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PR R T

: Animal Language
Research Needs a
Broader Comparative
and Evolutionary
Framework

Peter L. Tyack

In 1960, Jane Goodall weat to live with chimpanzees in their natural habitat like
an anthropologist living with some tribe of forest people. It took her years to
gain the trust of her subjects, but eventually she and those who followed were
able to get close enough to watch these apes interact with each other and with
humans (Goodall, 1986). Since 1947, animal psychologists have takea the
equally radical step of raising chimps as part of their families in order to see
how well chimps could learn human language (Hayes, 1951). Both kinds of
study bear promise for the study of animal cognition, but cach has suffered from
a peculiar insularity. Psychologists have sudied for decades how well chimps
can learn antificial or human languiges, scarcely interacting with the parallel
inquiries into the social behavior, parental care, and communication systems of
wild chimps. Progress in animal cognition will be much faster if psychological
and cognitive studies of animal behavior develop tighter links with biological
disciplines of ethology, neurobiology, and behavioral ecology (Kamil, 1988;
Snowdon, 1983). Kummer, Dasser, and Hoyningen-Hilne (1990) point out that
cognitive cthologists bave much to learn from psychology's empbasis on
proximate mechsaisms, om behavioral development, and on experimental
methods. On the other hand, cognitive ethology emphasizes the larger context
in which all behavior is cmbedded. It can contribute a strong tradition of
emphasizing function aad evolutioa of animal bebavior, and of methods to



The cooperation of biologists and psychologists studying foraging
bebavior has a synergy that accelerates scientific progress.  Behavioral
ecologists have developed formal models of how foragers can optimize the costs
and benefits of foraging (e.g., Stephens & Krebes, 1986). Data from animals
feeding in the wild and in controlled experiments are consistent with complex

& Roitblat, 1985). While food-reinforced conditioning was a staple of
comparative psychology, optimal foraging finally provides a theory that ailows
the integration of dats describing how contingencies of food reinforcement
affect subsequent behavior with the typical ecological problems faced by a

interpretation of animaj language experiments should be no surprise. It does not
just stem from the religious and ideological intensity with which some bumans
guard the separation between human and animal. If linguists and psychologists

Although this hptinciplecouldduaibeeomplexbehvior,fewlingm
have beea takea with such parsimony; they would much rather trade in
amchﬁoni-ﬁorarider!heory that is more practical for working with
language.
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7. A Comparative and Evolutionary Framework

THE EVOLUTION OF DOMAIN SPECIFIC COGNITIVE
PROCESSES

During the past decade or so, there has been a trend within psychology away
from an exclusionary insisteace on general principles of leaming, memory, and
intelligence. Rather than viewing learning or memory as conteat independent,
more psychologists have been willing to consider domain-specific intelligences
(Cheney & Seyfarth, 1990; Gardner, 1983) or innately specified cognitive
modules (Fodor, 1983). The domain specific view emphasizes that learning
may be channeled by innate predispositions to facilitate the solution of
particular problems. For an example that ranchers bave known as bait shyness,
some animals are more likely to associate a taste or smell than s sound with
becoming sick, even hours later, and this may help them leam to avoid noxious
food after only one exposure (Garcis & Koelling, 1966). This view is more
consistent with an evolutionary view! and is more casily integrated than general
theories of learning with both the neurobiological and ethological views of
cognitive processes. The classic ethological studies of leaming, such as
imprinting, orientation, and avian song leaming, are domain specific. The
neural substrates that birds use to leam song are better understood tham
substrates for more general learning abilities. Auditory information from the
ears projects to nuclei involved in song processing. These nuclei project to
integrative nuclei which project to motor nuclei driving the syrinx, thus closing
the loop of vocal control.

Sensory perception clearly invoives domain-specific cognitive
processing. Visual information flows along clear pathways between brain areas
specialized for vision. Lesions of these areas involve vision-specific deficits.
Just as some stimuli may more casily associated with some responses, some
stages of visual processing are more accessible than others. Animals cannot be
trained to identify stimulation of ome retinal cell rather tham another. Visual
information is processed to represeat features of objects in the worid before
most integration with noavisual information. Different areas of visual cortex in
cats map different functional representations of visual features. These
specialized mechanisms appear to be necessary for solving the complex problem
of extracting meaningful representations of the outside world from stimulation
of the retinal surface.

IHoweva, see Licberman (1991) concerning problems reconciling a strong
modular view with evolutionary theory.



