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Feeding Stimulants and Feeding Preference of
Haliotis discus Reeve (Jeju Island) to Marine Algae
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Abstract - Haliotis discus, a useful abalone of herbivorous gastropod, shows feeding preferenceto
marine algae depending upon their growth stage and recognition of taste. This study was carried
out to investigate this abalone’s algal preferences and the presence of feeding stimulants. In
single-choice experiments the small (S) group generally preferred Ulva pertusa (Chlorophyta),
whereas the medium (M) and large (L) group preferred both Laminaria japonica (Phaeophyta)
and Undaria pinnatifida (Phaeophyta). In multi-choice experiments using 4 algal species of L.
japonica, U. pertusa, U. pinnatifida and Ecklonia cava (Phaeophyta), the results were same as in
the single-choice experiments; the S group preferred U. pertusa the most, while the M and L
group preferred both U. pinnatifida and L. japonica. However E. cava was not preferred by any
groups. In order to examine the presence of feeding stimulant, chemical compounds from algae used
as feed were isolated and identified. The abalone responded to water soluble matters of L. japo-
nica, U. pinnatifida and U. pertusa, but those of E. cava and Sargassum sagamianum (Phaeophyta)
wer e not attractive to them. In feeding stimulant experiments using fat soluble matters, the S group
preferred the fat soluble matter of U. pertusa the most, while the M group and the L group pre-
ferred those of U. pertusa and U. pinnatifida, and those of L. japonica, respectively. However the fat
soluble matter of S. sagamianum was not attractive to the abalone. The results of feeding sti-
mulant experiments wer e same as those of single-choice or multi-choice experiments, which show-
ed that compound lipidsin fat soluble matter might act as feeding-stimulant.
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Fig. 1. Relationship between shell length and body weight of H. discus according to size group (S: small group, M: medium group, L: large

group).
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Table 1. Sampling locations of Jeju coast and marine algae used for feeding preference experiments of H. discus

Species name (Korean name) Sampling site Remark®

Phaeophyta

Ecklonia cava Kjellman et Petersen (71el) Sinyang S, M, FS

Undaria pinnatifida (Harvey) Suringar (7] %) Pyosun S M,FS

Sargassum horneri ¢ (Turner) C. Agardh (3 2§ o] = x}1k57) Sungsan S

Sargassum horneri ¢ (Turner) C. Agardh (& 4§ o] =2} $) Pyosun S

Sargassum sagamianum Y endo (8] -1 =_2}41) Pyosun S FS

Colpomenia sinuosa (Roth) Derbes et Solier (&3] 7| ) Pyosun S

Laminaria japonica Areschoug (t}A] =} Wando S M, FS
Chlorophyta

Cladophora wrightiana Harvey (24 ] v}=] &) Pyosun S

Codium fragile Hariot (3 Z}) Ojo S

Ulva pertusa Kjellman (-7 Z-3}=)) Sinyang S M, FS
Rhodophyta

Gelidium amansii Lamouroux (-$-37}F4}2]) Pyosun S

Gelidium elegans Kutzing (7}=3-9-5711}12]) Depo S

Meristotheca papulosa (Montagne) J. Agardh (Z=j 1. Ojo S

S: Single-choice experiment, M: Multi-choice experiment, FS: Feeding-stimulant experiment

95% intercept layer

Draining water

Filtered Seawater supply

100cm

Fig. 2. Schematic representation of experimental containersin which small, medium and large abal ones were housed during the experiment.
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Fig. 3. Diagram of plate and tank used feeding-stimulant experiment
(A: glassplate, B: TLC plate, C: tank).
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"] 9 (U. pinnatifida)s} 77 Zs}2) (U. pertusa) =02 A



Feeding Stimulants and Feeding Preference of Haliotis discus to Marine Algae

463

Table 2. Mean algal consumption weight of 7 replicates of S(small) group of H. discus (biomass=20 g) on 13 marine algae for 4 days in

single-choice experiment and preference rank (Tukey’s HSD test)

Algal species Division Conw(ngrc])niv;g)ght © piagl.(OS
Ulva pertusa Chlorophyta 41.21+12.03 a
Laminaria japonica Phaeophyta 16.67+£7.41 b
Undaria pinnatifida Phaeophyta 16.06+13.98 bc
Sargassum horneri &1 Phaeophyta 13.60+9.51 bcd
Colpomenia sinuosa Phaeophyta 12.19+5.78 bed
Gelidium amansii Rhodophyta 4.46+1.49 cde
Sargassum sagamianum Phaeophyta 3.29+150 de
Sargassum horneri ¢ Phaeophyta 3.09+0.67 de
Ecklonia cava Phaeophyta 218+1.14 de
Gelidium elegans Rhodophyta 2.07+0.83 de
Cladophora wrightiana Chlorophyta -0.39+0.21 e
Codiumfragile Chlorophyta —-052+331 e
Meristotheca papulosa Rhodophyta —2.28+2.02 e

