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CHAPTER 13

Problem Solving and Memory
Ronald J. Schusterman and David Kastak

13.1 INTRODUCTION
In this chapter we will review marine mammal cognition, defined loosely as information processing, or
the intervening neural stages between perception
and action. We will contrast cognition with simpler
models of behaviour (stimulus–response or reflex
models), in asserting that the external environment
of the marine mammal is coded through peripheral
(sensory) and central mechanisms into imaginal
representations. We will not speculate further on the
topography of these representations, since that is
beyond the scope of most of the existing work on the
behaviour of marine mammals. We will emphasize
an approach that unites experimental psychology and
behavioural ecology: that is, based on both laboratory and field studies of behaviour. By synthesizing
data and theory from these two approaches, we
can begin to determine the cognitive mechanisms
involved in natural behaviour. Most of the data in
this area are limited to two species, the California
sea lion (Zalophus californianus) and the bottlenose
dolphin (Tursiops truncatus), and this is particularly
true for the laboratory approach. It is for that reason
that our discussion will focus with few exceptions
on these animals.

13.2 CLASSIFICATION,
ABSTRACTION AND MEMORY
13.2.1 Immediate sensory experience
An organism obtains information about its environment through sensory perception (see Chapter 5);
therefore, accurate perception is crucial in performing

even the most basic tasks related to foraging, navigation, social behaviour and predator avoidance.
Sensory channels are, to a certain extent, domain
specific, that is, they operate on a restricted set
of ecologically appropriate inputs. This domain
specificity can be illustrated by examining vision
in pinnipeds. For example, the northern elephant
seal’s visual system is designed not only to respond
rapidly to changes in light level (i.e. dark adapt) but
to take advantage of very low light levels of shorter
wavelengths of light that predominate in deep water.
In contrast, shallower diving pinnipeds like harbour
seals and California sea lions dark adapt more slowly
and are less sensitive to light than are elephant
seals (Levenson & Schusterman 1997, 1999) (see
Chapter 5). This trend appears to hold for other
sensory domains, such as sound pressure detection,
as well (Kastak & Schusterman 1998, 1999).
The ability of a marine mammal, for instance,
to learn simple discriminative behaviours will be
fundamental to our understanding of how it forms
a concept. Since the memory of the animal or the
orientation of its receptors may change from one
encounter to another, it is likely that most animals,
including marine mammals, will have a tendency
to generalize, classify or in some way respond in a
similar way to objects and events previously encountered. The initial experience of catching and eating
prey of a particular type (i.e. having a particular shape,
style of movement, location, taste, etc.) should be
a good predictor of the animal’s behaviour the next
time around.
Such problem solving relies on more general,
less domain specific cognitive approaches. There
are findings from both the laboratory and the field
demonstrating that odontocete cetaceans, pinnipeds,
otters and sirenians can spontaneously classify and
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BOX 13.1 STIMULUS CONTROL
Laboratory experiments in animal cognition are typically
variants of the following common procedures. The
simple discrimination is a task in which a response to
one of two or more stimuli is reinforced while responses
to any other stimulus is not reinforced. The stimulus
discriminative for reinforcement is often termed the S+,
and the stimulus discriminative for non-reinforcement,
or extinction, is often termed the S−. Stimulus
presentation can be simultaneous (the S+ and S− are
presented together) or sequential (the S+ and S− are
presented in series). In the sequential case, the subject
is trained to respond to the S+ when it appears, and to
withhold response to the S− when it appears. This is
often called a go/no-go procedure. Occasionally, an
experiment is designed such that there are two separate
responses (e.g. point right or left) or the subject is
required to withhold the response until the end of a
sampling interval during which two stimuli (usually
acoustic) are presented. This type of task is referred
to as a two-alternative forced choice procedure. The
simplest discriminations, in terms of procedural ease,
involve visual displays of three-dimensional objects or
planometric stimuli (patterns on a flat background).
Acoustic discriminations are somewhat more
challenging, because the stimuli must be presented
successively, and the subject must remember the salient
characteristics of the first stimulus in order to respond
accurately.
In a variation of the simple discrimination, responses
to the S+ are reinforced until the subject responds at a
criterional level (e.g. 90% correct in a block of trials).
Following acquisition of the criterion, the reinforcement
contingencies are reversed such that the previous S−
becomes the S+. The subject must now learn to inhibit
responding to the previous S+ and respond only to the
previous S−. The cycle is repeated following acquisition
of criterion during each phase of the experiment. Repeated
reversals often result in the development of a strategy
such as ‘win–stay/lose–shift’, that enables the subject
to respond accurately following only one trial of a

remember their experiences with individuals, objects,
events, time and space, according to distinctive
(perceptually based) stimulus attributes, or, at least,
can be readily trained to do so (Box 13.1).
13.2.2 Conceptual abstractions
Marine mammals, in addition to solving problems
based on concrete stimulus properties, are able
to learn more general or abstract strategiesa‘select

