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Abstract

Two experiments were conducted for 57 weeks to investigate the effects of
water temperature and rearing density on growth of Red drum, Sciaenops
ocellatus. The first experiment of growth in different water temperature was
reared the fish for 32 weeks in different water temperature of 20, 23 and 26TC.
The second experiment of growth in different rearing density was reared the fish
for 25 weeks in different rearing density of 2.16, 4.24 and 6.40 kg/mg.

In the first experiment, total length was significantly higher at 26 than 20 and
23C. Body weight gained in 26C was 426.6182.1 g, which was significantly
(P<0.05) higher than in 23 and 207C.

The growth in body weight of red drum according to rearing time could be
summarized as, equations:

20T 1 Y = 8661X° + 34.78X + 38569 (r° = 0.9956)
23°C 1Y = 1.924X° + 2.448X + 36548 (r* = 0.9853)
1.654X” + 4.315X + 6.8912 (+* = 0.9901)

26C Y

(X = Rearing time (weeks), Y = Body weight (g))

Survival rate of red drum at 23C was 81.8%, which was the highest recorded.
At 20 and 26T, the survival rates were 525 and 76.5%, it was trend toward
decrease in survival rate of red drum as stress of convey process.

Feeding coefficient of 26°C was lowest than the other groups. Daily growth rate
and daily feeding rate were apparently elevated in 26C. Condition factor was no
significantly difference at among the three experimental groups (P<0.05).

In the second experiment, total length of Red drum grown in 2.16 kg/m3 of
rearing density was similar to 424 kg/m’, but 640 kg/m’ was significantly
difference (P<0.05). Body weight was gained in 2.16 kg/m’ of water temperature
was 744.8+155.7 g, which was significantly higher than 4.24 kg/m’ and 6.40 kg/m’



of rearing density, and this both experimental groups were not found significantly
different (P<0.05).
The growth in body weight of red drum according to rearing time could be

summarized as, equations:

214 kg/m® : Y = -20.079X* + 243.98X - 1.02 (+* = 0.9981)
424 kg/m® Y = -18504X% + 224.17X + 156 (+* = 0.9969)

6.40 kg/m’ : Y = -17.845X% + 211.55X + 30.2 (r* = 0.9956)

(X = Rearing time (weeks), Y = Body weight (g))

Survival rates of red drum at 2.14 kg/m’, 424 kg/m’ and 6.40 kg/m’ were 95.
8~100%, which was the high recorded.

Feeding coefficient was of 2.16 kg/m’ was highest than the other groups. Daily
feeding rate and daily growth rate were apparently elevated in 2 kg/m°. Condition
factor was no significantly difference among the experimental groups (P<0.05).

These results indicate that proper temperature and rearing density for growth of
red drum were 26°C of water temperature, 2.16 kg/m’ of rearing density, The
proper conditions for the mass production of red drum were 6.40 kg/m3 of rearing

density.
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Fig. 1 . Schematic diagram of the rearing tank used for the experiments.

A rearing tank B: settling tank C: storage tank
a. air lift b: micro clean filter c: inflow
d: filter screen e: heater f: out flow
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Table 1. Proximate composition of the extrude pellet used in this study

Components Extruded pellet (%)
Crude protein 53.0
Crude fat 50
Crude fiber 4.0
Ash 17.0
Ca 1.0
P 2.7

Aol 43 7tA 0 oA =AL AAEATE oA =A Ao 24X 7HEer A2

AlZ1F MS-222 50 ppme 2 vl sle] A2 1 m7bA, AT A AA & (Sartorius,
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ppmo 2 1A 7F k&8¢t
AN Z3 FE Ao FF H(weight gain), Hol & FHFS o]&3Fo] Ricker (1969)2)
o2 A E(daily growth rate)S T3, ol 2oz A7 A& (daily

feeding rate), AF= 75 (feed coefficient)®} ¥]¥F=(condition factor)E 3Fo] A&+
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daily growth rate (DGR)
daily feeding rate (DFR)
feed coefficient (FC) = TF/WG
condition factor (CF) = BW/TLx100
Wo: initial weight

TF: total feed

WG: weight gain

BW: body weight
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Wi final weight

