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Offshore Aquaculture Trial and Optimum Feeding Schedule
of Parrot Fish, Oplegnathus fasciatus

Kyong-Min KIM

Department of Interdisciplinary Program of Ocean Industrial Engineering,

Graduate School, Pukyong National University

Abstract

The Korean finfish culture industry has faced with the difficulties of
water pollution, typhoons and red tides in coastal areas, | along with
competition of large amount of imported foreign fisheries products. To
challenge and' overcome these difficulties, the culture industry should shift
the current paradigm of the land based flow through system and the
inshore cage culture system to the recirculating system . on land and/or to
the environmentally friendly offshore cage culture system in open sea.

This study was conducted to investigate the possibility of offshore
aquaculture in Korea by installing submerged net-cages and applying
suitable feeding technology such as optimal feeding rate and feeding
frequency, and feed intake rate on parrot fish, (Oplegrathus jasciatis)
under various water temperature conditions.

Three offshore cages (Ocean SparR 3000) developed by National Oceanic
and Atmospheric Administration (NOAA) in the U.S.A. were installed (at

45 km from coast) of southeastern Jeju island. Stability and security of the



cage were checked along with the growth of parrot fish. The cage system
withstood strong ocean and tidal currents flowing up to 2 knots and
two typhoons, Nabi in 2005 and Ewiniar in 2006.

Parrot fish groups, average body weight of 4.6 g, 95 g and 124 g were
stocked in each of three offshore cages on July 8, 2005. After 7 months
from stocking, the groups of fish grew up to 131.3 g, 189.6 g and 357.7
g, respectively. Survival rates were relatively high (92.0% ~98.5%)
compare to inshore cage culture and land based tank culture system.

The rate of daily feed intake of parrot fish of different body weight
groups (10-30 g, 40-60 g, 70-120 g, 130-240 g, 250-480 g, and more than
480 g) were investigated under six water temperature conditions (15.17C,
19.2°C, 2257C, '23.0C, 247C, and 265C) in a series of 300 L tanks. The
rates of daily feed intake per body weight of the smallest fish group
(10-30 g body weight) were 2.24% at 15.1C and 6.04% at 265C. The
rates of daily feed intake of fish sized 40-60 g body weight group were
1.14% and 3.85%.at 15.1°C and 26.5C, respectively. But the rates of daily
feed intake of bigger fish (250-480 g body.weight) were 0.48% and 2.06%
at 15.1C and 26.5C, respectively.

To investigate the optimum feeding rate and feeding frequencies for
maximum growth and feed efficiencies, fingerlings (mean body weight:
194 g, 21.8 g and 62.7 g) and one- and two-year old parrot fish (mean
body weight: 90.1 g, 1150 g, 3417 g and 3447 g) were stocked and
tested under various water temperature conditions. Optimum feeding rates
of fingerlings (62.7 g) and two-year old fish (344.7 g) at 15.0C were

1.619 and 0.28% of body weight per day, respectively. Optimum feeding

_Vi_



rates of fingerlings (21.8 g) and one-year old fish (115.0 g) at 225TC
were 2.21% and 1.11% of body weight per day, respectively. Optimum
feeding rates of fingerlings (194 g), one-year old fish (90.1 g) and
two-year old fish (341.7 g) at 25.5C were 3.40% (95% of satiation),
1.67% and 1.38% of body weight per day, respectively.

Feeding for offshore aquaculture cage might be restricted by severe
weather conditions if automatic feeding system is not installed. Optimum
feeding frequencies were not affected by water temperature but ages of
parrot fish. Optimum feeding frequencies of fingerling parrot fish were

two times a day while one and two year old fish were-ones a day.
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Figure 1. Schematic diagram of offshore cage installed at offshore

of southeastern Jeju island.
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Figure 2. Vertical view of offshore cage (Ocean Spar® 3000) installed at offshore of southeastern Jeju island.
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Figure 3. Station of offshore cage aquaculture site. A black square indicates the culture site.
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Table 1. Comparison of monthly water temperatures in two adjacent coasts of offshore cage culture site

(National Fisheries Research & Development Institute, 2002)

Area Year Monthly average water temperature (C)

Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec.

U-do 1967~2000 152 142 139 145 1569 182 216 244 235 209 185 16.6

Seoguipo 1962~1989 152 141 142 149 167 193 220 255 244 221 194 171
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Table 2. Working process for offshore cage installment

Working Work scheme Others
process

Anchor Mould cast form Dimensions of anchor:
manufacture  Arrange steel rods 3.3x3.3x1 m (27 ton)

Connect anchor rings
Concrete work

Reinforcing steel rod:
dia. 16 mm

Spar welding

Spar support setting
Welding
Test

Welding: 3 times
Coating: zinc galvanizing

Rim
assembling

Connect 12 Rims on beach

Connection of
spar, rim
and net

Connect Ballast Weight to Spar

Raise Spar by regulation of
compressed air in Spar

Unfold net by hand winch

Connect Spar to Rim with net
lines

Unfold net by dropping Harvest
Cone

Fix Harvest-Cone and ‘Spar with
volts

Ballast Weight: 15 tones

Towing to
culture site
and connect
with anchor

Tow to culture site by boat

Connect with four anchor lines

Install Ballast Weight on the
bottom

Length of Ballast
Weight chain: 17 m

Check the
stability of
cage system

Check net damage while working
Check volt tightening
Check anchor lines

Observation for cage
installation: longer
than two weeks
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Table 3. Total scores of primary and secondly criteria for selecting suitable culture fish species among &8 selected

fish by the 5 point scale

Red sea Flounder Parrot Groupers Mackerel Tuna Cobia Mahimahi

bream fish

Total scores 23 20 24 22 22 14 14 14

A. Suitability for Jeju site 5 5 4 4 4 ? 3 4
e B iy o an gt WS N\ ¢ 5 s

C. Market demand 5 D 5 3 5 5 4 3

D. Social recognition 5 3 5 5 4 5 2 2

E. Economical efficiency 3 5 5 5 4 ? ? ?

Total scores 14 = 13 3 9 3 - -

A. Assurance of seedlings 5 - 5 1 2 2 - -
Sechonc%ary B: Whether assorted feed 5 B 4 9 9 1 _ _

criteria is developed
C. Competition with other 4 B 4 5 5 5 _ _

culture techniques

¥ 5! Best, 4! good, 3 average, 2! worse, 1: worst
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Table 4. Initial number and sizes of parrot fish stocked in the three offshore cages

