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Summary

Haliotis discus, a useful abalone of herbivorous Gastropod in Jeju coast, shows
feeding preference to seaweed according to growing stage and recognition of
taste. This study was carried out to investigate which algal species the favorite
food for this abalone is and what the stimulant is. For feeding preference to algal
species, abalone samples were sorted out by the shell length of lecm (small
group), 3cm (medium group), Scm (large group) and each group was fed 13 kinds
of seaweeds. The small group preferred Ulva pertusa most in single—choice
experiment using one algal species in each cage. The medium group and large
group preferred L. japonica and U. pinnatifida. In a multi-choice experiment using
4 algal species of L. japonica, U. pertusa, U. pinnatifida and E. cava in each cage
simultaneously. Young individuals preferred U. pertusa most, but they preferred
U. pinnatifida and L. japonica as being growing.

In order to find out feeding stimulant components, chemical compounds were
isolated and identified from algal species selected as food. The abalone
represented response to water soluble matters of L. japonica, U. pinnatifida and
U. pertusa, but those of E. cava and Sargassum sagamianum were not attractive
to them.

In feeding-stimulant experiment using fat soluble matters, the small group
preferred the fat soluble matter of U. pertusa most, the medium group those of
U. pertusa and U. pinnatifida, and the large group those of L. japonica. However
the fat soluble matter of S. sagamianum was not attractive to the abalone. The
results of feeding stimulant showed same trends as those of single-choice or
multi—choice experiments. Therefore, it suggests that H. discus’s preference is
determined by feeding stimulant of seaweed rather than a hardness or a form of

seaweed.



To identify chemical components of the feeding stimulant, fat-soluble matters
were separated from four seaweeds. The effective chemical compound includes
acylsteryl glycocide, phosphaged acid, acylsterol glycoside and monogalactosyl

diglyceride.
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Table 1. Sampling locations and the species used for feeding preferences analysis

of Haliotis discus

Collecting
Species name Korean name ) Remark!
site
Phaeophyta
Ecklonia cava Kjellman et Petersen 7 Sin-yang S, M, FS
Undaria pinnatifida (Harvey) Suringar n Pyo-sun S, M, FS
Sargassum horneri § (Turner) C. Agardh Aol EAEE  Sung-san S
Sargassum horneri ¢ (Turner) C. Agardh Aol Z2HEY Pyo-sun S
Sargassum sagamianum Yendo B & of) = A}k Pyo-sun S, FS
Colpomenia sinuosa (Roth) Derbes et Solier B 7 Pyo-sun S
Laminaria japonica Areschoug Al mf Wan-do S, M, FS
Chlorophyta
Cladophora wrightiana Harvey AMFe =¥ Pyo-sun S
Codium fragile Hariot 4 Z+ O-jo S
Ulva pertusa Kjellman g 75 2] Sin-yang S, M, FS
Rhodophyta
Gelidium amansii Lamouroux %7 Pyo-sun S
Gelidium elegans Kutzing 7te=3$F71Ae] De-—po S
Meristotheca papulosa (Montagne) J. Agardh kags Bk O-jo S

S @ Single-choice experiment
M : Multi-choice experiment

FS : Feeding-stimulant experiment

I FF2v 227 FH(Eckionia cava), V9 (Undaria pinnatifida), 378 o] %2}
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vk 3 (Sargassum hornerid), Al AV L (Sargassum  horneri$), WSt Z AL
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(Sargassum sagamianum), =¥ 712 (Colpomenia sinuosa)® FHZF< 2

!

2H(Cladophora wrightiana), 2 ZH(Codium fragile), 7B Z5#|(Ulva pertusa), &z
A EIHARI(Gelidium  amansii), 7FE3 57 (Gelidium - elegans), ZH# +F 1.
(Meristotheca papulosa) 5o T, 1991; Tokuda et al., 1994; ©] %, 2001). T3
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Fig. 2. Schematic representation of experimental containers in which small,

medium and large abalone were housed during the experiment.
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4) A5 %2 (Data analysis)
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Fig. 4. Photograph of Phaeophyta is eaten up by Haliotis discus

(A:Eckionia cava, #F®, B: Undaria pinnatifida, "9, C:
Sargassum hornerid; AR A8 D: Sargassum horneri$; 3
Aol R\ K Sargassum  sagamianum, Bl EUE AR F

