J. Korean Fish. Soc. 32(3), 284~289, 1999

B4, 32(3), 284~289, 1999

T2} shelter FEHE HE[5t HWZ ASHAM AR R 0|9 35 &2

0|l - g

. HI-;'F_].AI_-‘* . _T]_EH%*

YEUS Y HLYFIAT, =[EPUTBH

Effects of Formulated Diet or Macroalgae (Undaria pinnatifida) on the Growth
and Body Composition of Juvenile Abalone (Haliotis discus hannai)
Cultured in Different Water Temperature and Shelter Type
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Faculty of Marine Bioscience & Technology, Kangnung National University, Kangnung 210-702, Korea
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A 15-week feeding trial was conducted to investigate the effect of formulated diet or macroalgae (Undaria pinnatifida) on the
survival, growth and body composition of juvenile abalone (Haliotis discus hannai) under the different rearing environmental
conditions (four shelter types and two water temperatures). Water temperature was maintained to 16.4C by heated and 13.7C
by not heated natural sea water. The survival rate, weight gain and shell growth of abalone were affected by diet and water
temperature (P<0.001). Survival rate of abalone fed the formulated diets was higher than that of abalone fed the Undaria
pinnatifida at natural sea water (P<0.05), but this value was not influenced within abalone stocked at heated sea water in each
shelter group (P>0.05). Weight and shell growth of abalone fed the formulated diets were significantly higher than those of
abalone fed the Undaria pinnatifida at each temperature or shelter (P<0.05). Moisture, lipid and ash contents of the soft body
were mainly affected by feeding diet than temperature or shelter (P<0.05). This study indicate that formulated diet used in this
experiment could improve the growth of abalone independent of water temperature or shelter, and heated water could show a

better growth of abalone in winter season.

Key words: abalone (Haliotis discus hannai), shelter type, water temperature, formulated diet, macroalgae (Undaria pinnatifida).
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Fig. 1. Shelter types used in the experiment.
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Table 1. Growth performance of abalone fed the diets at different water temperature and shelter type for 15 weeks'

Water tem. Diets Shelters Final wt. (g) Survival rate (%) Weight gain (%)*
S1 1.06 = 0.919° 92,5 £2.12° 6314 £ 60.66°
Formulated diet S2 1.10 £ 0.212¢ 83.5 + 4.95** 6555+ 16.89°
53 1.08 + 0.127¢ 95.5 & 4.95% 6389 + 89.94°
Heated S-4 1.05 £ 0.212¢ 90.5 £ 2125 6213 £ 14.14°
S-1 0.83 £ 0.565° 98.0 + 0.01° 467.1 + 34.93¢
Undaria pinnatifida S2 0.75 £ 0.353¢ 89.0 + 2,730 4145 + 25,81
$3 0.60 £ 0.636* 87.5 £ 2,120 3150 £ 40.59*
S-4 0.60 + 0.212™ 84.0 £ 0.01** 313.6 £ 1471
S-1 0.78 £ 0.000° 975+ 212 4349 £ 141°
Formulated diet S-2 0.74 + 0.127* 97.0 + 141° 408.9 * 86.19%
S-3 0.77 £ 0424° 90.0 £ 4.24" 427.0 £ 28.42¢
Natural S-4 0.71 £ 0.141° 88.0 £ 4.24% 387.2 + 1301
S-1 0.58 £ 0.000° 85.0 + 1.41% 298.5 + 1.83*
Undaria pinnatifida S-2 0.59 * 0.070* 810 £ 5.66™ 309.7 £ 622
S-3 0.58 £ 0.777° 745+ 0.71° 301.5 + 50.55°
S4 061 +0.565® 81.0 + 2.83* 317.9 * 39.66™

‘Values (mean 1 s.d. of two replications) in the same column not sharing a common superscript are significantly different (P<0.05).

*(Final weight - initial weight) x 100/initial weight.
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Fig. 2 Attachment rate to the shelter of abalone fed the
formulated diet (FD) or Undaria pinnatifida (UP) at
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Table 2. Chemical conllposition (%) of the soft whole body of abalone fed the diets at different water temperature and shelter type
for 15 weeks

Water tem. Diets Shelters Moisture Protein Lipid Ash
Inital 81.0 104 0.84 34

S 803 £ 027 110 £ 035 0.87 £ 0070 25 £ 0.10°

Formulated diet $2 80.0 + 0.64 111 £ 065 0.86 £ 0.113> 25+ 0.14°

$-3 797 £ 0.70% 115 £ 0.65 097 * 0.070% 25+ 0.14°

Heated 4 794 £ 0.13° 115 + 025 1.05 £ 0.155° 25 +021°

S 80.9  0.78"% 103 £ 0.84 092 £ 0183 32 £ 020"

