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The Cognitive Sea Lion: Meaning and Memory in the Laboratory and in
Nature

Ronald J. Schusterman, Colleen Reichmuth Kastak, and David Kastak
The pinnipeds, or seals, sea lions, and walruses,
are descendents of terrestrial carnivores. In contrast to their fully aquatic counterparts, the dolphins, they are shorter lived, have less complex
social organization, and have a less encephalized
brain. Despite these facts, some pinniped species
display obviously intelligent behavior, which can
be seen in the ease of their trainability in oceanaria settings and in their ability to trick unlucky
ﬁshermen out of their catch. The quick wits and
adaptability of one species in particular, the
California sea lion (Zalophus californianus),
make it an ideal subject for our laboratory studies of problem solving and memory.
Language Learning in the Sea Lion
Historically, a top-down approach has been used
to study cognition in a select group of mammals,
including the great apes and bottlenosed dolphins. This approach emphasized the search for
rudiments of language in nonhuman animals.
Our own early work on sea lion cognition,
namely, teaching them to comprehend an artiﬁcial gestural sign language (Schusterman and
Gisiner 1988, 1989, 1997; Schusterman and
Krieger 1984, 1986), was inspired by the apparent success of similar research with bottlenosed
dolphins (see Herman et al. 1984). Throughout
much of the 1980s, we focused our e¤orts on
teaching three sea lions to relate particular gestural signals to objects (such as bats, balls, and
rings), modiﬁers (large, small, black, and white),
and actions (such as fetch, tail touch, and ﬂipper
touch). These signals could be combined in over
7000 di¤erent combinations, each instructing
the animal to carry out a speciﬁc behavioral
sequence. For example, in what was termed a
‘‘single object’’ instruction, the presentation of
four signs such as small white ball ﬂipper-touch
would usually result in the sea lion touching the
small white ball with its ﬂipper, while ignoring

the irrelevant objects in the pool (see ﬁgure 28.1).
More complicated instructional sequences required the sea lion to press one of two paddles to
indicate whether an object was present or absent.
The most complicated instructions required the
sea lion to select one object in the tank and bring
it to another object. These ‘‘relational’’ sequences
could include up to seven signs; for example, the
gestural sequence large white cone, black small
ball fetch instructed the sea lion to bring the
black small ball to the large white cone. Our sea
lions were eventually able to respond appropriately to familiar as well as novel combinations of
signs with a great deal of accuracy, as shown in
ﬁgure 28.2, which describes the performance of
our most experienced sea lion, Rocky.
Our results with the sea lions in the languagelearning task gave us insight into several aspects
of their cognitive abilities. Positive results with
animals that were smaller brained, shorter lived,
and less social than apes and dolphins led us
to speculate that we were dealing with general
learning processes rather than specialized cognitive abilities such as language. Instead of comprehending the instructional sequences within a
linguistic framework, we believed that our sea
lions, and perhaps other animals trained on similar tasks, were learning speciﬁc problem-solving
rules via the associative mechanisms we describe
later.
The artiﬁcial language tasks also led us to
make predictions about how sea lions represented and remembered critical information. For
example, our sea lion Rocky exhibited a stereotyped search response following her observation
of the gestural cue denoting an object. As soon
as she was given the cue, Rocky would turn her
head to the left and slowly scan the pool until she
located the correct object, at which point she
would return to station to wait for the action
signal to be given (see ﬁgure 28.1). Her purposeful search for the speciﬁed object suggested that
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Figure 28.1
An instructional sequence given to sea lion Rocky by a trainer in the context of the language experiment: the gestural cue for the modiﬁer WHITE (A), followed by the cue for the object DISK (B), and then the cue for the action
FETCH (C). Rocky responds to the modiﬁer cue with a slight head turn (A), but responds to the object cue by
turning her head until she ﬁnds and points at the white disk (B). After ﬁnding the disk, she returns to her stationing
position at the trainer’s foot and receives the fetch sign (C). When the trainer’s foot drops, Rocky carries out the
instructional sequence WHITE DISK FETCH by bringing the white disk to the trainer (D).

she was coding the object signal prospectively;
that is, she was translating the gestural cue into a
representation, or search image, of the target
object. This search image hypothesis is further
supported by Rocky’s performance on trials
based on the presence or absence of an object.
On such trials, her search time was signiﬁcantly
longer when the signed object was absent than
when it was present (2.4 G 0.8 seconds versus
1.6 G 0.6 seconds; t ¼ 5:6, df ¼ 97, p < :01).

