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Acquired equivalences between auditory stimuli
in dolphins (Tursiops truncatus)

Abstract This study investigated whether dolphins would
show evidence of equivalence class formation between
auditory stimuli. Bottlenose dolphins were trained to press
one or other of two response levers depending on which
one of four auditory stimuli had been previously presented. Once they had learned the initial discriminations,
the stimulus-lever contingencies was repeatedly reversed.
Within any given session, however, pressing of one lever
always led to reward with one set of two tones and pressing the other lever led to non-reward with an alternative
set of two tones. After sufficient experience with this response reversal procedure, the dolphins spontaneously
chose the same levers they had first learned to be correct
with one of the across-set stimulus pairs when later in the
session they were presented with the other of the acrossset stimulus pairs. They thus demonstrated that they had
associated the tones belonging to the two sets within two
separate functional classes. It is discussed why the dolphins succeeded with auditory stimuli when they had previously failed in a similar task with visual stimuli.
Key words Bottlenose dolphins · Auditory
discriminations · Response re-assignments · Acquired
equivalence · Concept formation

Introduction
The cognitive capacities of dolphins are widely believed
to be of an exceptional order. Their elaborate show performances together with their complex social behaviour
and a high degree of encephalization have generally been
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taken as indicative of a comparatively superior intelligence (Roitblat and Fersen 1992; Siemann et al. 1998; but
see Güntürkün and Fersen 1998). Indeed, several experimental studies have shown them to be capable of remarkable cognitive feats. For example, Fersen et al. (1993)
showed that dolphins were capable of acquiring a generalized categorization of symmetric and asymmetric visual
shapes, and Herman et al. (1989; see also Herman et al.
1994) demonstrated that they could be trained on a generalized similar-dissimilar stimulus discrimination which
transferred across the visual and auditory domains (see
also Pack and Herman 1995).
In this report we are concerned with the question of
whether dolphins might show a substantial reassignment
transfer effect. This transfer effect was brought up by Lea
(1984) in connection with a key question in comparative
cognition. He argued that one might talk about concepts in
animals if it could be shown that they could associate
stimuli of a certain class with each other and not only with
a given response and/or reinforcement as is the case when
animals are said to categorize sets of stimuli. Such interstimulus association could be demonstrated by first training animals to discriminate between two sets of stimuli by
rewarding responses to one set whilst not rewarding responses to the other set and then retraining to discriminate
between two subsets of these stimuli using reversed reinforcement allocations. An intra-class, inter-stimulus association would be demonstrated if the animals spontaneously transferred their newly reversed response to
the remaining subsets of stimuli. This kind of acquired
equivalence between stimuli indeed came to be considered as the defining element of true concept formation by
some authors, foremost among them Herrnstein (1990).
But it is also a fact that other authors, well represented by
Thompson (1995) take a more conservative stand on this
issue.
Regardless of the dispute about whether inter-stimulus
associations are a valid indicator of concept formation or
not, these associations have latterly established themselves as a topic of intrinsic interest. Acquired equivalences (or mediated generalizations, Wasserman et al.
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1992) of this nature turn up in several learning contexts
besides that occupying us here and have merited a theoretical treatment of their own (Hall 1996; see also Delamater 1998). This theory depends importantly on interaction processes between memorized stimulus representations. However, because the mainly comparative results
that will be reported contribute little to these rather subtle
arguments, they will not be elaborated further here.
When Lea’s reinforcement re-assignment procedure was
first tried out on pigeons, it did not yield much evidence
of any inter-stimulus association (e.g. Bhatt and Wasserman 1989; Fersen and Lea 1990). More recently Astley
and Wasserman (1998) tried a somewhat different response reassignment procedure. Pigeons had to learn to
co-categorize four subsets of pictures into two separate
classes by requiring them to respond to two different response keys for reward. The birds were then retrained to
respond on a new, differently located pair of keys employing two of the picture subsets. Subsequently they were
tested for a corresponding response transfer with the two
remaining picture subsets. Only a modest reassignment
transfer effect was found. Vaughan (1988), however, was
markedly more successful with an improved repeated reinforcement reversal procedure. Pigeons learned to repeatedly discriminate scenic slides divided into two sets under
serial reinforcement reversal conditions. Eventually, experience with just a few initial slides of each set after a reversal was sufficient for the pigeons to respond correctly
to all the remaining slides of these sets. The birds were
said to have classified the stimuli into two functional classes because as soon as they detected that some of the
slides of the sets had changed their significance, they
spontaneously transferred the adequate response to the remainder of them.
Because Vaughan (1988) used numerous and complex
stimuli it was difficult to analyse the equivalence formation process in any detail. Delius et al. (1995) explored
whether a corresponding transfer could also be demonstrated with fewer and simpler stimuli. Pigeons were
trained to discriminate between two pairs of colour stimuli, A1+B1– and A2+B2–, using a simultaneous discrimination procedure. Once they had reached a preset learning
criterion the reinforcement allocations were reversed
(A1–B2+, A2–B2+). This was done several times. In later
test sessions first only one of the stimulus pairs was presented in this reversed format (leading pair, say A1+B1–)
until the birds responded correctly to it. Subsequently the
other pair (trailing pair) was initially presented in unreinforced test trials (A2oB2o) and only afterwards in correspondingly reinforcement-reversed trials (A2+B2–) as the
leading trial. The pigeons showed a somewhat better performance with the initial trailing pairs than with the first
leading pair during these post-reversal test sessions, revealing that they had built up some inter-stimulus association. Further experiments with this few-stimuli design
using an improved leading-trailing procedure and pairs of
visual shapes yielded somewhat better evidence of reinforcement re-assignment transfer in pigeons (Siemann
and Delius 1998; see also Delius et al. 2000 a). Neverthe-