Undaria. pianatifid 2 81.8 + 0.70°% 100 £ 032 0.69 £ 0.565% 324 016"

ndaria pinnatifida $3 81.5 + 0.6 103 £ 0.14 085 £ 0.141%% 32 +0.12%

S4 819 + 0.12¢ 119 £ 0.07 074 £ 0.424% 30 £ 049°

1 81.0 * 0.50% 117 £ 1.09 102 £ 0353° 26 % 0.70°

Formulated diet S2 81.1 + 0.88>¢ 112+ 204 0.96 % 0919% 26 £ 0.07°

$3 80.9 + 0.56° 11.1 £ 0.58 093 + 0.106% 26 +0.28°

Natural S-4 81.5 £ 1.02%% 118 + 1.12 091 + 0.989%% 26+ 035

S1 823  0.11% 108 £ 0.13 0.59 £ 0.495° 32 £ 0.63%

Undaria. pinnatifd 2 8261 072 10.6 % 0.19 0.64 + 0.134% 30 £0.17°

fidana pinatiica §-3 823 0.77% 109 £ 053 063 £ 0,141 31£012% 5
S-4 8284033 109 + 033 063 * 0.636® 34 £ 041°

'Values (mean * s.d. of two replications) in the same column not sharing a common superscript are significantly different (P<0.05).
®Not significant.

Table 3. Factorial ANOVA analysis for growth, performance and body composition of abalone fed the formulated diet or Undaria
pinnatifida under the different rearing environmental condition (four shelter types and two water temperatures) for 15

weeks
Interaction
Diet (D)  Water tem. (T)  Shelter (S) 2-way ]
-wa
DXT DXS TXS Y
Final body wt. P<0.001 P<0.001 NS P<0.001 NS ’ NS - " 'NS
Snl.n:vival rate P<0.001 P<0.05 P<0.02 P<0.01 NS NS NS
Weight gain P<0.001 P<0.001 “NS P<0.001 NS -« NS .. NS
Moisture of SB! P<0.001 P<0.001 NS NS NS NS NS
Protein of SB NS NS NS NS NS NS NS
Lipid of SB P<0.001 P<0.05 NS P<0.02 NS NS NS
Ash of SB P<0.001 NS NS NS NS NS NS

'SB : soft body. .
NS : not significant (P>0.05).

g g §Fe Ho)EFH, F2 H sheltero]l 95 28X geH,
3% e YolEFAU 4T e AR ey A% 2
7R ABMARL shelter £FHOlE FFL WA oy} A
Z8L shelter TRAE 9L e Ao g Yephyo 13 A
Fadse Ho|FFt £27d 43280l AdAEHAOY shelter
e F5FEol AFHA Wt ' :
AEL ARz Yo oJFL XA aldtr} o)
Hd 8458 e o4 (Uki, 1981b)9)7] g9 wde Ao
&5 F e 44 (Ghelter) & THEO] Folof dith AR FAA
o] & sheltere ©Y WAZ F & H&WUE S0, Yolag 7,
BAEY 1B A FT 5 98 F9snz A8 344
AN E ¢ Fod AA F g & 4 Ao (Tong et al,
1992). 53|, 0%, thA|ups} 2L 2 {71 ABY o) Fd Yol
ol g0} gtou, HIol wigAtRe ML2 vFALE ol fo] HA
e FAE AU, AR T ERe AFAAY

HElu} shelters] 7Hdo] WRE Aok, B 4¥A wiAE F
FTEY BFEHE shelterd T/ 43S T4 ¥ Aoz
et wgAte SEAdE & AFoA AF8E shelterg F o
L A& ALY Fest Qe Ao Addn. 1y & 4
el He WE EHo| o}F e plastic +2F AHEdd A
S AMSE7] "] A3 dEBo] A oFdy £3E #
o] shelterd] B d WAL 7H5AE AT = Aok w2k
AA AR ALFAde FAAAE9 o7t meHolol § Relr},
Z, ASeZ R EHY AAY, HRgely AF4 44 A4
9] aolo) we} ALl ojol & shelters 2 AR Fojol & Ao},

2 MES G Ao 7HF T4 Lefstedol aAL
Holo} #7 27U, o] FAA FAHE Ho] MAHL Fo4
g Me on o A4 JdF8 B Uk (Lee, 1988; Lee et al,
1998a,b,c). #AZA FAML £ AE Ao AHFez
BHE F8F gAhon, Y BE wet FF 4R a7HE



