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Influence of Water Temperature on Growth and Body Composition
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The effect of water temperature and feed on the growth, survival, and body composition of juvenile abalone
(Haliotis discus hannai) fed an artificial formulated diet and a macroalgae (Laminaria japonica) for 12
weeks was investigated. Rearing temperature was maintained at 13 C, 16C, 19T by heated and natural
sea water temperatures (7.5-10.2°C). Shell growth, weight gain, and survwal rate of the abalone were
affected by water temperature and diet (P<0.05). Survival and growth rate of the abalone fed with the
formulated diet and Laminaria at 19°C was significantly higher than those of the abalone fed the formulated
diet or Laminaria at 13°C, 16°C, and ambient temperatures (P<0.05). Moisture, crude protein, crude lipid,
and ash contents of the soﬂ whole body were affected mainly by diet than rearing water temperature (P<0.05).
These indicate that a mixture of formulated diet and macroalgae could improve the growth of the abalone
independent of water temperature and heated water could improve the growth of abalone during the winter
season.
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Table 1. Shell growth of juvenile abalone fed different diets at four different water temperature for 12 weeks
Rearing temperature Diets Initial shell length  Final shell length  Shell Ie?gth gain Daily increment
(mm) (mm) (%) (#m)
Natural sea water  Formulated diet 19.5042.90 22.15%1.73 13.6% 31.5°
temperature Laminaria japonica 19.50+2.90 22.51+1.54 15.4% 35.8%
(7.5-10.27) Formulated diet+ L. japonica 19.50+2.90 24.01£1.39 23,17 53.7%°
Formulated diet 19.50£2.90 23.21£1.61 19.0° 44.2°
13T Laminaria japonica 19.5042.90 24.6241.30 26.4%° 61.2°
Formulated diet+ L. japonica 19.50+2.90 24.33+1.20 24.8%° 57.5%°
Formulated diet 19.5042.90 25.61+1.85 31.3™ 72.7°
16T Laminaria japonica 19.50+2.90 26.64+1.52 36.6° 85.0°
Formulated diet+ L. japonica 19.50%2.90 29.10+1.60 49 2% 108.3%
19.50+2.90 26.12+1.36 33.9% 78.8°
19.50£2.90 27.40+1.40 40.5% 940"
19.50£2.90 32.22+1.95 65.2° 151.2°

Laminaria japonica
Formulated diet+ L. japonica

19%C

Formulated diet
Superscripts with different alphabets in columns are significantly different at the P<0.05
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Table 2. Welght growth and survival rate of juvenile abalone fed different diets at four different water temperature for

12 weeks'
. . Initial weight  Final weight = Weight gain  Daily increment Survival rate
Rearing temperature Diets
9 femp (9) (9) (%) (mg/day) (%)
Natural sea water  Formulated diet 0.97+40.26 1.45+0.56 49.5" 5.7° 94.5°
temperature Laminaria japonica 0.97+0.26 1.5320.31 57.7° 6.7% 94.3°
(7.5-10.27C) Formulated diet+L. japonica  0.97+0.26 1.84+0.35 89.7° 10.4° 95.0°
Formulated dies 0.97+0.26 1.86+0.61 91.8° 10.6° 97.0®
13T Laminaria japonica 0.97+0.26 1.8740.25 92.8° 10.7° 98.0°
Formulated diet+L. japonica 0.97+0.26 2.12+0.29 118.6° 13.7° 99.3°
Formulated diet 0.97+0.26 2.2010.82 126.8° 14.6° 96.0°
16T Laminaria japonica 0.97+0.26 2.22+0.38 128.9° 14.9° 97.5%
Formulated diet+ L. japonica 0.97+0.26 3.11x0.51 220.6" 25.5 98.5
Formulated diet 0.97+0.26 3.1840.79 227.8° 26.3¢ 96.3
19T Laminaria japonica 0.97+0.26 3.2610.35 236.1% 27.3% 98.3"
Formulated diet+L. japonica  0.97+0.26 4.18+0.81 330.9° 46.2° 99.3°

lSupf:rscripts with different alphabets in columns are significantly different at the P<0.05.

Table 3. Proximate composition (%) of the soft whole body of juvenile abalone fed different diets at four different water
temperature for 12 weeks

Rearing temperature Diets Moisture Crude protein Crude lipid Ash
Natural sea water  Formulated diet 77.420.59%" 14.6£0.73%® 0.780.062° 2.5+0.16%
temperature Laminaria japonica 77.720.47%* 14.6+0.54% 0.76+0.035° 2.9+0.31°
(7.5-10.2°C) Formulated diet+ L. japonica 76.80.487 15.8+0.39° 1.0240.094° 2.740.18°
Formulated diet 76.320.64%° 16.1+0.61° 0.96+0.074° 2.4+25°
13T Laminaria japonica 77.6£0.71%° 14.5+0.30% 1.06+0.085" 2.8+0.15¢
Formulated diet+ L. japonica 77.320.54™ 15.5£0.20% 1.1610.086b° 2.6+0.46%
Formulated diet 73.20.78° 15.610.85% 0.88+0.048™ 2.5+0.16™
16°C Laminaria japonica 78.810.45° 13.9+0.52° 1.06+0.064° 2.8+0.25°
Formulated diet+ L. japonica 77.20.39% 15.5£0.60™ 0.75+0.072° 2.8%0.13°
Formulated diet 76.7+0.27% 15.440.36% 0.92+0.079° 2.4+0.26°
19T Laminaria japonica 78.810.43b 15.6+0.40%° 1.09+0.058° 2.7+0.16°
Formulated diet+L. japonica 78.2+0.32b 14.9+0.95% 0.99+0.057° 2.7+0.28"

lSupersqripts with different alphabets in columns are significantly different at the P<0.05.
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Table 4. Factorial ANOVA-test for growth performance and
body composition of juvenile abalone fed the formulated diet,
Laminaria japonica or formulated diet and Laminaria japonica
at the different rearing water temperatures (ambient tem-
perature, 13, 16, 197C) for 12 weeks

Water Interaction

temperature Diet (D) 2-way
(T) TxD

Sheli length gain P<0.05 P<0.001 P<0.001

Body weight gain P<0.05 P<0.001 P<0.001

Survival rate P<0.05 P<0.001 P<0.001
Moisture of soft body NS' P<0.001 NS
Protein of soft body NS NS NS
Lipid of soft body NS NS NS
Ash of soft body NS P<0.001 NS

'NS: not significant (P>0.05).
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