less, the training needed was still considerable and the effects obtained were still less than overwhelming.
Assuming that dolphins are probably more cognitively
gifted than pigeons, would they perhaps show a better
ability with an elementary reassignment task of the kind
just described? Dolphins were accordingly trained to discriminate two pairs of tones using a reward, no-reward,
successive procedure. One response lever led to reward
with one set of two stimuli and another lever led to reward
with the other set of two stimuli. When they had learned
this task the lever-to-stimuli correspondence was reversed, and so several times until the animals become proficient with the reversal procedure. With increasing reversal experience it was expected that during the presentation
of the second pair of stimuli (trailing trials) the dolphins
would begin to spontaneously choose the lever that corresponded to the lever-stimuli contingency valid during the
presentation of the first pair of stimuli (leading trials).

Methods
Subjects
Two show-trained and experimentally experienced adult bottlenose dolphins (Tursiops truncatus) belonging to the dolphinarium
of the Nürnberg Zoo participated in this experiment. Anke was a
15-year-old female and Nemo an 8-year-old male. Both animals
lived together with three other dolphins in a large communal pool.
The experiment was conducted with one animal at the time in a
circular 15-m-diameter subsidiary pool.
Apparatus and stimuli
The apparatus consisted of an underwater loudspeaker (Diatran)
placed about 25 cm from the pool’s edge and 15 cm below the water’s surface. Two response levers were installed at the sides of the
loudspeaker. A positioning ball floating at the end of a thin overwater boom was located 1.5 m away and in front of the loudspeaker. Four sinusoidal tones of different frequencies served as
the stimuli. These tones, each lasting 10 s, were originally produced with a frequency generator (Keithley), recorded with a taperecorder (Grundig) so as to be of approximately equal loudness to
the human ear, and presented to the dolphins with the aid of the
same taperecorder. They were assigned to two sets of stimuli, set
A consisting of stimuli A1, 6 kHz, and A2, 9 kHz, and set B consisting of stimuli B1, 7.5 kHz, and B2, 10 kHz. Note that, if anything, the tones used were less similar within sets than between
sets. Their frequencies, in particular, were not in any way harmonically related (Ralston and Herman 1995). Four pairs of discriminative stimuli were assembled from these stimuli, two uncrossed
pairs A1B1, A2B2 and two crossed pairs A1B2, A2B1.
Procedure
The dolphins were trained to discriminate the stimuli using a successive stimulus presentation procedure. Each trial within this procedure began with the experimenter giving a hand signal requesting the dolphin to position itself by the stationing ball while facing
the loudspeaker. Once the animal had obeyed this order the experimenter started the tape-recorder and one of the stimuli sounded
from the loudspeaker. When the experimenter, who could hear the
stimuli via earphones, gave a brief whistle signal, immediately afterwards the dolphin swam towards the loudspeaker and pressed
one of the response levers. If the animal pressed the lever defined
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as correct for the tone just presented the experimenter sounded a
continuous whistle tone and rewarded the dolphin with a fish. Upon
responses to the incorrect lever the experimenter produced a discontinuous whistle sound and issued no fish, but hand-signalled
for the dolphin to reposition itself for a repetition of the same trial