Colpomenia sinuosa;, = 71%, G, H: Laminaria japonica; T w}).
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Fig. 5. Photograph of Chlorophyta and Rhodophyta is eaten up by Haliotis
discus (A: Cladophora wrightiana; ZME2t=¥2, B: Codium #A
fragile; 22y, C: Ulva pertusa;, 7423, D: Gelidium elegans;, 7}
=327, B Gelidium amansii, 57l F: Meristotheca

papulosa;, 2= EH).
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Table 2. Small group of Haliotis discus (biomass=20g). Mean feeding weight of 7

replicate groups on 13 macroalgal species for 4 days (Tukey’s HSD test)

Feeding weight(g)

Macroalgal species Division p<0.05%
(mean=SD)

Ulva pertusa Chlorophyta 41.2114+12.0259 a
Laminaria japonica Phaeophyta 16.6714+7.4083 b
Undaria pinnatifida Phaeophyta 16.0557+13.9778 bc
Sargassum horneri 9 Phaeophyta 13.6040+9.5055 bed
Colpomenia sinuosa Phaeophyta 12.1900+£5.7786 bed
Gelidium amansii Rhodophyta 4.4571+1.4895 cde
Sargassum sagamianuim Phaeophyta 3.2900+1.5047 de
Sargassum horneri $ Phaeophyta 3.0857+0.6673 de
FEcklonia cava Phaeophyta 2.1783+1.1447 de
Gelidium elegans Rhodophyta 2.0700+0.8339 de
Cladophora wrightiana Chlorophyta -0.3886+0.2124 e
Codium fragile Chlorophyta -0.5157+3.3055 e
Meristotheca papulosa Rhodophyta -2.2757%£2.0176 e

x. Ranking group; a=mostly high ranking group
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Table 3. Medium group of Haliotis discus (biomass=20g). Mean feeding weight

of 7 replicate groups on 13 macroalgal species for 4 days (Tukey’s HSD

test)
Feeding weight(g)
Macroalgal species Division p<0.05
(mean+SD)
Laminaria japonica Phaeophyta 8.4500+2.5136 a
Undaria pinnatifida Phaeophyta 5.2243+2.4471 b
Ulva pertusa Chlorophyta 4.5957+1.3822 bc
Sargassum horneri $ Phaeophyta 3.8586+0.8286 bc
Sargassum horneri 9 Phaeophyta 3.4243+1.5142 bed
Colpomenia sinuosa Phaeophyta 2.6314+1.6614 cde
Sargassum sagamianuim Phaeophyta 1.4357+0.6396 def
Gelidium elegans Rhodophyta 0.9129+0.5852 ef
Ecklonia cava Phaeophyta 0.8714+0.7006 ef
Gelidium amansii Rhodophyta 0.8100+0.6642 ef
Cladophora wrightiana Chlorophyta 0.1229+0.2462 f
Codium fragile Chlorophyta 0.0557+0.3264 f
Meristotheca papulosa Rhodophyta 0.0386+0.4312 f
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Table 4. Large group of Haliotis discus (biomass=20g). Mean feeding weight of

7 replicate groups on 13 macroalgal species for 4 days (Tukey’s HSD test)

Macroalgal species Division Feeding weight(g) p<0.05
(mean+SD)

Laminaria japonica Phaeophyta 10.2400+1.3754 a
Ulva pertusa Chlorophyta 5.4900£2.4908 b
Undaria pinnatifida Phaeophyta 4.7900+2.0072 b
Sargassum horneri $ Phaeophyta 4.3414+1.0573 b
Sargassum horneri & Phaeophyta 3.4429+1.9893 bc
Colpomenia sinuosa Phaeophyta 3.3057+1.2899 bed
Sargassum sagamianum Phaeophyta 1.8086=0.7071 cde
Gelidium amansii Rhodophyta 0.9414+0.7297 de
Gelidium elegans Rhodophyta 0.8386+0.4320 e
Codium fragile Chlorophyta 0.0857+0.2965 e
Cladophora wrightiana Chlorophyta 0.0371£0.0599 e
Meristotheca papulosa Rhodophyta -0.0643+0.7802 e
Ecklonia cava Phaeophyta -0.3929+1.1557 e
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Table 5. One-way ANOVA on the feeding change of Haliotis discus for 13

macroalgal species

df Mean square HSD
Species Between Within Between  Within F P S M L
Groups  Groups  Groups  Groups