288 o4 - Bk

F2HA7 gt FFAI FAEL 8 g ¢4 diE
o2 HYP§ FolARt Fo] ¥ AgHds 4AE) A3H
g ¥4 AT FUE dAMe €579 AFeE JT
=Y 27t ddx AAEY B A7y A48 198 AR
FdHon Ads (A £ o€ AF)Y e (NF $£2 15C
AE)E 4As vade 237, FALL A9FEY SIeFE
Frt £ APTAA €53 +Fdded, WEAEE I
7t ARPF AdS AETEY 53% o F338 vido) gy
FEE e 487 Ade H¥TERG 3%% ¢ AAHe
ARE Ho Fo2AN £33 HolEFo BE T4 (Table 3)
o] AHUt wetA £23 Holg FAld Mt FoEA
AEo 422 o AdAE F5ER 9e Aoz JlyEnh
Table 39 EAS AAYH £ 489 2PN shelter R E
Yol EFu & o] Aol AL JFE v FEY
(main effect) 8A22 eh} o8 8AEL F 13 AE
Gl Head, 58] ALAY AFilde £2& JFE %
At Al W FAER ASEE o] RS AL AES
e =4 7 e A F4EF0l € Aot

tlo ok

Q o]
Red =

T2, 5ol D shelter7t FAE P|X= EHE XA Y3t
o HolZF (MFAE, vlY) Xshelter ol (42 F) XA FE
(AdF, 7heF)X0Eo 2 JEAFT 142mgd FAELS gy
02 1577 AS AEsdY HEEL YoFF AHSF2d
G} AolE Bo A5y njg FFFEC) AR B AL
B (P<005). FAEL Y F2oA shelter FFo| FAG
ol WlgAlE FFTF7F A3 Ehon (P<005), $Y Yol FF
FUdAE 7147t A EgEd, £8 Wigle 33T
oA ol#d Aol o BA}AT (P<005). 4H F8A) 7+
o 8 FFE Holg $Lo g e o] EA Y shelter
ZH gEtMe ezt Ak 9y A e AEEdd f9
g Aozt gie ™ (P>005), A2 FL AgFo AR F
77t 19 FFTERG Aubyoez g2 AFS EY (P<O.
05). &£ 439 AAZLE AF7ld {33 & FsAAH
EAd HzFHE FAIRE TF3e Ao AL shelter e
Aol FABY HFL AMANTL HEEE =Y F A& A
oz Bodd,

Ho
ror

2 1

AOAC. 1990. Official Methods of Analysis. 15th ed. Association of
Official Analytical Chemists. Arlington, Virginia. 1298pp.

Culley, M. and K. Sherman. 1985. The effect of substrate particle size
on the production of mucus in Haliotis tuberculata L. and the
importance of this in a culture system. Aquaculture, 47, 327~334.

Duncan, D.B. 1955. Multiple-range and multiple F tests. Biometrics,
11, 1~42.

Hamano, T., S. Hayashi, S. Matsuura and M. Amio. 1987. Experime-

ofy

ntal selection of attachment substrate by an abalone, Nordotis
discus (Reeve). Suisanzoshoku, 3 (2). 99~106.

Jeong, S.C., YI. Jee and P.W. Son. 1994. Indoor tank culture of the
abalone Haliotis discus hannai I1. Effects of diets on growth of
young abalone. J. Aquaculture, 7, 77~87.

Kikuchi. S, Y. Sakurai, M. Sasaki and T. Ito. 1967. Food values of
certain marine algae for the growth of the young abalone, Halio-
tis discus hannai. Bull. Tohoku Reg. Fish. Res. Lab., 27, 93~100.

Kikuchi. S. and N. Uki. 1974a. Technical study on artificial spawning
of abalone, genus Haliotis 1. Relation between water temperature
and advancing sexual maturity of Haliotis discus hannai Ino.
Bull. Tohoku Reg. Fish. Res. Lab., 33, 69~78.

Kikuchi, S. and N. Uki. 1974a. Technical study on artificial spawning
of abalone, genus Haliotis V. Relation between water temperature
and advancing sexual maturity of Haliotis discus Reeve. Bull.
Tohoku Reg. Fish. Res. Lab., 34, 77~85.

Kim, Y. and C. Cho. 1976. Technical study on the artificial preco-
cious breeding of abalone, Haliotis discus hannai Ino. Bull. Ko-
rean Fish. Soc., 9 (1), 61~68.