Rocky’s search behavior on di¤erent types
of instructional sequences also led us to other
observations about her memory. For example,
while scanning the pool, Rocky seemed to hold
onto the search image of the object for a maximum of about 10 seconds. If she failed to locate
the target object within that time period, she
often refused to respond or simply ‘‘defaulted’’
to responding to any nearby object. This observation led us to hypothesize that California sea
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Figure 28.2
Sea lion Rocky’s performance accuracy on three instructional types: single object (n ¼ 1087 trials), object present or
absent (n ¼ 99 trials), and relational (n ¼ 35 trials). The present or absent results are a random sample drawn from
Rocky’s data obtained in March 1988 and presented here for the ﬁrst time. The single object and relational trials are
taken from Schusterman and Gisiner (1988). The black bars show the percentage of correct responses to each
instructional type and the white bars present performance expected by chance (all w 2 ’s for these data indicated that
performance was signiﬁcantly better than chance, p < 0:01. [See Schusterman and Gisiner (1988) for the calculation
of chance probabilities.]

lions had a limited short-term memory. In addition, on trials involving two di¤erent objects,
Rocky would usually remember the most recently signed object while sometimes forgetting
the earlier signed object (Schusterman et al.
1993a). This type of performance reﬂects attempts at remembering earlier material while
being distracted by more recent material. It is
typical of what is termed retroactive interference,
which occurs when the encoding of new information disrupts the retention of previously coded
information.
Collectively, these ﬁndings generated more
questions than answers. How did the sea lions
relate gestural signals to the objects they represented? Did the sea lions learn new signals in a
manner analogous to the way that children learn

new words? What was the relationship between
the type of language learning demonstrated by
the sea lions and their more general abilities to
form abstract concepts? What were the limits of
their short- and long-term memory? Finally, how
did performance on psychological tests given in a
laboratory setting relate to natural social and
ecological problem solving?
From Language to Logic
To answer these questions regarding basic learning and memory processes, we changed our approach from top-down, beginning with complex
languagelike performances and attempting to
identify the components and variables inﬂuencing behavioral responses, to bottom-up, in which
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we could look at the formulation of problemsolving rules under more simpliﬁed and controlled conditions. This change was motivated by
the idea that the gestures used in the language
experiment to designate particular objects served
as conditional cues that were arbitrarily related
to each object by positive reinforcement training.
We believed that the performance of our sea
lions in the language experiment depended on
their acquisition of straightforward, albeit complex, conditional discriminations or if . . . then
rules, rather than on linguistic processes. For
example, a sea lion could be trained to follow the
rule ‘‘If the gesture for disk is presented . . . then
respond to the object disk.’’ Although the behavior of the sea lion seems to indicate comprehension of language, this type of rule learning
is di¤erent from the symbolic nature of human
language, in which a symbol becomes equivalent
to its referent.

between the two tasks, the observed patterns of
errors (including object and position biases) were
quite similar. This was a strong indication that
the sea lions were learning comparable if . . . then
rules to solve the two types of problems.

Conditional Discrimination Learning
In order to analyze rule learning in our sea lions,
we abandoned our artiﬁcial language project and
began training two sea lions in a procedure
known as arbitrary matching-to-sample (MTS).
This procedure allowed us to examine the relationship between potential symbols and their
referents. The MTS task requires a subject to respond to one of two or more choice, or comparative, stimuli in the presence of a particular
conditional cue, or sample stimulus (Carter and
Werner 1978). A sample stimulus and its paired
associate are arbitrarily related in much the same
way that a gestural cue in the language project is
related to an object. For example, through positive reinforcement training, a sea lion can learn
to respond to a pattern shaped in the form of a
crown, given the presence of a sample stimulus
shaped in the form of a propeller, i.e., ‘‘if propeller . . . then crown’’ (see ﬁgure 28.3).
The sea lions’ performance in the MTS task
was similar to their performance in the language
project. Despite the di¤erences in conﬁguration

