.036+0.010 5 0 0 0
12 2 51 8+%b 2.2+04 0096+0 Ol'i 5 0 0 0
2 5 50.9+1.2 2.2+0.3 0.075+0.011 0 0 5 4
12 2 59 8+Db A4+0.0 0016+0 Oﬂ4 0 2 0 0
2 5] 50.71.2 +0.2 0.070+0.005 0 0 5 5
12 2 52.8£0.0 +0.0 0.022+0.002 0 0 2 a

Table 3. Results of excuse of spermiatoin in sevenband grouper the by implantation of methyltestosterone

(MT 3-6mg/fish}

spermiation (Date)

No. TL(em) BWikg) MT(mg)
May 23 Jun 4 Jun 9 Jun 11 Jun 23
1 70.9 7.02 7.0 No No No No Yes
2 70.6 6.53 7.0 No Yes Yes Yes Yes
3 72.6 8.40 8.0 No No Yes Yes Ves
4 76.6 9.50 12.0 No No Yes Yes Yes
5 75.4 9.00 12 0 No No No Yes Yes
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Fig. 10. Changes in gonadosomatic index in cultivated sevenband grouper, Epinephelus septemfasciatus
(Control: untreated, Oral: Oral administration of methyltestosterone(l0mg/kg diet), twice a week
for two months, lmg: methyltestosterone(lmg) in a silastic capsule/fish, 4mg: methyltestosterone

(Amg) in a silastic capsule/fish).
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Fig. 14. Hatching larvae in the sevenband grouper

Fig. 12. Artificial fertilization in the sevenband grouper
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Fig. 17. Breeding experiments tank (Im’) in the
sevenband grouper

Fig. 16. Experiment of survival activity index in the
sevenband grouper

3—2—3 K8
KEAHEKE (2 ho—L, 19.5~205T), 22.5C
X, BXU25.0CKICERELS Im' AR (Fig.17) 2

SRR A 2N 15,0000 L, SRILHF BATH L0
T % CHANIET L7 (199945 H28H~ 6 H 6 H).

BE(LEE1293.9%, BICTHEAE5E581395.8%, SATLIZ36.3T
{ESLER & LT OB L2 I3 (R e LI S s,
FalzowTik, HH, 8, 12, 1680 3 [, A

5H&AI0BEIRICL, BB 2 90 - Ak 5 %
e 7o, BRI TR IR A R f LB
mﬁﬁiﬁs"fki‘ wH, FaitFHo2H, Fv/ 700
gl (2,00077 #HHE /mé )
iR iJIJL 7z [EIEEL m&esm» IS AMEC S T AP
t[7U>/UX-Hm7U>Tv7,K—n—w?u
LIVI2- 7ul s L¥) ¥ AEREDSTT LR
# Brachionus rotundifornis (Fig. 18, LLF, % 1
L) RI0EME/me B A A L )Rl 7o,

—33—

Fig. 18. S5 type Rotifer

3—2—4 HRAR
AKiEER & [ U a2 v, B g ORK (H R

R 5 ~ 1985, KiR25.0CK &) B X EAE+AT
e (17~ 8 B IZAOW ST IEET BT 12 &k B A HEIX (2
e L7 AMIC BV TREBR L 72. B AREO AKT BREE I
150~2501x, AT IEOF4I345001xTdH - 7o AKilkid
25.0CTh -1z, TOMOBIGEE & fFH FMHEKinR

BEFLTH-T

3—2—5 ZJq4—KFTI

F A L OEGEINK B X CHEMXK 23 L 7250m Kk H
(Fig.19.) 12, ZHE ZNZFRHI0FHINAEL, B
60 CHlE L7 (1999455 H28H ~ 7 H26H ), #EfL
2R, B X OTSATIZZNEN04.0%, 94.6%,
33.9C, HEECEN & LT PN E I TR P S e 2
Sht, A A NOENEE, HE~30128WT, #EH,
QUEFELITH O 2 0], 4 & FFom&IEHIEIIZ 1me 2

