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Abstract Conditional discrimination in the octopus
(Octopus vulgaris) was studied using successive discrimi-
nation training. The experimental animals were divided
into two groups, and a barrel-shaped white object (stimu-
lus) was presented to each group. One of the groups was
rewarded with food for responding to the stimulus, but only
when the tank was aerated, whereas the other group was
rewarded with food for responding to the stimulus when
the aeration was switched off. The number of trials in
which octopuses responded to the stimulus, and the latency
of the responses, were significantly different between trials
with the aeration on and trials with the aeration off, in both
groups. Therefore, the octopuses learned to conditionally
discriminate.

Keywords Invertebrate - Cephalopod - Mollusk -
Learning - Successive discrimination

Introduction

Conditional discrimination is a form of discrimination in
which the appropriate response depends on the environ-
ment (i.e., context). Conditional discrimination has been
widely used to examine learning, memory, perception, and
other psychological aspects of behavior in humans and
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other animals. Animals such as chimpanzees, Japanese
macaques, rabbits, rats, pigeons, and goldfish can condi-
tionally discriminate (Brown et al. 2005; Castro and
Wasserman 2010; Fujita 1983; Martinez and Matsuzawa
2009; Myers et al. 2000; Rogers and Steinmetz 1998;
Zerbolio 1984).

Octopuses have particularly large and elaborate brains,
and sophisticated learning capability among invertebrates
(Grasso and Basil 2009; Hanlon and Messenger 1996).
They live in many types of habitat, and it would be
expected that behaving differently under different cir-
cumstances would confer an adaptive advantage to them;
For example, the common octopus, Octopus vulgaris,
inhabits a variety of habitats, including rocky, sandy or
muddy substrates, coral reefs, and sea-grass beds, from the
surface to depth of more than 200 m (Katsanevakis and
Verriopoulos 2004), and exhibits different behaviors
according to substrate type and situation (Hanlon and
Messenger 1996). It would be expected, therefore, that
conditional discrimination (where animals make appropri-
ate responses that correspond to the environment) would be
important for such animals.

There have been two papers published that have related
conditional discrimination to the behavior of octopuses. In
an experimental study, Hvorecny et al. (2007) found that
Octopus bimaculoides exhibits conditional discrimination.
In their experiment, two experimental tanks were used for
each experimental animal, both tanks equipped with sev-
eral landmarks. The tanks also contained a burrow that
functioned as an escape, and a false escape on the opposite
side at the bottom of the tanks. The landmarks were unique
to each tank. An octopus was placed in a brightly lit
experimental tank and allowed to explore, and enter the
escape burrow avoiding the light, so that the animal would
learn to find the real escape before finding the false one.
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Five trials were alternately conducted in each of the two
experimental tanks. Because some of the octopuses were
successful, Hvorecny et al. (2007) concluded that octo-
puses could conditionally discriminate. However, in that
experimental setting, it is possible that the octopuses just
learned the location of the escape using landmarks, or
learned the different appearances of the real and false
escapes without conditionally discriminating between
them. Huffard et al. (2010) investigated the aggressive
behavior of Abdopus aculeatus and found that this species
changed mating tactics depending on the circumstances,
and suggested that this may have been due to conditional
discrimination. However, conditional discrimination has
not been conclusively shown to be exhibited by octopuses.
The present study tested the hypothesis that O. vulgaris
can conditionally discriminate. The capability of the
octopus was evaluated in successive discrimination train-
ing, which involves the presentation of only one of the
discriminative stimuli in each trial (Lipsitt 1961).

Materials and methods
Materials

Eleven O. vulgaris captured in Maizuru Bay, Kyoto Pre-
fecture, Japan (135°3'-135°4'E, 35°5'~135°3/N) were used.
They weighed 268—1899 g at the end of the experiment.
The experiment was conducted between 19 October 2009
and 30 January 2010. On experimental days, the octopuses
were not given any food except thawed shrimp as a reward
for the training. On nonexperimental days, they were
mainly fed thawed clams.