Learning by Exclusion
The conditional discrimination problems just
described were established in two di¤erent procedures, but shared an important training characteristic. In MTS and in the artiﬁcial language
task, the ﬁrst two conditional discriminations
were trained simultaneously by trial and error; as
expected, each subject made a signiﬁcant number
of mistakes during the acquisition of the ﬁrst
paired associates. The development of such speciﬁc rules through training generally requires
a subject to make some errors in order to sort
out the contingencies that predict reinforcement.
However, following initial training in the language task, we found that our sea lions could
learn associations between new gestures and new
objects virtually without error.
When a novel gestural cue was produced in
the presence of both a novel object and a familiar object (that is, one already associated with a
di¤erent gestural cue), the sea lion immediately
related the novel signal to the novel object and
excluded the familiar object as a probable choice
(Schusterman and Gisiner 1997). Thus, when a
novel gestural cue was incorporated into the
sequence, Rocky responded immediately to the
only novel object in the pool. We obtained
the same results in MTS—the sea lions excluded
the familiar comparison, which had already been
associated with a familiar sample, and immediately related the novel sample to the novel
comparison (Kastak and Schusterman 1992;
Schusterman et al. 1993b).
The same phenomenon has been reported in
language learning experiments with both dolphins and great apes. Indeed, developmental
psycholinguists have documented a similar phenomenon in word learning by children who
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Figure 28.3
Examples of Rocky solving conditional discrimination, or if . . . then, problems in the matching-to-sample procedure. The sample stimulus, or conditional cue, appears in the center of the apparatus, and comparison, or choice,
stimuli appear on either side of the sample. Following an observation interval during which time all three stimuli are
visible, Rocky is released from her stationing position in front of the sample stimulus to touch one of the choice
stimuli. Correct stimulus matches are rewarded with ﬁsh reinforcement. In the upper panel, selection of the rectangle
is contingent upon presentation of the spiral, i.e, ‘‘if spiral . . . then rectangle’’; in the lower panel, selection of the
crown is contingent upon presentation of the propeller, i.e., ‘‘if propeller . . . then crown.’’

relate new words to new objects in their environment without error; this process has been
described by various terms, such as psycholinguistic inference, emergent matching, fast
mapping, and mutual exclusivity (Wilkinson et al.
1998). Any individual who uses an exclusion rule
to deduce that two items must be related can
eventually learn the more direct association
between the two items. Once the direct association has been ﬁrmly established, the strategy of

excluding the familiar item will no longer be
necessary. Thus, the use of an exclusion rule
minimizes frustration during the learning process
by eliminating errors, and this is true whether the
subjects are sea lions, dolphins, chimpanzees, or
children. In summary then, we can see that part
of the performance of sea lions in a languagelike
task can be attributed to relatively simple forms
of learning, such as speciﬁc if . . . then rules and a
more general exclusion rule.
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Figure 28.4
Performance for sea lion Rio on 52 successive conditional discrimination problems. The number of errors Rio made
prior to reaching criterial levels of performance (90 þ percent correct responses) declined signiﬁcantly as she learned
more and more problems of the same type (R 2 ¼ 0:23, p < 0:01). These data for the learning set in MTS are presented here for the ﬁrst time.

Learning to Learn
With repeated practice with a particular type of
problem, an individual can often solve subsequent problems of the same type more rapidly
(Harlow 1949). Thus, animals not only learn
how to respond appropriately to individual
problems but can also learn about the more
general nature of the problems and how to solve
them e‰ciently. We have observed this ‘‘learning
set’’ phenomenon in our sea lions in a wide variety of situations, including language learning
and MTS (see also Schusterman 1968). For example, using MTS, we trained our sea lion Rio
to solve 60 di¤erent conditional discriminations.
The problems were set up in such a way that Rio
could solve the ﬁrst 8 of these problems by using
an exclusion rule, but thereafter had to solve the
remaining 52 problems by learning speciﬁc if . . .
then rules for each of two paired associates. Rio’s
performance on these problems can be seen in
ﬁgure 28.4, which shows that the number of