) Average size )
No. fish Seed production

Cage No. 1 usand)  Total length Body length Body height Body weight  date
(cm) (cm) (cm) (g)

1 550 5.9+0.4 5.2+0.4 2.840.2 46+£0.8 Mar. 2005

2 75 6.3£0.5 5.3+0.4 2.8+0.3 95+1.2 Mar. 2005

3 80 177415 152213 7.4£0.7 124.0£32.0  Mar. 2004
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Table 5. Composition and proximate analyses of the experimental diet for the

parrot fish culture in offshore cage (dry matter basis)

Ingredients Percentage (%)
White fish meal 51.3
Dehulled soybean meal 8.0
Corn gluten meal 6.0
Squid liver powder 10.0
Wheat flour 8.4
Corn starch 1.0
Beer yeast 1.0
Fish oil & Lecithin 8.4
Krill meal 1.0
Kelp meal 1.5
Vitaming mix.’ 1%
Minerals mix.’ 1.7
.......... Attractants’ | B L RO
Proximate analysrs
Crude protein (% DM) 48.0
Crude lipid (% DM) 13.1
Crude ash (% DM) 12.9
Gross energy (kcal/kg-DM) 3993

'Contains (as mg/kg diet) : ascorbic acid, 300; DL-calcium pantothenate, 150 ;
choline  bitatrate, 3000; inositol, 150; menadione, 6; niacin, 150; pyridoxine + HCI,
15; riboflavin, 30; thiamine mononitrate, 15; DL-a-tocopherol acetate, 201; retinyl
acetate, 6; biotin, 1.5; folic acid, 5.4; Bz, 0.06

“Contains (as mg/kg diet) : NaCl, 437.4; MgSO, - 7TH.0. 1379.8; NaH.P, - 2H,0,
877.8; Ca(HaPO4)2 - 2H20, 1366.7, KH2PO4, 2414; ZnSO4.7H20, 226.4; Fe-Citrate,
299; Ca-lactate, 3004; MnSO4 0.016; FeSO4, 0.0378; CuSOs, 0.00033; Calcium
iodate, 0.0006; MgO, 0.00135; NaSeOs, 0.00025
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VNN VHS Birna virus Irido virus

Figure 4. The PCR image of virus infection tests of parrot fish before stocking in the offshore cages.
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100m 200m 500m 1000m

EEEE{EI—. L 4 & &
100m @ Sea Cages .
200m @ Current Direction

S00m @

1000m @

Figure 5. Measuring points for the test of environmental factors of the

offshore cage culture site in Jeju island.
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Table 6. Results of observation of offshore cages after installation and two typhoons

Parameter

Items observed

Results

Water current

Net damage

Wedding troubles of Spar

Volt condition of rims and Harvest cone
Break or loosening of anchor lines

Movement of block anchor

Anchor line of 70 mm
(tension: 26.5 tones ) was
extended by 23.5%

Typhoon Nabi
(Sep. 2005)

Typhoon Ewiniar
(Aug. 2006)

Net damage

Wedding troubles of Spar

Volt condition of rims and Harvest cone
Break or loosening of anchor lines

Movement of block anchor

Net damage

Wedding troubles of Spar

Volt condition of rims and Harvest cone
Break or loosening of anchor lines

Movement of block anchor

Five buoys connected with
ropes (g 24mm) were
disappeared

No extension of anchor

lines

Two buoys were
disappeared

0.196 of culturing fish were
dead
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Table 7. Growth and survival of parrot fish cultured at three offshore cages

Initial

Final

Cage Survival
e lthe WU be G0, Mo o

1 Jul. 6. 2005 550 4.6%0.8 Feb. 22. 2006 510 131.3+33.6 92.7

2 Jul. 7. 2005 75 O il Feb. 22. 2006 48" 189.6+£57.6 64.0"

3 Jul. 7. 2005 80 124.0+32.0 Feb. 22. 2006 64" 357.7£77.9 80.0"

* Escaped through opening loosely tied harvest cone with net (around 25 thousand).

#* Suffocated during siphoning to cage (around 15 thousand).

_37_



T8 ® 3 7HFdel viete] vid A= 54 Z3E Table 8o WEhd
o €l 54 23 2005d 7€ 8¢ YEirtFElel A" HAEAF
46408 go =4I =2 2 129704 AA, AL B A Fo
16.0+1.0, 6.9£0.5, 2.7+0.3 em= A&t AT 101.0£224 go = A4t
o W AT 124.0432.0 g9 200494 2w A
7y 24.6%1.7, 9.4%1.0, 4.0£0.4 em®} 357.7£77.9 g7t A ARk =71 WAF
ool dAL R FANAES ALsta THREEW AAAE VIEow
AEES A 23 Aolsk 1do]= 2h2) 92.0% 9 985%°] =2 A&
e AT 2006 2¥€ 2 Aol didEol ] rHrd dWE £AH o] &}
gato] 7hel 72l E@e] olFojAa Fevt AFHNeERE HAFEAE v

2 39

3
3

32

flo

Ao, AF g Aol 7

d

’

]I._,
L

q
¥

.