Apparatus

The octopuses were kept individually in separate black
circular tanks (97.5 cm in diameter and 77.0 cm in depth),
and the experiment was conducted in the same tanks,
because movement between tanks may have caused suffi-
cient stress to interfere with their performance in the tests.
The water was 3540 cm deep. Filtered sea water was
continuously supplied to, and drained from, the tanks. The
bottoms of the tanks were covered with small stones (with
diameters that ranged from 1 to 5 cm), and seven air stones
and a den made of bricks and concrete blocks were placed
at the rim of the bottom, dividing the perimeter into eight
equal sections (Fig. 1). The aeration was always simulta-
neously switched on or off, in all the stones. A 10-30-cm-
wide white plastic net (~ 15-mm mesh size) was set facing
inward along the rims of the tanks, to keep the octopuses
from escaping.
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Fig. 1 Schematic diagram of the experimental tank viewed from
above. The den and the seven air stones were fixed at the rim of the
bottom, dividing the perimeter into eight equal sections. X represents
where the stimulus was presented during preliminary training 2 and
conditional discrimination training. Figure produced using LibreOf-
fice 4.1.3.2 Draw

A barrel-shaped ceramic stone (Tanaka Sanjiro Shoten,
Fukuoka, Japan) was presented to the octopuses for
the discrimination trainings as a stimulus. It measured
5-6 cm in length and was 4 cm wide, and was covered with
white vinyl tape to make it conspicuous against the black
wall of the tanks. It was equipped with a hook made of a
single strand of wire on the side, on which to place a
cut shrimp. The stimulus was attached to the end of a
polyvinyl chloride (PVC) pipe covered with black vinyl
tape. The pipe was 1.8 cm in diameter and 135 cm in length.
The stimulus was manually presented to the octopuses.

General procedure

The experiment consisted of three phases: preliminary
training 1, preliminary training 2, and conditional dis-
crimination training (Fig. 2). Ten trials were conducted per
experimental day for each phase. Trials were conducted
between 08:50 and 09:20, 09:30 and 10:00, 10:10 and
10:40, 10:50 and 11:20, 11:30 and 12:00, 13:30 and 14:00,
14:10 and 14:40, 14:50 and 15:20, 15:30 and 16:00, and
16:10 and 16:40. The octopuses were divided into aera-
tion+ and aeration— groups, which included six and five
individuals, respectively. The aeration+ octopuses were
only rewarded for touching the stimulus when the aeration
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Fig. 2 Flowchart showing the experimental procedure. Figure pro-
duced using LibreOffice 4.2.3.3 Draw

was switched on, whereas the aeration— octopuses were
only rewarded when the aeration was switched off.

Preliminary training 1

The aim of this phase was that each animal would learn to
touch the stimulus. The aeration was kept on in the aera-
tion+ tanks and off in the aeration— tanks, during all of the
trials. After all trials had finished on each experimental
day, the aeration was alternately kept on or off until the
next experimental day. The aeration was switched on or off
10-20 min before the first trial. During each trial, the
stimulus, with a cut shrimp attached, was presented to the
focal octopus; the size of the shrimp used was dependent
upon the size of the focal octopus. The focal octopus was
allowed to take the shrimp as a reward if it touched the
stimulus. Initially, it was at the experimenter’s discretion
regarding how, and for how long, to present the stimulus.

During the early trials, the experimenter presented the
shrimp on the visible side of the stimulus, in order to attract
the octopus’s attention. Once a focal octopus got used to
this procedure, the stimulus was slowly placed on the
bottom, along the wall facing the den. The stimulus was

placed approximately 10 cm from the wall, so that it would
not be covered in bubbles from nearby air stones. Once an
octopus had learned to touch the stimulus within approxi-
mately 20 s of it being presented, preliminary training 1
was terminated and preliminary training 2 started on the
next experimental day.

Preliminary training 2

The aim of this phase was that the octopuses would learn to
respond to (touch) the stimulus within 30 s of it being
presented to them. The aeration was set as it was during
preliminary training 1. During each trial, the stimulus was
slowly placed on the bottom, along the wall facing the den.
Each trial started when any part of the octopus’s body was
in contact with the den. The stimulus was placed approx-
imately 10 cm from the wall, and a cut shrimp was
attached to the nonvisible side of the stimulus to the
octopus. When an octopus touched the stimulus, it was able
to feel the cut shrimp and take it as a reward. If an octopus
touched the stimulus within 30 s of it being presented, the
trial was considered to be a success. If not, the stimulus
was removed from the tank and the trial was terminated. If
more than eight trials were successful in one day, this
phase was terminated and conditional discrimination
training started on the next experimental day.