errors required for her to learn each successive
problem gradually decreased. This pattern indicates that Rio formed a learning set, a general
strategy for solving similar types of problems.
Equivalence Relations
Our language studies with the sea lions brought
into question the symbolic nature of the gestural
cues used to denote the modiﬁers, objects, and
actions in an instructional sequence. We found
that the responses of our sea lions to novel
instructional sequences depended on the order in
which the gestural cues were presented. The sea
lions were trained to expect cues in the following
order: modiﬁer(s)-object(s)-action. A novel gestural cue placed in the modiﬁer, object, or action
position of a sequence would invariably result in
the appropriate type of response. For example,
after Rocky was trained by shaping procedures
to porpoise over an object ﬂoating in her pool,
and the behavior was placed under the control of
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Figure 28.5
The A, B, and C members of two classes (9 and 21) that were part of the 30 potential 3-member classes used with sea
lion Rio. Following MTS training of the relations if A . . . then B and if B . . . then C for each class, Rio was tested
for the ability to form symmetrical (if B . . . then A; if C . . . then B), transitive (if A . . . then C ), and equivalence (if C
. . . then A) relations (see Schusterman and Kastak 1993, 1998).

a gestural cue, she was able to perform perfectly
the ﬁrst time she was given the sign sequences
ball over or white cube over. However, if the object and action cues in a sequence were transposed, Rocky would frequently balk, indicating
that she did not comprehend anomalous sequences. Any modiﬁer, object, or action could be
substituted for another in an instructional sequence, but they could not be substituted between signal types. These observations suggested
that Rocky was organizing the gestural cues into
classes based on the type, or function, of the signal. Because the type of signal is speciﬁcally
related to its position in the sequence, such categorization is evidence of syntactic comprehension (Gisiner and Schusterman 1992).
In addition to such syntactic meaning, conceptual behavior can also be demonstrated in the
context of symbolic meaning. The most commonly used paradigm in studying the symbolic
nature of human words is called ‘‘stimulus
equivalence,’’ which is studied in the context of
the MTS procedure (see Sidman 1994, 2000).
Following the training of the conditional discriminations if A . . . then B and if B . . . then C,

stimulus equivalence is shown by the emergence
of novel reﬂexive, or identity, relationships (if A
. . . then A, if B . . . then B, if C . . . then C ), symmetrical relationships (if B . . . then A and if C . . .
then B), and transitive relationships (if A . . . then
C ). A complete equivalence relation combines
symmetrical and transitive properties, and would
be demonstrated if an individual could spontaneously relate C to A following training of the
original rules if A . . . then B and if B . . . then C.
In the context of word learning, the stimuli A, B,
and C might refer to an object, its verbal label,
and its written label. To examine the potential
for symbolic meaning in our sea lions, we tested
one of our animals for the ability to form equivalence relations using MTS and stimuli such as
those shown in ﬁgure 28.5.
Our general strategy for documenting equivalence classiﬁcation was to teach Rio to solve
problems of a given type by direct reinforcement
training and then test her to see if she could solve
novel problems of the same sort. For example,
after being trained with 60 identity problems in
the form of conditional discriminations (i.e., if A
. . . then A), Rio was tested with 30 unfamiliar
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Figure 28.6
Sea lion Rio’s trial one performance on tests of equivalence (if C . . . then A), symmetry (if B . . . then A, and if C then
A), and transitivity (if A . . . then C ) for 18 potential classes following exemplar training with 12 other potential
classes. Performance on all conditions is signiﬁcantly better than expected by chance (Fisher’s exact tests, p < 0:01;
n ¼ 18 for equivalence trials, n ¼ 36 for symmetry trials, and n ¼ 18 for transitivity trials).

stimuli; she correctly related identical pairs of
objects (i.e., if novel stimulus X . . . then novel
stimulus X, if Y . . . then Y, if Z . . . then Z, etc.)
80 percent of the time even though she had never
seen the objects before (Kastak and Schusterman
1994). Following these tests, Rio was taught
conditional discriminations with 30 potential
equivalence classes, each consisting of three different shapes (see ﬁgure 28.5). For each of the 30
classes, the conditional relations if A . . . then B
and if B . . . then C were directly trained. Subsequently, 12 of the 30 classes were used to train
the relational rules of symmetry and transitivity in order to give Rio experience solving
these types of problems. Finally, the remaining
18 classes were presented to Rio in new conﬁgurations to determine if equivalence relations
would emerge without training. The results