= 5 "Aeldde])e distel WA HdAES F
stal Aes £4% 235 Figure 60 YERH AT 2005 109 WA
WA & it 42.00%, =W A 7.07%, £AE 46.06% R F2& 7
of W el w=&EFgFS =dulld FFS Fo ol ol 24
7 ot el weEt Ak solAl =
vl e Baow 1149, 12¢€3 20061 29 272t 57.46%, 60.36%,

8 o

-
oY

rr

)
)
Do
]
o0
@]
o
T
=~
o
Do
X
ol
g
2
2
o
N
A
i,
flo
0

N
N
=

o

>~
=
jal
ol
o
e

>
=
Ho
i
AL

2005 7€l Ewe ezl d4sta 11dAA A H AR E
ol g AREE B HHAES Table 99l UebUldth 47 o 55
o] HFAF 46208 g¥ 95+1.2 gH = SEXolo ABa L 717 103.7%

_38_



Table 8. Monthly growth and survival of two groups parrot fish reared in the offshore cage

Juvenile group(cage 1) One-year group(cage 3)
Date TL BH BW Survival TL BH BW Survival

(cm) (cm) (g) (%) (cm) (cm) (g) (%)
Jul. 7. 2005 59+0.4 - 4.6%0.8 100 17.7£1.5 - 124.0£32.0 100
Sep. 13. 2005 11.9+0.9 5.0+0.5 41.1+10.6 99.1 21.5%1.2 8.6+0.4 236.7+32.1 100
Oct. 19. 2005 12.2+1.2 5.1+£04 43.8+11.3 98.5 24.6+1.1 9505 248.8+40.7 100
Nov. 21. 2005 15.0+1.9 6.4+0.8 92.8+30.6 97.8 25.4%2.3 9.8+1.0 327.5+104.2 99.5
Dec. 23. 2005 16.0+1.0 6.9+£0.5 101.0£22.4 95.2 24.6%1.7 9.4%1.0 309.5+93.9 994
Jan. 20. 2006 16.7+1.9 7.1+0.9 120.4+41.3  93.1 25.8+1.8 9.9+0.8 333.0+77.8  99.0
Feb. 22. 2006 17.3+1.6 7.4+0.7 131.3+33.6  92.0 26.1+£1.8 10.2+0.7 357.7+77.9  98.5

¥ TL: Total length, BH: Body height, BW: Body weight
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Table 9. Results of growth and efficiencies of feed of parrot fish reared in offshore cages (Jul. 8. 2005

~Feb. 22. 2006)

Cage Specific growth Feed efficiency Daily feed Daily protein Daily lipid ProF e%n
No.  rate(%)’ (9%)° intake(%)° intake(%)" intake(%)° ijtfilo‘élency
1 0.554 103.7 0.694 0.33 0.09 2.151

2 0.426 89.4 0.741 0.36 0.10 1.855

3 0.168 374 0.951 0.46 032 0.775

6

Wet weight gain/protein fed

(loge final weight. — log. initial weight.) x 100/days
° (Wet weight gain/dry feed intake) x 100

’ Feed intake (dry matter) x 100/(initial fish wt. + final fish wt+ dead fish wt.)/ 2xdays fed]

* Protein intake (dry matter) x 100/(initial fish wt. + final fish wt.+ dead fish wt.)/ 2xdays fed]
° Lipid intake (dry matter) x 100/(initial fish wt. + final fish wt.* dead fish wt.)/ 2xdays fed]
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Figure 6. Changes of average moisture, crude protein and lipid contents in

the intestine of parrot fish from October 2005 to February 2006.
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Figure 7. Percentage of feeding frequencies affected by weather conditions

around offshore cage culture sites from July to December, 2005.
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Figure 8. Schematic diagram of fish stocking procedure using siphoning hoses from work boat.
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Table 10. Observation results of parrot fish during the first stage of cultivation in offshore cages

Date Eloped day§ Total length Manly observation content
after stocking (cm)
July 7, 2005 Just after 5.9+0.4 Struggle to water current, hide under the harvest cone and behind spar
examination Schooling within the cage
Stuck on net when while strong water flow
July 15 7 days Weak or strong schooling accordingly flow speed

No active feeding
Its were quick moved around the spar
July 23 15 days It was show the schooling of group and group was distributed with
maintenance interval in the whole of cage
Active feeding
August 15 After 1 month Distribute and swim around whole cage
Feeding started at 5 point water pump
Its were far separate divers with lookout the approach of divers
September 13 After 2 months 11.9+0.9 Feeding was strongly activity
Follow around divers
A part of fish showed yellow body color
October 21 After 3 months 12.2+1.2 Feeding action was composed
Its were familiar to divers as its were near approach divers
A lost fish showed
Fish showed yellow body color

December 22  After 5 months 16.0£1.9 Keep away or hide from divers schooling around cage bottom (One-year old)
24.6+1.7(one-y Sensitive to moise and shadow
ear old)
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Figure 9. Direction and velocity of water current measured by ADCP at the 30 m below

the water surface.
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Figure 10. Movement trace of water current board for measuring flow

velocity at the offshore cage culture site.
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in February and June.

_52_



Depth (m)

Depth (m)

10

30

40

16

W.T. (C)

Salinity Salinity
31 32 33 34 31 32 33 34
L 1 L O L 1 L
(North 100m) (North 200m)
10
—_
é 20
£
3
= 30
40
16 18 20 22 24 26 16 18 20 22 24 26
W.I. (C) W.I. ()
Salinity Salinity
31 32 33 34 31 32 33 34
L 1 I O I 1 L
(Cage) (East 100m)
4 10 4
E
] = 20
H
3
4 Q 30 4
4 40 4
16 18 20 22 24 26 16 18 20 22 24 26
W.T. ('C) W.T. (C)
Salinity
31 32 33 34
0 . ‘ .
(East 200m)
_
g
=2
=
2
a
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around offshore cage culture site in July and October 2005.

_56_



Table 11. Composition of benthic organisms collected around offshore cage culture site’

July 2005 October 2005

0 m 10m 100 m 200 m 500 m Total 0 m 10m 100 m 200 m 500 m Total

Polychaete 28 28 26 27 100 209 239 111 225 380 323 1,278
Crustacea 21 49 53 13 36 172 94 169 110 183 180 736
Mollusca 1 1 2 6 12 13 33
Echinoderm 1 K 2 6 108 18 43 88 167 424
Nemathelmith 3 2 6 11 7 1 5 28 8 49
Others 1 2 9 3 13 1 1 7 9
Total 54 80 93 41 144 412 449 301 390 691 698 2,529

' Values are (mean of) the number of organism in an area of 0.25 m'.

