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The growth and tolerance for water temperature and salinity were compared among red sea bream Pagrus
major (RSB) black sea bream Acanthopagrus schregeli (BSB) and their hybrid (F;), female RSB x male
BSB. The growth of the F; fish did not differ until 27 days after hatching (dAH), after which the most
rapid growth was observed until approximately 300 dAH, followed by RSB and BSB. However, the RSB
had out grown the F; fish by approximately 303 dAH. By 480 dAH, the RSB were largest, followed
by the F; and BSB groups. The tolerances for high and low water temperature were significantly different
for each species and growth stage. The largest tolerance spectrum was observed in the BSB group, and
the tolerance spectrums gradually decreased with increasing final body weight. During the salinity tolerance
trials, all of the species started to die following transfer into freshwater (0 psu). BSB showed the highest
survival rate when kept in fresh water for an average of 29.9 hours, while the F; fish were more tolerant
than the RSB fish. The fish were increasingly tolerant to fresh water and changes in water temperature
as they grew, while the size of the temperature spectrum remained unchanged but shifted to a lower temperature
range with growth. Our results demonstrate that F; performed well in terms of growth compared to parental
fish, with higher temperature and salinity tolerances than RSB, and is thus suggested to be a suitable aquaculture

species for Korea and northeast China.

Key words: Hybrid, Red sea bream, Black sea bream, Growth, Environmental tolerance

>
N o2 rlo o\ to

[RURSURE 2383

Fre&AES] B R o]
A&, A, el AR 59 83
Z 27 olt} (Gu et al, 2000). ©]2]

3L
QAING)

*Corresponding author: yskim0535@gmail.com

276

gt W EFe o] ALt o]Fo=2E o] F (Bakos et al,
1978; Hulata, 1995), W 7|5 (Lovell, 1979; Jantrarotai et al.,
1998), &%-oF (Hume et al., 1983), © &5 o}F (Shiau and
Huang, 1989), muskellunge (Brecka et al., 1995), 7] -2}4] F
(Park et al., 1997), 71305 (Shiraish et al., 1995), 4] F
(Gunther et al.,, 2005)%2] ©Fo]%£3 Ao]HF (Boeuf and
Harache, 1984), @ X+ (Imsland and Jonassen, 2001), *o] F
(Harada et al., 1971, 1977; Murata, 1998), 915 (Fujita, 1966),
=% 51 (Harada et al., 1986; Kumai, 1984), &+ (Kitajima and
Tsukashima, 1983; Arakawa and Yoshida, 1986; Harada, 1991;
Murata, 1998), 515+ (Tuncer et al.,, 1990)% 2] 340 F 9]
pom, W o] T2 AA]| ¥ G FA o]F o2 FEE o,



AegHow Fag g% A5 ek
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Fig. 1. Feeding protocol during RSB, F,; and BSB rearing.
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Table 1. Initial measurements for the tolerance experiment
to high and low temperatures (Values are provided as
mean+SD)

dAH' Body weight ~ Body temv;\)lz::trure Salinity Fish no.

(9) length (cm) Q) (psu)  /tank
Period | RSB 43  0.18£0.03 1.8+0.1 210 31.8 10
Fi 43 0.1810.04  1.8£0.1 210 334 10
BSB 53  0.20£0.07 2.0+0.2 21.0 28.2 10
Period Il RSB 72 453t0.56 5.2+0.2 20.0 31.9 5
F 69  2.88:052 4.6£0.3 210 282 5
BSB 92  3.15:045 4.6:0.2 210 32.4 5
Period IIIRSB 151  36.33x4.29 10.0¢+0.4 231 249 5
F1 162 45.65+7.80 11.0£0.5 236 32.5 5
BSB 164 31.17+4.49 9.8:0.3 235 31.7 5
Period IVRSB 349 164.9+19.2 17.6+0.6 20.2 324 3
Fi 351 125.3+27.9 15.5+0.8 19.8 341 3
BSB 357 82.4+8.05 14.0+0.4 20.0 33.4 3

1Days after hatching.
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Fig. 2. Environmental tolerance experimental tank setup.
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Table 2. Initial measurements for the low salinity tolerance
experiment*

Body weight  Body temvgz:;rure Salinity Fish no.

dAH (9) length (cm) () (psu)  ftank

Period | RSB 51 0.23:x0.03  2.0£0.1 215 33.5 10
F 44 0.23+0.04  2.0£0.1 215 32.4 10
BSB 51 0.25:0.06 2.1:0.2 215 32.4 10
Period I RSB 71 2.99+0.47  4.7:0.3 20.5 33.9 5
F 73 262:0.35  4.4+0.2 21.0 338 5
BSB 93 274x0.31  4.5#0.2 215 341 5
Period Il RSB 157 37.43t5.41  10.2+0.2 225 32.5 5
Fi 168 46.63x7.80 11.0+0.4 23.1 33.1 5
BSB 168 32.3+3.14  9.9:04 22.7 23.6 5
Period IV RSB 341 131.8+13.0 16.5¢+0.5 18.4 34.2 3
Fi 342 126.5¢16.2 15.8+0.52 18.0 33.8 3
BSB 351 924117 13.9x0.8 18.7 33.5 3

* Refer to table 1.