———

Human language has been proposed as another candidate for treatment
a3 a modular cognitive system (Fodor 1983). Many linguists argue that humans
have a language acquisition module in the brain, which is activated during a
critical period of development and is required to enable the acquisition of
language given the limited and unsystematic exposure to speech that children
have. Licberman (1991) debates both how independent language is from other
cognitive processes, and whether we must inherit a universa grammar in order
to learn language. However, most linguists appear to agree that humaans rely on
3 combination of both general and specialized processes to perceive and
generate phonemes, words, and sentences. Whea humans parse phonemes, they
rely on some auditory processes shared with other mammals” and other more
species-specific linguistic processes (Kubl, 1987). As with vision, specific
neural substrates are defined for many language abilities. For example, damage
to Broca's ares of cerebral cortex is associated with Broca's aphasia, which is
characterized by deficits in speech and Syntax. An aphasia characterized by
difficulties in naming rather than syntax or vocal control of speech sounds is
associated with damage to Wernicke's area of cortex.

Tyack

If the developmeat, production, and comprehension of language
depend in bumans om 3 somewhat idiosyncratic collection of specialized
cognitive processes and neural circuits slong with more general ones, then this
niises questions about animal language. When animals are trained with
language, are we testing whether they have similar specialized circuits to
perform similar tasks, or are we forcing them to use more general-purpose
coguitive systems? Aress homoiogous to Broca's and Wernicke's area have
beea identified for some primate species (Deacon, 1988), but it is uaclear how
involved these areas are cither in natural communication or in trained
performance for animal language experimeats. No such homologous areas have
been ideatified for birds or marine mammals. Species in both of these taxa use
vocal leaming in their natural systems of communication. It is unknown
whether animals in animal language experiments use neural circuits analogous
to those used by humans for language. "

The training in language experiments may oa the other band enlist
primarily general learaing and cognitive abilities. The further such experiments
diverge from bomologies with humaa language and its underlying neurai
circuits, the more strained the language analogy becomes. To the extent animals
are trained using domain-independent learning, animal language experimeats
would better be framed ss animal thought experiments. This view would
cmphasize the role of training in facilitating an animal's ability to report internal
states by communication. Evea Fodor (1983), who empbasizes the modularity
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of the mind, argues that there must also be domain independent central
mechanisms that integrate represeatations from the different domains.

Even if animal language experiments are viewed as 2 window on
central mechanisms, investigators must search carefully to find the right match
between natural communication abilities and the artificial language training,
Each species may require careful tailoring of an artificial language in order to

C capabilities and more genenl cognitive capabilities as
cvolutionary traits. We must 80 below surface similarities of trained language
acts to investigate how these languages are acquired and processed.
Convergences between domain specific views of cognition, neural studies of
cognitive function, and the etbological views of cognitive capabilities as
adaptations may facilitate the required interdisciplinary efforts. However, it is
critical to bear in mind that cognitive capabilities in animals including Homo
Sapiens have been shaped by evolution. :

Evolution is a historical process, and 1 science of evolution must use
different methods from sciences such as physics that aim for general laws. If
behavior and cognition derive from evolutionary p, , then the quest in
psychology for context independent laws of leamming may be ill-founded.
Evolution does not proceed like an engineer who can start new designs from
scratch and whose choices for subunits are only limited by his purchasing
power. Evolution must work with the materials that are at hand, and this often
leads to a messy mixture of parts that originally served different purposes. Old
- parts may be changed to take on new functions, and these may function in
parallel with new parts. Licberman (1991) emphasizes that some of the neural
building blocks for human language stem from brain circuits evolved in our
reptilian ancestors, while others are found in the expanded neocortex that
evolved receatly in our species. Some of these neocortical circuits may have
evolved specifically to serve linguistic functions.

Criticisms of the adaptationist program notwithstanding (Gould &
Lewoatin, 1979), cthology has profited greatly by assuming that many
bebavioral and cognitive capabilities are similar to morphological or
physiological adaptations. While the design features of cognitive adaptations
may be more difficuit to identify thaa thosge for an eye or a wing, this point of
view would suggest that some cognitive capabilities are honed by evolution to
develop specific functional skills. This functional view stresses that if one
wants - to- understand an adsptation, whether cognitive, behavioral, or
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morphological, one must understand both the problems it evolved to solve and
the building blocks available to a phylogeaetic lineage for achieving the

determined behaviors. However, leaming mechanisms may evolve in just the
same fashion. Genetic predispositions may even guide leaming for those
species that require leamning for behavioral development. Imprinting and song
learning in birds are dassic ethological examples, and many linguists argue that

If we are to understand the evolution of cognitive processes in animals
and humans, four basic biological questions must be explored. While these
questions must be answered for the study of any kind of adaptation, they were
ideatified as the backbone of classical ethology (Tinbergen, 1951). The four
avenues of exploration are mechanism, developmeat or oatogeny, function, and
evolution. Tinbergen argued that the isolation of behavioral scientists studying
proximate explanations of behavior from those studying the ultimate
evolutionary causes impeded both avenues of study. Studying a learning
mechanism without understanding its function is like trying to solve how a clock
works without knowing what the clock is for (Cosmides & Tooby, 1987). On
the other hand, simply matching contemporary behavioral acts to those
predicted by a model of an adaptive problem provides only a caricature of an
cvolutionary analysis.