E L7 (0.12mé/m* Kififk) . ARSI HEBI0L60128



Fig. 19. Mass production tank (50m’) in the sevenband
grouper
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Fig. 23. Sevenband grouper juvenile at 60days
after hatching

Fig. 21. Sevenband grouper larvae at 24days
after hatching
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Table 4. Results of artificial fertilization and survival

activity index in the sevenband grouper, Epinephelus
septemfasciatus

Floating Egg  Halching Survival rate at

No. Year dateeggs rate diameter rate 3 days after SAI
(%) [pe) %) hatching (%)
1 1999.5.26 86.6 830 34.0 94.6 33.8
2 1999.5.26 92.8 823 93.9 93.8 36,3
3 1999.5.26 17.5 807 15.0 76.0 20.4
4 42.9 A10 97.1 93.0 39.4
H] 93.2 763 91.6 T84 12.2
6 19952 54 T8 90 M4 44
12”““:'17?75 e L}TT .................. o s
2 2000.5.17 94.5 818 69.7 66,2 15.8
3 2000.5.17 91.5 K20 90.3 64.1 14.9
4 2000.5.17 98.7 809 59.2 62.0 12.4
ho 2000517 87.9 790 96.0 92.4 19.9
6 2000.5.17 93.0 800 93.3 82.4 19.9
T 2000518 438 97 651 45,4 7.5
2 2001.5.23 67.2 824 087 8.1 20.5
3 2001.5.23 82.6 793 40.7 5.6 19.3
4 2001.5.23 98.0 T96 97.5 61.0 13.5
5 2001.5.23 Ta.4 815 94.9 7.2 2.3
6 2001.5.23 98.4 769 98.8 61.0 135
T 2001.5.23 01.8 95 98,7 A5.0 22.4
8 2001.5.23 68,4 779 82.5 6.4 16.2
9 2001.5.23 6.6 THI B2.5 T6.4 16.2
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Fig. 25. Relationship between SAI and Survival rate at
3dayvs after hatching (r=0.862, P<0.01) sevenband
grouper, Epinephelus septemfasciatus
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36.8% & VTN HBCEDOHTIFRED -7z IIHOHL TOFTFOH AN B L OHERAR I E D L 0o,
LR QPR Lz LT, 25CIKIE3TRE Ao 72, MEFRR O, OFEbREdah, Ihkahd 1 Xny
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FRINLBECBCEAEERB LUREFRWT— 7 7° B AT100% T#H - f;@)l-:i'-]‘L, gy bO—1364.0%
mohic, ThHhoi. HAEG10E®ETT S FO—L$39.22%, HaH
B fid kil T LIREE, iEkEFoNERE T F- < [XH21.32% CTdH - 72 HEFLODFHERIZOWTIHE,
m%L 25C X TIEMDFRERIX & O YIS REH 716 ~ BHERX & $3.2mmL EXROLh L7,
ST ﬂﬂﬁk%ﬁﬁm ~ 3O L B o Py — AT ZOEFA S, BHROLPERENECT -7
ﬁw&&ﬁ LR, BRI 5 ~ 24 FL L 2 o Sz, HFAIGIEEOR, BIO%R - ERHZ T 5
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71"—1—F'ﬂ& S fur Bo BRI E Iz A, Point of No Return

Table 5. Results of the breeding experiments of sevenband grouper larvae at different water tempertures

Mouth opening Disappearance time 10 days after hatching
Experimental ~ Number of  Time Yolk absorption  Oil globule Yolk Oil globule T.L. Number of  Survival
group hatching larvae (h) rate (%) absorption rate (%) (h) (h) (mm)  survived larvae rate(%)
19.5—20.57T 14,000 94 215 42.1 148 165 2.6240.07 9 0.06
22.5TC 14,000 5 20,3 50.0 127 140 3.03%0.12 437 3.12
25.0C 4,000 70 19.0 36.8 111 130 3.24x0.22 1,298 9.22

Table 6. Results of the breeding experiments of sevenband grouper larvae in the different lighting time protocols