*Preference rank: a=highest rank group, e=lowest rank group

Table 3. Mean algal consumption weight of 7 replicates of M (medium) group of H. discus (biomass=20g) on 13 marine algae for 4 daysin

single-choice experiment and preference rank (Tukey’s HSD test)

. - Consumption weight Rank*
Algal species Division (mzan¢SD)g © p<0.05
Laminaria japonica Phaeophyta 8.45+251 a
Undaria pinnatifida Phaeophyta 5.22+2.45 b
Ulva pertusa Chlorophyta 4.60+1.38 bc
Sargassum horneri ¢ Phaeophyta 3.86+0.83 bc
Sargassum horneri &1 Phaeophyta 342+151 bed
Colpomenia sinuosa Phaeophyta 2.63+1.66 cde
Sargassum sagamianum Phaeophyta 1.44+0.64 def
Gelidium elegans Rhodophyta 0.91+0.59 ef
Ecklonia cava Phaeophyta 0.87+0.70 ef
Gelidium amansii Rhodophyta 0.81+0.66 ef
Cladophora wrightiana Chlorophyta 0.12+0.25 f
Codiumfragile Chlorophyta 0.06+0.33 f
Meristotheca papulosa Rhodophyta 0.04+0.43 f

* Preference rank: a=highest rank group, f=Iowest rank group

Table 4. Mean algal consumption weight of 7 replicates of L (large) group of H. discus(biomass=20g) on 13 marine algae for 4 daysin single-

choice experiment and preference rank (Tukey’s HSD test)

- - "
Algal species Division CO”S”('m‘;gr?”i‘gg?m © pR<ar(1)|.(05
Laminaria japonica Phaeophyta 10.24+1.38 a
Ulva pertusa Chlorophyta 549+2.49 b
Undaria pinnatifida Phaeophyta 4.79+2.01 b
Sargassum horneri ¢ Phaeophyta 4.34+1.06 b
Sargassum horneri & Phaeophyta 344+1.99 bc
Colpomenia sinuosa Phaeophyta 331+1.29 bed
Sargassum sagamianum Phaeophyta 181+0.71 cde
Gelidium amansii Rhodophyta 0.94+0.73 de
Gelidium elegans Rhodophyta 0.84+0.43 e
Codiumfragile Chlorophyta 0.09+0.30 e
Cladophora wrightiana Chlorophyta 0.04+0.06 e
Meristotheca papul osa Rhodophyta —0.06+0.78 e
Ecklonia cava Phaeophyta -0.39+1.16 e

* Preference rank; a=highest rank group, e=lowest rank group
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Fig. 5. Photographs of Ecklonia cava (A), Laminaria japonica (B), Ulva pertusa (C), fed by Haliotis discus Small group, L. japonica (D) fed
by Medium group, and Undaria pinnatifida (E), Meristotheca papulosa (F) fed by Large group.

Algtolct (Table 3). L 152> thA|ut (L. japonica)s 714
M zste] 10.24+1.38 g& AAstn 72w} (U.
pertusa), 7] (U. pinnatifida), & A o] =x}4F$ (S horneri
Q)& 7H7t 5.49+249¢, 4.79+2.01g7} 4.34+1.06g%
A et (Table 4). 12y 2l 51 (M. papulosa) ¢}
7 (E. cava):= A3 A 38kA] st

e AR & 278 sl2f[ 2o AAHH
= ##A3 A3}, S2FL 7 (E. cava; Fig. 5A) ¢} thA]
vl (L. japonica; Fig. 5B)¢] W& FAAMH FoiHd,
T 23t (U. pertusa; Fig. 5C) & &ell i3] 7o) =
< 7S EHA ok M 252 A ek (L. japo-
nica; Fig. 5D)& A7 Zrebqglom, L gl = v
(U. pinnatifida; Fig. 5E)3} Zref| -2 (M. papulosa; Fig. 5F)
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2ohpAe 4443