shown in ﬁgure 28.6 demonstrate Rio’s remarkable ability to reorganize trained stimulus relations into emergent combinations based on the
properties of symmetry, transitivity, and equivalence (Schusterman and Kastak 1993).
Additional experiments have extended these
results on equivalence relations to show such
classiﬁcation occurring in other discrimination
learning contexts (Schusterman and Kastak
1998), and class membership expanding to include speciﬁc reinforcers such as di¤erent types
of ﬁsh (Reichmuth Kastak et al. 2001). This
conceptual reorganization of information allows
an animal to connect di¤erent objects, events,
and individuals in structured categories on the
basis of common elements or shared functions.
While humans use linguistic codes to facilitate
such abstract problem solving, these studies show
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us that some nonhuman animals that lack language are nonetheless capable of logically organizing their perceptual worlds.
Remembrance of Things Past
Information, once organized into relationships,
rules, or categories, must be remembered over
time in order to be useful to an animal. Thus,
processes related to the coding, storage, retention, and retrieval of information are fundamental to studies of animal cognition. In the
language studies, the sea lions seemed to retain
representations for very short time intervals, and
distracting events appeared to disrupt these representations. To more systematically investigate
aspects of short-term, or working, memory in
our sea lions, we trained two of them to perform
a variant of the MTS task, called ‘‘delayed
matching-to-sample.’’
After the sea lions learned to relate sample
stimuli to correct comparison stimuli in the standard procedure (see ﬁgure 28.3), memory trials
were conducted in which the sample stimulus
was removed prior to the presentation of the
comparison stimuli. The delay between the removal of the sample and the presentation of the
comparisons was varied in order to determine
the time interval over which the encoded sample
could be retained. We found that our sea lions
continued to accurately solve the problems for as
long as we could reasonably ask them to wait for
the comparison stimuli to be shown. Delay periods were extended to 2 minutes for our older and
more patient sea lion Rocky, and 45 seconds for
our younger and more active sea lion, Rio. The
performance of both animals across all delay
intervals was consistently at about 90 percent
correct responses (Schusterman et al. 1991).
We did not observe a gradual decline in
performance with increasing delay intervals, as
might be expected if the information encoded
from the sample gradually faded from working
memory. However, we did note that if irrelevant
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stimulus material was presented during the delay
interval, performance on the memory trials was
completely disrupted. This ﬁnding is consistent
with our observations in the language experiment, showing that retroactive interference leads
to forgetting by disrupting the retention of encoded information in short-term memory.
In contrast to short-term memory, which is
easily disrupted, long-term memory for individuals, locations, and tasks appears to be relatively
stable for periods ranging up to several years.
Recently, we attempted to quantify a sea lion’s
ability to remember relationships that it has not
experienced for a long period of time. We tested
our sea lion Rio to determine if she could remember two categories containing ten stimulus
members each. Although Rio had not been
exposed to the stimuli or the procedure for 12
months, she correctly related stimuli belonging
to the same category without a single error on
her memory test. Rio’s excellent memory for
these and other previously learned categories
suggests that meaningful or conceptual material
may persist in memory for very long periods of
time.
Solving Problems in Nature
Our laboratory experiments with California sea
lions show how their brain is used to transform
perception into meaning and action. We hypothesize that sea lions use the same processes of
classiﬁcation and memory in attempting to solve
problems in nature (Schusterman et al. 2000).
For instance, sea lions are capable of recognizing each other as individuals. If a sea lion can
form equivalence classes corresponding to labels
such as conspeciﬁcs, neighbors, allies, and kin,
it can more e‰ciently solve problems by dealing with categories of individuals that may be
treated in a similar manner; responses appropriate to one member of a class may, depending on
the context, be appropriate for other members of
a class.
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Figure 28.7
A California sea lion mother–pup reunion. (A) Upon returning to the rookery, the mother emits her signature pup
attraction call. (B) The pup responds to the call of its mother, and the pair exchange signature vocalizations and
move closer to one another. (C) While continuing to call to her pup, the mother leads the pup around a physical
barrier. (D) Mother and pup touch noses and conﬁrm auditory recognition by olfactory, tactile, and visual cues.