(correction trial). This correction procedure only ended when the
dolphin chose the correct lever. Correction trials did not count towards the performance scores mentioned later. The inter-trial intervals lasted approximately 30 s. During the inter-trial interval the
loudspeaker was switched off while the experimenter positioned
the tape ready for the next stimulus presentation according to a previously prepared list. Each session consisted of 32 trials (not
counting correction trials). Sessions were daily except on weekends. To control for unintended artefactual cues occasional sessions were run by a dolphin trainer who was uninformed as to the
stimuli presented in any trial and the responses expected of the
dolphin. The experimenter remained hidden and only issued verbal
instructions as to the kind of feedback that the dolphin was to receive after it had chosen a lever. At no time was the dolphin’s level
of performance at all affected by this control procedure.
For the initial sessions of the experiment the left lever was defined as correct for the A class sounds and the right lever for the B
class sounds. The trial-by-trial sequencing (omitting correction trials) of A or B class stimuli was determined by a quasi-random sequence (Gellermann 1933). Within each session the first ten trials
involved presentations of stimuli out of one of the stimulus pairs,
called the leading pair (during the first session of the experiment it
was pair A1B1). Starting with the 11th trial the other pair, called
the trailing stimulus pair (during the first session it was the pair
A2B2), was presented for the next 10 trials. However, from the
fourth training session onwards the 11th, 12th and 13th trials were
not reinforced. During these trials responses to either lever led directly to the inter-trial interval without the experimenter issuing
any whistle signal or fish reward feedback. Responses to these
stimuli led directly to the next trial. Note that the lever choice corresponding to the 14th trial also took place before the animal had
received any feedback concerning trailing stimulus choices. The
last 12 trials of the session involved a randomised presentation of
leading and trailing pairs of stimuli. For each session it was quasirandomly determined whether the A1B1 pair or the A1B2 pair
served as the leading pair and the A2B2 or the A2B1 pair served as
the trailing pair, or vice versa. At the beginning of the experiment,
whenever an animal had successfully completed a pair of successive sessions with an average 80% or more correct choices, the
next session involved a reversal of the contingencies between the
stimuli and the levers. Thus, during the first reversal of the experiment the right lever was correct with the A class tones and the left
lever with the B class tones. When the animals again attained the
criterion with this new reversed stimulus-response contingency,
the next session involved an assignment reversal of the levers, and
Table 1 Summary of Nemo’s
(top line of panels) and Anke’s
(bottom line of panels) choice
behaviour with the initial leading pair trials and trailing pair
trials during the first sessions
after the initial reversals and
after the final reversals

so on. From the 7th reversal onwards the reversals were instituted
whenever the animals completed a single session with 80% or
more correct choices. The experiment continued until each dolphin
achieved an at least 80% correct discrimination performance
across the cumulated first four trailing post-reversal trials of seven
consecutive reversal sessions. That meant a cumulative total of 28
trial choices prior to any feedback specific to the trailing pairs.

