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Inhibitory learning and memory in the topshell
(Monodonta lineata)
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One hundred eighty topshells (Monodonta lineata) were exposed to inhibitory learning proce
dures. Results indicate that (1) topshells are capable of inhibitory learning, (2) long-term mem
ory for this type of learning persists for at least 32 days, and (3) topshells housed in groups of
10 learned more efficiently than did those housed in groups of 5. The latter groups, however,
learned more efficiently than did animals housed singly. These results were interpreted in terms
of the evolutionary significance of such behavior.

Learning and remembering to inhibit a naturally occur
ring response must be deemed a biologically important
capability of all organisms. By testing phylogenetically
older organisms, we get some idea at what stage during
the evolutionary process this capability appeared (Anger
meier & Dassler, 1992). In some instances, it also seems
to make sense to suppose that an early appearance of cer
tain behavior patterns helped the organism to adapt to and
survive in changing environments.

Successful tests on inhibitory learning and memory were
recently conducted with the lesser octopus (Eledone cir
rhosa) in ourlaboratories (Angermeier & Dassler , 1992).
In the experiment reported here, we went one step further
and studied the behavior of the topshell (Monodonta
lineata) , an early relative of the octopus, which had
evolved about 50-100 million years earlier.

Although a great deal of biological information has been
published about topshells, virtually no data are available
about their behavior (Clarke, Kendall, & Gore, 1990;
Daguzan, 1991; Garwood & Kendall, 1985; Little, Dicks,
& Crothers, 1986; Underwood, 1973; Williamson & Ken
dall, 1981). We therefore designed an experiment to an
swer the following question : Is the topshell (Monodonta
lineata) capable oflearning not to extend its foot for suc
tion on a surface and then able to store this learned inhi
bition in long-term memory?

METHOD

Subjects
The subjects were 180 topshelIs (Monodonra lineata) that were col

lected on the Atlantic shores of Western Ireland. The animals weighed
between 3 and 8 g. Immediately after their arrival in the laboratory,
the animals were divided into three major groups designated by the way
they were housed during the course of the experiment: housed singly
(ones), in groups of five (fives), and in groups of ten (tens) . The size
of theglass jars used for housing hada volume of approximately 1,500 cc
and contained some small rocks overgrown with lichen (serving as food

Correspondence should be addressed to W. F. Angermeier, Psy
chologisches Institut, Universitiit zu Koln, Ziilpicher Strasse 45, 5000
Koln 41 (Lindenthal), Germany.

for the animals) . The jars were filIed with 1,000 cc of seawater, which
was changed daily during the course of the experiment.

Apparatus
The apparatus consisted of a small block of wood and a glass plate

(6 x 24 em), One end of the glass plate rested on the wooden block,
and theother end rested on a table, thus creating an angle of 25". Beneath
the glass plate was a mirror covered with black paper, out of which
a square of2 x 2 cm was cut to permit visual inspection of the opening
of the topshelI . At the same time , the black paper prevented any light
sensitive reaction of the animal to the mirror.

Procedure
One day after the animals were colIected, they were placed singly

on the glass plate, directly above the small square hole in the paper on
top of the mirror underneath. A stopwatch was started and was stopped
when the animal had attached itself fully with its foot to the glass plate .
When this happened, the animal was removed with a gentle pull, the
foot was prevented from extending with the aid of a rubber-tipped pen
cil for 10sec, and the animal was replaced on the glass plate . This pro
cedure was repeated during the daily trial runs until the animal did not
extend its foot during a period of 300 sec . Then the animal was placed
back into its housing jar. Altogether, daily trials were administered on
5 consecutive days to all animals . Memory tests were performed 2,6,
and 32 days later, using the same criterion procedure as above . Since
there were no significant differences between the memory data , they
were treated as one unit during further analyses .