10 days after hatching

Experimental Number of Hatching Number of SAI T. L. Number of Survival
group eggs rate (%) hatched larvae (mm) survived larvae rate (%)
Natural lighting 15,000 93.9 14,000 37.7  3.20£0.19 1,298 9.22
24hrs continuous lighting 15,000 93.9 14,000 7.7 3.24=x0.23 2,985 21.32
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Table 7. Results of the breeding experiments of sevenband grouper larvae on the feed oil addition

10 days after hatching 60 days after hatching
Experimental Number of T L. Number of Survival T, L Number of Survival
group hatched larvae (mm) survived larvae  rate (%) (mm) survived larvae  rate (%]
Control 1,487,000 3.414+0.26 343,000 23.1 16.824+15.82 14,516 0.90
0il 1,393,000 3.45+0.25 793,000 56.9 45.544+4.04 18,536 1.33

Table 8. Comparison of swim bladder inflation in the sevenband grouper larvae reared in the tanks with feedoil added and
the control tank

10 days after hatching 60 days after hatching
Experimental ~ Number Number of swim Swim bladder Number  Number of swim Swim bladder
group bladder inflation inflation rate (%) bladder inflation inflation rate (%)
Control a0 45 90.0 50 50 100.0
il a0 47 94.0 50 50 100.0
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Table 9. Results of mass production breeding experiments in the sevenband grouper, Epinephelus septemfasciatus

1) days after hatching

60 days after hatching

Year No. Number of  Number of Hatching SAl Number of  Survival  T. L. Number of  Survival
eggs hatched larvae rate (%) survived larvae rate (%) (mm) survived larvae rate (o)
1999 1 1483000 1,392,500 93.9  39.4 793,000 56.9  45.54+4.04 18,536 1.33
Sy 1{4 e '””%éé;dbh”""'””"ééfé'””""ié_s ............. S L e L
2000 2 1,809,000 1,129,000 62.4 8.9 453,100 31.3  39.69+4.24 2,435 0.18
2000 3 1,729,000 1,302,000 75.3 15.1 894,800 68.7  40.27+2.91 31,500 2.41
”ﬁﬁmEmmiwmmmmmwwmmmm - mﬁﬂwmﬂmmmmmmﬂﬂ”mhaﬁﬁﬁ ______________ s i
2000 2 1,891,000 1,826,000 96.6 13.0 1,007,000 541  36.69+5.96 65,700 3.52
2001 3 1,891,000 1,826,000 96.6 13.0 677,000 364  37.45+3.09 47,600 2.55
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Fig. 26. Equipment for ozonation of seawater
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Fig. 27. Disinfection of sevenband grouper fertilized eggs
with residual oxidant seawater
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Table 10. Detection of nodavirus gene from the semen, ovary egg and fertilized egg of
sevenband grouper, Epinephelus septemfasciatus by Polymerase Chain Reaction

s S Number of Numbe_l‘ of Numt_ne_r' of Positiv:e rate
samples negative positive (%)
1999 Ovary egg 16 10 6 37.5
Semen ] 2 4 66.7
Fertilized egg 5 1 1 20.0
Z{]Doovanegggl : 210 “[}
Semen 10 10 0 0.0
Fertilized egg 8 8 0 0.0
Semen 14 14 {0 0.0
Fertilized egg 9 9 0 0.0
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Table 11. Effects of disinfection with ozonated seawater(l
hatching rate at different embryonic developmental stages of

7zo ARALINE, SMLIXLAVAT2 HEEOE OS2
MR, JINTHEHE L REATE LD G ) BOKE % 6

A, FoOkEMESECL, Moo
Fro FHLIHOFEEIZE LT, AMETIEI T VB L
w2 BT TIHhI TV 505ppm D To AT
Torzh, FigEEOA X5 MK TiHEL:
HEHEMORESHPRSHIMOIEEITHEEL TS I L
BN, B5IZRMEIIOIEEZEDT 3 F BRI T
ML TBY, —EONHERH LB, KHLH
MEtd A Z kARSI, RALIIOSEERFE, A+
FL ¥y FOEMIZ K BIREOZEM: & IO B iRE T O
RinEHEESNTED, ﬂ%%ﬁ%&&v?iﬁxvv
YATTHLHEHEN TS, LoL, B2 ERAL
RoFEEFRERRY, =7 Y TI20.5ppm, ”%ﬁﬁ
3T, vV 7 ClE05ppm, 1550 E F TlEH (LIS
BELLVWI LRI TVS, SNHOFR LK
FTaHETAYIIOF LYY M ilAAI T SR
<, 0.5ppm T O MR IZ60FLLANIZ T A L8 0 5
ZLEHFPELPIIE 0T,