reversal. This ‘learning to learn’ or to understand the
nature of the task is called learning set.
In conditional or contextual discriminations,
responding is controlled not by the S+ and/or S− but
by an additional stimulus, often called the sample. The
sample is discriminative for responding to one of two
or more comparisons, thus the task is sometimes called
matching-to-sample (MTS) (Fig. 13.1). There are
three distinct categories of MTS: identity, oddity and
symbolic. In identity matching, one of the comparisons
is a duplicate of the sample (i.e. regardless of the
characteristics of the sample, choose the comparison
that is the same). Correct responding in identity
matching often, but not always, generates an identity
rule or concept. Oddity matching is the direct opposite
of identity matching, and may also generate a rule (i.e.
choose the stimulus that is not the same as the sample).
In symbolic or arbitrary MTS, the sample and S+ do not
share any features in common, but are related arbitrarily,
thus no rule can facilitate the solution of completely
novel problems with novel stimuli. It is important to
distinguish between a poorly controlled MTS test,
which allows the animal to choose an alternative stimulus
merely by ‘exclusion’ or the process of elimination
(i.e. a rule of thumb), and a MTS test that rigorously
controls for exclusion effects (Table 13.1) (Kastak &
Schusterman 1992; Schusterman et al. 1993a).
Artificial language procedures used with bottlenose
dolphins and California sea lions are variants of symbolic
MTS. The discriminative stimuli consist of sequences
of gestural cues or acoustic signals that become related
to specific objects, object properties (location, size or
brightness), or actions. When strung together, the
various signs convey instructions to the subject (e.g.
fetch the black ball). Although seemingly complicated,
performance on artificial language tasks can be explained
using concepts no more complicated than sequential
conditional discriminations (for discussion of alternate
interpretations, see Herman 1988, 1989; Schusterman
& Gisiner 1988, 1989, 1997).

whatever object paid off on the last trial and avoid
the object that did not pay off the last time’. Thus,
they develop a ‘win–stay/lose–shift’ or ‘learning set’
strategy (Box 13.1) (Schusterman 1962, 1964).
Table 13.1 shows a break down of performance on
laboratory-based cognitive tasks in pinnipeds and
cetaceans. In addition to a learning set, both bottlenose dolphins and California sea lions, following
limited experience, can perform generalized identity
matching (i.e. form a ‘sameness’ concept that can be

Odontocetes
Delphinidae
Tursiops truncatus
(bottlenose dolphin)

Species

Two-choice discrimination,
learning set
MTS (oddity vs identity)
Arbitrary (symbolic) MTS
Identity MTS (exclusion)
Spatial two-alternative forcedchoice procedure (functional
relations)
Conditional discrimination
(artificial language)

Identity MTS

Conditional discrimination

Audition/vision

Audition (echolocation)

Audition (echolocation)
and vision

Identity MTS (exclusion
and reflexivity)
Two-choice discrimination
(symmetry vs asymmetry)
Same/different

Two-choice discrimination
Conditional discrimination
(artificial language)

Task

Audition

Vision

Sensory modality

Target shape, structure

Target shape, structure

Size, shape, brightness,
movement, constancy,
transposition, presence,
absence

(continued on p. 374)

Pack & Herman 1995;
Harley et al. 1996;
Herman et al. 1998

Roitblat et al. 1990;
Pack & Herman 1995;
Harley et al. 1996;
Herman et al. 1998

Herman et al. 1984

Herman & Gordon 1974
Herman & Thompson 1982
Herman & Thompson 1982
von Fersen & Delius 2000

Complex auditory characteristics
Complex auditory characteristics
Complex auditory characteristics
Pure tones

Mercado et al. 2000

Shape

Herman & Arbeit 1973

von Fersen et al. 1993

Shape

Complex auditory characteristics

Herman et al. 1989

Kellogg & Rice 1966
Herman et al. 1984;
Herman & Forestell 1985

Source

Shape
Size, shape, brightness,
movement, constancy,
transposition, presence,
absence
Shape

Stimuli or stimulus
dimensions

Table 13.1 Summary of major rule-based learning and concept formation studies in marine mammals. The table is broken down into species, sensory modality, tasks and
stimulus dimensions. Tasks involving simple psychophysics (e.g. auditory thresholds) have not been included. Rule-based studies whose primary emphasis was the study of
working memory are also not included.
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Two-choice discrimination,
learning set
Two-choice discrimination/
identity MTS
Identity MTS (reflexivity)
Arbitrary (symbolic) MTS
Arbitrary (symbolic) MTS
Identity MTS (reflexivity)

Audition

Arbitrary (symbolic) MTS
(exclusion)
Arbitrary (symbolic) MTS
and two-choice discrimination
(equivalence and functional
relations)
Identity MTS (reflexive
relations)
Identity MTS (exclusion)
Functional relations and
differential outcome
Identity MTS (rotational
configurations or mental
rotation)

Two-choice discrimination
or go/no-go conditioned
vocalization
Attention shift
Two-choice discrimination
Conditioned vocalization
Two-choice discrimination
Conditional discrimination
(artificial language)

Task

Vision

Vision

Sensory modality

MTS, matching-to-sample.
* Denotes failure by the subject to learn or generalize rule.

Phocidae
Phoca vitulina
(harbour seal)

Pinnipeds
Otariidae
Zalophus californianus
(California sea lion)

Species

Table 13.1 (cont’d )

Mauck & Denhardt 1997

Shape

Frequency, complex acoustic
characteristics

Renouf & Gaborko 1988*

Renouf & Gaborko 1988*
Renouf & Gaborko 1988, 1989
Hanggi & Schusterman 1995*

Pack et al. 1991
Reichmuth Kastak et al. 2001

Shape
Shape

Brightness
Spatial location
Shape

Kastak & Schusterman 1994

Shape

Constantine 1981*

Schusterman & Kastak 1993, 1998

Shape

Shape

Schusterman et al. 1993a

Schusterman 1968

Schusterman 1966, 1967
Schusterman & Thomas 1967
Schusterman 1967
Schusterman 1968
Schusterman & Krieger 1984, 1986;
Schusterman & Gisiner 1988;
Gisiner & Schusterman 1992

Size to shape
Shape constancy
Form/reversal
Form/reversal learning set
Size, shape, brightness,
movement, constancy,
transposition, presence,
absence
Shape