The complex behaviors leading to individual
and kin recognition appear to be fairly well
developed in California sea lions. Immediately
following birth, both mother and pup acquire
sensory information and form meaningful representations of one another based on hearing,
vision, olfaction, and touch. This imprinting process results in mutual recognition, which is critical to maintaining contact over and beyond the
lactation period. As a result, when females return to the rookery after a foraging bout that
may last several days, they are able to locate

and reunite with their dependent pups. These
reunions depend on the exchange of signature
vocalizations at long range, followed by the
conﬁrmation of identity at short range via smell,
sight, and touch, as shown in ﬁgure 28.7. Furthermore, sea lions born to the same mother in
di¤erent years may learn to recognize one another through their mutual connection with their
mother.
We believe that individual and kin recognition
are closely tied to the process of equivalence
class formation. For example, a pup’s recogni-
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tion of its mother may depend on the association
of many sensory cues with the common reinforcing elements of warmth, contact, and nourishment, while a female’s recognition of her
sisters may depend on their mutual association
with their mother (Schusterman et al. 1992).
There is accumulating evidence that a territorial male sea lion or fur seal recognizes the vocal
displays of neighboring rivals. Over several
breeding seasons, a male behaves as if it has
categorized its competitors into familiar and
novel groups. In a seminal investigation on the
male territorial and reproductive behavior of
Steller sea lions (Eumetopias jubatus), Gisiner
(1985) found that the most reproductively successful males were those that had at least three
seasons of experience maintaining nearly the
same territorial site. These experienced males
probably grouped neighboring males into classes
of ‘‘familiar’’ and ‘‘novel’’ and became successful
by not expending time and energy on aggression
against familiar rivals, and instead ﬁghting newcomers vigorously and successfully.
Furthermore, female Steller sea lions may also
group males into two classes. Gisiner observed
that a female was most likely to approach sites
occupied by males with long territorial histories,
while avoiding sites occupied by males in their
ﬁrst or second year on a territory. The behavior
of the male Steller sea lions observed by Gisiner
most likely depends on the classiﬁcation of individuals into categories and a long-term memory for territorial sites, individuals and their
signature vocalizations, and outcomes of previous aggressive contests. Female Steller sea lions
probably depend on similar processes in choosing their mates.
There are many other examples of cognition
gleaned from observations of wild sea lions that
may apply to ecological as well as social problem
solving. Our research in the laboratory has given
us insight into the cognitive processes used by
wild animals in such problem solving, and our
results continue to raise more questions about
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their cognitive characteristics. As we get closer
and closer to describing ‘‘the cognitive sea lion,’’
we have been forced by our data to take a general process approach. We believe that many of
the seemingly complex behavioral phenomena
that we have elicited in the laboratory can be
considered in the context of straightforward associative principles, which nevertheless give rise
to a great deal of behavioral complexity. These
same associative processes seem to be at work in
a variety of natural contexts and are most likely
common to many di¤erent animal species.
Acknowledgments
The preparation of this manuscript was supported by the U.S. O‰ce of Naval Research
grants N00014-99-1-0164 and N00014-00-1-0836
to R. J. Schusterman and a U.S. Department of
Defense Augmentation Award for Science,
Engineering and Research Training fellowship to
C. Reichmuth Kastak.
References
Carter, D. E. and Werner, T. J. (1978). Complex
learning and information processing by pigeons: A
critical analysis. Journal of the Experimental Analysis
of Behavior 29: 565–601.
Gisiner, R. (1985). Male Territoriality and Reproductive Behavior in the Steller sea lion, Eumetopias
jubatus. Unpublished Ph.D. thesis, University of California, Santa Cruz.
Gisiner, R. C. and Schusterman, R. J. (1992). Sequence, syntax and semantics: Responses of a language
trained sea lion (Zalophus californianus) to novel sign
combinations. Journal of Comparative Psychology 104:
368–372.
Harlow, H. F. (1949). The formation of learning sets.
Psychological Review 56: 51–65.
Herman, L. M., Richards, D. G., and Wolz, J. P.
(1984). Comprehension of sentences by bottlenosed
dolphins. Cognition 16: 129–219.