g3AE AAARE ddAY Ao Hdsxrt
U SAmp, v, e o AlF=e] dEAel o
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= ztul) (U. pertusa)E 9.79+3.38go 2 71A wo] A
A8t 0w, vl (U. pinnatifida)z} ©}A]=} (L. japonica)
E 1 ooz AN 3 (E cava)s Aoz
7} A it (Fig. 6 Smdl group). M 282 =] (U. pin-
natifida)S 1.74+1.60ge 2 7}A o] Al 49
Zzte (U. pertusa) & 7 ohFo2 A4 3R, oAl (L.
japonica)e} ZHel (E. cava)x= AdiH oz Hsiot (Fig 6
Medium group). L 7§ oA]u} (L. japonica)ES 6.27+
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Fig. 6. Algal consumption weight (g) in multi-choice feeding experi-
ment by H. discus. Data are means=+ SD of 7 replicates.
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(Fig. 6 Large group).
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% Aol (Fig. 7A). 144 $%8 $AAFL v 5
% 2}4H(S sagamianum)e] 3510mge. 2 714 wekar of
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A z7F] Ax F2 74 (E cava)’} 28.49g0 2 71
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7C).
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Fig. 7. Concentration of protein (mg), carbohydrate (mg), lipid (mg)
and dry weight (g) detected from 200 g wet weight ™! of five
algal species (A: weight of protein and carbohydrate, B:
weight of total lipid, C: dry weight).

43N AEAYT QAT EA

-

S84 22 9T HAAT w3kl §78 st
Ash 2 E 2] 250) chAlm} (L. japonica), 77 732l
(U. pertusa), m] < (U. pinnatifida)el] o3t A}=32]4=(Al)
4 0)Ae) =2 Zke BT, TX] M 2F-¢] u]d (U. pinn-
atifida)l| A 22 el t} (Table5). 22w} 714 (E. cava)
o} W] E =Pk (S sagamianum)ell A 1 o]she] e
e B (Table5).

A4 % A4 F2E AAAT wZIE S
ol 77 zkskel (U. pertusa)ell A} 90% ol kel -2 4]

A4 e ooz v (U. pinnatifida) s} o
u} (L. japonica)el 4] 50% e]4Fe] AAASE Rt

_>',_IE‘, 14
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Table 5. Feeding frequency (4, —) and Attraction Index (A. I.) of H. discus by feeding-stimulant experiment of water-soluble extract (replicate

1-5) from five algal species

. . Replicates
Algal species Size Al
1 2 3 4 5
S + + + + — 4
Laminaria japonica M + + + + + 5
L + + + + + 5
S + + + + + 5
Ulva pertusa M + + + + + 5
L + + + + + 5
S + + + + + 5
Undaria pinnatifida M - - + - + 2
L + + + + + 5
S - - - - - 0
Ecklonia cava M - — - _ _ 0
L - - - - - 0
S - - — _ + 1
Sargassum sagamianum M + — — — _ 1
L - - - - - 0

+: grazing, —: no grazing

Table 6. Feeding frequency (+, —) of H. discus of feeding-stimulant experiment by total lipid extract (replicate 1-7) from five algal species

. ) Replicates
Algal species Size
1 2 3 4 5 6 7
S +++ ++ + +++ - + -
Laminaria japonica M ++ ++ + + + + +
L +++ - + + +++ ++ +
S +++ +++ +++ +++ +++ +++ +
Ulva pertusa M ++ +++ ++ + + + i+
L +++ - - ++ + + +
S ++ ++ ++ +++ + - +++
Undaria pinnatifida M + ++ + ++ +++ ++ +
L - - + + ++ ++ +
S + - + + + + +
Ecklonia cava M + + - ++ - + +
L - - - + - - +
S — — — — — — —
Sargassum sagamianum M - + - - _ _ _
L - - — - - — —

+++: grazing over 90%, ++: grazing in 50~ 90%, +: grazing under 10%, —: no grazing

(Table 6). Wb 71ej (E. cava):= 4419l &4 0] gldlent
o S mfol wls) 10% olske] AAAFE nelw, )

£ =214k (S sagamianum)el| A= AR A} =-2

a3 w

o7 ¢kt (Table 6). M 152 729} (U. pertusa)
¢} =] (U. pinnatifida)ell 4] 50% o]Ate] AAIA}=-2
9337 (Table 6), T}A]=} (L. japonica), 7}l (E. cava) <=2
AT ZelBgeh W 7 (E cava)= oA A o
2 10% o)ske] AAATE BlAT HajahA b

=

o

$= dglen, v &0 ®Apuk (S sagamianum)ol| A = 414
A& BolA oot (Table6). L 252 wHA]wH(L. japo-
nica)ell Al 27 7%~ 90% o] Ake] AAA=& BT, n)
o (U. pinnatifida) =} 77 Z-a}e) (U. pertusa)ell A= ) A
o2 50% o]3te] AAA5E Bylvh(Table6). Wil 3t
&}l (E. cava)e} v] &) =x1H(S sagamianum)>- %13 A4
A=4& HelA| okskrt(Table6).