Kim, JW. SM. Lee, SJ. Han, B.H. Kim and S.R. Park. 1998a. Effects
of experimental diet, commercial diets and algae (Undaria) on
growth and body composition among juvenile abalones ( Haliotis
discus, Haliotis sieboldii and Haliotis discus hannai). J. Aqua-
culture, 11(4), 505~512.

Kim, BH, SM. Lee, CS. Go, JW. Kim and J1. Myeong. 1998b. Op-
timum stocking density of juvenile abalone (Haliotis discus han-
nai) fed formulated diet or macroalgae (Undaria). J. Korean
Fish. Soc, 31 (6), 869~874.

Lee, SM.,, S.Y. Yun and S.B. Hur. 1998a. Evaluation of dietary pro-
tein sources for abalone (Haliotis discus hannai). J. Aquaculture,
11 (1), 19~29.

Lee, SM,, Y.S. Lim, Y.B. Moon, SK. Yoo and S. Rho. 1998b. Effects
of supplemental macroalgae and spirulina in the diets on growth
performance in juvenile abalone (Haliotis discus hannai). J.
Aquaculture, 11 (1), 31~38.

Lee, SM, SJ. Yun, KS. Min and-S.K Yoo. 1998c. Evaluation of die-
tary carbohydrate sources for juvenile abalone (Haliotis discus
hannai). J. Aquaculture, 11 (2), 133~140.

Lee, SM. and H.G. Park. 1998. Evaluation of dietary lipid sources for
juvenile abalone (Haliotis discus hannai). J. Aquaculture, 11 (3),
381~390.

Lee, SM. 1998. Evaluation of economical feed formulations for aba-
lone (Haliotis discus hannai). J. Aquaculture, 11 (2), 159~ 166.

Mai, K., JP. Mercer and J. Donlon. 1995. Comparative studies on the
nutrition of two spescies of abalone, Haliotis tuberculata L and
Haliotis discus hannai Ino. IV. Optimum dietary protein level for
growth. Aquaculture, 136, 165~180.

Na, G.H. 1996. Annual variation of chlorophyll a and pheopigments
of the benthic microalgae on the corrugated PVC sheets for aba-
lone seedling. J. Aquaculture, 9 (1), 65~71.

SPSS Inc. 1997. SPSS Base 7.5 for Window, SPSS Inc., 444N. Michi-
gan Avenue, Chicago, IL, 60611.

Pyen, CK. 1970. Studies on the propagation of abalone. Bull. Korean
Fish. Soc., 3 (3), 177~185.

Tong, LY, GA. Moss, P. Redfearn and J. Mlingworth. 1992. A ma-
nual of techniques for culturing paua, Haliotis iris, through to
the early juvenile stage. N. Z. Fisheries Technical Report, 32, 5~
21.



L3 shelter THE ST ZAE ASoA wiFAE % WY T8 5% 289

Uki, N. 1981a. Food value of marine algae of order Lamiariales for
growth of the abalone, Haliotis discus hannai. Bull. Tohoku Reg.
Fish. Res. Lab., 42, 19~29.

Uki, N. 1981b. Feeding behavior of experimental populations of the
abalone, Haliotis discus hannai. Bull. Tohoku Reg. Fish. Res.
Lab., 43, 53~58.

Uki, N. and S. Kikuchi. 1982a. Influence of food levels on maturation
and spawning of the abalone, Haliotis discus hannai related to
effective accumulative temperature. Bull. Tohoku Reg. Fish. Res.
Lab., 45, 45~53.

Uki, N. and S. Kikuchi. 1982b. Technical study on artificial spawning
of abalone, genus Haliotis VIII. Characteristics of spawning be-
havior of H. discus hannai induced by ultraviolet irradiation sti-
mulus. Bull. Tohoku Reg. Fish. Res. Lab., 44, §3~90.

Uki, N., A. Kemuyama and T. Watanabe. 1985a. Development of se-
mipurified test diets for abalone. Bull. Jap. Soc. Sci. Fish, 51,
1825~1833.

Uki, N., A. Kemuyama and T. Watanabe. 1985b. Nutrient evaluation
of several sources in diets for abalone, Haliotis discus hannai.
Bull. Jap. Soc. Sci. Fish., 51, 1835~1839.

Viana, M.T, LM. Lopez and A. Salas. 1993. Diet development for
juvenile abalone Haliotis fulgens. Evaluation of two artificial
diets and macroalgae. Aquaculture, 117, 149~156.

Yamasaki, M. 1991. Food consumption of juvenile Haliotids in labo-
ratory experiments. Nippon Suisan Gakkaishi, 57 (5), 865~867.

1998 89 104 A+
1999 4% 309 +g