EMEHE O ERE I Table 13. 2R L7z SEERIE
9.0~98.7%, H51L3130.4~51.3%, SAI $3.6~39.4

Elf
B,

- 2,
o

the

).amg/ ¢ TROs"', 6lsec) on

sevenband grouper

Experimental Embryonic developmental stage

Hatching rate®”

Delayed hatching rate®’ Dead egg rate

group of fertilized eggs at disinfection (%) (%) (%)
control blastra stage 98.5 0.0 1.5
disinfected blastra stage 9|f '5 0.0 3.0
mmml .....qppgamnce Of Up“c ‘mqwlc gq b (]ﬁ 00
disinfected appearance of optic vesicle 100.0 0.0 0.0

*! Total residual oxidants in seawater
*4 At 60hours after artificial fertilization
i Not hatched but alive egg

Table 12. Effects of disinfection with ozonated seawater containing

0.5mg/ ¢ TROs on

fertilized eggs of sevenband grouper

Experimental Disinfection time

Hatching rate

Delayved hatching rate  Dead egg rate

group (min) (%) (%) (%)
control 7 99.0 0.5 0.5
disinfection-1 1 95.0 3.0 2.0
disinfection-2 2 60.0 38.5 1.5
disinfection-3 3 2.0 94.0 2.0
disinfection-4 4 0.0 99.5 0.5
disinfection-b 5 0.0 96.0 4.0
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Table 13. Results of disinfection with ozonated seawater(0.dmg/ ¢ TROs, 60sec)
of fertilized eggs of sevenband grouper on a mass production scale

Year No. Number of fertilized Hatching rate Delaved hatching rate SAT*
eggs (x 10 (%) (%)

1999 1 6a.8 93.9 3.1 36.3
2 78.8 94.0 3.4 33.9
3 76.2 91.6 3.8 12.2
4 51.5 97.1 1.4 39.4
5 50.0 52.4 11.6 5.6
6 62.7 45.0 Tir 20.4
7 52.7 9.0 44.4 4.4
8 50.0 215 51.3 3.6
2 51.2 97.7 0.4 12.2
3 73.6 69.7 8.8 15.8
4 86.4 90.3 3.1 14.9
5 62.4 59.2 3.6 124
6 92.8 96.0 3.7 19.9
7 52.8 (H i 6.1 19.9
2 50.9 98.7 0.7 20.5
3 93.9 95.7 3.2 19.3
1 80.0 96.2 2.1 13.5
5 93.8 98.7 0.4 22.4
6 99.2 82.5 13.1 16.2

% Survival activity index at 22
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Table 14. Survival activity index (SAI) of larval sevenband grouper
reared in ozonated seawater and sand filtered seawater
No. Experimental TROs concentration  Hatching rate SAL
group {mg/ ¢) (%)
1 sand filtered seawater 0.00 92.5 20.7
ozondled 5eqwatm 0.02 91.6 93 9
2 bdl‘ld hlLetr’d qeawatu (.00 91.1 qg
ozonated seawater 0.02 93.4 14.0
Tahle 15. Results of rearing of sevenband grouper juveniles in ozonated seawater and sand filtered seawater
Year No. Seawater Tank Number  Breeding days Oeccurrence Accumulated PCR*!- **
(m*) of VNN death rate(%)
20000 1 ozonated 50 10,000 35 No 2.3 Negative
2 ozonated 50 20,000 35 No 2.8 Negative
3 ozonated a0 2,000 hh) No 1.4 Negative
2000 1 ozonated 50 1! UDO a5 No 2.2 Neg'm\e
2 ozonated 50 20,000 G5} No 1.6 Negative
3 ozonated 50 20,000 55 No 3.0 Negative
| ozonated 50 15,000 59 No 1.7 Negative
b filtered 50 20,000 65 Yes 88.9 Positive
6 filtered 50 20,000 55 Yes 88.6 Positive
7 filtered 50 15,000 5] Yes 87.9 Positive