Ecklonia cava 2 18 10699 1.032 10.364 0.001 a ab b
Undaria pinnatifida 2 18 285.224 68464 4.1660.033 a a a
Sargassum horneri 3 2 18 190.518- 24.936 76400.005 a b b
Sargassum horneri % ) 18 2805 0750 3.7380.044 b ab a
Sargassum sagamianum 2 18 6.733 1.059 6.3670.008 a b b
Colpomenia sinuosa 2 18 199.346 12596 15826 0.000 a b b
Laminaria japonica 2 18 130.846 21.043 62180009 a b b
Cladophora wrightiana 2 18 0.523 0.036 14.442 0000 b a a
Codium fragile 2 18 0.804 0.096 83420.003 b a a
Ulva pertusa 2 18  3053.655 50.927 59.962 0.000 a b b
Gelidium amansii 2 18 29.956 1.063 28.182 0.000 a b b
Gelidium elegans 2 18 3.333 0409 8158 0.003 a b b
Meristotheca papulosa 2 18 11971 1622 7378 0.005 b a a

AEs Ao fRILEA A EEe AR 2 w2 FFo WIs dolR Axl
WA HARE Y 3 E# 7] Hoe] 30%7F Wi T TAE Ho UM weol AAEA
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Fig. 6. The comparison of weight change rate (autogenic change) among the

macroalgae. Data are mean of £ SD of 5 control replicates.
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7HA 5 Size-groupB 2 4F 9] zF(FHE AT, v, Al FE)E EA

Fgatel tEY H448S AN A% S groupdl A FHETE 9.79+3.38g
HAstel by wol AAsgor], vn dAnE 1 dgor Y44sREn Ao

Aol ddAoz 7 Aol dddd A A0e Fdeith. M groupel A
= o] 1.74+160go = 7HE weol AAsAal S groupdt FHiFow
of Aol ol AS & 5 AU L groupel A= thAvbZE 6.2742.11g5 A
gkl 7hd Weol AAatar W el 299+1.37g, T AT ZE 1.13+0.57g A A SR 2
w el A3 AdAskA % skvk(Fig. 7).

Size-group® AEZEW3E AHHTA S groupdHE FHZATGYHE HAEscrl M
group, L groupl. = A4sF5 vy tAntE AEshe 1S & 5 Adden v

92 size-group®l TAGo] FFI AZEE YEIN T, ZEHIE S groupdlld =&

AEart A485E dse gt Ao ey
HAY wate F gaE 47 Ad A% =), AxF FF, A7 FFY
HEAGE 200w 3ol oA TR AN A3 BF FoF o] (P<

00DE veblim A2 o] wiste] 43S FaL
(Table 6). TFHlLAAS T3l dobd @] Zol= S groupel BHE groupX th
MA ol woka, sfzfie TREREE vAvh v, A A FEelA

Felnd gol 44HE AL < & AN
o %

groupl A= FHZTHE, L groupdlAle= vds 7Hg A

=
Atk mE geE AFEAM g AEsA @] dEe] Heldncks M4 - g%



Small group

ﬁiii

14

Medium group
12

10

SO I

14
Large group
12
)
=
= 10
20
)
8
B
o0
s ¢
=
o 4
w
=
2
; -
Laminaria Ulva pertusa Undaria Ecklonia
japonica pinnatifida cava

Fig. 7. Results of multi—choice feeding preference by Haliotis
discus. Data are means of £ SD of 7 replicates by

Two-way ANOVA.
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Table 6. Test of effects between abalone size and macroalgae species

(Dependent variable: Feeding weight)

Type I
Mean Noncent. Observed
Source Sum of df F Sig.
Square Parameter Power’
Squares

Corrected model  630.725° 11  57.339 14.166 000  155.829 1.000

Intercept 788502 1 788502 194.810 000 194.810 1.000
Size 255.263 2 127.631 31.533 .000 63.066 1.000
Species 121294 3 40431 9989 .000 29.967 997

Size * Species 254169 6 42.361 10.466 .000 62.796 1.000
Error 291.424 72 4.048
Total 1710651 84

Corrected Total  922.149 &3

L Computed using alpha = .05
° R squared = .684 (Adjusted R Squared = .636)
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D84 249 5 % A%
7 20

S g7 E ol &t sxzRE ZA AT v, A E271(HANIL, MEGAL7R)
E o] g3dle] AAEZ(7000rpm, 30min)E AAF F Ao AS Alg 2 AR T

FEE dMd HAHEFLE Lowry 519519 WHE 583 EX 4 E(BIO-RAD, RC
C

—

Protein assay kit)Z o] &3t= Mo = fxHF 449 2L WheAz & &2

F33 = A (SHIMADZU, UV-1601PC)E ©]& 750nmolA] A 3ste] A3ttt g3

B 4% 7 ARE dEa Fiel WA F 4BimelA] FYES ZAse] w
o gare ANsE 34 B2 Dubois ef al, 1956)% AHEskth Ed
AR AzFe FRIFL YAy A0 A2FE 80T FEHYEFALSHIN,