: Whereas individual beBavioral acts may have obvious consequences
for natural selection, it is perilous to overemphasize the stage on which natural
selection plays so much that one loses sight of the fact that individual acts of
behavior do not evolve. Betweea their cars, animals carry sophisticated

toprodueeuequdlycomplexandvaﬁableamyofbehvionlwpom
Classical ethology provides examples of tight linkages betweea fixed actioa
patterns that are elicited by sn innate releasing mechanism whes a feature
detector is triggered by a particular suite of cavironmental cues. However, one
cannot assume that the evolution of behavioral mechanisms always proceeds by
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linkages so tight between situation and response that one can ignore intervening
sensory and cognitive mechanisms.

There are many situations where selection may favor more opportunity
for an animal to modify its responses based on its environment Students of
birdsong have suggested a threshold in song repertoire size may exist, beyond
which it is cheaper to build 3 mechanism to learn to imitate songs rather than to
encode the acoustic structure genetically. Given the enormous variety of
situations an animal may encounter throughout its life and the variety of
appropriate responses depending on its condition, the potential simplifications of
cognitive mechanisms more flexible than the fixed-action-pattern/innate-
releasing-mechanism link should be obvious. Tiemey (1986) reviewed
neurobiological evidence that also questions assumptions that individual
behaviors are programmed by specific genes and that more canalized behaviors
are simpler, less costy, and phylogenetically primitive to less canalized
behaviors. There are other classes of novel or unpredictable situations that may
require learning and other plastic forms of cognition. Many individual animals
encounter situations that are unpredictabie for their population or species. Even
if an animal inherits a sophisticated ability to navigate, it is likely to have to
learn where bome is. Optimal foraging studies show that, even though a species
may bave a limited range of prey species and distributions, each individual can
improve its foraging behavior by tailoring it to the conditions prevailing at any
one moment. On the other hand, trial and error learning may not be the
algorithm of choice for avoiding a deadly predator, because one may not survive
the first trial. Depending on these kinds of considerations, a behavior may be
selected to be more or less canalized.

Many authors have argued that the social environment of hominids
may have beea particularly important for .the evolution of human intelligence
and even consciousness. If hominids lived in groups where success demanded
both cooperation and competition with the same individuals, this could have led
to particularly unpredictable social strategies and counter-strategies, creating
something of an arms race for intelligence in the sense of abilities to forecast the
outcome of interactions (Humphrey, 1976). Animals that form individual
specific social relationships and that face a similar tension between competition
and cooperation in reciprocal relationships may aiso cncounter selective
pressures to evoive more compiex forms of social cognition, Cooperation that is
maintained by taking tums with asymmetric costs and benefits requires the
players to monitor for cheaters who take the benefits of cooperation but do not
reciprocate and pay the costs whea their turn is due (Axeirod, 1984; Trivers,
'1971). There is evideace that humans bave evolved domain specific cognitive
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Pprocesses to analyze these sociai intersctions. Cosmides (1989) made sense out
of otherwise puzzling deviations of humans from the rules of formai
propositional logic by suggesting that whena humans evaluate social contracts,
their behavior deviates from logic in order better to detect cheaters. Her resuits
suggest that when humans reason about social problems, their thought may be
guided by Darwinian algorithms to solve these adaptively important problems.

- bebavior. On the other hand, because adaptive mechanisms must evoive from
parts initiaily often serving other functions, the mechanistic details of proximate
solutions to adaptive problems are often obscure. The functional cognitive level

functional language to bridge the gap between the details of a acural mechanism
and the behavioral function(s) it serves (Cosmides & Tooby, 1987). Tinbergen
(1951) was correct to reject the lack of integration between these often sepanate
disciplines and to *argue the necessity of studying both causation and
adaptiveness” (p. 152).