AA 2= 2371 49w v S0 =21 (S sagamianum)
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Table 7. Feeding frequency (+, —) of H. discus of feeding-stimulant
experiment by lipid fraction (F1-F4) extracted from four

agal species
. ! Lipid fraction
Algal species Size

F1 F2 F3 Fa
S - - - +++

Laminaria japonica M - - + ++
L - - -+t

S - - - ++
Ulva pertusa M - - + 44+
L - - -+t

S - - - ++
Undaria pinnatifida M - - + 44+
L - - -+t

S - - - +

Ecklonia cava M - - + ++
L - - -+t

+++: grazing over 90%, ++: grazing in 50~ 90%, +: grazing under 10%,
—:no grazing

Table 8. Feeding-stimulant matters from fraction 4 (Table 7) extract-
ed four algal species by identification using thin layer chro-
matography

Algal species

Lipid L. u. u. E.
japonica pertusa pinnatifida cava

Compound lipid

Monogalactosyl diglyceride o o

Acylsteryl glycocide ¢} ¢} ¢}

Phosphaged acid o o o

Neutrality lipid+Pigment o ¢} ¢} ¢}
Glycolipid

Sulfoquinovosy! diacylglycerol ¢}

Monoglycocyl diglycerol o

Acylsterol glucoside e} e} ¢}
Phospholipid

Phosphatidic acid ¢}

Lysophosphatidic acid o)

Expand solvent; diisobutyl ketone : acetic acid : water=40:25: 4

o A 95 YA sx2eo] A B =zEd o
3t QA= AF A3} kx| A A Rel Fraction 13} 2=
Fol A AT &34} 91l T (Table7), Frac
tion 3 M 22| A9 4 2 == 10% o]8}e] AAA=
o ¥t (Table?). 23} B A3} e Ae Fgatn
‘%lh 2322 29l Fraction 49 A= 7te) (E. cava)st
Fol A 10% olsk HAAFE welw 1 9 wE =2
I ﬂwoﬂﬂ 50% o] AHe] w2 AAIxZe el (Table
7.
AR A= &3t A

2E =

¥ Fraction 4o o g A2+

N Azg Tabless] EAlskeon), v Fo| BE H2F
b FAAR AeE FkT AT, F F o)) 9
ZfFoA] FEAH o=z B3]zl Monogaactosyl digly-
ceride, Acylsteryl glycocide, Phosphaged acid 712 37 ©%]
A el Acylsterol glucosider} 71 &= ¢ t}.

E L]

L2718 HYAEE Wstel 44

13%2] |27 Z7tel 3 o il

Bo] xAlgka} A%L(preferencer ank in Tables 2~4)&
Smekd S e PRkl b sl 44
of rEHow Wy, M 1F-E BhAlvl, v, Tz

JFL !
P oz Mzsign 7—&5%& 7], TxF %
el

SREREE R

o, A Al 19 HA] gel AmshA] de A
o2 BoELh L 1S M 2EAY ShlnkE b Al
sslglem s AUEns A8 QA ok
FHAANE ANF S2R) FEFE 1g oI5k A
Nepe wel oa) AzalA 2 2
Tables 22} 4|4 M3z w7} F&
59 %E Bel AFTY AxTEl AEFA
o g 4971 Fol= AV 27h A3 neeh
T HAAY AR SRR 1546 BT
AAes) deee nand 4 QAT AA o Ffe
M za7l BAsI= AFAA e AN s =S wet
371 oleha AAET o3 nskslr] g8 A
AN AxErt B chaleh e, Tyl
AEme AT AT A 4y 2ag
2 ol4sje] EAg RS A
gEdgdde] =7] 2§ dsewse Avnd
+ FYskdE QxS M g, L 2%
RAGSS m)e3) lvke dsst
25e WA FER 3w
IFNN 25 Azsiart A
2 vebydt} Han et al.
(1996)& A2 ] )25 95 A 2o e
A AN m)e, mleia) 8 i)zl 27 24.5%
18.8%, 14.5%= bt on, o Brixte) 7} 45%=24] 7}
2 sttt Baste], & Al A 7R Avle e} vy
o] SIFF L 2FM 44 7H Adzwrt 52 23
o} kot webA AlF= #Gels wAlubr A4 kA