_57_



40 ¢ O Jul. 2005 W Oct. 2005 8C OJul. 2005 m Oct. 2005

L 600 r
N 30 NE
£ T}
© N
] =}
o ®
- Q L
e 20 - 400
» ©
2 2
o =
o 2
Q °
[72) c
10 + = 200 |
0 0
0 10 100 200 500 0 10 100 200 500

Distance from the cage (m) Distance from the cage (m)

Figure 16. Number of species and individual of benthic organism at offshore cage culture site
in July and October, 2005.
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Table 12. Comparisons of market price of parrot fish cultured in

offshore cage and land based tank system

the

Observed market price (#/kg) for parrot fish

Date
Offshore cage Land based tank

Feb. 15. 2006 22,800 19,500
Mar. 4. 22,300 20,000
Mar. 7. 22,500 20,000
Mar. 8. 22,000 ¥
Mar. 17. 22,000 19,500
Mar. 20. 22,000 X
Mar. 21. 22,000 20,000
Mar. 25. 22,500 a2
Mar. 26. 22,500 —~
Mar. 27. 22.500 20,500
Mar. 30. 24,000 -
Average price 22,464 19,917
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Table 13. Palatability test scores of the muscles of parrot fish from wild
and offshore cage

Origin of fish Flavor Color Taste  Texture Overall .... Average
acceptability

Wild 3.9 4.01 4.03 4.00 4.09 4.00

Offshore cage 3.81 9.97 4.01 4.03 3.98 3.96

Table 14. Size of palatability test panel for the muscles of parrot fish
from wild and offshore cage

(Unit: person)

Experiment Flavor Color Taste Texture Overan.
acceptability

Wild 18 27 26 28 28

Offshore cage 12 24 26 34 24

Table 15. Distribution. of the panel with the«best score for each evaluation

parameter of the-muscles of parrot fish from wild and offshore

cage
(Unit: person)
Experiment The sum Flavor Color Taste Texture Overan.
total acceptability
Wild 100 15 23 19 22 21
Offshore cage 92 11 18 22 24 17
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Table 16. Comparison of growth, feed efficiency and maximum feed intake for six different weight group’s

of parrot fish fed satiation level under the seven different water temperature conditions

Temperature Fish weight group

c) 10~30 g 40~60 g 70~120 g 130~240 g 250~480 g Over 480 g
Initial weight (g/fish) 29.3 53.8 120.1 - 294.5 483.2
Weight gain (%) 45.2 1Bl L - 1.7 -0.3

15.1C Feed efficiency (%) 136.7° 68.7° 50.1" - 20.2° -6.1¢
Daily feed intake (%)’ y Wi 2.01° 1.14° 3 0.71¢ 0.52°
Maximum feed intake (%) 2.31 212 1.16 & 0.81 0.55
Initial weight (g/fish) - 56.4 85.8 212.6 356.8 -
Weight gain (%) - 11.7 115 75 6.0 -

16.0C Feed efficiency (%) 85.8" 925" 91.4* 106.2
Daily feed intake (%)’ - 1.16° 1.07 0.81° 0.48° -
Maximum feed intake (%) - 1.21 1.09 0.99 0.53 -
Initial weight (g/fish) 105 67.4 E 137.7 390.8 -
Weight gain (%) 26.8 22.8 E 19.9 7.1 -

19.2°C Feed efficiency (%) 94.0° 90.3" - 945" 62.2" -
Daily feed intake (%) 2.29° 2.06" = 1.75¢ 0.99 -
Maximum feed intake (%) 2.40 2.13 r 1.84 1.06 -
Initial weight (g/fish) 20.8 62.4 110.9 - 361.6 669.1
Weight gain (%) 477 273 113 - 76 0.6

225C Feed efficiency (%) 87.2° 81.5" 64.8" - 45.6° 4.5
Daily feed intake (%) 3.58" 2.46° 1.47° - 1.30° 0.80"
Maximum feed intake (%) 3.72 2.58 1.56 - 1.34 0.87
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Table 16. Continued

Temperature Fish weight group

(C) 10~30 g 40~60 g 70~120 g 130~240 g 250~480 ¢ Over 480 g
Initial weight (g/fish) 145 - 80.6 132.9 367.4 -
Weight gain (%) 445 = 28.3 195 11.2 -

23.0C Feed efficiency (%) 100.8" - 104.5° 94.2° 60.2" -
Daily feed intake (%) 3.28 - 2.16° 92" 1.59° -
Maximum feed intake (%) 3.36 3 2.24 1.81 1.70 -
Initial weight (g/fish) 23.0 > 1184 170.5 - -
Weight gain (%)’ 64.4 - 27.7 19.6 - -

24.7°C Feed efficiency (%) 73.3" - 59.0° 58.1° - -
Daily feed intake (%)® 6.04* - 3.75° 3.06" - -
Maximum feed intake (%) 6.24 - 3.87 3.12 - -
Initial weight (g/fish) 22.1 3 106.2 = 376.2 -
Weight gain (%)’ 59.6 - 25.1 - 155 -

26.5C Feed efficiency (%)° 95.1% - 88.7° - 63.5” -
Daily feed intake (%) 4.39* - P.20° - 2.06" -
Maximum feed intake (%) 4.46 r 2.43 - 2.17 -

' (Final weight - initial weight) x 100/initial weight.
* (Wet weight gain/dry feed intake) x 100
® Feed intake (dry matter) x 100/(initial fish wet weight + final fish wet weight + dead fish wet weight)/ 2xdays fed]
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Table 17. Weight gain, feed efficiency and feed intake for parrot fish (body weight: 10 to 30 g) under the
six different water temperature conditions

6
15.1 02/12/05~ 26/12/05 45.2 136.7 2.24 231
19.2 13/06/06 ~ 28/06/06 26.8 94.0 2.29 2.40
22.5 11/10/05~24/10/05 477 87.2 3.58 3.72
23.0 25/07/06~07/08/06 445 100.8 3.28 3.36
24.7 18/09/06 ~ 30/09/06 64.4 73.3 6.04 6.24
26.5 05/09/06 ~16/09/06 59.6 5 L 4.39 4.46

' (Final weight - initial weight) x 100/initial weight.
* (Wet weight gain/dry feed intake) x 100
® Feed intake (dry matter) x 100/(initial fish wet weight + final fish wet weight + dead fish wet weight)/ 2xdays fed]
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Figure 17. Daily feed intake of six weight group’s of parrot fish under the seven different

water temperature conditions.