The rationale for this procedure was as follows . Sucking to a surface
seems to be of high biological value to the topshell : One , it prevents
the animal from being blown away by the ever-present winds , and, two,
it aids in finding food (lichen). If this response can be inhibited, it shows
that the animal is capable oflearning. And if this learned response pre
vails over days and longer periods of time, it shows the animal's long
term memory abilities .

RESULTS

The following results were obtained from a series of
pilot studies preceding this experiment: (1) Volume of
water in the housing jar had no effect on the sucking be
havior; (2) there was, furthermore , no difference in the
sucking behavior between groups tested on clean glass sur
faces and those tested on unclean surfaces (in the former
situation , the testing glasses were cleaned after each ani
mal's run, whereas in the latter situation, they were not
cleaned) ; and (3) there were no differences in sucking be
havior of animals tested in their natural environment (on
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DISCUSSION AND CONCLUSIONS
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There were three major findings in this experiment, of which two are
more easily explained than the third . The statistically significant diffe r
ences of foot extensions between Day I and Day 5 indicate that inhibi
tory learning had taken place. The significant difference of foot exten
sions between Day I and the memory tests shows that the learned
inhibition was also available in long-term memory . The strength of that
inhibition remains seemingly unchanged, according to tests comparing
foot extensions on Day 5 and memory tests 2, 6, and 32 days later .

The major differences between number of animals in one housing jar
(I , 5, or 10 subject s) are more difficult to explain. Neither volume of
water (correlated with degree of cleanliness) nor cleanliness of the test
ing surface showed any significant influence on the behavior studied
here . Thus, we can virtually eliminate these factors as an important
variable .

During calm weather conditions , Monodonta lineata are more widely
dispersed upon the rocks on the shore than they areduring windy weather
conditions and move as much as 4 m during one tidal cycle , as Court
ney (1972) observed. These calm conditions prevailed in our labora
tory during the experiment. Underwood (1972) observed in a labora
tory study , simulating normal changes in tidal conditions, that animals
showed more movement in the laboratory than in nature during the same
time periods and that Monodonta lineata's movements were not influ
enced by the rise or fall of the water in the testing tank . The three ob
servations taken together indicate that it was perhaps the restriction of
free space for movement in the housing jar, caused by the difference
of the number of animals housed in one jar, that was responsible for
the decrease of suction responses with the increase of number of ani
mals housed together. Experiments designed to throw more light on this
hypothe sis are now in progress.

The fact that this behavioral capability is present in a phylogeneti
cally "older" animal attests to the evolutionary significance of inhibi
tory learning-that is, learning not to exhibit and /or to suppress certain
naturally occurring behav ioral respon ses .
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Figure 1. Mean number of trials-to-criterion (N = 180-60 each
for the living conditions of ones, fives, and tens).

Figure 2. Percentage of animals responding (N = 180-60 each
for the living conditions of ones, fives, and tens).

the rocks near the shore, where they were living) and an
imals housed singly in the laboratory. A total of 76 sub
jects were used in these preliminary tests.

A simple analysis of variance, using number of suc
tions, resultedinF(2,17) = 31.32 ,p < .00 1. A critical
d showed that number of suctions was significantly dif
ferent for the three groups of ones, fives, and tens . These
results are shown graphically in Figure 1.

A chi-square test performed on number of animals in
all three groups showing more suctions on Day 1 than
on Day 5 produced x2 (l ) 7.88, p < .01. A further chi
square test performed on number of animals showing more
suctions on Day I than during the memory tests-per
formed 2, 6, and 32 days later-produced x2(l ) = 10.00,
p < .01 . Statistical tests probing differences between
number of suctions on Day 5-the last day of the test
and those during the memory tests were not significant.

The number of animals responding on Days 1 and 5
and during the memory tests are shown in Figure 2.

Statistical analyses showed that there was a significant
difference between the number of animals responding at
all (at least one foot extension for sucking) on Day 1 and
those responding on Day 5 [X2(1) = 8.35,p < .01], but
not between number of animals responding at all on Day 5
and those responding during the memory tests.
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