LF9017)A 7l 3 =A7A%LSHIN, FD5510S, -50C, 5mTorr)& &t &S5 A A
T AR FAE ZHsY AR

DAL Ede 5 4 AH

s Z=F  200g/wet weightE  ZhzF AuUldA A A=Al § chloroform ¥}

methanol EH(C @ M = 2 @ Dol F94ste] A& =do] T3 FEFHESF 77
&

SulE 3~43] wEEHA AAALEE FE3A FEE AAANTELE IddsH
7I(EYELA, N-N series)E ©]&38to] §53 5 W52 #(-20TC)sAHFolch et al
1957)
FEE AAARAY FAE F457] Hd FEEY dATS AFH 2 T
2+ Z(EYELA, SB-651, 37x1TC)ollA  HA7b~&  chloroforme  SEAIZl &

desiccatorell ®eol 3AIZFEt e AxAIZ & P& AR FAE AAAE
(SARTORIUS, BJ210S)= =743kt
3=

BEADES B3 BT 2L 2R ASYFERS FHAREIYNYL

o] g3le] HWaAY. AlEE ZHH(92x50cm)ol] A A A7 silica gel 60 (MERCK,
P60~200m) S A= F F=A|EE Y1l Fraction; F1 (chloroform 70~100m¢), F2
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(chloroform 300m¢), F3 (acetone 200m¢), F4 (methanol 200m¢)S columnel] & XU
SN A EEst A

EEE A8 FE= T AAE AT 24EHE s 98 TLC plate
(Whatman, silica gel, 20x20cm, 250um)ell Z} &2 & A7/4A71 & UV lamp (UVP,
UVGL-58)& ol&sto] AE - T4t

AT A=A E

gzFodA FE28 T84 - ALAZAFEEA Ut AELIES A& AHgd FEF
Z(25%50x35cm, WxLxH)& <4 E Ad3H S 93]
& B9 95 AFAHTH(Fig. 80).

A EL size-groupE 2 AW AEE T AAEFHE sy G AfAS
(L group: 4, M group: 6, S group: 40)& FZAslo] &3, 43 2AA A sF%
F AAS Al & AEARYH Tty dEAIZMA 12A17b s A AR S AAS

o HAENE Lolugth AFEREe WA FLRE o §3kel 63 /houre] HE
=
2

SHFEEL EFo &5 A %A 15% soluble agaret ZHzE £33 F glass
plate(20x20cm)oll "Hojre] WidefelA =3 & HFFzd Y 444 F5E &
o} 1 gkt (Fig. 8A).

A g FEEL celluloseE 93 TLC plate(thin layer chromatography, MERCK,
20x20cm, 250im)E AFE3lE AEAFHOR AFAAE 2FAPo] = ofnj A
HE AREe ST 7 xR FEE AAAY 2dE AF(F1~F4)& TLC plate

z
of Wolee 3 AzAZ & AgPszel Wu A4 §7E ol trhFig. 8B).

1>
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Glass plate TLC plate(cellulose)
l sarrllple
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I 20cm . 20cm
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v
S ==
. cg888>" % 9
‘ cocococo 25cm
A .
50cm
©)

Fig. 8. Diagram of plate and tank used feeding-stimulant experiment(A: glass

plate, B: TLC plate, C: tank).
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2

3. 43 kS

D slzfFe +494%

A7 559 FE8A FEE Mgk A3 zHel7h 2345.4mg
o2 b gz FPZydzh 1021.8mg, vl E R AFEEO] 489.9mg, W <ol 201.9mgS
Fratdom vAlmbrl 470mgo® Mg AL e e AT BeEstEe] 3
F TEAs v 511ddng e ® 7 Bokal ZHeivF 2,5482me, Ml o] 2,024.1mg, H]

L

w2

ot
filo
2
o
Mz
lod
o

o
Fo g

pul

o

o EAbRbo] 1.265.1mg= et Rl om thAIvbh 307.2mg 0 2 7Y A2 FR S W
R A (Fig. 9A). A84 FFE& AT Ay vEd Aol 3510me = 7Hd
woka st 2,235mg, ZEl7 1,875mg, v e] 1,145mgS 3t em thAlwt
7k 8025mg &2 7HF vk S JEbAth(Fig. 9B). sl2fre] FRdEE 471 9l
A3} 7Hej7h 2849g 0 2 74 wokI thAlntr) 519g= 7}

Aol BdAor tants B2 RS st Ao (Fig. 90).