_67_



265Col A= zbzh 375%9F 229%% F7bet9la, #WAALS Y=-0.0055X"+
0.2731X+0.5643°] %1 t}.

=35 7hs 2719 AlF 240~480 g w5l U FAE, AREE 2 F
a7 dUAEAFHE S Table 16, 19 ¥ Figure 1791 YE WAL, =F5&L o]
A A7) Ao} R R FY Aol vlHEete, AATAY Srbel wh
e st Al debstoy 2 gl 2 FA&2 g% 745 151T, 16.07T,
192C, 225C, 23.0C 2 265C &=olA 7}7 1.7%, 6.0%, 7.1%, 7.6%,
11.2% % 155% = eyt ddA 5431 E&E F2450 ndste F713s)
e 048%c°l A 2.06% W= LERST. dYAEAFHAE] oAFe
1% ooz F7tst7] A= Fo] 19Co|d d<sdlof st Aoz 4y
Ebukon S # A 2l & Y=0.0108X°+0.1733X+0.365% 7| 2= 3l T}

=% 60 gliole Fdolol thete] 20059 12 3d oA 20061 1€ 159
El 2A dAsto], A oA F e 193%F T H= A Y

177%, 161%, 1.45% H1127%= s H5st= AdT=
Lol 6573 AISAE AT E, SAE, dUAEAASE ARES H
dd A5 &S AAbeto] Table 200 YeEbWHAG. =& AA7IT F
oA F e 1.93% & w1, 1.77% %

H R 161% FERel= Aok glolon, oAl o] 145% °lst ¥

¥ g

[e)

—
O
w
X
g
—
i
2
of
il
-
2
=
ol
2
E
1o
=)
L

Folo ol AYES BHF A, A oA FE, wMd, A % ALTY

< EE A TlA oAl Aol 7 vEbuA] 9kt (Table 21).

_68_



Table 18. Weight gain, feed efficiency and feed intake for parrot fish (body weight: 70 to 120 g) under the

six different water temperature conditions

e (c) Dat g sin - Fg efficienes Dally f68 e
15.1 02/12/05~26/12/05 1L 50.1 1.14 1.16
16.0 02/05/06 ~12/05/06 11.5 92.5 1.07 1.09
22.5 11/10/05~24/10/05 11.3 64.8 1.47 1.56
23.0 25/07/06 ~07/08/06 28.3 104.5 2.16 2.24
24.7 18/09/06 ~30/09/06 B 59.0 3.75 3.87
26.5 05/09/06 ~ 16/09/06 25.1 8.7 2.29 2.43

' (Final weight - initial weight) x 100/initial weight.
* (Wet weight gain/dry feed intake) x 100
® Feed intake (dry matter) x 100/(initial fish wet weight + final fish wet weight + dead fish wet weight)/ 2xdays fed]
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Table 19. Weight gain, feed efficiency and feed intake for parrot fish (body weight: 250 to 480 g) under the

six different water temperature conditions

e (c) Dat g sein g efficency Dl G, fecd i
15.1 02/12/05~26/12/05 W 20.2 0.71 0.81
16.0 02/05/06 ~12/05/06 6.0 106.2 0.48 0.53
19.2 13/06/06 ~28/06/06 7.1 62.2 0.99 1.06
225 11/10/05~24/10/05 7.6 45.6 1.30 1.34
23.0 25/07/06 ~07/08/06 il .2 60.2 1.59 1.70
26.5 05/09/06 ~ 16/09/06 155 63.5 2.06 2.17

(Final weight — initial weight) x 100/initial weight.
* (Wet weight gain/dry feed intake) x 100
Feed intake (dry matter) x 100/(initial fish wet weight + final fish wet weight+ dead fish wet weight)/ 2xdays fed]
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Table 20. Growth performance of juvenile parrot fish fed diets with various feeding rates for 6 weeks
(mean water temperature: 14.8°C). Values are means of triplicated experimental groups. The

different superscripts in the same rows are significantly different (P<0.05)

Feeding rate (% body weight day ') Pooled

1.93 A7k 1.61 1.45 1.29 SEM'
Initial body weight (g/fish)  62.6 62.5 62.7 62.6 62.9 0.01
Weight gain (%) 28.7%" 28.0™ 29.1° sl 24.7° 0.54
Specific growth rate (%)’ 0.43 0.40 0.43 0.40 0.40 0.01
Daily feed intake (%)’ 1.93° 1.76 1.60¢ 1.50° 1.27' 0.05
Feed efficiency (%)’ 30.9 31.7° 37.7° 37.9% 43.4° 1.20
Protein efficiency ratio’ 0.64" 0.66" 0.78" 0.79" 0.90 0.02
Survival (%) 100 100 100 100 100 0.00

' Pooled standard error of mean: SD/v/n , n = 3 replicated tanks of fish per feeding rate treatments.

* (Final weight - initial weight) x 100/initial weight.

® (loge final weight. - loge initial weight.) x 100/days

! Feed intake (dry matter) x 100/(initial fish wet weight + final fish wet weight + dead fish wet weight)/ 2xdays fed]
(Wet weight gain/dry feed intake) x 100

® Wet weight gain/protein fed
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Table 21. Proximate composition of whole body of juvenile parrot fish fed diets with the various feeding

rates for 6 weeks (mean water temperature: 14.8°C)".

