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Growth of the Juvenile Top Shell, Batillus
cornutus in Food and Water Temperature

Seok-Keon Kim

Department of Marine Production
Graduate School of Industry

Cheju National University

Supervised by Professor Jung—J)ae Lee

Abstract

The growth of top shells of 5 mm, 8 mm, 11 mm in
shell height was examined in order to test the
effect of artificial feed for abalone at‘ the phase of
seed production of top shell. The growth of top
shell of 5 mm in shell height did not show any
difference when the top shell was fed with
artificial feed and U. pinnatifida in natural sea

water. However the growth of top shell of 5 mm



in shell height was faster in heated sea water than
that in natural sea water. Top shells with 8 m and
11 mm in shell height have higher growth rate
when fed with U. pinnatifia than with artificial
feed. When the growth of top shells of 8 mm and
11 mm in shell height in natural sea water and
heated sea water was compared, top shells in
heated sea water have higher growth rate, Based
on the data presented in this thesis, the conclusion
was that the development of artificial feed is

prerequisite for seed production of top shell.
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428}, Batillus cornutus= A8 &5 (ARCHAEOGASTROPODA) Az}
(Turbinidae)ol] 43t WIIFY dFoln f2| it 3l doied 53
GRS v Rt AF AAU de] EXIE= e Yl AR F
Fa% AXE AABIAL U= VI & AL AEolch

&8}, Batillus cornutuso] #YY AFE 4t Holo iyt dF (&
FH# - A, 1940)F8] 71 =2A1e} 1960l FEF W (1962), FIH #(1964), B
F#(1965)0 o3 Aepe] ARE, WAdzt JAdol BY J|XRAFTL ol FoiR]7] A
2t on, FUoME x(1976a)9} :(1976b), = 5(1986)0] FRAFAbo]
JY A7t B (1976), H|(1979), B 5(1983)o] Adwigdael Hsle 2
o] 2} ©](1979), ©](1983)& A|FAL HAsh= 4zte] FAFIo ABY
A3 ol qth 1970dc) o]F F2 FRAA} FAFT], Al Y
AF7} tha o] R AR KA} FAA] 7] Asje] wigrtRo] iyt Hol F
&0 Y A= ¢ =5 AdFolth

s AHHRY tEo 78 AHFeE 8 AR/ FA7eS W 9
Axlo] FRAPLo|U W8 T FA] At ustx|gt, 4zte] H&
£ FYPAT(TAC) 2} MEZR] Za A% Foll 23] xdde] Fel2 o] F
oj2|iL olo] FF AUZAAl A A M & AP A= 2
7] A3 Algoll wE wigtrlge] side] RFHTh 4l Xvie AR Al®
+ oy, meifF, chiol §o ARy BE A& wigalzst ok £
Aol e §3] o3 Adu|go|u} fRIMelF ol Apst ey, 4l
2l g i AHY ¢ olayt Aol it ulel FFo] ELXRY
¥ ohlgt 7t ol A3l Azl s el AMgado] H 4 glch ule}
A At X3E GBHLE A3 A uigALEY ¥ 4l A3iY
ARSAgefol] B3] 7R EFIE A3 "Wasich

o] dFE 4l FREAEAA mutoA wte] o|F 3 SmolAte] Z7] A
sfol] AEE vy g} n]YgS FF3t vigriRed oy JHedat Lt A

o] 4E& iz E4stact
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o] Aol o] &yt Az Ayl 19979 7Hol| BAFFAZREAE AN Q
FHLE ARMA A2AHS pRteA ¢f 570d T ARSY Zeg a2
718 (Zt3 11mm, 8mm, 5mm) 3THAIZ TESl] APNER o] &3igTt. Ay
AFRH AP 4R E 1ton® Y WP FZ(F60X65cm) o] WEH O] vl (D15
XHi5cm)ofl 42t X]zf 50ute]y Yol HEE 33t

AETE AFH AFAL 99 FF L U 24TE A&+ E 7}
Z ANl AB(1)} AdF2 ALY AEX(1)E LHro] Fojgat u)
e E FF3MATh AR AREA] 4l Xuje] HolFFL An|Y(Undaria
pinnatifida)2} WiYAIRE 2~33/F A, ARTRY F4E 13/F
Byatdroh. AETFE HoZ £y on, viHrEY] FGEFLE Table 134
Zrt.