Results
The animals had little difficulty in learning the initial discriminations and also adapted well to the repeated reversals procedure. The performance of both animals improved
quite steadily on both counts as the training progressed.
Anke needed 10 and Nemo 11 sessions to achieve the
80% correct discrimination criterion for the first time.
Initially the first sessions after reversals led to less than
40% correct choices over all 32 trials. By the 3rd reversal
(Nemo) or 5th reversal (Anke) the dolphins had begun to
make 40–60% correct choices during the post-reversal
sessions. By the 10th reversal (Anke) or the 22nd reversal
(Nemo) the dolphins were producing 60% or more correct
choices during the first post-reversal sessions. Anke needed 68 sessions involving 17 reversals and Nemo 87 sessions involving 22 reversals to complete the criterion defined earlier relating to the first four post-reversal trailing
trials which terminated the experiment.
Table 1 summarises the choice behaviour with the leading and trailing pairs shown by the dolphins at the beginning and at the end of experiment. It is obvious that for
the first trial after a reversal the animals persisted in
choosing the levers according to their pre-reversal assignment, this yielding close to 0% correct choices. At the beginning of training they only managed 40% or less with
the 3rd–7th leading trials. But it is also obvious that with
experience they had learned to adapt to the reversal, giving over 70% correct responses with the 3rd–7th leading
pair trials towards the end of the experiment. It is also obvious that at the beginning of training the animals were
not really able to transfer the performance achieved with
the leading pair trials to the initial trailing pair trials, givFirst 7 reversals (1st–7th)
(1st–7th)

Last 7 reversals (16th–22nd)
(11th–17th)

Correct
choices

Correct
choices

% Correct

% Correct

1st Leading trial

0 of 7
0 of 7

0%
0%

1 of 7
0 of 7

14%
0%

2nd Leading trial

3 of 7
2 of 7

43%
29%

3 of 7
4 of 7

43%
57%

3rd–10th Leading trials

25 of 63
19 of 63

40%
30%

48 of 63
46 of 63

76%
73%

1st– 4th Trailing trials

8 of 28
7 of 28

29%
25%

25 of 28
23 of 28

89%
82%

5th–10th Trailing trials

25 of 35
19 of 35

71%
54%

29 of 35
28 of 35

83%
80%
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ing less than 30% correct choices. Towards the end of the
experiment, however, they showed more than 80% correct
choices with the as yet unreinforced 1st–4th trailing pair
choices. Nemo chose correctly in 25 out of 28 trials and
Anke in 23 out of 28 trials (both binomial tests, P < 0.01).
This indicates that what they had learned about the lever
contingencies during the leading pair trials was transferring fully to the pre-feedback trailing pair trials. Indeed,
the reinforcements associated with the subsequent 5th–
10th trailing trials did not lead to a further improvement
of performance.

Discussion
The key issue was whether after extensive leading-trailing
pair reversal training, the experience with the response reversal of only one discriminatory stimulus pair would suffice to bring about lever choice reversal with respect to
the other stimulus pair. Since the first three trials of the
trailing stimulus pairs (the 11th–13th trials of each session) were run under extinction conditions, any learning
during the trials up to and including the 14th trial (the first
reinforcement only occurring after the choice response of
this trial) can be excluded. The response contingency
transfers during these latter trials are thus indicative of
equivalence class formation. Both dolphins did very well
towards the end of training, making an average of 24 out
of 28 choices correctly. Notice that an account of the
grouping of the stimuli in terms of overlapping generalization gradients (Mackintosh 2000), i.e. on the basis of
frequency similarities. cannot apply here, as the stimuli to
be associated alternated on the frequency dimension by
being 6 kHz and 9 kHz within one set and 7.5 kHz and
10 kHz within the other set. Any generalization due to
tone frequency similarities would thus necessarily work
against the intra-set transfer that was demonstrated. The
stimuli, as already remarked, were also not in any harmonic relationship that could have vitiated this latter argument. A transfer strategy based on relational frequency
discrimination was not possible because the uncrossed
and crossed discrimination pairs involved opposite stimulus-frequency relationships.
The level of transfer achieved by the dolphins was unquestionably higher than that obtained with an analogous
four-stimulus reinforcement reversal design in pigeons
(Delius et al. 1995; Siemann and Delius 1998). While the
dolphin’s pre-feedback performance with trailing pairs
was well above random choice level that of the pigeons
barely fell above that chance level. The possibility that the
different methods of successive discrimination and response reassignment used with the dolphins and of simultaneous discrimination and reinforcement reassignment
used with the pigeons might have been responsible for the
performance difference is unlikely. As already mentioned,
Astley and Wasserman (1998) found that pigeons also
yielded an only weak performance transfer with a successive discrimination and response reassignment procedure.