Feeding rate (% body weight day ') Pooled

1.93 1.77 1.61 1.45 1.29 SEM
Moisture (%) 65.6 66.5 65.1 65.6 66.1 0.18
Crude protein (%) 15.7 16.1 16.3 15.9 15.8 0.11
Crude lipid (%) 13.1 R 13.2 13.2 12.8 0.15
Ash (%) 2.1 1.8 2.2 1.9 2.1 0.17

' Values are means of triplicate groups.
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Table 22. Growth performance of two-year old parrot fish fed diet with the wvarious feeding rates for 6
weeks (mean water temperature: 15.1C). Values are means of triplicated groups. The different

superscripts in the same rows are significantly different (P<0.05)

Feeding rate (% body weight day ') Pooled

0.34 0.32 0.30 0.28 0.26 SEM'
Initial body weight (g/fish) 345.4 3444 343.7 345.7 343.9 0.79
Weight gain (%) 10.1 6.6 8.0 10.2 7.3 0.71
Specific growth rate (%)’ 0.07 0.05 0.06 0.07 0.05 0.00
Daily feed intake (%) 0.34" 0.33% 0.30" 0.27° 0.27¢ 0.01
Feed efficiency (%)° 46.1 33.0 436 59.8 44.0 3.62
Protein efficiency ratio® 0.96 0.69 0.90 1.24 0.91 0.08
Survival (%) 100 100 100 100 100 0.00

' Pooled standard error of mean: SD/+/n , n = 3 replicated tanks of fish per feeding rate treatments.

® (Final weight — initial weight) x 100/initial. weight.
® (loge final weight. - log. initial weight.) x 100/days
! Feed intake (dry matter) x 100/(initial fish wet weight + final fish wet weight + dead fish wet weight)/ 2xdays fed]
> (Wet weight gain/dry feed intake) x 100

Wet weight gain/protein fed
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Table 23. Growth performance of juvenile parrot fish fed diet with the various feeding rates for 7
weeks(mean water temperature: 23.1°C). Values are means of triplicated groups. The different

superscripts in the same rows are significantly different (P<0.05)

Feeding rate (% body weight day ') Pooled

9.34 2.24 2.14 2.04 1.94 SEM'
Initial body weight (g/fish) 19.2 19.6 19.3 19.6 19.4 0.15
Weight gain (%)° 219.4° 206.9" 189.1° 166.2° 142.7° 6.63
Specific growth rate (%)’ 1127 1.08° 1.02 0.94° 0.86¢ 0.02
Daily feed intake (%) 2.34° 2.21° 2.13¢ 2.08° 1.92¢ 0.03
Feed efficiency (%)’ 98.8" 101.2% 101.5% ok 1% 95.0 0.76
Protein efficiency ratio’ 2.05% 2.10°% 2.11° 201" 1.97° 0.02
Survival (%) 97.1 93.3 100 100 98.3 0.50

' Pooled standard error of mean: SD/+/n , n = 3 replicated tanks of fish per feeding rate treatments.

® (Final weight — initial weight) x 100/initial weight.

’ (loge final weight. - loge initial weight.) x 100/days

! Feed intake (dry matter) x 100/(initial fish wet weight + final fish wet weight + dead fish wet weight)/ 2xdays fed]
(Wet weight gain/dry feed intake) x 100

% Wet weight gain/protein fed
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Table 24. Growth performance of one-year old parrot fish fed diet with the various feeding rates for 8
weeks (mean water temperature: 22.3C). Values are means of triplicated groups. The different

superscripts in the same rows are significantly different (P<0.05)

Feeding rate (% body weight day ') Pooled

1.12 1.07 1.02 0.97 0.92 SEM'
Initial body weight (g/fish) 1104 117.8 117.8 1153 113.6 1.72
Weight gain (%) 82.4° 74.3% iR 0% 76.6" 61.3" 2.87
Specific growth rate (%)’ 0.39° 0.37" 0.37% 0.36" 0.31" 0.01
Daily feed intake (%) 1.2 1.08" 1.02" 0.94° 0.93° 0.02
Feed efficiency (%)’ 70.2 71.4 69.2 WAl 70.6 1.13
Protein efficiency ratio® 1.46 1.48 1.44 1.48 1.47 0.02
Survival (%) 97.9 98.7 92 &, 100 1.46

' Pooled standard error of mean: SD/+/n , n = 3 replicated tanks of fish per feeding rate treatments.

® (Final weight — initial weight) x 100/initial weight.

’ (loge final weight. - loge initial weight.) x 100/days

! Feed intake (dry matter) x 100/(initial fish wet weight + final fish wet weight + dead fish wet weight)/ 2xdays fed]
(Wet weight gain/dry feed intake) x 100

% Wet weight gain/protein fed
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Table 25. Growth performance of juvenile parrot fish fed diet with the various feeding rates for 4 weeks
(mean water temperature: 25.57C). Values are means of triplicated groups. The different

superscripts in the same rows are significantly different (P<0.05)

Feeding rate (% body weight day ') Pooled

3.89 3.62 3.42 3.22 3.02 SEM'
Initial body weight (g/fish) 2241 219 21.8 21.8 21.6 0.09
Weight gain (%)’ 149.7* 1387 129.9™ 123.6° 121.5° 3.09
Specific growth rate (%)’ 1.60° 150 1.43" 1.37° 1.37° 0.03
Daily feed intake (%) 3.82° 3.40" 3.36" 3.23¢ 3.06° 0.07
Feed efficiency (%) 89.7" 96.4% 93.6 94.6" 98.7° 1.01
Protein efficiency ratio’ 1.86" 2.00° 1.94% 1.96% 2.05" 0.02
Survival (%) 100 100 100 100 100 0.00

' Pooled standard error of mean: SD/+/n , n = 3 replicated tanks of fish per feeding rate treatments.

® (Final weight — initial weight) x 100/initial weight.