F7h ALk NS SR Eke] W AMALE (Linsso) &-E
Aolsredr. B, AT Aol Aol g 5

o

L9E =ol7] 918l vtz AASAT 2RI Fetdl= T
715 AAERlaL, B o)k Aol thsto] ko A
SFAT

SAA

o]F B Aol e W] 2ko] & 2-way ANOVAER
g F (P<0.001), Zt oFZ WAl WiE FelAkE
Duncan’s new multiple range test (Harter 1960).2.2 43} o}
(P<0.001, P<0.05). T3t F-2 2} Aol SPSSe| FAA
program (SPSS statistics ver. 12 for window)& AF-&3}3ith

L 30
g g " -WIJJW
T ® 204
—_
; GEDJ_ 15 -
§ 10
8 ;
7] O RsB--- y=0.4e""(R=0.8956) /
o] B F — y=0.2539¢""**(R’=0.9638) £ X
| A BSB--- y=0.3441¢"""(R'=0.9478) %”"o v
5.2 &

Body length (cm)

Days after hatching

Fig. 3. Comparison of body length for RSB, F; and BSB
from hatching to 100 days after hatching.



a, o]a]a]- 32 ;'_dg
y=0.4e"""" F1& y=0.2539¢"""™ 12]31 BSBE y=0.3441¢"""
o] @A ] AHIUTE A BAX | gAS sdE A
ol g3 AL v, 279872 = o7 Z A4}
ol 7} #wEE A kot (RSB, 0.9 mm; F;, 0.8 mm; BSB,
0.8 mm), ©]%- F&] d7go] F7tst7] Al&ste, 41938 F-H &=
3% & 71 % 44S BTk (RSB, 1.4 mm; Fy, 1.5
mm; BSB, 0.8 mm).

fl
4z
q
>,
4
>

L 30
o] g % _mﬁ\“‘
T 20+
o
=3 15- .
5 10
30
&> RSB---- y=6.0497¢"""(R*=0.9392)
T D7 mF — y=7.23946""(R*=0.8225) 5]
= 204 A BSB-- y=6.2672¢""*(R*=0.7816) 3
£ ey
2 15
2
2 101 303 dAH
S o
M 5-
0

100 150 200 250 300 350 400 450 500

Days after hatching

Fig. 4. Comparison of body length for RSB, F; and BSB
from 100 to 500 days after hatching (dAH).
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Table 3. Comparison of ontogenic tolerance (Limp.so) changes in high and low water temperatures for RSB, F; and BSB

Growth stages P-value’
Period 1 Period 2 Period 3 Period 3 Mean+SD F G FxG
High RSB 33.65+0.05™ 32.58+0.61™ 33.57+0.97™ 31.91£0.17% 32.93+0.83
temperature  F1 35.79+0.02° 35.23+0.28° 35.64+0.19° 34.19+0.50° 35.21+0.72 0.000 0.000 0.000
(©) BSB 37.62+0.04% 37.53+0.10™ 36.22+0.29° 36.09+0.37™ 36.86+0.82
Low RSB 7.65+0.08% 6.85+0.15"™ 6.55+0.15% 6.34+0.90% 6.85+0.57
temperature F4 6.41£0.23° 5.30%0.07° 5.79+0.20° 4.17+0.29° 5.42+0.95 0.000 0.000 0.000
(©) BSB 4.18+0.06™ 3.78+0.11% 2.45+0.31™ 1.71£0.02% 3.03+1.15
Temperature RSB 26.00 25.73 27.01 25.57 26.08+0.65"
range Fi 29.38 29.93 29.85 30.02 29.80+0.29
© BSB 33.44 33.75 33.77 34.38 33.83£0.39"
a b oc d

Values (mean+SD) in a row sharing same superscripts are not significantly different (P>0.05).

* ¥ Significantly different from the values of hybrids in same growth period (x, P<0.001; y, P<0.05).
" Result from 2-way analysis of variance (ANOVA); F, fish species; G, growth stages.
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Table 4. Comparison of ontogenic tolerance (Limeso) changes for RSB, F; and BSB in freshwater

Growth stages P-value'
Period 1 Period 2 Period 3 Period 4 MeanzSD F G FxG
RSB 14.0+£0.4% 22.2+0.3° 71.2+3.9¥ 73.9+7.2% 45.3+32
(1.0)* (1.0) (1.0) (1.0) (1.0)
Tolerance b c a a
time F, 90.4+2.2 33.91£10.8 276.4123.9 270.0£17.6 167.7£124 0000 0000 0000
(min) (6.5) (1.5) (3.9) 3.7) 3.7)
BSB 118.2423™ 2908.0+492% 2109.3+206% 2034.4+222% 1792.5+1184"
(8.5) (131.0) (29.6) (27.5) (10.7)
a, b, ¢, d

Values (meantSD) in a row sharing same superscripts are not significantly different (P>0.05).

* ¥ Significantly different from the values of hybrids in same growth period (x, P<0.001; y, P<0.05).

5
13

Magnification of RSB value”

" Result from 2-way analysis of variance (ANOVA); F, fish species; G, growth stages.
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