Table 1. Nutrient composition of artificial feed

Nutrient crud? crude fat calcium potassium c?ude crude ash
protein fiber
content
34.0 5.0 2.5 2.7 4.0 13.0

(%)
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Fig.1. Variation of water temperature and specific gravity

during the experimental period.
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Fig. 2. External form of top shell, Batillus cornutus.
A: none spine form, B: spine form

Fig. 3. Internal feature of top shell, Batillus cornutus.
f: foot, g: gonad, gl: gill, m: mantle, mo: mouth
op: operculum, st: stomachical caecum



4. XHe 9

22 Aol AHE WUAIRS 43 B Lolry] fste] 22 A
Bl Azl wat e sh4et A sl HolE wigtAIRe} Mude
2 Ukrol 2IRA Avie zne AERe SFsie vz A

1) 5 m &2} A3je] 4%

Zt2 5 m AEY o] FHo wE HFL AA e FFTY BF
(Fig. 4), o9& AP Xeigy B 2ot 3L (7.93 m + 1.3
m, 0.19 g * 0.08g)2 viYAIRE MAIg X|9E ( 8.07 mm * 1.28 mm,
0.21 g = 0.08)2 F2x}7F QLATHP > 0.05). 223, 7k 3l$ A2
2% (Fig. 5)of oA od& dAI% XzfE (9.93 mm £ 1.76mm, 0.35 g
+ 0.16g)2} wigAlRE AAI% AE (9.86 om + 1.59 mm, 0.34 g + 0.14

g) Lol = ol xto]7t GIATHP > 0.05).

JEu ARSe 2o mE ZAE Quld FF3e] 7§ (Fig. 6), =
d | FFFolM AHEE XuEY BF A2 -HFY (793 m + 1.33
m, 0.19 g = 0.08 g)o] 7} Az|H 3oy A1LH XsiE (9.93 m +
1.76 mn, 0.35 g + 0.16g) BT} Qa3 (P < 0.05), vi3AIEE A3 x]u)

&9 A¥x= (Fig. 7), =F 3ol AIRE A& (8.07mm * 1.28m,
0.21 g £0.08)0] 7}2 34+ AHelt+e X|=E (9.86 mm = 1.59 mm, 0.34 g
+ 0.14 g) Bt W2 4AE Rt (P € 0.05), (Table 2).
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Table 2. Growth of shell

height and total

shell weight of top shell

of 5 mm

Undaria pinnatifida and artificial feed in natural and heated sea water

shell height fed with

Undaria pinnatifida

Artificial feed

Date Natural sea water Heated sea water Natural sea water Heated sea water
Shell height total shell Shell height total shell Shell height total Shell Shell height total shell
(mm) weight (g) (mm) weight (g) (mm) weight (g) (mm) weight (g)
Dec. 97 5.04(%0.60) 0.05(£0.07) 491(+0.46) 0.04(x0.01) 4.90(10.05) 0.04(£0.01) 4.96(*0.45) 0.04(£0.01)
Jan. 98 5.87(+0.84) 0.07(£0.03) 6.88(*0.83) 0.12(£0.04) 5.95(x0.77) 0.08(+0.02) 6.67(£0.83) 0.10(£0.03)
Feb. 98 6.41(+1.09) 0.10(£0.04) 8.70(x1.16) 0.21(x0.07) 6.56(£1.01) 0.10( £0.04) 7.88(+1.30) 0.17(x0.08)
Mar. 98 7.29(*1.14) 0.14(£0.05) 9.42(£1.52) 0.30(£0.12) 747(£1.15) 0.15(x0.06) 9.10( +1.38) 0.27(x0.11)
Apr. 98 7.93(£1.33) 0.19(£0.07) 9.92(+1.75) 0.34(£0.15) 8.07(£1.28) 0.20(x0.07) 9.86( +1.58) 0.34(%0.14)
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Fig. 4. Growth of shell height and total shell weight of top shell of
5 mm shell height fed with U. pinnatifida and artificial feed in
natural sea water.
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heated sea water (24C).
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2) 8 mm A2} X|zfe] A