* (loge final weight. — log. initial weight.) x 100/days

* Feed intake (dry matter) x 100/(initial fish wet weight + final fish wet weight + dead fish wet weight)/ 2xdays fed]
> (Wet weight gain/dry feed intake) x 100

® Wet weight gain/protein fed

_78_



Table 26. Growth performance of juvenile parrot fish fed diet with the various feeding rates for 6 weeks
(mean water temperature: 26.7°C). Values are means of triplicated groups. The different

superscripts in the same rows are significantly different (P<0.05)

Feeding rate (% body weight day ) Pooled

1.87 77 1.67 1.57 SEM'
Initial body weight (g/fish) 89.7 89.4 39.4 91.5 0.51
Weight gain (%)° 90.4" 83.3° 77.6% 65.6" 2.98
Specific growth rate (%)’ 0.70° 0.66" 0.62"" 0.55 0.02
Daily feed intake (%)’ 1.87° 1.73 168" 1.56 0.03
Feed efficiency (%)’ 835 84.8 83.4 79.4 2.02
Protein efficiency ratio® 1.73 1.76 1.73 1.65 0.04
Survival (%) 100 100 100 96 0.80

' Pooled standard error of mean: SD/+/n , n = 3 replicated tanks of fish per feeding rate treatments.

® (Final weight — initial weight) x 100/initial weight.

* (loge final weight. — log. initial weight.) x 100/days

* Feed intake (dry matter) x 100/(initial fish wet weight + final fish wet weight + dead fish wet weight)/ 2xdays fed]
> (Wet weight gain/dry feed intake) x 100

® Wet weight gain/protein fed
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Table 27. Growth performance of two-years old parrot fish fed diet with the various feeding rates for 6
weeks (mean water temperature: 26.7C). Values are means of triplicated groups. The different

superscripts in the same rows are significantly different (P<0.05)

Feeding rate (% body weight day ') Pooled

1.58 1.48 1.38 1.28 SEM'
Initial body weight (g/fish) 343.9 340.9 341.4 339.2 1.72
Weight gain (%)° 4.7 39.9% 32.2° 31.9" 1.63
Specific growth rate (%)’ 0.40° 0.36" 0.30 0.30 0.05
Daily feed intake (%)’ 1.58° 1.47° 1.38° 1.28¢ 0.11
Feed efficiency (%) 58.0 56.4 50.7 535 1.44
Protein efficiency ratio® 1.20 1.17 1.05 1.11 0.03
Survival (%) 100 100 100 100 0.00

' Pooled standard error of mean: SD/+/n , n = 3 replicated tanks of fish per feeding rate treatments.

® (Final weight — initial weight) x 100/initial weight.

’ (loge final weight. - loge initial weight.) x 100/days

! Feed intake (dry matter) x 100/(initial fish wet weight + final fish wet weight + dead fish wet weight)/ 2xdays fed]
(Wet weight gain/dry feed intake) x 100

% Wet weight gain/protein fed
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Table 28. Growth performance of juvenile parrot fish fed diet with the various feeding frequencies for 6
weeks (mean water temperature: 14.8°C). Values are means of triplicated groups. The different

superscripts in the same rows are significantly different (P<0.05)

Feeding frequency Pooled

One meal a day Two meals a day Three meals a day gpM!

Initial body weight (g/fish) 62.6 62.6 62.5 0.15
Weight gain (%)° 25.0 27.9° 28.7% 0.75
Specific growth rate (%) 0.40 0.43 0.43 0.01
Daily feed intake (%) 0.82° 1.10° 1.26° 0.07
Feed efficiency (%)’ 64.9" 54.2" 46.0° 2.86
Protein efficiency ratio’ 1.35° 112" 0.96° 0.06
Survival (%) 100 100 98.9 0.37

' Pooled standard error of mean: SD/+/n , n = 3 replicated tanks of fish per feeding rate treatments.

* (Final weight - initial weight) x 100/initial- weight.

® (loge final weight. - log. initial weight.) x 100/days

! Feed intake (dry matter) x 100/(initial fish wet weight + final fish wet weight + dead fish wet weight)/ 2xdays fed]
° (Wet weight gain/dry feed intake) x 100

® Wet weight gain/protein fed
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Table 29. Growth performance of two-years old parrot fish fed diet with the various feeding frequencies for
8 weeks (mean water temperature: 15.1°C). Values are means of triplicated groups. The different

superscripts in the same rows are significantly different (P<0.05)

Feeding frequency Pooled

One meal a day Two meals a day Three measl a day gp\p?

Initial body weight (g/fish) 345.3 345.4 347.5 0.96
Weight gain (%)° 10.5 10.1 105 1.39
Specific growth rate (%)’ 0.07 0.07 0.07 0.01
Daily feed intake (%) 0.33 0.34 0.41 0.02
Feed efficiency (%)’ 50.8 46.1 41.3 5.18
Protein efficiency ratio® 1.05 0.96 0.86 0.11
Survival (%) 100 100 100 0.00

' Pooled standard error of mean: SD/+/n , n = 3 replicated tanks of fish per feeding rate treatments.

® (Final weight — initial weight) x 100/initial weight.

’ (loge final weight. - loge initial weight.) x 100/days

! Feed intake (dry matter) x 100/(initial fish wet weight + final fish wet weight + dead fish wet weight)/ 2xdays fed]
(Wet weight gain/dry feed intake) x 100

% Wet weight gain/protein fed

_83_



Table 30. Growth performance of juvenile parrot fish fed diet with the various feeding frequencies for 7 weeks

(mean water temperature: 23.1°C). Values are means of triplicated groups. The different superscripts in

the same rows are significantly different (P<0.05)

Feeding frequency Pooled

One meal a day Two meals a day Three meals a day gpp!
Initial body weight (g/fish) 10. 7 19.2 19.6 0.28
Weight gain (%)° 134.9" 219.4° 231.3° 15.54
Specific growth rate (%)° 0.82 1.12° 1.16" 0.05
Daily feed intake (%) 1.81° 2.34° 2.58° 0.11
Feed efficiency (%)° 95.9" 98.8" 91.4" 1.23
Protein efficiency ratio’ 1.99° 2.05° 1.90" 0.02
Survival (%) 97.5 97.1 98.3 0.84

* (Final weight - initial weight) x 100/initial weight.
* (log. final weight. - loge initial weight.) x 100/days

Pooled standard error of mean: SD/v/n , n = 3 replicated tanks of fish per feeding rate treatments.