Shape

Schusterman 1966

Source

Shape

Stimuli or stimulus
dimensions
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BOX 13.2 STIMULUS EQUIVALENCE
In the late 1960s, Murray Sidman, then at Northeastern
University, was involved in a series of studies using
a matching-to-sample procedure to assess reading
comprehension in mentally retarded children (Sidman
1994). Sidman and colleagues noted that following
explicit training of: (i) an associative relation between
the spoken name for an object and the object’s picture,
and (ii) an associative relation between the spoken name
for an object and the printed word of the object, a novel
relation emerged (i.e. became apparent without explicit
training) between the object and the object’s printed
word. Sidman referred to the sets of objects and referents
(stimuli that ‘referred’ to the objects, like names) as
equivalence classes, and also showed that an equivalence
relation between any two members of a class would
satisfy the mathematical properties of reflexivity,
symmetry and transitivity. Thus, explicit training of
relations between stimuli A and B followed by explicit
training of relations between stimuli B and C, may
result in a three-member equivalence class, confirmed
by demonstrating the emergence of the following
relationsareflexivity (AA, BB, CC), symmetry (CB
and BA) and transitivity (CA). In this way, stimuli can
mediate relations between all other stimuli in the same
category (the same way that the words ‘dog’ and ‘perro’
and the picture of a dog may each evoke the same
representation), allowing the solution of a variety
of novel problems.
Although it was once thought that stimulus
equivalence could only be demonstrated in languageproficient subjects, recent research has shown that some
marine mammals, in addition to some terrestrial animals,
can form equivalence relations. The ramifications of
these recent experiments are cleararather than being
a manifestation of linguistic skills, equivalence, having
been demonstrated in non-verbal animals, must be a
more basic function that probably subserves many

applied to novel stimuli). Acquisition of such a concept is a prerequisite for many other ‘higher order’
tasks such as classification of stimuli that are not
perceptually similar, yet may share some common
function (Box 13.2). This non-similarity based
classification is a prerequisite for the emergence of
meaning or object representations in social interactions and communication.
13.2.3 Memory
In many aspects of conspecific communication,
foraging, predator avoidance and navigation, both

cognitive capabilities, especially those involved in social
behaviour and communication. Equivalence relations
(unlike many sensory processes) are not domain specific
or modular. That is, the selective pressures acting on the
brain’s ability to categorize objects and events resulted
from an array of non-social as well as social problems.
Thus, equivalence theory provides a simple yet powerful
model to explain many facets of complex behaviour
without resorting to invocations of domain-specific
‘social intelligence’ or ‘ecological intelligence’ that
require complicated learning theories to account for
what are probably associative mechanisms. This is not
to say that all aspects of cognitive function are likewise
non-domain specific; for instance, there has been recent
research on the modularity of some aspects of human
social knowledge, imitation, etc., which seem to be
uniquely human cognitive traits and may be related to
the development of language, surely a cognitive module
in its own right.
A possible example of specialization or modularity
in marine mammal cognition is the singing of male
humpback whales (Tyack 1981). In terms of both
structure and function, humpback whale songs have
been compared to the songs of birds (Tyack 1999)
(see Chapter 6). However, unlike bird song, we presently
have little knowledge of the neurological and behavioural
mechanisms involved in the learning and memory of
humpback whale song. It is quite possible that like birds’
memory for songs, humpback whales’ memory for song
is highly species specific. However, laboratory research
(see text) has revealed only small quantitative differences
between marine mammal species in the capacity and
durability of memory. And thus with the limited studies
available, the captive studies of short-term memory in
bottlenose dolphins and sea lions measured in similar
ways have shown similar abilities which are comparable
to terrestrial mammals and birds.

learning and memory are important. Forming a search
image for a particular prey type, recognizing the
signature whistle or vocalization of one’s kin, friends
or foes, or acquiring a conditioned response are all
examples of learning, but they are also examples of
memory. In contrast to research on learning, which
usually deals with associative processes, i.e. how
information about relationships between events is
acquired, research on memory deals with how the
information is coded, stored, retained and retrieved.
Psychology and the neurosciences generally distinguish between two types of memoryashort-term
memory (STM) or long-term memory (LTM). This
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section will focus on STM, or working memory,
which is largely used to guide whatever tasks the
individual is currently performing. For example,
a male sea lion or fur seal occupying a breeding
territory may have to keep track of all his opponents
on adjoining territories. This focal male’s working
memory at any given moment would contain several
pieces of information: what one opponent sounds
like relative to the others, what a given opponent’s
motivational state might be (as reflected in territorial
vocalizations), which opponent he most recently
interacted with and what the outcome of that
interaction was, topographical features delineating
territorial boundaries, and other aspects of the physical and social environment. Notice that the focal
animal’s information must continually be updated;
if he fails to notice one or more novel rivals on an
adjoining territory and confuses the new opponent with an old one, he might lose all or part of
his territory, which could have dramatic fitness
consequences. In the foraging domain, a sea otter
searching for fish, crustaceans or other prey items
is required to remember which patches of prey it
has already visited on a given day and must not confuse one day’s visit with another. In most of these
tasks involving foraging and reproductive behaviour,
animals are required to remember significant details
about the ongoing task and to ignore similar details
from already completed tasks.
The most popular test of animal working memory
is the delayed match-to-sampling (MTS) procedure
shown in Fig. 13.1b. After the animal has learned
to relate the conditional or sample stimulus to the
comparison stimulus, memory trials are conducted.
During these trials, the animal is required to choose
the correct comparison stimulus in the absence of
the sample. The delay between the removal of the
sample and the presentation of the comparisons
may vary, and this period of time is known as the
‘retention interval’. Many studies of animal memory
have focused on the retention interval with the idea
that the memory for the sample–comparison relation
either decays over time passively, or the memory
is interfered with or retained by active processes
(Domjan 1998). In memory tasks using delayed
MTS, the stimuli are usually presented visually, but
modifications have been made so the procedure can
be adapted to different sensory modalities, including