*! Year 2000, at 25 days aftter breeding starts (at occurrence of VNN)

"¢ Year 2001, at 45 days aftter breeding

starts (at occurrence of VNN)
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Fig. 28. Experiment of resistance to environmental stress
in the sevenband grouper juveniles

124 CTERB LT S E7z, IRGXIE, Al
AAFAGEES P ATHRHIL T, KR0TIZHREEL
7oth, WMEGKEEIZEAL, 1BREILZ 8 ppt TS E K
T E, EEEEKIE, BAOrb ) IZEET A THER
L, BFEERETHEAICETSE,

WEEE & LT, BT R, ftRaosR, $hE
BXOHRELME L7z Kk, 5B L OEHFERERIC
DVTIE, BRBEX & S 160K, Yo, EFmRE
& (YSI £7A858) 124 DillE L7,

Kzt 1 EO8ENE e HTHET 5 &
s, o, HiKs L UREER L, T
DARFEZ LS L7z, F-MimiE B L OOk, 18
SB L UEEmFEREEE Lz, MikoRRE 7 = (166
Higs), =# 4 (225H#E) BLO w7 JTHRN 1
(5450 T HWTIT- 72,

5—3 RRBIUEE

SERIC AR A, PR Y 20014E B X TFR0024E
EEREREEE L ¥ —THELZMETTH Y,
<y iE, PH4ELSSE0.8em, AEILI£0.Tem, i
AT 8+T4g, 7 xiF, £FE13.7£0.5em, KEILO+
0.4cm, H#HE37.5+£5.0g, v ¥ 1L, &E13.4+0.5em,
HE11.1+05em, R#43.6+49g, =57 1gfld,
41%24.6+0.3cm, {£520.8£0.3cm, RH289.1+12.8g
Td -7 (Table 16.),
MW A Table 17~20025 L7z, B TEEHHEL
LEBKTIRTIT, BCEEOs o7,
FKIRIR T, SEEEHIT Lo AR L FEE, ki L
bk L THINT B M ATEES S, R 13 R
D 2 L EoiEiE L o fn, AGR32ZITCT TR &



o g OffHY

Oz A @D 5 i, SFHETEKIRIZ34.0£04C
Ehofz, ZOMIZr L) LHETIZEL
HSE), YHABIUTAY 1EALDITHEE
fiTtdh o7 (p<0.01)

AR Tld, s EsHud o MmfE L mEk, AKinfk
T L EHIERT T 2EMA%0 &, HEEEE 23 RGR
DR 6 HOLE I E o 7o KIRT.TCTHRES £ u‘ﬁt*
Wt 5 ARG S, P KIRIE6.9+£0.2T L
2o TOfEIT XD LEEIC (p <0.01),
1B LU=y Ih b IAELETFRO LN LT,

e, FECAGRIEER MG OBIEAGROE 2 L -
T2ELL, &3 X OEARTHML L 2861E, JECKIR

(p < 0.05,
S

e

EPESHTI S 123 2 00198

DFRB LT ERPFENFNET B L LR T S, AR
B S B EAGR20.0CIZ B 1T AL E S X 0T IR
JERHLDIZE 272,

G X T, BRI o il L ek, AR
FTltAEEILEEO SN Doz, H505ppt T
B L OHET 2@ R s i, HrA 1 ppt LT
Lo THHRTIZE S PR Z2.0£0.205H & % -
oo ZOfEIZZ7 LD LFEICHC (pLO0Y), =%