T: rearing time

TL: total length

& Statistical Analysis (SAS Institute

multiple range test (Duncan, 1955)%
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Fig. 2. Weekly changes of salinity of stocking density water in tank during the

study.
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Table 2. Total length, body weight and survival rate of Sciaenops ocellatus at different water temperature

Feeding period : Nov. 13, 1999 to Dec. 10, 1999

Initial Final .
. - - Total weight Survival
Experimental Number of Total length Body weight Number of Total length Body weight . o
gain (g) rate (%)
group fish (cm) (g) fish (cm) (g)
20°C 400 4.6+0.2° 1.2+0.2° 399 89+0.5 8.0+1.2" 2,746.4 99.8
23T 400 4.7+0.3% 1.1+£0.2° 353 7.9+0.4° 5.6+0.8° 2,382.6 88.3
26C 400 4.6+0.3° 1.2+0.2° 382 9.9+0.5° 9.9+1.2° 3,390.0 96.0

Feeding period : Dec. 11, 1999 to Jan. 11, 1999

Initial Final .
. - - Total weight Survival
Experimental Number of Total length Body weight Number of Total length Body weight gain (g) rate (%)
group fish (cm) (g) fish (cm) (g)
20T 399 8.9+0.5 8.0+1.2 398 9.9+0.5° 9.3+1.5° 506.5 99.7
23T 353 7.9+0.4° 5.6%0.8° 352 12.3+0.7° 20.4+3.7° 5,204.1 99.7
26C 382 9.9+0.5° 9.9+1.2° 329 13.5+0.6% 26.4+3.7° 5,419.2 36.1

Values (meants.d.) in the same column followed by all different letter are significantly different (P<0.05).



Table. 2. continued

Feeding period : Jan. 12, 2000 to Feb, 7, 2000

. Initial Final Total weight Survival
Experimental Number of Total length Body weight Number of Total length Body weight © a' wels urvwoa
group ) ) gain (g) rate (%)
fish (cm) (g) fish (cm) (g)
20C 398 9.9+0.5° 9.3+1.5" 340 11.6£1.2° 16.3+4.9° 2,399.4 85.4
23°C 352 12.3+0.7 20.4+3.7 349 13.8+1.0 27.7+6.1" 25474 99.1
26C 329 13.5+0.6" 26.4+3.7° 308 15.8+1.5% 44.1+£12.2% 49372 94.7
Feeding period : Feb. 8 2000 to Mar. 6, 2000
_ Initial Final Total weight Survival
Experimental Number of Total length Body weight Number of Total length Body weight © a. wels urv1voa
group _ _ gain (g) rate (%)
fish (cm) (g) fish (cm) (g)
20C 340 11.6+1.2° 16.3+4.9¢ 220 14.0+£1.1° 30.5+7.3" 3,208.0 64.7
23°C 349 13.8+1.0 27.7+6.1° 335 15.1+0.9" 33.9+6.2° 2,078.5 96.0
26C 308 15.8+1.5 44.1+12.2° 307 19.0+2.1% 72.0121.5% 8,521.2 99.7

Values (meants.d.) in the same column followed by all different letter are significantly different (P<0.05).



Table. 2. continued

Feeding period : Mar. 7, 2000 to Apr. 3, 2000

Initial Final .
. - - Total weight Survival
Experimental Number of Total length Body weight Number of Total length Body weight gain (g) rate (%)
group fish (cm) (g) fish (cm) (g)
20°C 220 14.0+1.1° 30.5+7.3" 217 16.0+1.0° 40.1+7.2° 2,151.7 98.6
23°C 335 15.1+0.9" 33.9+6.2" 327 16.1+1.3" 50.2+11.6° 5,408.7 97.6
26C 307 19.0£2.1° 72.01£21.5% 306 22.6+1.8° 132.1+30.8° 18,288.6 98.5
Feeding period : Apr. 4, 2000 to May. 1, 2000
Initial Final .
. - - Total weight Survival
Experimental Number of Total length Body weight Number of Total length Body weight . o
gain (g) rate (%)
group fish (cm) (g) fish (cm) (g)
20C 217 16.0+1.0° 40.1+7.2° 213 16.9+1.53° 50.3+£11.4° 2,132.3 98.2
23°C 327 16.1+1.3" 50.2+11.6° 327 19.1+1.4° 82.8+17.9° 10,660.2 100
26C 306 22.6+1.8° 132.1+£30.8° 306 26.7+1.8° 211.0+48.4% 24,174.4 100

Values (meants.d.) in the same column followed by all different letter are significantly different (P<0.05).