! Feed intake (dry matter) x 100/(initial fish wet weight + final fish wet weight + dead fish wet weight)/ 2xdays fed]

(Wet weight gain/dry feed intake) x 100
® Wet weight gain/protein fed
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Table 31. Growth performance of one-year old parrot fish fed diet with the various feeding frequencies for 8
weeks (mean water temperature: 22.3°C). Values are means of triplicated groups. The different

superscripts in the same rows are significantly different (P<0.05)

Feeding frequency Pooled

One meal a day Two meals a day Three meals a day gppM-?

Initial body weight (g/fish) 9.7 120.9 110.4 2.88
Weight gain (%) 65.1 70.1 82.4 3.90
Specific growth rate (%)’ 0.33 0.35 0.39 0.01
Daily feed intake (%) 1.05 1.22 1.25 0.04
Feed efficiency (%)’ 68.1 64.8 70.2 1.29
Protein efficiency ratio® 1.41 1.34 1.46 0.03
Survival (%) 98.3 100 97.9 0.83

' Pooled standard error of mean: SD/+/n , n = 3 replicated tanks of fish per feeding rate treatments.

® (Final weight — initial weight) x 100/initial weight.

’ (loge final weight. - loge initial weight.) x 100/days

! Feed intake (dry matter) x 100/(initial fish wet weight + final fish wet weight + dead fish wet weight)/ 2xdays fed]
(Wet weight gain/dry feed intake) x 100

% Wet weight gain/protein fed
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Table 32. Effect of starvation on growth of juvenile parrot fish under 20.4C condition. Values are means of

triplicated groups. The different superscripts in the same rows are significantly different (P<0.05)

Number of days without feeding per week Pooled

One Two Three Four SEM'
Initial weight (g/fish) 21.0 21.3 20.3 20.2 0.37
Weight gain (%)° 241 .6 202.7% 171.9" 122.8° 14.73
Specific growth rate (%) 1.00 0.91% 0.82" 0.66° 0.04
Daily feed intake (%) R’ 2.17° 16R° 1.59¢ 0.09
Feed efficiency (%)’ 86.5 87.6 90.8 90.5 2.02
Protein efficiency ratio’ 1.79 1.82 1.88 1.88 0.04
Survival (%) 100 100 100 100 0.00

Pooled standard error of mean: SD/v/n , n = 3 replicated tanks of fish per feeding rate treatments.

° (Final weight - initial weight) x 100/initial weight.

® (loge final weight. - log. initial weight.) x 100/days

* Feed intake (dry matter) x 100/(initial fish wet weight + final fish wet weight + dead fish wet weight)/ 2xdays fed]
° (Wet weight gain/dry feed intake) x 100

® Wet weight gain/protein fed
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Table 33. Effect of starvation on growth of two-year old parrot fish under 20.4°C condition. Values are

means of triplicated groups. The different superscripts in the same rows are significantly different

(P<0.05)

Number of days without feeding per week Pooled

One Two Three Four SEM!
Initial weight (g/fish) 300.5 311.3 310.1 314.6 0.37
Weight gain (%)° 34.0° 267 183" 10.1° 14.73
Specific growth rate (%)° o 0.19% 0.14" 0.08° 0.04
Daily feed intake (%) 0.91° 0.78" 0.66° 0.56° 0.09
Feed efficiency (%) 59.7 57.3 485 28.3 2.02
Protein efficiency ratio’ 1.24 1519 1.01 0.59 0.04
Survival (%) 100 100 100 100 0.00

Pooled standard error of mean: SD/v/n , n = 3 replicated tanks of fish per feeding rate treatments.

® (Final weight — initial weight) x 100/initial weight.

(loge final weight. — log. initial weight.) x 100/days

Feed intake (dry matter) x 100/(initial fish wet weight + final fish wet weight + dead fish wet weight)/ 2xdays fed]
> (Wet weight gain/dry feed intake) x 100

% Wet weight gain/protein fed
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Table 34. Proximate analyses of whole body of juvenile parrot fish (20.2~21.3 g) by starvation days per
week under 20.4°C condition'

Number of days without feeding per week

Pooled
One Two Three Four SEM
Moisture (%) 66.6" 67.0° 68.2% 69.0° 0.36
Crude protein (%) 13.2 13.2 134 15.8 1.02
Crude lipid (%) 12.6° 12.7° 11.0° 10.3 0.35
Ash (%) 4.1 3.9 46 4.7 0.19

! Values are means of triplicate groups.

_89_



Table 35. Proximate analyses of whole body composition of two-year old parrot fish (300.5~314.6 g) by

starvation days per week under 20.4C condition'

Number of days without feeding per week

Pooled

One Two Three Four SEM
Moisture (%) 62.0 62.0 62.2 62.1 0.31
Crude protein (%) 17.2 174 17.1 17.1 0.13
Crude lipid (%) 16.9 16.7 15.4 16.4 0.37
Ash (%) 3.8 4.0 3.9 3.6 0.15

! Values are means of triplicate groups.
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Table 12. Comparisons of market price of parrot fish cultured in

offshore cage and land based tank system

the

Observed market price (#/kg) for parrot fish

Date
Offshore cage Land based tank

Feb. 15. 2006 22,800 19,500
Mar. 4. 22,300 20,000
Mar. 7. 22,500 20,000
Mar. 8. 22,000 ¥
Mar. 17. 22,000 19,500
Mar. 20. 22,000 X
Mar. 21. 22,000 20,000
Mar. 25. 22,500 a2
Mar. 26. 22,500 —~
Mar. 27. 22.500 20,500
Mar. 30. 24,000 -
Average price 22,464 19,917
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al, 1986, Hung and Lutes, 1987, Xiao=Jun-and Ruyung, 1992; Adebayo e/
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