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Feeding-Deterrent Activity of Acetone Extract from Three Padina Species
Against the Six Species of Herbivorous Gastropods

Yukio Acarsumal, Akiko Kawasamma!, Jing-Yu Lt, Kazuya Kurata®
and Kazuya Tanicuchr!

Abstract: The feeding-deterrent activities of acetone extracts from brown algae Padina crassa,
P australis and P japonica on abalones Haliotis discus hannai, H. discus discus and H. gigantea,
and the snails Chlorostoma lischkei, Omphalius rusticus and O. pfeifferi carpenteri were tested by
the bioassay using cellulose plate method. The neutral and acidic fractions of acetone extracts
showed potent feeding-deterrent activity against these gastropods. The lipids, highly unsaturated
and unsaturated fatty acids, were isolated from P crassa as new feeding-deterrent metabolites.
Feeding-deterrent activity of P japonica was relatively low, possibly due to the physical defense
with the accumulation of calcium carbonate. Among the three species of abalones, the mobile
grazers H. discus hannai and H. discus discus are sensitive to metabolites of the algae. By contrast,
the sedentary grazer H. gigantea is insensitive to those. Among the three species of snails,

Chlorostoma lischkei, sympatric to Padina species, was most sensitive to the metabolites.
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Table 1. Yield (g/kg wet weight) of each fraction
obtained from the acetone extracts of brown algae, Padina
crassa (Pc), P australis (Pa) and P, japonica (P))

Fraction™ Pc Pa P
N 1.04 0.18 0.31
A 1.72 0.21 0.75
WM 0.27 0.25 0.28
WMA 0.30 0.50 0.44

* N, neutral fraction; A, acidic fraction; WM, fraction eluted with
methanol from the activated charcoal column applied the water
soluble part and WMA, fraction eluted with methanol/ammonia
from the activated charcoal column.
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Table 2. Number, size and starvation of six species of herbivorous gastropods used in the present bioassay

Species Number examined Size (Mean *= SD, mm) Starvation (day)

Haliotis discus hannai 5 21.4+1.0 4-5
Haliotis discus discus 10 21.7 %111 4
Haliotis gigantea 5 21,5+ 1'3.1 2
Chlorostoma lischkei 10 19.7+1.2 2-3
Omphalius rusticus 10 219+ 1.3pfZ 2
Omphalius pfeifferi carpenteri 5 25.3+2.22 2

! Shell length.

2Shell diameter.

Lo TKRD,

Fig. 1. Against the abalone, Haliotis discus hannai, typical
figures of bioassay with feeding-deterrent (left) and with-
out feeding-deterrent (right) from the acetone extract of
the brown alga Padina crassa. E, 7511g of the fractionated
sample + 7.5/ g of phosphatidile choline (PC); C, control
(7.541g of PC).
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Fig. 2. Electivity indices of each fraction obtained from
the acetone extracts of the brown algae Padina crassa, P
australis and P, japonica against the abalones Haliotis discus
hannai, H. discus discus and H. gigantea. N, neutral fraction;
A, acidic fraction; WM, fraction eluted with methanol from
the activated charcoal column applied the water soluble part
and WMA, fraction eluted with methanol/ammonia from
the activated charcoal column. The dotted charts indicate
significant feeding-deterrent by #test (P < 0.05). Different
small and capital letters indicate significant differences (P
< 0.05) among fractions and abalone species, respectively.
Vertical bars indicate standard deviations.

Table 3. Two-way ANOVA of electivity index of Haliotis
discus hannai, H. discus discus and H. gigantea exposed
to four fractions extracted from Padina crassa, P australis
and P, japonica.

Source of variation daf MS F P
P crassa

Species 2 0.388 13.561 0.000
Fraction 3 0.641 22393 0.000
Species X fraction 6 0.245 8550 0.000
Error 58 0.029

P, australis

Species 2 0515 13.762 0.000
Fraction 3 0.409 10929 0.000
Species X fraction 6 0.145 3.878  0.003
Error 57 0.038

P japonica

Species 2 0.741 20491 0.000
Fraction 3 0314 8671 0.000
Species x fraction 6 0225 6228 0.000
Error 58 0.036
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Fig. 3. Electivity indices of each fraction obtained from
the acetone extracts of the brown alga Padina crassa, P
australis and P japonica against the snail Chlorostoma lisch-
kei, Omphalius rusticus and Omphalius pfeifferi carpenteri.
N, neutral fraction; A, acidic fraction; WM, fraction eluted
with methanol from the activated charcoal column applied
the water soluble part and WMA, fraction eluted with
methanol/ammonia from the activated charcoal column.
The filled and dotted charts indicate significant feeding-
deterrent by #test at P<0.01 and P < 0.05, respectively.
Different small and capital letters indicate significant differ-
ences (P < 0.05) among fractions and snail species, respec-
tively. Vertical bars indicate standard deviations.
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Table 4. Two-way ANOVA of electivity index of
Chlorostoma lischkei, Omphalius rusticus and O. pfeifferi
carpenteri exposed to four fractions extracted from Padina
crassa, P australis and P, japonica.

Source of variation daf MS F P
P, crassa

Species 2 0.144 9.369 0.000
Fraction 3 2722 177630 0.000
Species X fraction 6 0.088 5.733 0.000
Error 56 0.015

P, australis

Species 2 0.420 24.795 0.000
Fraction 3 1.837 108.376 0.000
Species X fraction 6 0011 0642 069
Error 53 0.017

P, japonica

Species 2 0231 8645 0.001
Fraction 3 1.161  43.414 0.000
Species X fraction 6 0.030 1.120 0.363
Error 53 0.027
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Fig. 4. Electivity indices of metabolites isolated from the
brown alga Padina crassa for the abalone Haliotis discus
hannai, H. discus discus and H. gigantea. The dotted charts
indicate significant feeding-deterrent by #test (P < 0.05).
Vertical bars indicate standard deviations.
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