Zt3 8 m XIFEY Yol FHE FFol wE B2 Ad dHF FF+H
2% (Fig. 8), ¥ujg& HA3t XujE B 2t AFF (12.33 m +
1.64 mm, 0.59 g * 0.19 g)2 wiYAIEE 23 X3)&E (11.80mm + 1.28
m, 0.53 g £ 0.14 g)BTl &A 3o KA Aol& AFY + Sddx
(P < 0.05), 7F23l4 AelF (Fig. 9)oll AAME, Buly FFF (15.23 mn
+ 1.73 mm, 1.04 g * 0.3 g)7} viEAIE F2FF (14.12 om * 1.64 mn,
0.85 g * 0.27 g)Ktl &A ZAstATt (P < 0.05). A+ 2o &
243 (Fig. 1002 AolYg FF3Y Z9 A sigodd A%E WS
(12.33 mmn + 1.64 mm, 0.59 g = 0.19 g)& 712 3l4 A7 &
(15.23 am + 1.73 mm, 1.04 g = 0.3 g)Br} AL daten (P < 0.05),
YA E FIF7Y FE=(Fig. 11) =4 oM AHY AslE (11.80 mn
+ 1.28 mn, 0.53 g = 0.14 g)o] 7} Aa|1e Xs|E (14.12 m * 1.64
m, 0.85 g + 0.27 g)X2t} AAo] LWQITtH(P < 0.05), (Table 3).
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Table 3. Growth of shell height and total shell weight of top shell of 8 mm shell height fed with
U. pinnatifida and artificial feed in natural and heated sea water
Undaria pinnatifida Artificial feed

Date Natural sea water Heated sea water Natural sea water Heated sea water
Shell height total shell Shell height total shell Shell height total shell Shell height total shell
(mm) weight (g) (mm) weight (g) (mm) weight (g) (mm) weight (g)
Dec. 97 8.19(+0.60) 0.20(£0.04) 8.11(%£0.59) 0.18(*0.03) 7.98(£0.69) 0.18(£0.04) 8.17(x061) 0.19(£0.04)
Jan. 98 9.64(+0.93) 0.29(£0.07) 10.68(£0.93) 0.39(+0.09) 9.43(%0.85) 0.28(*0.08) 10.15(£0.89) 0.33(%£0.07)
Feb. 98 10.59(%£1.27) 0.37(%£0.11) 12.84(£1.17) 0.62(+0.14) 10.24(£1.04) 0.34(£0.09) 12.30( £ 1.16) 0.55(*0.14)
Mar. 98 11.55(%1.44) 0.50(£0.16) 14.67(*1.55) 0.93(+0.26) 11.05(£1.39) 0.43(£0.12) 13.59(%1.53) 0.79(£0.25)
Apr. 98 12.32(£1.63) 0.59(£0.18) 15.23(£1.72) 1.04(%0.29) 11.80(£1.28) 0.53(£0.14) 14.11(x1.64) 0.85(%0.27)
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Fig. 9. Growth of shell height and total shell weight of top shell of
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heated sea water (24°C).
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3) 11 mm &2} X|3fY] HF

2} 11 m X3REY Ad 4 FIFFolA o] FF7E 4 (Fig. 12)2
Hojdg 4AE A|E (16.36 mm + 1.11 mn, 1.26 g = 0.21 g)o] ujgtA}
& GAE AX3iE (15.15 om *+ 0.84 mm, 1.04 g = 0.16 g)Et} | x}7}
AZEALm (P < 0.05), 7+ A2 oMol Hol FRH FFolM (Fig.
13) Anjd ZFF (18.59 mm £ 2.02, 1.81 g + 0.46 g)¢} vigirls 23
T (17.95 mm * 1.37 mm, 1.61 g * 0.33 g) Alolo] 4 Ax17} aldct. (P <
0.05). Aulg FFFoMe o] W B (Fig. 14) A 34 FF+
ol Al4H X3}E (16.36 mm + 1.11 mm, 1.26 g = 0.21 g)o] 7} 3j<
Hel oA AME X3|E (18.59 mnm + 2.02 mn, 1.81 g + 0.46 g)Br}
931 (P < 0.05), wi¥AlE FF+Y ZA$E(Fig. 15) AQ 34 FIFFolA
A" X3)E (15.15 mm + 0.84 mm, 1.04 g = 0.16 g)o] 7}23j4 Hea|3
oA A}&¥® x|3iE (17.95 mm + 1.37 mm, 1.61 g £ 0.33 g)2r} NGRS
skolr}, (P < 0.05), (Table 4).
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Table 4. Growth of shell height and total shell weight of top shell of 11 mm shell height fed with
U. pinnatifida and artificial feed in natural and heated sea water
Undaria pinnatifida Artificial feed