The general problems of studying adaptation are compounded by
sevenal difficulties specific to cognition, It is difficult enough to discriminate
genetic and environmental influences on developmentsl maturation, and
learning adds yet another layer of processes by which the environment can alter
behavioral traits. One must both investigate the range of environments in which
the functional trait can develop and siso investigate how flexible the developed
trait is to fine tuning through learning in particular eavironments. Cognitive
mechanisms that generate adaptive behavior in an animal's normal environment
may geacrate maladaptive behavior in other environments. The very seasitivity
of flexible mechanisms to eavironmenta] change and novelty may render them
vuinerable to derailing in environments very different from those in which they
evolved,

Darwin (1859/1979) appreciated that natural selection can lead to the
evolution not just of beautifully designed bodily traits such as eyes or a wings
butahootbehvioulmiumtmnaionsoweuummintelligentlnd
purposive. Darwin (1871/1981) aiso recognized that selection is not limited to
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“individual behaviors, but may favor the evolution of higher mental faculties

such as intelligence and intentionality to the point of self-awareness in humans.
It requires great care to discriminate animals whose individual bebaviors merely
appear goal directed from snimals that reason intelligeatly to achieve their
goals. Here is where experimentation with artificial and novel problems is most
useful. It is ironic that experiments training animals with artificial languages
have been framed more as language experiments than as experiments to gain
access to more general cognitive processes such as intentionality, intelligeace,
or even awareness. While language-like skills may open a window on these
geaeral cognitive processes, there is a strong tradition emphasizing that human
language itself is not a general skill but has many ndlosyncntxc and species-
specific features. -

One way to test whether animal species have adaptive specializations
in particular cognitive skills involves broad comparative analysis of both the
skill and its underlying neural structures. For example, Shettleworth (1990)
reviewed data on differences among birds in spatial memory related to whether
they store food or not. The hippocampus has been implicated in spatial
memory in both birds and mammais, and Krebs (1990) showed that two regions
of the hippocampus are enlarged in food storing species. Comparative analysis
also reveals strong associations between song learning in birds and its neural
substrates. For exampie, male marsh wrens (Cistothorus palustris) in western
North America produce about four times as many different songs as the eastern
subspecies (Kroodsma & Vemer, 1987). There is a well-defined song
perception and control system in the brains of songbirds, and it expands in
volume and capability during the song secason. The song control nuclei in
western marsh wrens are larger than in eastern marsh wrens (Kroodsma &
Canaday, 1985). Male-male competition appears to be higher in western versus
castern marsh wrens, and natural selection appears to have favored the
evolution of larger song repertoires and investment in larger neural structures in
the western- subspecies. Marler (1990) emphasized the synergy between
behavioral and neural swdies of song development in birds. Exteasive data
indicate that specific areas of the human brain are invoived in different
linguistic functions, but littde atempt has been made to compare homologous
structures in different species involved in animal language studies. This is
critical for determining whether so-called language skills in other species are
homologous or analogous (in the evolutionary sense) to those ot‘ our own

species (Deacon, 1988).

Detailed investigation of the interplay between innate and
cavironmental factors in development is critical for understanding the evolution

-123-

PREVOUNTOS SRR



R,

Pty

g

P el

-

b DI PR I e e e

TAREE, T WY X

‘runned® for ran) reveal that they
constructions by rote, but that they try

grammar is by innate restraints on which grammars are considered. If only a
subset of the grammars that could describe aduit language is leamable by
childrea, then the leamability constaint can be used to narrow the search for
which gammars humans actually use.

CAPABILITY VERSUS SKILL

nature, but we are just beginning scratch the surface of animal cognition, and are
certainly in no position to argue for the creation in the lab of fundamentai
cognitive abilities that are not expressed in the wild. To clarify this distinction,

I distinguish between 3 capability, or a faculty capable of development, and a -
skill, or a fully developed ability to perform s particular task,

2The errors children make as they learn 2 language can belp reveal the kind of
grammar they are trying out. If artificial languages included the exceptions so
typical of naturai language, similar errors would help demonstrate that animais
actually are applying syntactic rules.
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Although it is often more practical to study animals in captivity, few
cthologists would not feel the need to verify captive results in the wild. On the
other hand, anyone who has attempted to study chimps, parrots, or dolphins in
the wild knows how hard it can be simply to find them, much less uncover their
mental abilities, while trying to keep up with them in their own habitat. Under
these circumstances, if one does not find strong evidence for the existence of a
cognitive capability, one cannot conclude that this is strong evidence for the
absence of the capability. We know less about the cognitive skills developed by
animals in the wild than in the laboratory, so I think it dangerous to assume that
a skill discovered in the lab does not have an undiscovered couaterpart in the
wild. I expect negative results to be the nomm in studies of animal cognition.
The cognitive cthologist must turn poorly controlled naturalistic observation
into a convincing demonstration of a cognitive capability, and the comparative
psychologist must select the appropriate age, sex, species, and match of artificial
conditions in order to tap selective attention and domain specific intelligences
evolved to solve particular problems.