 dAE =2 A=Al

r&

Paine¥} Vadas(1969)+= &< Al (Strongylocentrotus purpuratus, S. franciscanus)
g gezE HAAZEE ZAE ZAd sxFe Ay A gE(Kceal/ash-free dry
weight)> ol Mz E9letes FHst o3|y FaFe] @& tAvtE HdEsita

wasta glol, B - hEAY ANAP Avsh JFRAY AAFE B O 2§

of g BAo FFE AR YHATEe] JPe FA o FiH 24
Fol 548 Qo AEEd 92 vAn dvkn gz
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1 Protein [ Carbohydrate (A)

Laminaria japonica
Ulva pertusa
Undaria pinnatifida

Ecklonia cava

Sargassum sagamianum [ T
Il

0 1000 2000 3000 4000 5000 6000 7000
Concentration(mg)
[ Lipid (B)
Laminaria japonica
Ulva pertusa
Undaria pinnatifida
Ecklonia cava
Sargassum sagamianum
0 1000 2000 3000 4000 5000 6000 7000
Concentration(mg)
Laminaria japonica ©)
Ulva pertusa
Undaria pinnatifida
Ecklonia cava
Sargassum sagamianum
0 10 20 30

Dry weight(g)
Fig. 9. Concentration of protein, carbohydrate, lipid and -cell

weight for 5 macroalgae (A: protein, carbohydrate, B:

weight of total lipid, C: dry weight of cell).
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o AAEIHE Uetddn. FEe Ao o] Aoy %4 3F9 dxFeol
Hls] A gdrE voka, vlEgEANES A a3t de gtk M ogroupS 79
Zorgel v o] FUA = HANEAE YEHAL 1 gFo R tanl, 7HE &
oz HAanes vE
g v S EANS AAEd7E yetdA ekt L groupe wHAlRRE 71
AEAE e oo R vgy A o2 A ENTt Eot, FhH
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Table 8. Result of feeding-stimulant experiment used total lipid extract

S ] S Frequency
ecies ize
P 1 2 3 4 5 6 7
e+t + e+t - + -
Laminaria japonica o+ + + + + +
+++ - + S S +

++4+  +++ A+ A+

Sargassum sagamianum

S
M
L
S
Ulva pertusa M 43 St by 4 ¥ N i
L Tt B 1 Ry + + 4
S F+ 4+t o+ - b4t
Undaria pinnatifida M + ++ + A+ n
L - - + + o+t o+t
S + - + + + + +
Ecklonia cava M + + - it _ 4 N
L - - - n _ _ 4
S - - - - - - ;
M - + - - - - _
L

+++: grazing over 90%
++: grazing 50 ~ 90%
+! grazing under 10%

-! no grazing
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Fig. 10. Pictures of thin layer cellulose plate used to feeding-stimulant experiment

(A: before feed, B: after feed).
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Table 9. Result of feeding-stimulant experiment used fraction-lipid

Fraction

F2

F4

F3

F1

Size

Species

+++
++

Laminaria japonica

4+

++
+++

S
M

Ulva pertusa

+++

++

+++

M

Undaria pinnatifida

4+

S
M

FEcklonia cava

+++

30

Total

+++! grazing over 90%

++: grazing 50 ~ 90%
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+! grazing under 10%

-! no grazing

T AN 2R 4T B
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B
Ll
i

frotal AL, fEF 2F o]l
A FEAHor BEgxFed  Monogalactosyl diglyceride, Acylsteryl glycocide,

A=}
Phosphaged acid$} ©# &<l Acylsterol glucoside’} # % ¥ 1 tH(Table 10).

Table 10. Identified feeding-stimulant matter by thin layer chromatography

Detection
Lipid . ) o
L. japonica  U. pertusa U. pinnatifida E. cava
Compoundlipid
Monogalactosyl diglyceride O O
Acylsteryl glycocide O O O
Phosphaged acid O
Neutrality lipid + Pigment 7 5 8 8
Glycolipid
Sulfoquinovosyl diacylglycerol O
Monoglycocyl diglycerol O
Acylsterol glucoside O O O
Phospholipid
Phosphatidic acid O
Lysophosphatidic acid O
Total 17 13 18 19

Expand solvent; diisobutyl ketone : acetic acid : water = 40 : 25 : 4
TLC plate; MERCK, 20x20cm, 250pm thickness silica gel

Harada % (1996)2 allspicedl*] F&3 A8 EZQ essential oildl FE B
AU Husg o, Jul 5(1989)

= YA FEFIT AEAHEE  F  Digalactosyl diacylglycerol(DGDG) ¥}

~elemene(CisHag) 0] 7F 7 &H-9] f-<Qlof

Phosphatidyl cholin(PC)Z2 E3x|do] 7hubd & x| sfje] 448 A=t B st

Atk o] daE = o sl e ASAHEE T HIFAL FEol A
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