Table. 2. continued

Feeding period : May. 2, 2000 to May. 29, 2000

Initial Final . )
. - - Total weight Survival
Experimental Number of Total length Body weight Number of Total length Body weight gain (g) rate (%)
group fish (cm) (g) fish (cm) (g)
20C 213 16.9+1.3° 50.3+11.4° 210 19.0£1.0° 79.0+14.4° 6,056.1 98.6
23°C 327 19.1+1.4° 82.8+17.9 327 21.4+15" 116.6+22.5 11,052.6 100
26C 306 26.7+1.8" 211.0+48.4% 306 30.5+1.9° 327.4+65.2% 35,618.4 100
Feeding period : May. 30, 2000 to Jun. 26, 2000
Initial Final .
. . . Total weight Survival
Experimental Number of Total length Body weight Number of Total length Body weight . o
gain (g) rate (%)
group fish (cm) (g) fish (cm) (g)
20C 210 19.0£1.0° 79.0£14.4° 210 20.6+2.1° 104.8+29.9° 5,418.0 100
23°C 327 21.4+15° 116.6+22.5 327 22.5+2.2" 132.9+31.4° 5,330.1 100
26C 306 30.5+1.9% 327.4£65.2° 306 33.412.8° 426.6+82.1% 30,355.2 100

Values (meants.d.) in the same column followed by all different letter are significantly different (P<0.05).



Table. 2. continued

Feeding period : Nov. 13, 1999 to Jun. 26, 2000

Initial Final )
. - - Total Weight Survival
Experimental Number of Total length Body weight Number of Total length Body weight gain (g) rate (%)
group fish (cm) (g) fish (cm) (g)
20C 400 4.6+0.2° 1.2+0.2° 210 20.6+2.1¢ 104.8+29.9° 24618.4 52.5
23T 400 4.7+0.3" 1.1+£0.2° 327 225+2.9° 132.9+31.4" 44 665.6 81.8
26C 400 4.6+0.3" 1.2+0.2° 306 33.4+2.8 426.6+82.1% 130,704.2 76.5

Values (meants.d.) in the same column followed by all different letter are significantly different (P<0.05).
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g AFA it ATE 2135467 gollew, A3 FmAl 7H7h 744.9+155.7,
7005£127.2, 667.0+1162 g= Adato] 216 kg/m’olAE 424 kg/m® 3 640 kg/m’
Bl weE] JAegdn AASEEE 22 726 kg/m®, 1401 kg/m® 281 19.17 kg/m®
o2 Z7}8tHFig 8, Table 3, P<0.05).

AL i Zb Ao AlFA TR AA S
2.14 kg/m® 1 Y = -20.079X2 + 24398X - 1.02 (r* = 0.9981)

0.9969)

0.9956)°] 1t}

=% % (total weight gain)e 23d ZF&ZA 214 kg/m’, 424 kg/m® 183 6.40
kg/m’ol A Z+z} 209354, 39,084.4, 52,626.3 gl AtH Table 3).

AW E&(survival rate)S A3H ZF8A 214 kg/m’, 4.24 kg/m’ 18] 3L 640 kg/m’ol
A Zvzk 975%, 100% 9+ 95.8% % A Ad oA WEEo] =okrh

A¥ ZFaA AFEEE 216 kg/mol A 4922~1291.3 g W= 650~700 g <
o] AAEL 231%01A1 424 kg/m’oll A& 359~1089 g = 650~700 g5 &= A
So] 25%°]Uth. 18l 640 kg/m’lAE 434~1039 g9 =A 600~650 g ]
MASe] 209%= AF AZA AFSEE 216 kg/m’ AATFNA AFe] Rx7t 7+
S-S lA P A ATHFig 9).