Conditional discrimination training

During this phase, we examined whether the octopuses
were capable of conditional discrimination. The training
was conducted over 20 days for each octopus, and 10 trials
were conducted each day. The aeration was alternately set
on or off during each trial, switched on or off more than
10 min before the trials. At the end of each experimental
day, the aeration was kept as it was set for the last trial of
the day, until the first trial of the next experimental day had
finished. During each trial, the stimulus was presented to
the animals in the same manner as in preliminary train-
ing 2. In the aeration+ treatment, the cut shrimp was only
attached to the nonvisible side of the stimulus during aer-
ated trials. If the octopus touched the stimulus within 30 s
of it being presented during an aerated trial, they were
allowed to take the shrimp as a reward. In the aeration—
treatment, the cut shrimp was only attached to the non-
visible side of the stimulus during nonaerated trials, and the
animals were allowed to take the shrimp if they touched the
stimulus within 30 s of it being presented. Under the
opposite circumstances (i.e., an aerated trial with an indi-
vidual from the aeration— group, or a nonaerated trial with
an individual from the aeration4 group), if an octopus
touched the stimulus, it was quickly removed from the tank
before the octopus could take the cut shrimp, and the trial
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was terminated. In all the trials, if an octopus did not touch
the stimulus within 30 s, it was also removed from the
tank. The responses and the response latency (the duration
of time it took for an octopus to touch the stimulus after it
was presented) were recorded.

The number of trials in which the octopuses responded
to the stimulus, and the response latency, were compared
between aerated and nonaerated trials for both group using
Fisher’s exact test and log-rank test, respectively. We did
not record the result of the eighth trial on the 18th day for
one aeration— octopus, and therefore lack data for one
aerated trial. All the statistical analyses were conducted
using R version 3.0.2 (R Core Team 2013).

Results

Preliminary training 1 and 2 required 1-15 days (median
1 day) and 1-9 days (median 1 day), respectively. Over the
entire period of conditional discrimination training, the
aeration+ group responded significantly more to the
stimulus in aerated trials than it did in nonaerated trials,
and the aeration— group responded significantly more in
nonaerated trials (Fisher’s exact test, p < 0.01; Fig. 3). To
evaluate the learning progress, we conducted an analysis of
the daily number of responding trials. There were no sig-
nificant differences on any day in the aeration+ group,
whereas there were significant differences on the 6th, 12th,
16th, and 20th days in the aeration— group (Fisher’s exact
test, p < 0.05).

Over the entire period, the aeration+ group exhibited a
shorter response latency during aerated trials than during
nonaerated trials, and the aeration— group exhibited a
shorter response latency during nonaerated trials than
during aerated trials (log-rank test, p < 0.01; Fig. 4). The
analysis of daily response latency showed that the aera-
tion+ group exhibited a shorter latency in aerated trials on
the 20th day (log-rank test, p < 0.05). The aeration— group
exhibited a shorter latency in nonaerated trials on the 6th,
8th, 12th to 18th, and 20th days (log-rank test, p < 0.05).

Discussion

We found that octopuses do exhibit conditional discrimi-
nation. Animals in the aeration+ group responded more,
and had a shorter latency period, when the aeration was on,
whereas those in the aeration— group exhibited the oppo-
site trend. However, analyses of daily differences revealed
a less clear response than we had anticipated, suggesting
that the conditional discrimination training was only par-
tially successful. It is possible that, because the octopuses
were not disadvantaged if they responded to the stimulus
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Mean daily response (%)