audition, taction, olfaction or some combination in
a cross-modal test.
Herman and his associates (Herman & Gordon
1974; Thompson & Herman 1977; Herman et al.
1989) have done the most careful and systematic
research measuring the durability and to some
extent the capacity of STM in bottlenose dolphins.
Originally, they showed that by gradually increasing the retention interval from 1 s to 2 min in an
auditory delayed MTS, a female dolphin (Kea) could,
after some practice, remember the same sample–
comparison identity relation almost perfectly. Schusterman et al. (1991) attempted to replicate the
dolphin’s performance with two California sea lions
(a 4-year-old female named Rio and a 13-year-old
female named Rocky). The response task for the sea
lions was a visual delayed symbolic MTS (Fig. 13.1).
The results of the study demonstrate that the mature
female Rocky could be trained to remember any
given relationship for delays of up to 2 min with
performance levels at 90% correct responses. The
4-year-old sea lion Rio achieved similar levels of
performance at delays of up to 45 s.
On a California sea lion rookery, it would not be
surprising if a very young pup (who had already
been imprinted on its mother’s signature vocalization) (Schusterman et al. 1992b), while listening to
a cacophony of female pup attraction calls, would
have its memory for its mother’s vocalization interfered with by these similar sounding but irrelevant
(and potentially dangerously distracting) signals.
This kind of interference from new material with
the to-be-remembered signal or event is called
‘retroactive interference’. In California sea lions,
and probably all otariid pinnipeds, the memory of
both pups and their mothers for their respective signature vocalizations is highly resistant to retroactive
interference. The same could be said about the
mutual recognition of signature whistles by dolphin
calves and their mothers (see Chapter 6). Nevertheless, since retroactive interference has been
demonstrated in a variety of animals (for a review
see Domjan 1998), it is worthwhile to determine
whether the phenomenon is general enough to be
demonstrated in marine mammals such as dolphins
and sea lions. In another auditory identity-matching
experiment, insertion of 13 s duration tones into
a 15 s delay interval retroactively interfered with a
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Fig. 13.1 Photograph of two
sequences of matching-to-sample
procedures. (a) A California sea
lion in a simultaneous symbolic
matching-to-sample procedure:
1, the animal waits for the sample
presentation; 2, the sample is
presented; 3, while the sample
remains visible, the comparison
stimuli are revealed; the sea lion
readies itself to respond to the S+;
4, the sea lion responds by poking
its head into the S+ box. (b) The
same sea lion in a delayed symbolic
matching-to-sample procedure: 1,
the sea lion waits for the sample
presentation; 2, the sample is
presented; 3, a delay interval is
inserted when no stimuli are visible;
4, comparison stimuli are shown;
5, the sea lion is released from the
station and chooses the appropriate
comparison stimulus by placing its
head in the S+ box.
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1

1

2

2

3

3

4

4
(a)

dolphin’s representations of two different sample
tones (Herman 1975). In a variety of memory experiments with bottlenose dolphins and California
sea lions (Herman 1975; Schusterman et al. 1991)

5
(b)

retroactive interference of well-learned relations or
associations has been readily demonstrated. Many
types of surprising or unexpected stimulus material
presented during the delay interval are likely to
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impair working memory. Results from experiments
involving active disruption of memory, for instance
the interposition of distracting events or stimuli
(Schusterman et al. 1991, 1993b), indicate that both
dolphins and California sea lions have to keep information in the working memory in an active state. Such
an active state has been called ‘rehearsal’, and forgetting occurs when rehearsal is disrupted, rather than
as a result of the gradual decay of a stimulus trace.
With respect to long-term retention of information, several studies have shown individual recognition in pinnipeds and dolphins, most frequently
involving mutual recognition between mothers
and their dependent offspring (e.g. Trillmich 1981;
Sayigh et al. 1999). However, until recently, there
has been no test of LTM in the context of individual
recognition. Recently, Insley (2000) conducted
a vocal recognition/playback study on LTM of
mothers for the voices of their pups and visa versa in
northern fur seals (Callorhinus ursinus). Despite the
fact that mothers and their pups had not interacted
for at least 8 months, Insley showed that females
and their pups were still responsive to one another’s
vocal playback; 4 years later, a subset of former
pups (females reaching sexual maturity) were still
able to recognize the original recordings of their
mother’s voice. This finding in the field complements
observations in captivity of hand-reared California
sea lions, who show recognition for their original
caregivers despite being separated for a month or
more (Schusterman et al. 1992a).
13.2.4 Object representation
and echolocation
Most objects have a salient colour, shape, texture,
odour and taste; they appear, feel, smell and taste
different from other objects. The congruence and
apparently spontaneous integration of these different sensory inputs as features of just one and the
same object is so obvious to us as verbal human beings
that we take it for granted that a similar process
occurs in non-verbal infants and other animals. For
example, apes can accurately recognize by touch
alone, objects that have only been seen, or conversely, can identify visually an object that they have
previously experienced only by touch (Ettlinger &
Wilson 1990). This kind of object recognition across