rl

[e)
AL o} 4

e »m J

ﬁ,
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7] wjiel] At Aol o b8 T AT
E AAEIEE 2717 kst AAZE HYH F2 u)y
< AAEe Aoz Add 4 gloh sk A Fo A4
3 ZxFe] dm:E e Aol AAsHA A
A A33HA] 47] wiitel Hoeldrmohs MA - g
2 o] g-¥ithy A=)

2719 7hebd o] XA dFe] s #EH =
T 94l —2— SHAJute} m]ed o] glt. Kawamuraet al.

S471% AH AAsEA 24 (radula)
o) 4t 10}4 Z7hel meh Felot Aeleln el
M gele wele, 5L Aote] zAws} slels)
|37 Fymekoz ws Aehdr QA Qg
Bsgch ek ARaRe] Agel® S 1gE
AT ADUG AT do} Aafel 2
CEES EEREL R FENREE X RIS A
Gl 4A9HE deh Aelehn A2

Mo ox o | X
l'N
2
O

e
_,VL

N

2289 444

chAE Ay AgRto g b o] &
2 Hzshe olfol st 4HT & glor
Azf7t B Er WEE e Rl A
=3= 7oz FHokEld Paine and Vadas(1969)= 5
A3 A (Strongyl ocentrotus purpuratus, S. franciscanus) =
Aoz JANEEE 2R A G279 AT
(Kcallash-free dry weight) & ™ o] 2] A 549 o} =3}
] ¢3)8] deko] e tiAjulE A sty By
d, 2 A9 Aol A = WA Feke] g e B4
wlol] o3t AJA A} o] =9k, 038 Al dteke] 7}
A e ARl A8 ATl gdleh meka B

3 2] ohd Aoz Azwd
wb opale}, Fej s, vl o] A g4 FEgel W
e wskow), elsh M EHwANLS AT
o] A3 itk Taniguchi et al. (1991, 19923, b, 1993)2-
= Elﬁﬂ%i}%‘}—‘é—ol Faslel AR 44
= 2 A E ZxF
Sohe gels) WSS A% AAAT E
& AL osh e AN EAS Fast

/K = g}

o3 AZE .

3 AT AR 29

Ql

Harada et al. (1996)-2 allspices| ] F&3F A LA &2
2] essential oilel] §f-%1 B-demene(CisHza) o] 714

=
X
=

9] gelo] &FH )Ty B 13k ow, Kitagawa and
Fusetani (1989) = m=|<] (Undaria sp.)l| A 33t =] 4-A
Ex % Digdactosyl diacylglycerol (DGDG)=} Phospha-
tidyl cholin (PC)2-& g\ 2ol 7bubgd % #sje] 414
& AFqom st ¥ A7) AN 2
A AEoz o]Fo]3l Fraction 4ol 3t A A=
A7} A 7] UER o5 Aol Zlubdue] 4Ag

ol - AT Aoz AT, 53 AEE AY F
AxF F F oYM TEHoR Fhshy Yk AR
Fol ¥ oz Aubdne] QS AFehe wnE o}
ehi 3 gleka Az

Tt slafe Ads A5 oot EaE 4y
el Wslskn GRS ysgEE 249 Aot )
o] (Ishii et al. 1980; Nishide et al. 1988), 3+ A"l 3=
SAEFE o) Folal AYe] Az Al o] Ao
mE AN EEE 9 A7l Feivt ook = fa
b ZNE g 248 BelelA gelmdg vl
3} 7]=} (secondary chemical defense)o] lotar A 2=
B2 #F oo W& @77} Desiam A7

foir o

= il E =
A FEEE T7] 3wl BAGe] GAvl TR,
m el Al JHAFE Bela AR Fel e} v EH =t
Wl M ANASE BeolA] ¥ A8 FEE

SAleh, FRATt, mlege] dstel HAAT EE 2
ek 22} 444 %—%—swﬁ 244 FEEel A

3T
S 2R e 77}%%94 AE - AT

Aoz Az,

Ab A}

o] =2 20139 AlFdjstw sh&xlgdTu] A At
doll lste] EAH9 obeel ¥ dTE AT U
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