Language acquisition in humans can be modified by many
environmental factors. Behavioral development may aiso be disrupted by
artificial conditions ia other species that also rely on leaming during prolong
periods of parental care. For example, white-crowned sparrows (Zonotrichia
leucophrys) do not learn songs from tape recordings after S0 days of age, but
they continue to learn songs if given the chance to interact with live tutors
(Baptista & Petrinovich, 1986). The ethologist is far more likely to expect the
fullest development of cognitive capabilities through the process of bebavioral
development with conspecifics than through being raised and trained by
bhumans, no matter how intelligent and devoted the trainers are. This is not to
say that people cannot traia specific skills that sre not seen in the wild, just that
an animal's cognitive capabilities are likely to be most finely tuned to
developing functional skills in the environment in which they evoived (for a
psychologist's development of this point for humans, see Bowlby, 1969).

PROBLEMS IN APPLYING LANGUAGE ANALOGIES TO
ANIMALS ‘

Psychological tests are notoriously culture bound (Cole & Scribner, 1974). If it
is difficuit for psychologists to rate the cognitive abilities of a3 human who is
from a different culture and speaks a different language, how much more
difficult is it for humans to know that they correctly uaderstand what skills are
used in the performances of a different species? This is particularly problematic
whea a psychologist compares the language-like performance of a trained
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animal to a linguistic gloss of the same performance. Precisely what an animal
neceds to know or do in order to perform successfully is seildom obvious, and the
surface similarity of the linguistic gloss to the performance may be more
misleading than helpful. If the animal does correctly respond to the command
JUMP OVER FRISBEE, does it really understand JUMP as a verb or FRISBEE
as a grammatical object? At what point does the language analogy become
inappropriate?

Ethologists bave confronted similar problems when they attempt to
draw parallels betweea human language and natural communication in animals
(Snowdon, 1990). For example, early work on the developmeant of song in birds
emphasized that, as in humans, the young must bear the sounds of conspecific
aduits during a critical period in order to develop normal song (e.g., Marler,
1970). Babbling in humans and subsong in birds both appear to reflect a
process in which the young match their own vocal output to an internal auditory
template.  Subsequent work on birdsong reveals enormous variety in
development in different species. Although some species match some aspects of
language development in humans, other closely related species show
completely different patterns. Although lateralization of brain function has been
demonstrated for both bird song and human language, the structures invoived
are by no means homologous. Early panliels betweea birdsong and language
may have been overgenenlized and overeathusiastic.

The power of animal language experiments may be unnecessarily
limited if researchers only compare animal use of artificial languages to human
use of natural human languages. A comparative approach to understanding the
evolution of language capabilities requires not just comparing each animal
group to humans, but rather comparing all combinations of phylogenetically and
ccologically reisted taxa. Human language involves a complex and
idiosyncratic mixture of perceptual, cognitive, and motor capabilities. It is
unlikely that many other species have exactly the same mixture, or use the
capabilities in precisely the same way. Furthermore, animals are typicaily
conditioned to leamm artificial languages using controiled training protocols.
Humaa children leamn the rules of human language with far less controlled input
and less formal training. The comparative use of linguistic terms such as syntax
simplifies interpretatioa of animal language rescarch to the popular press, but it
may force an inappropriate analogy between a subsystem of human language
with an animal system involved in some very different task. Clear progress in
further animal language research will also benefit from a more careful analysis
of the specific cognitive capabilities and training required to acquire and to use
the artificial language.
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For example, all human languages can create an unlimited number of
utterances out of a few tens of morphemes by using syntax to rearrange
phonemes into words and sentences. There are no data indicating this level of
syntactic rearrangement of phoneme-like chunks of signals in any animal, but
other animals can order signals into complex series. Both accomplished
songbirds, such as the long-billed marsh wren (Cistothorus palustris, Verner,
1976) and the humpback whale (Megaptera novaeangliae; Payne, Tyack, &
Payne, 1983), can produce organized strings of hundreds of signals (individual
songs in the wren, song units in the whale) lasting tens of minutes before they
repeat. Songs of both birds and whales are reproductive advertisement displays.
Their structure appears to bave evoived through sexual selection invoiving
male-male competition and female choice of a3 mate. Male songbirds can
increase the acoustic complexity of their display through large song repertoires,
and some even produce structured sequences of many songs within their
repertoire. Experimental studies show that songbird females of some species
tend to prefer males with larger song repertoires. Individual humpback whales
do not have large song repertoires at any one time, but ail of the whales singing
on a breeding ground slowly change the song over time. The song changes so
pervasively that after several years, no sounds are left unchanged. Because the
same whales still use these different songs in the same interactions, it appears
that this variation in the acoustic structure of song does not reflect changes in
the message in any linguistic sense (Tyack, 1981). Rather, humpbacks appear to
use song change as birds use large song repertoires: to increase the acoustic
complexity of their advertisement dispiay.