the senses is therefore not necessarily related to language, as it had once been believed. For an ape, as
for us, there is a visual representation as well as a
tactile representation and stimulus input from vision
may evoke a tactile representation and vice versa.
The precise ways in which streams of sensory input
or neuronal activation patterns related to two or
more disparate modalities can give rise to perception of an object are at present unknown. A point
of view based on nativist philosophy, which holds
that some aspects of intellect (e.g. those related
to object recognition) are formed before birth,
would hold that infants are born with the capacity
to immediately recognize stimuli across a variety of
senses; that is, there is an isomorphy between visual,
tactile and acoustic representations of an object and,
therefore, object recognition occurs both within and
between modalities without learning. In contrast,
the empiricist philosophy, which states that recognizing contingencies between environmental stimuli
(e.g. the sight of an object and the sound it makes
when struck) is an ontogenetic learning process,
would predict that such cross-modal relations have
to be learned. In 1932 Senden (cited in Krech &
Crutchfield 1959) reviewed 66 cases of recovery
from blindness in adult humans. Senden found
that these subjects, upon recovery of sight, were
unable to visually identify stimuli with which they
were acoustically and tactually familiar. Relations
between the sight, sound and touch of objects had
to be learned de novo. The inability to immediately
recognize objects cross-modally in these subjects
casts doubt upon the proposition that cross-modal
recognition is immediate and spontaneous.
One of the most interesting questions in crossmodal perception is how echolocating animals
represent echoic and visual aspects of stimuli. In
order to examine the relationship between echoic
and visual representations of single objects, Pack
and Herman (1995) and Herman et al. (1998)
tested a bottlenose dolphin in cross-modal identity
MTS tasks. In these experiments, the dolphin was
able to inspect sample objects echoically and then
recognize them again when they were presented
visually. These authors concluded that the echoic
representations must in some way have given the
dolphin access to the visual representations, and
they suggested that echoic object representation
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was isomorphic with visual object representation.
In similar experiments with another dolphin, Harley
et al. (1996) concluded that the dolphin has an
‘object-based representation system’, in contrast to
a representational system that identifies features
of objects then relates them via previously learned
cross-modal associations.
Despite claims of ‘seeing through sound’ (Herman
et al. 1998) and ‘echo-imaging’ (Pack & Herman
1995), which imply that dolphin echo returns somehow directly translate to a visual representation,
there is no solid behavioural or neurophysiological
evidence that such isomorphy between sensory
systems exists. We suspect that decomposition of an
acoustic scene into recognizable elements should
allow an individual dolphin to respond accurately
to visual counterparts of echoic targets. Such
performance does not necessitate a point-to-point
transformation of the object representation from
one modality (auditory) to another (visual). Instead,
evidence suggests that cross-modal matching might
be accomplished through categorization based
on similarity of function or shared reinforcement
history. In the case of the dolphin, specific visual
and echoic object features common to many objects
gain associative strengths through experience, and
are grouped together because they share many visual–
echoic links. Despite the physical dissimilarity
between echo returns from an object and its lightreflecting characteristics, an experienced dolphin
should be able to relate the two as members of an
equivalence class (Box 13.2), with the mediating
stimulus function being the relation between the
visual and echoic features of the object. As has been
pointed out, the intermodal equivalence of sonar
cues and reflected light cues from common objects
remains a rich and relatively untapped source for
cognitive research with the highly encephalized
brain of dolphins.

13.3 CONTINGENCY ANALYSIS,
CONTEXTUAL STIMULUS
CONTROL AND EQUIVALENCE
Recent work with some marine mammals has shown
that these animals are capable of categorizing objects
based on similarity of function. Classification not
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based on physical similarity is often called stimulus
equivalence (Box 13.2). Behavioural ecologists and
ethologists as well as natural historians by necessity
must work with an animal’s behaviour and therefore the basic units of cognitionarepresentations,
plans, rules and other mental processesahave to
be eventually linked to overt behaviour (Sidman
2000). Because ultimately we deal with observable
responses and not hypothetical mental constructs
per se, it is helpful to discuss stimulus equivalence
and complex behaviours in terms of contingenciesa
the events, responses and consequences linked to
behaviour patterns. Relations between the stimulus
(environmental variation), response and behavioural
consequence or reinforcer are taken as a three-term
contingency.
The initial event, or environmental variation, comprises what is known as a ‘discriminative stimulus’,
an occurrence that sets the occasion for the reinforcement of a particular response (and the nonreinforcement of all other possible responses).
This type of contingency is elegantly demonstrated
whenever a captive marine mammal successfully performs a simple trick at the command of its trainer.
The discriminative stimulus is a signal (usually vocal
or gestural) produced by the trainer. This stimulus
signals to the animal that a particular response (and
only that particular response) will be reinforced.
Following a correct response by the animal, a reward
(usually a fish) is delivered, completing the simple
three-term contingency of discriminative stimulus–
response–reinforcer.
Box 13.1 describes how the three-term contingency can be expanded to a four-term contingency
when it can be placed under ‘conditional’, ‘instructional’ or ‘contextual’ stimulus control (Sidman
2000). In this case, an equivalence class comprises
not only the stimuli involved in explicitly trained
and emergent relations, but also includes responses
and reinforcers as well. This was shown quite convincingly by Reichmuth Kastak et al. (2001). They
used class-specific fish reinforcers (herring and
capelin) to facilitate the formation of equivalence
relations in a simple discrimination procedure with
two California sea lions. In this study there was
powerful evidence that the reinforcers not only
facilitated class formation but also became class
members themselves. Therefore, equivalence classes
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are not immutable, but subject to expansion, merger
and disintegration, based on controlling variables
such as differential reinforcement or punishment,
or differences in response topography. Stimuli may
change or share class membership based on context,
a phenomenon we will refer to when discussing the
cognition of social behaviour. Finally, expanded
models of equivalence explain cognitive performance in the laboratory ranging from artificial language comprehension to complex categorization
and concept formation (Table 13.1).
13.3.1 Equivalence and animal
language research
No single aspect of marine mammal cognition has
received as much attention or stimulated as much
discussion as animal language research (ALR). In
experimental psychology, ALR is conducted on a
variety of species ranging from birds and apes to sea
lions and dolphins. One of the primary goals of
ALR is to search for the rudiments of language in
‘subhuman’ species, using the doctrine of evolutionary continuity as the primary impetus. In particular,
common chimpanzees, bonobos and gorillas are the
best known subjects of such experiments; but despite
the close degree of relatedness of these species to
humans, no convincing evidence for a non-human
communication system resembling human language
has yet emerged. The rationale for ALR experimentation in the bottlenose dolphin is slightly different.
The brain of Tursiops is extremely large relative to
the size of its body. Furthermore, these animals are
known to be highly social, and playback experiments
suggest that individual recognition by vocalization
occurs readily. Thus, a human–dolphin artificial
language might be easily taught, and used as a tool
to ‘tap into’ the dolphin brain. In the early 1980s,
Herman and colleagues trained two dolphins to
respond to artificial languages, one acoustic and
one gestural, by combining sequences of cues that
modified objects or their positions (e.g. left, right),
that referred to object shape (e.g. ball, cone), and
specified actions to be performed on the objects (e.g.
jump over, tail touch). Sequences were delivered
in a restricted order. For example, for the dolphin
Ake, signals denoting modifiers always preceeded
signals referring to objects and were followed by