424 kg/m® © Y = -18504X2 + 224.17X + 156 (°

6.40 kg/m® 1 Y = -17.845X2 + 211.55X + 30.2 (+*
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Table 6. Condition factor of Sciaenops ocellatus at different water temperature

Feeding period: Nov. 13, 1999 to Mar. 6, 2000

Determination point

Experimental
group Nov. 13, 1999 Dec. 10, 1999 Jan. 11, 2000 Feb. 7, 2000 Mar. 6, 2000
20°C 12.34+1.17° 11.16%0.84° 9.32+0.75" 10.27+0.74° 11.04+0.55
23°C 11.42+2.38" 11.21+1.02° 10.97+0.98" 10.42+0.79" 9.80+0.77°
26C 12.62+1.51° 10.30+0.53" 10.69+0.51* 10.78+0.84 10.30+0.89"
Feeding period: Mar. 7, 2000 to Jun. 26, 2000
Experimental Determination point
group Apr. 3, 2000 May. 1, 2000 May. 29, 2000 Jun. 26, 2000
20°C 11.75+0.84* 11.74+0.77* 11.78+0.77* 12.24+0.78"
23°C 9.80+0.58° 10.29+0.64° 11.39+0.74° 11.67+1.01°
26°C 11.25+0.61° 10.900.95" 11.42+0.77° 11.35+0.78"

Values (mean*s.d.) in the same column followed by all different letter

are significantly different (P<0.05).



Table 3. Total length, body weight and survival rate of Sciaenops ocellatus at different rearing density

Feeding period : Aug. 13, 2000 to Sep. 25, 2000

Initial Final
. - - Total weight Survival
Experimental Number of Total length Body weight Number of Total length Body weight gain (g) rate (%)
group fish (cm) (g) fish (cm) (g)
2.16 kg/m’ 40 26.6+1.7° 215.6+50.4% 39 30.6+2.0° 417.4+81.0° 8,072.2 975
424 kg/m’ 80 26.7+1.8° 211.9+47.6% 80 30.6+1.9° 405.3+83.7% 15,474.1 100
6.40 kg/m’ 120 26.6+£1.7° 213.2+42.1° 118 30.7+1.9° 398.0+71.1° 22,166.7 98.3
Feeding period : Sep. 26, 2000 to Oct. 30, 2000
Initial Final
. - - Total weight Survival
Experimental Number of Total length Body weight Number of Total length Body weight gain (g) rate (%)
group fish (cm) (g) fish (cm) (g)
417 kg/m’ 39 30.6+2.0° 417.4£81.1° 39 34.7+2.2° 556.8+111.9% 5527.1 100
811 kg/m’ 80 30.6+1.9° 405.3+83.7° 80 34.3+1.9° 525.6+96.2 9,617.6 100
11.94 kg/m’ 118 30.7£1.9" 398.0£71.1% 118 34.2+2.0° 511.1+84.4 13,295.5 100

Values (meants.d.) in the same column followed by all different letter are significantly different (P<0.05).



Table. 3. continued

Feeding period : Oct. 31, 2000 to Nov. 30, 2000

Initial Final
. - - Total Weight Survival
Experimental Number of Total length Body weight Number of Total length Body weight gain (g) rate (%)
group fish (cm) (g) fish (cm) (g)
5.43 kg/m’ 39 34.7+2.2° 556.8+111.9° 39 35.8+2.4% 642.2+123.8° 3,332.3 100
1051 kg/m’ 80 34.3+1.9° 525.6+96.2% 80 35.6+1.9° 605.5+102.4" 6,395.1 100
15.08 kg/m’ 118 342+2.0° 51114844 115 35.2+1.2° 582.3+99.3" 7,817.0 975
Feeding period : Dec. 1, 2000 to Dec. 30, 2000
Initial Final )
. - - Total Weight Survival
Experimental Number of Total length Body weight Number of Total length Body weight . o
gain (g) rate (%)
group fish (cm) (g) fish (cm) (g)
6.26 kg/m’ 39 35.8+2.4° 642.2+123.7° 39 36.9+2.4% 713.5+135.5° 2,779.4 100
12.11 kg/m’ 80 35.6+1.9° 605.5+102.4" 80 36.7+2.1% 668.5+130.7° 5,043.9 100
17.03 kg/m® 115 35.2+1.8"  582.3+99.3" 115 35.8+1.8" 628.7+103.9° 4,944.0 100

Values (meants.d.) in the same column followed by all different letter are significantly different (P<0.05).
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Fig. 9. Size frequency histograms of red drum at three different rearing

density at initial experiment ([J) and final experiment (H), n =

number of fish.
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FAY 7 7HEte] ALEA S (feed coefficient), U7+ 48 (daily growth rate) 2

