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Summary

Several investigators have recently demonstrated cross-modal performance and stimulus
equivalence in bottlenose dolphins and California sea lions, respectively. These abilities
were previously thought to exist only in linguistic humans. We discuss the ramifications of
such cognitive capabilities in the natural histories of marine mammals, and suggest that
individual and kin recognition, rather than language, are the mediators of equivalence class
formation.
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Introduction

We do not know precisely how most marine
mammals learn to locate, track and capture
their prey, navigate in the open ocean, or
recognize individuals, but some cognitive
capacities may be involved. Imagine, for in-
stance, a sea lion pup on a crowded rookery
learning to recognize its mother soon after
birth (see Schusterman et al., 1992). Very
early in its training the pup may fail to dis-
criminate adequately and find itself con-
fused in an encounter with an aggressive
female. Within a short time, however, the
pup develops a class or concept of “mother”
that is relatively invariant and that excludes
all other adult female sea lions. This training
likely came about through the association of
the characteristics of the pup's mother
(sound, smell, touch, and sight) with very
powerful reinforcers (milk, the action of
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suckling, protection, warmth). As Wasser-
man and DeVolder (1993) have recently
pointed out, concept learning concerns a
many-to-one mapping of stimuli to re-
sponses. Thus, several different members of
a stimulus class (the sound, smell, touch and
sight of the mother} would then be associ-
ated with the same response: “mother”. In
the laboratory it has been found that percep-
tual categories, in which stimulus members
resemble one another physically, can be
formed by a variety of nonverbal animals
and children. Breadth of learning, that is,
responding to novel examples of a category,
is directly related to the number of examples
used for training a given category (Bhatt,
1988).

However, demonstrations of the ability of
nonhumans to sort perceptually dissimilar
stimuli into the same class are rare. This is, in
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fact the problem faced by an infant sea lion:
it must learn to recognize its mother based
on a variety of perceptual cues, only one of
which (e.g., an acoustic cue) need be present
at a given time for successful recognition to
occur (Schusterman ef al., 1992; Trilimich,
1981). Most human subjects, on the other
hand, are easily able to sort stimuli into
classes based on relationships that exclude
physical resemblance. The classes are
formed on the basis of common function or
common context or association. Until recent-
ly it had been believed that only verbal hu-
mans were capable of placing dissimilar sti-
muli into the same class, because they pos-
sessed the ability to code their world linguis-
tically. They could transform dissimilar
stimuli into a common code by making them
meaningfully similar via their language
mediating abilities. In contrast, since non-
humans and infants do not have language
they are thought to be unable to place stimu-
lus members that have little or no physical
resemblance into common functional or con-
textual classes (Hayes, 1989). Recently, how-
ever, Schusterman and Kastak (1993) dem-
onstrated that a California sea lion (Zalophus
californianus) can place a variety of shapes
having no physical resemblance into the
same category. Thus, we now have powerful
evidence for a cognitive mechanism (func-
tional or equivalence class formation) by
which individual recognition through a va-
riety of modalities might occur. Indeed, in-
dividual recognition across a variety of sen-
sory modalities may be the critical devel-
opmental requirement in group living ani-
mals such as California sea lions. This type
of recognition gives rise to the refinement of
cognitive skills facilitating equivalence class
formation. The same skills that enable the
pup to represent its mother's distinctive
odor and visual appearance when it has only
heard her voice may later enable the mature
sea lion to recognize its sisters through their
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relationship with their mother and each oth
er. There is evidence that captive Californi
sea lions exhibit such kin recognition (Hang
gi and Schusterman, 1991), and it is reason
able to hypothesize that this ability depend
on the formation of equivalence classe
(Schusterman and Kastak, 1993).

Cross-modal transfer, stimulus equivalence an
matching-to-sample (MTS)

Sea lions, harbor seals, and walruses can d¢
many things with their facial vibrissae, in
cluding using them to ascertain the shapt
and size of objects (Dehnhart, 1990; Kaste-
lein, 1988}. Imagine that a sea lion's whisk-
ers, or a primate’s hands are used to deter-
mine the shape and/or texture of an objecl
without the aid of vision. [t may do this by
matching that sample object with an identi-
cal comparison object instead of choosing a
nonmatching comparison {(different shape
and texture). This procedure is called identi-
ty matching-to-sample (IMTS). If an animal
should learn to match with a number of
training stimuli, then immediately transfer
its learning of identity matching to novel
identity relations we may conclude that the
animal has passed a test of reflexive identity
(Kastak and Schusterman, 1994). Such con-
cepts can be demonstrated in a number of
sensory modalities including tactile, visual,
auditory, gustatory, and. olfactory. If the
same results could be achieved with animals
who had been trained on tactile stimuli and
tested with identical visual stimuli, then the
animals would have demonstrated a tactile/
visual cross-modal reflexive identity.