In human language, syntax is intimately tied to the semantic content of
the message. Some animal songs clearly bave syntax-like ordering, but not
necessarily with s semantic componeat. [t may make no more sense 10 compare
these songs to language than to compare the marks on a peacock’s tail to some
strange hieroglyphic .writing. As Darwin (1859/1979) appreciated,
advertisement displays may better be compared to the aesthetic domain than the
linguistic. Music may be a more appropriate analogy (if not evolutionary
homology) than language for song in birds and whales. Gardner (1983) argued
for differences in the cognitive processes and neural structures that mediate the
production and comprehension of music compared to language. In right-handed
bumans, language is lateralized primarily in the left hemisphere of the brain,
while most musical abilities are lateralized in the right hemisphere. These two
processes can function independently; exposure to tones interferes with recall of
a tune much more than exposure to verbal stimuli (Deutsch, 1975). Many
autistic childrea or aphasic adults with severely compromised language have
excellent musical abilities. Some animal species may bave evoived
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sophisticated syntactic capabilities with no parallel development of semantics or
other specifically linguistic abilities. If one were to train these animals in a
language paradigm, the research might never uncover their highly developed
abilities to learn complex sequences of sounds.

Another problem with testing linguistic models of animal behavior
invoives radicaily different standards for demonstrating the applicability of
linguistic terms. If an animal language experiment yiclds results that deviate
from random in the direction predicted by a formal linguistic model, the
experimenter typically states that the animal understands the model. However,
the skeptic may compare the same performance to humans and conclude that
the results are negative. Random expectations are a particularly weak straw
man in animal bebavior, so it would be better to allow severai stronger models
to compete in this kind of experiment. However, there is litde benefit in
splitting hairs over whether particulsr patterns of animai cognition are
distinguishable from human cognition. This is particularly true because what
we know of human cognition is s moving target. For example, while babbling
was initially thought to involve a process of matching vocal articulation to an
auditory template, recent studies of manual babbling in desf infants indicates
that babbling may represent a more amodal expressive language capability
(Petitto & Marentette, 1991). Rather than argue whether an animal has *true”
babbling, syntax, or whatever, we would do better to focus on which particular
models best fit the performance of each species. :

Distinguishing between good alternste models is much more difficult
than comparison to a null hypothesis of random bebavior. Even for human
language, linguists cannot agree which formal models of grammar best predict
our language production. . For animal communication, this problem exteads
well beyond fine details separating similar models. For example, in order to test
whether animals can leam syntactic rules, an antificial language with a formal
syntax may be taught to animalis. Either. their utterances or their responses to
sequences of commands may be used to test whether the animals have learned
the grammar. Typically these grammars are simple and non-recursive, and may
simply involve serial learning of a chain of tokens.

Demoastration that an animal's performance is closer to that predicted
by 3 grammar than by a andom model does not provide a strong test of whether
the animal is using the grammar. Animals may produce what appear to be
highly significant sequences of vocalizations whea there is no contingency
betweea oae vocalization and the next. In a study of natural sounds from wild
dolphins, Markov analysis of a transition matrix for dolphia voalintipu
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showed significant deviations from random (Solow & Tyack, 1990). In animal
language terms, this would appear to support the hypothesis that dolphins
organize their vocalizations in a finite state or simple chaining type of
grammar. However, if one scparates the sequences into different behavioral
states, in this case fast travel and slow travel, thea the sequences appear nandom
within each state. The data are completely consistent with the interpretation that
the probabilities of each vocalization are conditionaily dependent on bebavioral
state and are completely independent of the preceding vocalization. If onme
ignores or does not know about the behavioral states, and if one only tests a
model assuming serial dependence, then one couid easily mistakenly "confirm"
a sequential grammatical model where in fact there may be no serial dependence
of any sort.

VOCAL LEARNING AND IMITATION

Given the difficuities in both defining and testing for the preseace of such
general abilities as language or syntax for comparative analysis, it may help to
focus on more specific cognitive capabilities that may be components of higher
level processes. Demonstrating the presenace or absence of component
capabilities in different species will also facilitate the search for optimal study
animals for particular problems. It is casier to specify capabilities with better
defined input/output relations than language. There is also strong reason to
target specific leaming abilities that foster or allow language acquisition in
bumans. One such capability that appears to be very limited among animals is
vocal learning: the capacity to modify what one says on the basis of what one
bears. This capacity is clearly necessary for human speech. While four families
of birds are capable of vocal leaming, no terrestrial nonshuman mammal has
beea unequivocaily shown to modify its vocal repertoire based on what it hears.
Many primates are skilled at "aping” or imitating gestures and expressions, but
despite decades of intensive research, there is no strong evideace for any vocal
learning in nonhuman primates (Newman & Symmes, 1982). Imitation bas
been ideatified as particularly important in the acquisition of language and other
aspects of culture that are not trained and shaped by overt reinforcement
(Licberman, 1991).