signals informing the dolphin as to what action
to take. Thus the artificial language had a relatively
simple syntactic structure. Despite the apparent
difficulty of the artificial language task, the performance of the dolphins showed that on a superficial
level they understood the referential nature of
the signals, and were sensitive to the sequence of
commands (e.g. could differentiate between the
instruction ‘take the ball to the hoop’ and ‘take the
hoop to the ball’) (Gisiner & Schusterman 1992).
However, in a series of critiques published in the
Psychological Record in 1988 and 1989, Herman and
Schusterman argued about the interpretation of the
results of these ALR experiments (Herman 1988,
1989; Schusterman & Gisiner 1988, 1989). Did
the dolphins, as proposed by Herman, understand
elements of a ‘true’ language, or were they merely
responding to complex sequences of instructions
in a temporal modification of a MTS procedure
(e.g. match the gesture for ‘ball’ with the object
‘ball’), as proposed by Schusterman and colleagues
(Box 13.1)?
Though arguments concerning the proper interpretation of data from ALR experiments may never
be completely put to rest, it is our opinion that
success in the types of experiments conducted by
Herman with dolphins, as well as similar experiments
conducted by Schusterman with California sea lions,
does not require language or rudiments of language, even though such tasks can require significant cognitive skills. STM, keen perceptual systems,
object and sequence recognition, and the ability to
rapidly relate gestures and objects are among the
many requisites for successful performance. However, just because a dolphin or a sea lion recognizes the functional equivalence of signals based
on sequential position, it does not follow that the
animal understands linguistic syntax per se. In the
same way, though the ability to form equivalence
relations is a necessary prerequisite for semantics,
it is not sufficient for the emergence of ‘meaning’
in the linguistic sense. Such performance at best
only resembles linguistic performance. Thus, with
sufficient training a sea lion or dolphin may acquire
a great deal of knowledge about sequential position
as well as learning about the interchangeability of a
symbol and its referent. However, this does not mean
they possess a multimodal language that they use to
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communicate with one another about previous and
future events, nor do such cognitive skills reflect
a language analogous to natural human language
that enable these animals to spontaneously think in
symbols as well as images (Schusterman 1986).
Because new objects, actions and modifiers can be
readily interchanged with familiar ones, the stimulus
classes comprising actions, objects and modifiers
in artificial languages appear (and indeed probably are) open ended, limited only by the experimenter’s ability to contrive new signals and referents.
Consequently, performance in these tasks appears
linguistic but instead depends on prelinguistic
cognitive skills like equivalence class formation and
rule-based behaviours like conditional discriminations
(Box 13.2). For example, in a sequence of stimuli,
each signal (e.g. object or action) and its position
relative to other signals constitutes an equivalence
class. Thus all stimuli can be classified based on at
least two cues: the position of the signal within the
sequence (e.g. last slot = action) and the relation
between a signal and all other signals of its class
(e.g. all action signals form a class). When the
experimenter adds contextual control (e.g. number
or colour or size of the available objects; number
and type of signs in a sequence), the subject can
develop rules regarding which equivalence classes
are appropriate to use for each particular sequence
(Schusterman & Gisiner 1997). Based on these
somewhat flexible rules governing sequence, novel
objects, modifiers and actions can be added at the
appropriate time in a sequence and be ‘understood’
immediately, based on a shared function with other
signs of the same class. Apparently, equivalence
of positions in a sequence is learned relatively
rapidly, while learning the referentiality or meaning
of a gesture takes longer (Schusterman & Gisiner
1997). Further, performance is disrupted when the
subject’s expectations about sequential position
are contradicted by the experimenter (Gisiner &
Schusterman 1992).
What these ALR studies demonstrate is that sea
lions and dolphins, like rhesus monkeys (Chen et al.
1997), chunk information into sequential categories.
In the case of marine mammals, the categories consisted of modifiers, objects and actions, usually in a
relatively fixed order. By using two rules (Premack
1986) these animals were able to interpret sequences
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containing as many as seven signs. Their working
memories permitted these marine mammals to integrate arbitrary signals such as gestural cues and to
maintain an instructional theme as if understanding
a book passage that read, for example, ‘take the large
black ball to the white car’ (Schusterman et al. 1993b;
Schusterman & Gisiner 1997). As pointed out in
the next section, such cognitive skills can be readily
applied to more natural settings requiring either
social, foraging or navigational/spatial knowledge.
We should caution that in the ALR experiments,
mutual substitutability between gestures and the
objects they signify has not been systematically
tested. Nevertheless, the question remains: ‘Is such
“symbolic” performance merely an artefact of an
artificial or arbitrary testing procedure?’ We suspect
that the answers are based in the evolution of
complex social and ecological behaviour where
‘meaning’ is of utmost importance, regardless of
linguistic competence.
13.3.2 Equivalence relations and
behaviour in the field
Most previous laboratory studies of marine mammal
cognition have failed to address what behavioural
ecologists consider paramount: the role of cognition
in the behaviour of free-ranging animals and the
selective pressures acting on cognitive capacities. To
biologists and psychologists interested in the comparative study of behaviour, the question becomes
whether different types of intelligence and problemsolving abilities have evolved in response to speciestypical environmental pressures.
The idea that behavioural traits, like morphological
traits, are subject to the laws of natural selection is
not a recent development. In fact, from its inception,
the ethological tradition has relied on evolutionary
explanations for species-specific behaviour patterns
(Tinbergen 1963). However, laboratory and field
studies investigating the evolution of complex or
‘intelligent’ behaviour in animals have only recently
received much attention (this approach is reviewed
in Shettleworth 1998).
Intelligence related to social behaviour has often
been assumed to be under strong selective pressures
in many species, such as some of the highly social
cetaceans. This idea has received a great deal of
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attention in the literature on the behaviour of
non-human primates. In highly social species, like
chimpanzees and baboons, individual reproductive
success is related to remembering not only the identities of other group members, but also kin and nonkin. These animals must recognize and remember
family members, friends, foes and the alliances that
form between them (sometimes involving many
individuals), and use this information in novel ways
in order to thrive in a complicated and often changing social environment. This argument has recently
been applied to species such as Tursiops truncatus,
which also exhibit highly complex social behaviour
(Connor et al. 1998) (see Chapter 12). Indeed,
dolphins appear to be particularly adept at recognizing individuals and manipulating social situations.
Proficiency at vocal mimicry (some cetaceans are
among the few mammals in which there is evidence of vocal learning; Richards et al. 1984) may be
an adaptation enabling recognition and ‘naming’
other dolphins based on characteristic phonations
that have been termed signature whistles (see
Chapter 6). It has been hypothesized that signature
whistles are a way of keeping track of who’s who
in the dolphin society (Tyack 1997).
Unfortunately, there is scant, if any, laboratory
evidence for any marine mammal behaviours that
appear to be useful only in social situations. Data
from experiments on stimulus equivalence suggest
that many of these animals are capable of cognitive
strategies that allow them to solve problems of an
arbitrary natureastrategies that are also likely to
facilitate many types of social learning as well. Until
there is evidence for a specific learning mechanism
related to social cognition, more general associative
theories must be invoked to account for social
behaviour in marine mammals.
In the following examples of the role of cognition
in the natural behaviour of free-ranging animals, we
suggest that theories of stimulus equivalence offer a
fairly simple way to explain many complex behavioural patterns, using nothing more than contingency
analyses based on associative learning (Schusterman
& Kastak 1993, 1998; Kastak & Schusterman 1994;
Schusterman et al. 2000). Stimuli such as conspecifics, neighbours and kin must be recognized
in highly social animals. By forming equivalence
classes corresponding to these group distinctions,

