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A Rapid and Simple Method for Evaluating Feeding Stimulants for
Black Abalone Haliotis discus™'

Katsuhiko HARADA*? and Taiko MIYASAKI™"?

Large numbers of black abalone Haliotis discus are cultured in Japan. The juveniles are eventually re-
leased as a means of restocking natural populations. Stimulating young black abalone to eat in culture
tanks is thus important. To do this, methods are needed to evaluate feeding stimulants. Many studies on
feeding stimulants for diverse gastropods have been reported, and various methods for identifying stimu-
lants have been devised based on their specific behaviors.'™” Many methods for measuring the response to
stimulants are based on the amounts of food eaten.' * """ However, these methods take generally long
time. Faster (although less quantitative) tests have been developed based on apparent feeding behavior;
aggregation on spirogyra,”®’ aroused behavior in response to green laver, ** proboscis extension to shrimp,®’
eating movement cycle performed by the buccal-radula system to sugars,®’ approach to seaweed,”’ chang-
ing position in response to amino acids,'"” both proboscis extension and biting in response to amino acids.'”
However these behavioral-based methods are not standardized because the feeding behaviors generally
vary among different gastropods, and none was specific to young black abalone. In this paper, we de-
seribe a new behavioral-based method for evaluating feeding stimulants for young black abalone that is
more rapid, simple and quantitative than ones used previously. As a means of testing this method, we
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used green laver Ulva pertusa as a test stimulant.

Materials and Methods

Test animals

Juvenile black abalone Haliotis discus (average shell
length 1.0cm) were supplied by Yamaguchi Gaikai Sea
Farming Center and placed in a opaque polyvinyl chloride
test tank (62 x 30 x 15cm deep). The numbers of test ani-
mals used in each experiment ranged from 30 to 50. The
abalones were reared in the test tank with running sea-
water and aeration at room temperature {20 to 25°C) and
fed freely at 4 -day intervals with whole green laver Ulva
pertusa exclusively. The laver was placed in the tank in the
evening and removed the following morning. Behavioral

tests were conducted only on the fourth day of starvation.

Test materials

Fresh thalli of the green laver Ulva pertusa obtained
around the local seashore were exclusively used. The thalli
were mixed with an equal volume of seawater (v/w) for 60

min at room temperature, and the seawater was filtered

through No. 2 filter paper (Advantec Co.). The filtrate was
used as the thallus test solution. The test solution (25 x1)
was gently applied to the head region of an ahalone with a
microsyringe. The behaviors described below were

observed within about 3 sec after the application.

Observation of feeding behaviors using
whole thallus

In general, the behaviors observed in the abalones before
the behavioral test could be divided into static behavior
(without extending bilateral tentacles) and dynamic be-
havior {extending and varying bilateral tentacles or con-
stantly wandering without even extending tentacles). The
dynamic abalones behaved irregularly when exposed to a
stimulant, whereas the static ones showed a series of uni-
form leeding behaviors: exploratory and searching behavior
with tentacles, protruding proboscis and finally head lift-
ing or mushroom behavior. Therefore, static abalones were

exclusively used for the behavioral test.
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Seawater 1 /10~-diluted

Observation of apparent feeding behavior

We first tried to develop an evaluation method for stimu-
lants using the whole thallus of green laver. Photographs
of a series of feeding behaviors observed within about 10
sec after the application of the laver are shown in Fig. 1.
The observed behaviors in response to exposure to fresh
whole thallus were scored as follows., Abalone that did not
extend bilateral cephalic tentacles (static abalone) were
scored as 0; abalone that extended the tentacles were
scored as 1; abalone that extended the tentacles and prot-
ruded the proboscis were scored as 2 ; abalone that lifted
the head or elevated the body (showing specific mushroom
behavior) were scored as 3. Similar behaviors were
observed in snail Busycon carica'’, common sea hare Aply-
sia fuliena®’, mud snail Nassarius obsoletus®, and sea hare
Aplysia california® . These behaviors may be shared by
most gastropods. The tests were then repeated using test

solutions exposed to different treatments to confirm the
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Fig. 2. Representative feeding behavior patterns of static abalone to diluted test solution.

non~-diluted

validity of the results.

Results and Discussion

Dilution of thallus test solution

To ascertain the validity of this evaluation method, the
stimulant activity score was recorded for different dilu-
tions of the thallus test solution, The results are shown in
Table 1., Photographs are shown in Fig. 2. For each dilu-
tion of the test solution, the individual scores tended to be
similar. As expected, the scores increased with increasing

concentration of the test solution.

Properties of thallus test solution

Test solution prepared with an immersion time of 60 min
had the highest stimulation activity (Table1).

Test solution stored at ~80°C was found to retain its

activity for more than one month (Table 1). Test solutions
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Table. 1. Effects of dilution, immersion time, freezing and
heating on the ability of a test solution prepared
from Ulva pertusa to stimulate feeding of Juvenile
black abalone Haliotis discus

« Score
Treatment Raw Scores (mean + S.D.)
0 (Seawater) 0, 0,0, 0,0 0£0
Dilution 1710 1,0,1,1,1 08 £ 04
of test
solution 1/2 2,1,2 2,2 18%04
1 3,2 32 3 2605
0 0,00 0 0 0+0
Immersion 20 1,2 1,21 14+ 05"
time ;
(min) 40 2,2, 1, 2.2 18+x04"
60 2,328 3 2605
0 3,2 3 3.3 28:+04"
Frozen 16 3,23 23 2605
time
{day) 33 33333 30x0
43 3,832 2 26%05
. 2,3,3 3 2 26 X05°
Heating
at 100°C 5 2,2 33 2 24+05°
(min) 10 3,33 23 28%04°

*, n=5individuals for each test. Meanings of scores are
described in Methods.

, Values among each treatment not sharing a common
superscript letter are significantly (p<0.05) different
when tested by t-test.
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heated to 94°C for 5 or 10 min were found to retain some
activity (Table 1), indicating that some components are
heat-stable and non-volatile.

Algae produce many extracellular products at various

15

concentrations.”” Among these substances, some carbohy-

drates and nitrogenous compounds were found to stimulate

% Because the meta-

feeding activity in various gastropods.
holism of algae is different from that of animals, algae may
produce some novel substances that act as stimuli for the

black abalone.
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