The absence of vocal learning has been a robust result from some
animal language experiments. For example, it appears that one cannot teach a
chimp to spesk, evea if it is raised at bome from s very young age (Hayes,
1951). One explanstion is that chimps are anatomicaily incapable of producing
some human speech sounds (Licberman, 1984), but this failure may aiso reflect
a more central insbility. Vocal learning is one of the skills necessary for
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speech, that appear to have evolved de novo in our hominid ancestors. Just as
comparison of language in deaf and hearing humans can help address the
question of how easily language can be divorced from the vocal channel in
humans (Klima & Bellugi, 1979; Meier, 1991; Petitto & Marentette, 1991), so
comparisoas of language-like communication in species capabie or mapable of
vocal learning may address the same question across species.

Although it is not clear precisely how to specify and test for animal
analogs of linguistic concepts such as syntax, vocal learning is well defined in
terms of input and output However, testing for vocal leamming in the
development of natural sounds is time-consuming and difficult. Omne way to
target promising taxa is to look for species that can imitate manmade sounds. If
an animai caa imitate s sound that is not normally part of its repertoire, then it
must have learned to modify its normal vocalizations t0 match the model.
Animals that have evolved this rare capability may use it in developing their
natural vocalizations. Even though we know little about vocai development in
most marine mammal species, there are a surprising aumber of reports of marine
mammals imitating manmade sounds: Hoover, a harbor seal at the New Engiand
Aquarium, imitated buman speech well enough to have a recognizable New
England acceat (Ralls, Fiorelli, & Gish, 1985). Captive dolphins from many
aquaria have beea reported to learn to imitate computer generated tones and
pulses (e.g., Richards, Wolz, & Herman, 1984; Sigurdson, this volume, chapter
8). Logosi, 3 beluga whale at the Vancouver Aquarium, was able to imitate his
own name (Eaton, 1979). These reports inciude both seals and whales, which
have different terrestrial ancestors. Presumably, this means that both groups
independendy evolved this capability.

It is difficult to differentiate learning from maturation, especially if all
members of a species develop similar repertoires (Tinbergen, 1951). For
example, young vervet monkeys produce calls higher in pitch than those
produced by aduits (Seyfarth & Cheaney, 1986). As the young monkeys grow
oldes, these cails become more similar to those of adults. This could simply be
a result of growth of the vocal tract rather than a consequénce of learning. It
would be easier to test for vocal learning in species where different individuals
produce different sounds.

The bottlencse dolphin (Tursiops truncatus) is perbaps the most
promising marine mammal species for the study of vocal leaming. These
dolphins bave a giobal distribution and number in the tens of thousands in the
cosstal waters of the southeastera United States. Hundreds of bottlenose
. dolphias also live im captivity, where their vocalizations and acoustic
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environment can be studied in great detail. Botteaose dolphins have also been
the subject of many cognitive experiments including animal language
experiments at the Kewalo Basin Marine Mammal Laboratory in Honolulu
(Herman, Richards, Woiz, 1984). Since the mid 1960s, it has been known that
captive bottlenose dolphins produce individuaily distinctive pure tone sounds
called signature whistles (Caldwell & Caldwell, 1965). Unlike the click sounds
used for echolocation, which are processed in midbrain areas such as the
inferior colliculi, whistles are processed in the cerebrum, particularly temporal
cortex (Bullock & Ridgway, 1972). These whistles function both to broadcast
individual ideatity and to maintain contact between individuals such as between
mothers and caives.

One puzzling question to me as an ethologist was why dolphins appear
o have evolved highly developed skills of vocal mimicry whea they tend to
produce only one highly stereotyped whistie. Do dolphins use vocal learning
and imitation in the development of their natural vocalizations? If so, when and
in what contexts? Sigurdson (this volume, chapter 8) suggests that even during
training for mimicry, bottienose dolphins may only actively imitate or match
acoustic models for limited periods of time under limited circumstances. I have
taken two approaches to studying vocal leaming and imitation in bottienose
dolphin whistles. One involves finding situations where one can identify the
vocal repertoire of individual dolphins repeatedly in the wild. The other studies
the vocal repertoires of captive dolphins during social interaction.

SIGNATURE WHISTLES IN WILD DOLPHINS

Randall Wells of the Chicago Zoological Society (Brookfield Zoo) and Woods
Hole Oceanographic Institution has been studying wild bottlenose dolphins near
Sarasots, FL since 1970 (Wells, Scott, & Irvine, 1987). Dolphins in this area
have distinctive marks that allow most individuals to be identified. In this
coastal habitat, individual dolphins often have such predictable home ranges
that one can set out each day to look for particular animais. Wells has resighted
some individuals for decades and knows several generations of matrilineal ties.