Although cross-modal object matching of
the type just described has been found in
nonhuman animals, the results and interpre-
tations of such studies have been problem-
atic (see Ettlinger and Wilson, 1990, for a
review). Positive results provide evidence of
cross-modal recognition (that is, an object
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perceived in one modality is identified in
another), and cross-modal matching, in
which samples and comparisons are of dif-
ferent modalities. However, there have been
no unequivocally successful studies which
examined the performance of animals on
cross-modal object matching problems in
which samples and their corresponding
comparisons showed little physical resem-
blance. In fact, until a recent study by Bush
(1993), the ability to transfer such arbitrary
relations across modalities had not been
shown even in human children (Cairns and
Coll, 1977; Cote and Schaefer, 1981; Solso
and Raynis, 1982). Matching in this type of
problem depends on training that establish-
es the choice of comparison B conditionally
upon sample A and is called arbitrary
matching-to-sample (AMTS). Because the
sample object and the comparison object are
lissimilar they can only be linked associ-
itively. For example, the sample A might be
iccessed tactually (without visual access)
vhile the comparison B might be accessed
risually (without tactile access). Comparing
he transfer abilities of subjects doing tac-
ile/visual cross-modal tasks using the
IMTS paradigm versus the AMTS paradigm
should enlighten us about the role associ-
ative learning plays in the development of
stimulus equivalence based on different per-
ceptual experiences. :

Sidman and Tailby (1982) used a series of
behavioral tests to determine whether con-
ditional relations established with a MTS
format were also equivalence relations. The
criteria they used were the properties of re-
flexivity (discussed above), symmetry and
transitivity. Symmetry tests the ability of an
animal to recognize the bidirectionality of
the sample-comparison relation. Thus, after
AB training, the animal is tested for BA
matching. Associative transitivity tests re-
quire three stimuli. If the animal is trained to

perform AB and BC matching, then transi-
tivity is demonstrated by untrained AC
matching. After training on a subset of con-

ditional relations (AB and BC), a subject

demonstrates equivalence if the symmetri-
cal (BA and CB), transitive (AC), and equiv-
alence (CA) relations emerge without direct
training.

Using AMTS and IMTS paradigms Schuster-
man (1990) presented a simple model based
on Sidman and Tailby's (1982) concept of
stimulus equivalence to test the notion of
acoustic/visual/ echoic cross-modal stimu-
lus equivalence in bottlenosed dolphins. [n
light of the recent demonstration of a Cali-
fornia sea lion passing stimulus equivalence
tests (Kastak and Schusterman, 1994; Schus-
terman and Kastak, 1993) and recent find-
ings by Harley et al. (this volume) and Her-
man and Pack (1992) on echoic/ visual
cross-modal recognition by bottlenose dol-
phins, it is reasonable to extend the paradi-
gm of stimulus equivalence to the study of
marine mammal perception. Bush (1993)
tested 6 and 7 year old children on cross-
modal matching-to-sample, and concluded
that the conditional relations generated
across modalities can satisfy the criteria for
equivalence relations.

However, many investigators believe that
there is a fundamental difference in cross-
modal matching ability between humans
and nonhumans or nonverbal humans. It
can be argued that the type of cross-modal
performances demonstrated by infants and
non-humans is categorical (Ettlinger and
Wilson, 1990, Sepehr et al., 1988). That is,
success in these tasks may have been due to
the categorization of perceptual character-
istics of the test stimuli (flat or round edges,
corners, overall duration, etc.) rather than on
physical identity (of shape to shape) or anal-
ogy (of temporal acoustic sequences to vi-
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sual patterns). Because most animal studies
use an identity format in which perceptual
categorization remains uncontrolled, it is
difficult to compare the cross-modal per-
formances of humans and non-humans.
Within humans, however, the rates of learn-
ing cross-modal vs. within- modal tasks do
not appear to be different, and improve-
ments in cross-modal performance are di-
rectly related to improvements in within-
modal performance (Hulme et al., 1983; Mil-
ner and Bryant, 1970). These results strongly
suggest that the two processes are not fun-
damentally different. Consequently, une-
quivocal evidence of non-human cross-
modal abilities rivaling those of verbal hu-
mans will emerge only from an arbitrary
cross-modal task in an equivalence para-
digm. Such attempts are likely to be most
successful in species with highly developed
multisensory skills, particularly those in
whose survival depends on such abilities as
individual recognition.

If some marine mammal species are capable
of forming cross-modal equivalence classes
(by treating all members of a class as equiv-
alent regardless of modality) then it is rea-
sonable to propose equivalence as a mecha-
nism through which many natural problems
are solved. Equivalence class formation thus
provides a model allowing examination of
the aforementioned pup's behavior. If
equivalence does play a role in the recog-
nition of individuals, then its study also pro-
vides a useful basis with which to examine
other facets of social cognition (for example,
alliance formation in dolphins) in addition
to ecological learning (navigation or prey
capture). Detailed laboratory investigations
of cross-modal matching ability are the log-
ical first steps in elucidating such mecha-
nisms.
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