Date Natural sea water Heated sea water Natural sea water Heated sea water
Shell height total shell Shell height total shell Shell height total shell Shell height total shell
(mm) weight (g) (mm) weight (g) (mm) weight (g) (mm) weight (g)
Dec. 97 11.08(x0.67) 0.44(x0.07) 10.97(£0.50) 0.41(*0.05) 12.27(*+13.18) 0.40( £0.05) 10.56( +0.39) 0.39(20.04)
Jan. 98 13.26(£0.88) 0.67(£0.11) 13.28( % 0.95) 0.72(£0.13) 12.55(*0.53) 0.58(£0.07) 12.95(+0.62) 0.63( £0.08)
Feb. 38 14.33(*0.83) 0.86(+0.13) 1551(x£1.33) 1.10(£0.22) 13.42(£0.77) 0.71(£0.10) 15.44(£0.89) 0.99( £0.14)
Mar. 98 15.49(% 1.00) 1.08(£0.17) 17.42(£1.70) 1.58(£0.39) 14.31(£0.80) 0.90(£0.15) 16.74(£1.12) 1.36(£0.24)
Apr. 98 16.36(x1.10) 1.26(£0.21) 18.59(£2.02) 1.81(£0.46) 15.15(#0.84) 1.04(£0.15) 17.94(£1.36) 1.60( £0.33)

_21_



20

18 |

TR

= 14

T i

s 12

w 10

S o8

d 6 |

w

I 41 —&— Undaria pinnatifida

@ 5 | —8— ARTIFICIAL FEED

0 L L I L
97.12 98.01 98.02 98.03 98.04
MONTH
2.5

Cl

= 2}t —&— Undaria pinnatifida

5 —8— ARTIFICIAL FEED

$1.5

-d

-

2 o1y

(/2]

205 |

o

0 i A L i
97.12 98.01 98.02 98.03 98.04

MONTH

Fig. 12. Growth of shell height and total shell weight of top shell of
11 mm shell height fed with U. pinnatifida and artificial feed in
natural sea water.
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of - 3iF FA oA J|Eo] HE 242 g4 £ARAY, 222 WY
Aoz RE e, BRIt dolt}. 223 P4 of - H o Az ¥
A2 Atz o] Az} AMS a2 Wy HFEo] Qlrl,

H&5F7 A el dolM 27 &4 § Holg HA Holgl n]Y, 3}
#, ciAol g2 BHZRFE I FIFsicirl, JBes ARugo}
AZTHAnbE FF3t A& AFololM AMAHQ gAgHe] AYEo|
oj$trh. ol AAHole Matato] uizl FFo] ELRFY ¥ oz s}
Aol HEol Mt 2% X MYAEER AgIE ARc W2 Aoz
Biso] glrh(Viana et al., 1993). IFullolNE X Zo] HEFAo glof
A uigabg e gz &gl ity W Bt o]Fofxa glt(o]
5, 1997; o] &, 1998: o], 1998).

o] 5(1997)2 BHAF 0.3 g AFAIRE 1752 ALRshA A wiggA}
2o Mol oo B4R ulZoM MYAlE FFTY o] AdYo]
 mg Rt g Aol wtEcty Bt glch

o] AHolA Z}3 5mm 4t Xufo] Holof wE FFLS A W42 A}
S B AEE WUANEE FIT YTV Bojde FIY AEIR
T} Aol tix wEAgt {oxte glden, 71 LR AT FeE
Aozt vidARE FFYE Y AYFolM - AFa zolst AY
At

Zt3 8 mm &2} ATfollA Hold AL Ao Jh2 g ARZolA
UAIRE FFY AYETECTG g g FIT AYEFAN A Uitz
e, £238 JPNE Bujga A FIFT BFE IR 4 28T
ol A alct.