Downloaded from http://direct.mit.edu/books/edited-volume/chapter-pdf/677501/9780262268028_c002700.pdf by guest on 21 September 2021

R. J. Schusterman, C. R. Kastak, and D. Kastak

Kastak, D. and Schusterman, R. J. (1992). Comparative cognition in marine mammals: A clariﬁcation
on match-to-sample tests. Marine Mammal Science 8:
414–417.
Kastak, D. and Schusterman, R. J. (1994). Transfer of
visual identity matching-to-sample in two California
sea lions (Zalophus californianus). Animal Learning &
Behavior 22: 427–435.
Reichmuth Kastak, C., Schusterman, R. J., and Kastak, D. (2001). Equivalence classiﬁcation by California
sea lions using class-speciﬁc reinforcers. Journal of the
Experimental Analysis of Behavior 76: 131–158.
Schusterman, R. J. (1968). Experimental laboratory
studies of pinniped behavior. In The Behavior and
Physiology of Pinnipeds, R. J. Harrison, R. C. Hubbard,
R. S. Peterson, C. E. Rice, and R. J. Schusterman, eds.,
pp. 87–171. New York: Appleton-Century-Crofts.
Schusterman, R. J. and Gisiner, R. (1988). Artiﬁcial
language comprehension in dolphins and sea lions: The
essential cognitive skills. Psychological Record 39: 311–
348.
Schusterman, R. J. and Gisiner, R. C. (1989). Please
parse the sentence: Animal cognition in the Procrustean bed of linguistics. Psychological Record 39: 3–18.
Schusterman, R. J. and Gisiner, R. C. (1997). Pinnipeds, porpoises and parsimony: Animal language
research viewed from a bottom-up perspective. In
Anthropomorphism, Anecdotes and Animals, R. W.
Mitchell, N. S. Thompson, and H. L. Miles, eds., pp.
370–382. Albany: State University of New York Press.
Schusterman, R. J. and Kastak, D. (1993). A California sea lion (Zalophus californianus) is capable of forming equivalence relations. Psychological Record 43:
823–839.
Schusterman, R. J. and Kastak, D. (1998). Functional
equivalence in a California sea lion: Relevance to social and communicative interactions. Animal Behaviour
55: 1087–1095.

228

interspecies bonding, and a‰liation by kinship in California sea lions (Zalophus californianus). In Marine
Mammal Sensory Systems, J. A. Thomas, R. A. Kastelein, and Y. A. Supin, eds., pp. 533–551. New York:
Plenum.
Schusterman, R. J., Gisiner, R., Grimm, B. K., and
Hanggi, E. B. (1991). Retroactive interference of
delayed matching-to-sample in California sea lions.
Paper presented at annual meeting of the Psychonomic
Society, San Francisco.
Schusterman, R. J., Hanggi, E. B., and Gisiner, R. C.
(1993a). Remembering in California sea lions: Using
priming cues to facilitate language-like performance.
Animal Learning & Behavior 21: 377–383.
Schusterman, R. J., Gisiner, R., Grimm, B. K.,
and Hanggi, E. B. (1993b). Behavior control by exclusion and attempts at establishing semanticity in marine
mammals using match-to-sample paradigms. In Language and Communication: Comparative Perspectives,
H. Roitblat, L. Herman, and P. Nachtigall, eds.,
pp. 249–274. Hillsdale, N.J.: Lawrence Erlbaum
Associates.
Schusterman, R. J., Reichmuth, C. J., and Kastak, D.
(2000). How animals classify friends and foes. Current
Directions in Psychological Science 9: 1–6.
Sidman, M. (1994). Equivalence Relations and Behavior: A Research Story. Boston: Author’s Cooperative.
Sidman, M. (2000). Equivalence relations and the reinforcement contingency. Journal of the Experimental
Analysis of Behavior 74: 127–146.
Wilkinson, K. M., Dube, W. V., and McIlvane, W. J.
(1998). Fast mapping and exclusion (emergent matching) in developmental language, behavior analysis and
animal cognition research. Psychological Record 48:
407–422.

Schusterman, R. J. and Krieger, K. (1984). California
sea lions are capable of semantic comprehension. Psychological Record 34: 2–23.
Schusterman, R. J. and Krieger, K. (1986). Artiﬁcial
language comprehension and size transposition by a
California sea lion (Zalophus californianus). Journal of
Comparative Psychology 100: 348–355.
Schusterman, R. J., Hanggi, E. B., and Gisiner, R.
(1992). Acoustic signaling in mother–pup reunions,

Downloaded from http://direct.mit.edu/books/edited-volume/chapter-pdf/677501/9780262268028_c002700.pdf by guest on 21 September 2021