One should however not conclude from this that pigeons
are generally poor at acquiring equivalence classes. Using a more exacting but also more complex reinforcement
reversal procedure (M. Jitsumori, M. Siemann, M. Lehr
and J. D. Delius, unpublished work; see also Delius et al.
2000 a) succeeded in showing that pigeons were capable
of an appreciable reinforcement re-assignment transfer
and moreover, that they were capable of building up networks of stimulus equivalencies. Indeed, the pigeons were
shown to be capable of even extrapolating new, untaught
stimulus equivalence relationships from these networks.
It is worth pointing out that the dolphin results reported
here contrast with those of a preliminary experiment (L.
von Fersen, unpublished work). It employed a similar overall design but used a simultaneous, two-stimulus procedure involving visual stimuli. Two bottlenose dolphins, an
adult female, Emy, and the male that participated in the
present experiment, Nemo, were the subjects. Instead of
tones the stimuli presented were a circle (A1), a square
(A2) a rectangle (B1) and an ellipse (B2). These stimuli
were projected as approximately 10 × 10 cm white shapes
on a dark background using two slide projectors. The projection took place down two adjacent wide-bore plastic
tubes. These were occluded at their submerged ends with
two circular 25-cm-diameter plastic projection screens.
The dolphins thus viewed the stimuli from under water.
Each of the screens was equipped with a response lever.
The discrimination paradigm was a simultaneous one, i.e.
during any given trial the animal always had to choose between a positive and a negative stimulus. Otherwise the
procedure was closely similar to the one used for the experiment reported here. During the first session after a reversal a leading pair was shown for six to nine trials before the trailing pair was followed for several trials. In this
instance all the trials involved reinforcement so that only
the choices during first leading pair trial and the first trailing pair trial represented no-feedback choices. We stress
that the animals had no particular difficulties in learning
to discriminate the visual stimuli as such (see also Fersen
et al. 2000). But even after 125 sessions involving a total
of 23 reversals (Nemo) and 152 sessions involving 20 reversals (Emy) they showed no evidence whatsoever of
transferring the choice behaviour learned with the leading
pairs to the trailing pairs. During the last eight post-reversal sessions both dolphins chose correctly only three
times, i.e. they did not even achieve the chance choice
level. They clearly had not been able to group the stimuli
according to their common response/reinforcement contingencies as was the case in the present experiment where
evidence of transfer was quite apparent by the 10th or
15th reversal.
Disregarding the possibility that the disparity in results
across the auditory and visual modalities might be due to
the subtle methodological differences, it seems reasonable
to ascribe them to an adaptive specialization. Although it
is the case that in other experiments bottlenose dolphins
showed quite good cross-modal transfer of object recognition between the echoic (auditory) and visual modalities
(Herman et al. 1989; see also Pack and Herman 1995), it
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is also true that in accordance with their excellent adaptation to their aquatic environment the dolphins’ auditory
system is arguably more highly developed than their visual system (Nachtigall 1986). In this they differ from, for
example, the more terrestrial sea lions who have in fact
been shown to be capable of visual equivalence formation
(Schusterman and Kastak 1993). It is possible that in dolphins the situation is analogous to that reported for rats, in
which the so-called learning set or learning-to-learn performance is comparatively poor when the stimuli to be
discriminated are visual but relatively good when the discriminanda are odours. This even though, the rats did
manage to learn the components of the multiple discrimination task at about comparable levels of proficiency in
both modalities (Slotnick and Katz 1974). Perhaps the
dolphins’ performance dichotomy with equivalence formation also illustrates the modularity of the cognitive apparatus recently highlighted by Shettleworth (1998). Animals are thought to have evolved mainly specialised “intelligences” which are largely dedicated to limited situational
domains. These are likely to be those in which selection
for advanced cognitive abilities were particularly persistent in the species’ evolutionary past (Delius et al. 2000b).
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