LB HFEIZELC (p<00D), =¥ 1maLlEs

HhEIEO Nkt IREEESEOL T AB LY
» 8 %4 Acanthopagrus schlegeli (3R TZN LTI
19.04358 L UT43+ 1T 1M AEFET 5, RBB LU

Table 16. Detail of sevenband grouper and other fish used for resistance to environmental stress experiments

Species Number Dayse after hatching Total length*® Body length* Body weight”
(cm) (cm) ()
Lwt’\f’nlmnd &r oupe! l 25 182 13.5+0.8 11,107 47.8+7.5
Kelp grouper 5 166 187£05 10404 375£50
Red Sea bream % oo 18405 1L1E05  #6+49
‘Sevenband grouper 2 15 55 246403 208403 28914128

* Mean+ 8D

Table 17. Tolerance limits of sevenband grouper and other fish for high water temperture experiments (Mean®SD)

Started Laid down Laid down Fell dead
Species Motion of opeculum  Motion of opeculum  Water temperture Water temperture
(motions,/min) {motions,/min) (C) ('C)
%r’\enband gloupet 1 493247 11{1 Tx£2.5 32 8:t03 dL(H-Otl
Kelp grouper 5[}7+9( 6] d+'30 343+0 1 331+O"'
Red Sea b| eamm b iB 175 d+ ik -1 31 1+Dl 3‘7 2+O 6”
Se\ enb'md grouper 2 6 T_F i h‘% 3+0 9 32,2 i{}.-l 3‘? 9+0 ar

Significantly different from the values of sevenband grouper 1 (p<0.05)
** Significantly different from the values of sevenband grouper 1 (p<0.01)

Table 18. Tolerance limits of sevenband grouper and other fish for low water temperture experiments (Mean+8D)

Started Laid down Laid down FFell dead
Species Motion of opeculum  Motion of opeculum  Water temperture Water temperture
{motions/min) (motions,/min) (T) (T)
Sﬂ\'nnband groupe]‘ 1 -19.3;'--'1,7 30.7x2.5 1.5 0.1 6. tJ-H] 2
Kelp gloupel Ti‘) 32. 128 9+Da -19+0 1‘
Red b(,“l bl eam 126 Fi8 :tB 5 H L>‘+[]' 2 7 I+{] 5
.Sevenbdnd grouper 2 1() |r+2 'i 28. ?iz ‘i 1+|} 1 ,-110.3

* Significantly different from the values of sevenband grouper 1 (p<0.01)
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Table 19. Tolerance limits of sevenband grouper and other fish for low specific salinity experiments (Mean+S8D)

Started Laid down Laid down Fell dead
Species Motion of opeculum  Motion of opeculum Low specific salinity Low specific salinity”
{motions/min) {motions/min) (ppt) (hours)
Sevenhanrl gluupel 1 19 3+ L7 50.0+4.3 0.54+0.1 2.0+0.2
Knlp gr uupel a(l |f+‘3 U 50.7+2.5 0.3x0.1 5.7+0.8%*
Red he"l hl eam ]26.;18.] 146.7£7.4 002 Ax0.
%r‘\ronbdnd grouper '_. 46.7+2.5 HB.746.6 0.7x0.0 2301

* Defined as the time needed to lay down or fall dead after water specific salinity level reduced to 1.0ppt.
** Significantly different from the values of sevenband grouper 1 (p<0.01)

Table 20. Tolerance limits of sevenband grouper and other fish for low dissolved oxygen experiments (Mean+3D)

Started Laid down Laid down Fell dead
Species Motion of opeculum  Motion of opeculum Low dissolved oxygen Low dissolved oxygen
{motions/min) {motions/min) (mg/ ) (mg/ )
Sevenband grouper 1 91.3£3.4 0 ur+EJ 0 0.50+0.05
I\Llp grouper Tl 312,5 ﬂ bI-LO 13 0 -lEiU 03
Red Sca bl eam 196 H—S I 108 T '3 2 96 0 8I+D Ud’
Sr\\enbdnd grouper L lb f+£5 58 +4.7 0.79£0.14 0 5a+U' [J'Z

* Significantly different from the values of sevenband grouper 1 (p<0.01)
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