an animal can gain an economy of cognitive processing by dealing with classes of stimuli that may
not be perceptually similar. The essence of equivalence lies in the ability to treat members of a class
as interchangeable, thus responses appropriate to
one member of a class may be appropriate for all
members of a classatrial and error learning gives
way to conceptualization, saving time and energy.
Cognitive behaviours leading to individual and kin
recognition appear to be particularly well developed
in some cetaceans and a few pinnipeds. While most
studies of marine mammal social behaviour have
emphasized cetaceans (see Chapter 12), there are
also several cases in which pinnipeds have been
shown to engage in complex social interactions. For
instance, after a feeding bout that may last several
days, a female California sea lion will return to the
rookery and become reunited with her pup following a vocal exchange between them. During the
first several hours of the pup’s life, associative cues
relating the sight, sound and smell of its mother are
especially powerful, resulting in a process termed
imprinting (see Chapter 12). The imprinting phenomenon is usually described as a special form of
perceptual learning that takes place only within a
limited timeframe after birth. During this ‘sensitive
period’ the pup gathers sensory information and
forms representations of its mother based on hearing, vision, olfaction and touch. These cross-modal
representations later allow the mature sea lion to
recognize its sisters through their connection with
their mother and each other (Schusterman et al.
1992b). The original cross-modal equivalence class
may expand to include other relatives through primary stimulus generalization (related females might
resemble the mother) or through other associative
mechanisms (kin groups may share proximity on
the rookery, or forage together in groups). Hanggi
and Schusterman (1990) demonstrated this sort
of kin recognition in captive California sea lions,
showing that related half-sisters were less aggressive and more affiliative toward each other than
non-relatives; a sea lion may determine degrees of
kin relatedness by observing affiliative interactions
between its mother and its sisters.
There is considerable experimental evidence that
territorial male otariid pinnipeds recognize one
another by their calls (see Chapters 6 and 10) and
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R1 (approach)

C1 (nursing)

R2 (other)

C1 (nursing)

R1 (approach)

C1 (nursing)

R2 (other)

C1 (nursing)

S1
(mother’s whistle)

(a)

Fig. 13.2 Three-term contingency
as applied to a dolphin calf that
discriminates between: (a) its mother’s
whistle, and (b) the whistles of other
individuals in its group (see Sayigh
et al. 1999). See text for complete
explanation.