323 Zt3 11 m A2 X3jolA Holo] mE FFE £t JH
3 AbKolAM BT Huoldg FIU AEFAAN EUom, £ o
BBl oz} viiAles FFTF BEF 7L M AMSToA &dch
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2t 8 mn 42t XAuh} 11 m A2t A3 BF FI2A 42 ASSIHEA A
g FIFYE AR ZRo] R mE Aoz Urhia glen,
2 ASSIAAM WYAEE FIFYE ASRAA BBl A =2 A
22 iiepta olch

AEoAlo] QoA uwj¥YAE 7} 2 Al n]9g, tlAlol, macroalgae
(Macrocystis pyrifera)Bt} Ao o] £ A7} Qi B3 5
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U B 5(1994)2 vigAtz el ARujgo] wjF R & 4% 3L
A gh wig Atz o} ARu|gatolo foatrt glria E sttt

o] AgME 2t 8 mo 11 mm 42 Xz AEL wUAES
T2t S o ¥dHold Audg FIHAE o Reh 4 xATL
Sots, 43 5 mm 4zl Xszfo] ARG wiPAERY FudE FF
d& o ZFY FAolv AFHFY FUlde FA7E Tt

el of - sfFEol FFHE ALZY UL a7Fe] FEL] FF
d, 43 AJEE tEA Jebdroia 2as 3 glth(Takeda et al.,
1975: Kannazawa et al., 1980: FI%% %, 1987: Lee and Lee, 1996: o]
. 1998). o] dHoel *}‘8— HEE YAtz E AE SPIAE 317 4
st AzxE o A& FRoles AHolet & 4 xRt Lzt A &
4 gl el 4t Xfe o wiel dojgE AT AAIE A
& oA RE HAY MARCY ZRo] wiEA bt glo] &2h 2|
§ A% uiYAR Jide] 27"t wety Lz A AEEHA FAY
& @7 A E Lt A FAGA o E A E ¥R 4 F&
o] ch¥ HAEY 23 9 TARHA wiggE side]l dAE Ao Y
Aoz yzpdr},

b
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V. 2 o

et FRAPAA] AEEZ wjALR o] o] Uiyt BF AAHE U7 #st
o 42} X3} (232 5 mm, 8 mm, 11 mm)oj uwlz} AE-E wiYPrlE S} Moy
& FF3tq F123M(24T) ot AAMF(13.7~17.2C ol 4BE& vl
st ct.

Z}3 5 m 27]9 2ZjES AEE iz Pujg FFo & 4
% 2lole A oM fldey, 7 M A FoM e QTR
T} &kt

23 8 mm®} 11 mm F7]9] 4} XSS AHE wiygals Bt Yoy
& AAY AIEY HdFo] AU, FLEEE AR} 23S
(24TC)oll A AL&E XsiEo] A AstAcTt

o] Ao o3t Azl FHEPAE M 4t AL vigAEY A
dho] W@ 3dicii A zhgict,
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2wl A7 H #E d7AY FAL vlale] BEY HE FAE
Aot AEE siFal ol a4 B2 ZBAE =UUch opg u}
WA ThEHelE MASA AESHFA o719 A4, JFE afdAE
oA ZAr=elx AUt

e AR S WL £ FA AP a5y, = A 25, £
TH L5, AN DY, oY s e ZAE =Yy
EY o] =] U7k HdY % A8y So] FIFHoE =&
SHAFFLAZRAEY 4F AUAAE, 2 dAd, 458 d7a
W, W UYE, 048¥ ves ¥l B 1 5 UL =28 F4 RE
oAl Mye2 ztate] =& AYuch

2% ohfet AP (el g, £¥)EAA ¥ Algticie Asta Aduch
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