Fig. 3 Mean daily percentage of responses by the octopuses averaged
per day: a aeration+ group, b aeration— group. Filled circles and
open triangles represent aerated and nonaerated trials, respectively.
Evaluated over the entire training period, both groups exhibited a
significant difference between aerated and nonaerated trials (Fisher’s
exact test, p < 0.01). Evaluated on daily basis, significant differences
were found on days with asterisks (Fisher’s exact test, p < 0.05).
There were no significant differences on any day in the aeration+
group. Error bars indicate standard error (SE). Figure produced using
R 3.0.2 and LibreOffice 4.1.3.2 Draw

during an inappropriate trial (they were given a reward
every time they responded), they responded in inappro-
priate trials and therefore we underestimated their learning
ability. Alternatively, because conditional discrimination is
a difficult task, the correct response may not always be
given, or the animals might need further trials to learn
properly. Messenger and Sanders (1972) reported that
fewer cues for discrimination reduced the correct responses
of octopuses trained to distinguish a pair of shapes. Sanders
(1975) reviewed studies in which the discrimination per-
formance of octopuses changed according to the combi-
nation of objects discriminated between. They showed that
the difficulty of discrimination tasks affects learning per-
formance in octopuses. Kuba et al. (2006) reported that,
when O. vulgaris was repeatedly presented with identical
stimuli over days, the latency of response to the stimuli did
not change, although they exhibited learning in other
aspects. This suggests that a response latency may not
reflect octopus’s learning clearly and may be a cause of
unclear differences in latencies between aerated and non-
aerated trials in the present study.
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Fig. 4 Mean daily response latencies of the octopuses averaged per
day: a aeration+ group, b aeration— group. Filled circles and open
triangles represent aerated and nonaerated trials, respectively. For
presentational purposes, cases in which an octopus did not respond
were treated as a response after 30 s; however, these time-outs were
taken into account when the data were statistically analyzed.
Evaluated over the entire training period, both groups exhibited a
significant difference between the aerated and nonaerated trials (log-
rank test, p < 0.01). Evaluated on a daily basis (every five trials),
significant differences were found on days with asterisks (log-rank
test, p <0.05). Error bars indicate standard error (SE). Figure
produced using R 3.0.2 and LibreOffice 4.1.3.2 Draw

The aeration— group exhibited more obvious responses
than did the aeration+ group. This was possibly because
the aeration+ group was distracted from the stimulus under
aerated conditions, by bubbles and noise emitted by the
aerators. The aerators were so conspicuous that the animals
often reached for the air stones when the aeration was
turned on.

It is possible that the octopuses could have smelled the
shrimp attached to the stimulus when it was presented to
them. Wells et al. (1965) reported that octopuses can sense
chemicals dissolved in water. However, we assumed that
the animals did not discriminate the stimulus using chem-
ical cues, because they seemed to be unable to detect a cut
shrimp without actually touching it. Indeed, many times we
observed O. vulgaris touching an object with a cut shrimp
attached to it, but missing the shrimp by a few centimeters
or even shorter distances and going back to its den (Tokuda
unpublished data). Therefore, we are of the opinion that in

the present study the octopuses identified the stimulus
using visual cues.

Conditional discrimination is considered a higher form
of learning and is associated with vertebrates (Thomas
1980, 1996; Zuckerman and Blough 1974); however, some
invertebrates, including the honeybee Apis mellifera
(Couvillon and Bitterman, 1988), the opisthobranch mol-
lusk Aplysia californica (Colwill et al. 1988), the pharaoh
cuttlefish Sepia pharaonis, and the common cuttlefish
S. officinalis (Hvorecny et al. 2007), do possess this ability.
The present study adds another species to this list. It is
reasonable to assume that octopuses are capable of condi-
tional discrimination, considering that two cuttlefishes,
S. officinalis and S. pharaonis, which are closely related to
octopuses, and the opisthobranch mollusk Aplysia califor-
nica, which belongs to the same phylum as octopuses and
has a simpler nervous system, can conditionally discrimi-
nate (Colwill et al. 1988; Hvorecny et al. 2007). It is
therefore possible that coleoids (or possibly cephalopods)
are generally able to conditionally discriminate. It would
be informative to study conditional discrimination in other
mollusks. Although there have been many studies on
conditional discrimination in animals (Thomas 1996), most
of them have investigated vertebrates. We hope that con-
ditional discrimination in invertebrates will be studied
more widely, in order to gain a better general under-
standing of learning in animals.
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