S2
(whistle of
unrelated adult
female)

(b)

subsequently group other territorial males as familiar
or novel. For example, Steller sea lion territorial males
become reproductively successful only after securing a territory for at least one full season (Gisiner
1985). The grouping of neighbouring males into
classes of familiar and novel individuals appears to
be critical in this process, which can take 3 or more
years. Successful males do not expend energy aggressing against familiar males, but established territorial
males will aggress against newcomers. There is strong
evidence, spanning multiple breeding seasons, suggesting that this ‘dear enemy’ effect is not simply
the result of habituation to neighbouring males but
is indeed a classification of males into categories,
and that members of each category are relatively
interchangeable.
Although details regarding signal emission and
reception are different in the dolphins and whales,
scenarios involving individual recognition and conceptualization are likely to be verified among the
highly and complexly organized societies of dolphins
and whales (Connor et al. 1998) (see Chapter 12).
Figure 13.2 illustrates a hypothetical three-term contingency drawn from actual playback experiments
showing that dolphin mothers and their offspring
respond preferentially to each other’s signature
whistles (Sayigh et al. 1999). Only in the presence
of its mother’s whistle, stimulus (S1), will a calf ’s
approach response (R1) be followed by, or have as its
consequence (C1), a nursing episode. Nursing does

not occur (crossed arrow) if the calf does anything
else (R2) in the presence of its mother’s whistle.
Repeated pairings between these stimuli may ultimately result in an equivalence class comprising the
calf ’s mother, the mother’s whistle, the approach
response and nursing. When other individuals
frequently accompany the mother, their signature
whistles and visual characteristics may become incorporated into this class (Box 13.2 and Fig. 13.3).
However, the equivalence is context specific in that
certain reinforcers (e.g. milk) may only be available
from one member of the class (the mother), while
other reinforcers (e.g. shelter, protection, affiliative
behaviour) may be obtained from the other members of the class. Contextual cues including overt
behavioural signals and motivational state may shift
the importance of one attribute of the class (all
adult females affiliative with the mother) to another
attribute (the sight and sound of the only class
member that is also a reliable source of milk).
Contextual control is also particularly important
in describing both complex foraging situations and
social relations in marine mammals. For example,
Connor et al. (1998) reported that male bottlenose
dolphins in Shark Bay, Australia form enduring pair
or trio associations (see Chapter 12). These firstorder teams form an association or ally themselves
with one or two other teams in a second-order
alliance. The principle function of these nested
groups or ‘superalliances’ is to defend against or

MMBC13 16/1/2002 10:42 AM Page 384

384

C H A P T E R 13

R1 (approach)

C1 (protection,
affiliation, shelter, etc.)

R2 (other)

C1 (protection,
affiliation, shelter, etc.)

R1 (approach)

C1 (protection,
affiliation, shelter, etc.)

S1
(group members
and their whistles)

(a)

S2
(non-group
members and
their whistles)
C1 (protection,
affiliation, shelter, etc.)

R2 (other)
(b)

R1
(alliance formation)

C1
(copulation)

R2 (other)

C1
(copulation)

R1
(alliance formation)

C1
(copulation)

R2 (other)

C1
(copulation)

Fig. 13.3 Three-term contingency
as applied to a dolphin calf that
discriminates between: (a) group
members (including its mother, aunts,
companions, etc.) and their whistles,
and (b) non-group members and
their whistles.

S1 (group A)
S3
(ovulating females)
S2 (group B)

(a)
R1
(alliance formation)

C1
(feeding)

R2 (other)

C1
(feeding)

R1
(alliance formation)

C1
(feeding)

R2 (other)

C1
(feeding)

S1 (group A)
S4 (large schools
of prey)
S2 (group B)
(b)

attack other alliances in competition over females.
Equivalence relations and contextual control involved
in these interactions are shown in Fig. 13.4, in that
different superalliances are formed depending on
the presence of different motivations for behaviour
(reproduction or feeding). Further, within an alliance,

Fig. 13.4 Four-term contingency as
applied to Connor et al.’s (1992)
description of superalliances in
bottlenose dolphins depending
on different motivations:
(a) reproduction; and (b) feeding.
See text for complete explanation.

individual dolphins that are good at sequestering
females might be ‘exchanged’ for those that might
be better at chasing fish into shoals when attention
shifts to hunting, giving rise to the extreme fluidity
of social behaviour that is characteristic of many
dolphin species.
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13.4 CONCLUSIONS
Despite the fact that general cognitive mechanisms
explain much of the complex behaviour of marine
mammals, ecological approaches to the evolution
of intelligence in these animals may likewise account
for such behaviour. California sea lions, for instance,
are quite adept at forming rules and concepts that
allow them to solve entire classes of problems efficiently. However, harbour seals have been shown on
numerous occasions not to be able to form rules
or concepts in laboratory settings using visual and
auditory tasks (Table 13.1). However, some of the
same seals readily learned tasks in which correct
responses were based on spatial rule learning. Renouf
and Gaborko (1988, 1989) suggested that these
performance differences are related to harbour seal
ecologyaharbour seal mothers may depend on
spatial cues rather than specific visual cues when
searching for their offspring. Harbour seal pups, on
the other hand, appear not to depend on acoustic
signals for differentiating between their mothers
and other females, because the females do not emit
signature vocalizations to attract their pups. To a
harbour seal female, all pups may in fact look alike,
and to harbour seal pups all females may look and
sound alike. In these animals, mothers infrequently
leave their pups and thus selection pressures for
mechanisms enabling visual and acoustic recognition might be weak. Spatial orientation and memory,
which is important in philopatry and site fidelity,
may substitute for individual recognition per seathe
pup is recognized by the location it occupies rather
than by its appearance.
Based on life history differences, then, we would
predict that the phocids should perform less well on
visual rule-based tasks than the otariids, in which
mother–pup recognition has been shown to occur
and to be mutual and multisensory, the latter aspect
being important in the development of equivalence
relations. The odobenids, and likewise many of the
cetaceans, might be expected to perform well on
such tasks in both visual and auditory modalities, in
part because of the extended period of mother–calf
interaction and presumed individual recognition.
The synergy of laboratory and field-based
approaches is evident in the preceding examples,
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as it allows the development of testable hypotheses
based on behaviour, life history and ecology of
marine mammals. Such hypotheses can in turn be
used to design laboratory tests for specific cognitive
mechanisms such as equivalence, and the results used
along with phylogenetic evidence to shed light on
the evolution of marine mammal behaviour. However, within this framework for the study of marine
mammal problem solving and memory, we have
hardly begun to scratch the surface in the exploration
of the cognitive abilities of these animals.
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