O

A 7 2] & (daily feeding rate) Table 49} Zth Al A¢E 20C 9F 23CAA Zz+
1.039} 1.04% W3 26CAAE 0952 Als &0 7Hd =9t AL ES
20, 23 Z28]3 26CoNA Z+zh 1.74, 2.03, 247 ol A &L Z+zE 0.88, 0.91
0972 F2°] =555 & ¢S etk

DA77 AlsAlT, dEE 2 A A &S Table 59 2tk AR
G 216 kg/m®, 424 kg/m® 183 640 kg/molAl Zbzh 152, 1.33, 1372 216
kg/m’el E&ol 7HF itk A FES 216 kg/m’, 424 kg/m’ 1 640

kg/m’oll A Z+7} 0.72, 0.70, 0.65 o1 A7 A &S Zh2F 097, 0.83, 0.81% A=

4. 8] 9% (Condition facter)

FeAd Faae nwrEiE 20, 23 Ll 26°CelA Z7b 12.2+0.78, 11.671.01,
2l tH(Table 6, P>0.05).

LeAd Faae] HvhEE 216 kg/m’, 424 kg/m’ 18] 640 kg/m’ell A zhzt
14.0+1.44, 13.4+1.15, 13.7+2.000. 2 HF 77+ Foxt= vk (Table 7, P>0.05).
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Table 4. Feed coefficient, daily growth rate and daily feeding rate of Sciaenop

ocellatus at different water temperature

Feeding period: Nov, 13. 1999 to Dec, 10. 1999

Experimental Feed coofficient Daily growth rate Daily feeding rate
group (%) (%)
20C 0.55 6.80 3.09
23T 0.90 6.64 493
26C 0.74 7.45 4.28

Feeding period: Dec, 11. 2000 to Jan, 11. 2000

Experimental Feed coofficient Daily growth rate Daily feeding rate
group (%) (%)
20C 3.12 0.46 1.44
23T 0.65 4.02 3.00
26C 0.68 277 1.76

Feeding period: Jan, 12. 2000 to Feb, 7. 2000

Experimental Feed coofficient Daily growth rate Daily feeding rate
group (%) (%)
20C 0.98 1.86 1.79
23T 1.27 1.12 1.42
26C 1.60 1.67 1.06

Feeding period: Feb, 8. 2000 to Mar, 6. 2000

Experimental Feed coofficient Daily growth rate Daily feeding rate
group (%) (%)
20C 0.98 1.69 1.63
23T 1.13 0.72 0.81
26C 1.21 1.80 2.13
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Table 4. continued

Feeding period: Mar, 7. 2000 to Apr, 3. 2000

Experimental Feed coofficient Daily growth rate Daily feeding rate
group (%) (%)
20C 1.18 0.99 1.17
23T 0.92 1.39 1.26
26C 0.91 2.11 1.87
Feeding period: Apr, 4. 2000 to May, 1. 2000
Experimental Feed coofficient Daily growth rate Daily feeding rate
group (%) (%)
20C 1.18 0.78 0.93
23T 1.11 1.79 1.95
26C 0.87 1.67 1.44
Feeding period: May, 2. 2000 to May, 29. 2000
Experimental Daily growth rate Daily feeding rate
group Feed coefficient (%) (%)
20C 0.98 1.60 1.60
23T 1.12 1.22 1.35
26C 0.91 1.56 1.40
Feeding period: May, 30. 2000 to Jun, 26. 2000
Experimental Feed coofficient Daily growth rate Daily feeding rate
group (%) (%)
20T 1.05 1.01 1.05
23T 1.19 0.46 0.55
26C 1.16 0.95 1.09
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Table. 4. continued

Feeding period: Nov, 13. 1999 to Jun, 26. 2000

Experimental - Daily growth rate Daily feeding rate
Feed coefficient
group (%) (%)
20C 1.03 1.74 0.88
23T 1.04 2.03 0.91
26T 0.95 2.47 0.97
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Table 5. Feed coefficient, daily growth rate and daily feeding rate of Sciaenops
ocellatus at different rearing density

Feeding period: Aug, 13. 2000 to Sep, 25. 2000

Experimental o Daily growth rate Daily feeding rate
group Feed coefficient (%) (%)
2.16 kg/m’ 1.33 150 1.92
4.24 kg/m’ 1.02 1.47 1.45
6.40 kg/m’ 1.02 1.42 141
Feeding period: Sep, 26. 2000 to Oct, 30. 2000
Experimental o Daily growth rate Daily feeding rate
group Feed coefficient (%) (%)
4.17 kg/m’ 1.44 0.84 1.20
811 kg/m’ 1.47 0.74 1.08
11.94 kg/m’ 1.47 0.71 1.04
Feeding period: Oct, 31. 2000 to Nov, 30. 2000
Experimental o Daily growth rate Daily feeding rate
group Feed coefficient (%) (%)
5.43 kg/m’ 1.87 0.46 0.86
1051 kg/m’ 1.59 0.46 0.72
15.08 kg/m’ 1.77 0.39 0.70
Feeding period: Dec, 1. 2000 to Dec, 30. 2000
Experimental o Daily growth rate Daily feeding rate
group Feed coefficient (%) (%)
6.26 kg/m’ 1.66 0.35 0.58
12.11 kg/m’ 1.43 0.33 0.47
17.03 kg/m’ 1.71 0.23 0.40
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Table. 5. continued

Feeding period: Dec, 31. 2000 to Jan, 31. 2001

Experimental Daily growth rate Daily feeding rate
group Feed coefficient (%) (%)
6.96 kg/m’ 1.92 0.13 0.26
13.37 kg/m’ 1.90 0.15 0.28
18.07 kg/m” 1.75 0.18 0.32

Feeding period: Aug, 13. 2000 to Jan, 31. 2001

Experimental Daily growth rate Daily feeding rate
group Feed coefficient (%) (%)

2.16 kg/m’ 152 0.72 0.97

424 kg/m’ 1.33 0.70 0.83

6.40 kg/m’ 1.37 0.65 0.81
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Table. 3. continued

Feeding period : Dec. 31, 2000 to Jan. 31, 2001

. Initial Final Total Weight  Survival

Experimental Number of Total length Body weight  Number of Total length Body weight © a' 8 urvn;a

group . . gain (g) rate (%)
fish (cm) (g) fish (cm) (g)

6.96 kg/m’ 39 36.9+£2.4° 713.5£135.5° 39 3751247 744.8+155.7° 1,224.4 100
13.37 kg/m’ 30 36.7£2.1° 663.5+130.7° 80 37.3t2.1° 700.5+127.2° 2,553.7 100
1807 kg/m’ 115 35.8+1.8”  628.7+103.9" 115 36.5+1.7° 666.9+116.2 4,403.1 100

Feeding period : Aug. 13, 2000 to Jan. 31, 2001
. Initial Final Total Weight  Survival
Experimental Number of Total length Body weight  Number of Total length Body weight © a. 8 urvn;a
group ) ) gain (g) rate (%)
fish (cm) (g) fish (cm) (g)

2.16 kg/m’ 40 26.6+1.7° 215.6+50.4% 39 37.5+2.4% 744.8+155.7 20,935.4 975
424 kg/m’ 80 26.7+1.8° 211.9+47.6% 80 37.3+2.1° 700.5+127.2 39,084.4 100
6.40 kg/m’ 120 26617 213.2+42.1° 115 36.5+1.7° 667.0+116.2" 52,626.3 95.8

Values (meants.d.) in the same column followed by all different letter are significantly different (P<0.05).



Table 7. Condition factor of Sciaenops ocellatus at different rearing density

Feeding period : Aug. 13, 2000 to Jan. 31, 2001

Determination point

Experimental
group
Aug. 13, 2000 Sep. 25, 2000 Oct. 30, 2000 Nov. 30, 2000 Dec. 30, 2000 Jan. 31, 2001
2.16 kg/m’ 11.25+1.05% 14.45+1.02° 13.23+1.00° 13.84+1.28" 14.11+1.73 14.01+1.44°
4.24 kg/m’ 11.04+1.04% 13.98+1.38" 12.93+0.97 13.34+1.11° 13.44+1.64 13.42+1.15%
6.40 kg/m’ 11.20+1.36" 13.73+1.36" 12.97+1.52° 13.35+1.50" 13.62+1.47" 13.67+2.00°

Values (meants.d.) in the same column followed by all different letter are significantly different (P<0.05).
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