One of my graduate students, Lacla Sayigh, and I have worked with
Wells to study the signature whistles of these wild dolphins. It is seldom
possible to determine which dolphin makes a whistle whea they are swimming
freely, so we record them when they are restrained in 2 net corral. Whea the
dolphins are held in the comral, we can attach underwater microphones, or
hydrophones, to their heads with suction cups. This is not a very natural context
for these animals, but it allows us to sample the results of normal whistle
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development among wild dolphins. Moreover, dolpbins swimming freely
within the net corral or recorded immediately after release produced whistles
very similar to those produced while they were restrained.

Whistles have been recorded from many of the Sarasota dolphins over
2 period of 15 years. These recordings coafirm that wild dolphins, like captive
ones, produce individually distinctive signature whistles, and that signature
whistles are stable for over a decade (SayighB, Tyack, Wells, & Scot,
1990). Sayigh has conceatrated on studying whistle exchanges between dolphin
mothers and their young calves. When a mother-caif pair in the net corral was
ready for processing, we restrained the pair together. Typicaily, one of the pair
was held in shallow water while the other dolphin was being measured in a
rubber raft. The animais were always in acoustic contact even when they could
not see one another. Mothers and their calves typlally started a well-defined
whistle exchange as soon as they were restrained.

Young dolphins both in the wild and in captivity have variable whistes
when bom, but develop a stereotyped signature whisde within the first year of
life. David and Melba Caldwell have recorded whistles from captive dolpbins
on the day they were borm, but these whistdes remain faint, “quavery,” and
unstereotyped for 4-6 months (Caldwell & Caldwell, 1979). Sayigh bas
recorded similar whistles while following wild mothers and calves, but one can
seldom be sure which dolphin produces which whisde under these
circumstances. The whistles of wild calves can be recorded using contact
hydrophones from whea they are first caught at an age of 1 year until well after
they leave their mothers at ages typicaily ranging from 3 to 6 years. Analysis of
whistles from over 40 mother-calf pairs shows that by the first year of age, wild
calves have developed ‘a stereotyped whiste pattern that remains more or less
fixed over substquent observations ss many as 10 years later (Sayigh et al,
1990). This is similar to the pattern reported for captive doiphins (Caldwell,
Caldwell, & Tyack, 1990).

When she compared whistles from male and femaie calves, Sayigh
discovered that aimost all of the female calves developed whistles that were
very different from those of their mothers, but most of the male calves
developed whistles that were remarkably similar to their mother's whistle. This
sex differences in signature whistle structure may reflect differences in the life
histories of males versus females. In Sarasota, when a young aduit female first
has a calf, she tends to associate with a group of aduit females including her
own mother. If the grandmother and daughter with calf (not to meation other
related females within the same group) had similar whistes, it could be difficuit
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for a young calf to maintain contact with its mother. Males, on the other hand,
disperse from their natal group. There may thus be little advantage for males to
develop signature whistles different from their mothers. There may even be
benefits to allowing recognition of relationships between mother and son or
between brothers.  Recognition of mother-son relationships could limit
inbreeding. Adult males form coalitions that compete with other males for
access to females (Connor, Smolker, & Richards, in press); recognition of
brother-brother relations might facilitate the role of kinship in mediating
interaction within and between coalitions.

This sex differeace suggests that calf whistles are modified as a
consequence of exposure to the mother's whistle. Males modify their initially
unstereotyped whistes o become more like those of their mother, while
femaies modify their initially unstereotyped whistles to become more distinct.
The two sexes may inherit different predispositions for ieaming their signature
whistles. Any alternative explanation that rules out vocal learning would have
to model how the X chromosome from the father triggers the formation of a new
and distinctive whistie structure in a young female, while the Y chromosome
from the father limits the young male to produce a whistle structure encoded in
the mother's coantribution to its genes. The simplest genetic model would posit
that whistle structure is an X-linked additive trait. Male calves, with only one X
chromosome from the mother, would inherit their whistle structure from the
mother, while the whistles of female calves would be influenced by the X
chromosomes from both pareats. Wells is currently establishing paternities of
calves in the Sarasota population, and we will compare whistles of mothers,
fathers, and calves in order to test these competing hypotheses.

Sayigh and I are also conducting a series of playback experiments to
test whether mothers and their independent calves recognize each others’
signature whistles. Whean in the net corral, dolphins can be gently restrained by
band, and their position with respect to a playback speaker and other dolpbins
can be controlled. Dolphins responded strongly to some playbacks, both
vocalizing and tuming toward the playback speaker. We are using a matched
pair design in which each of two mothers (or calves) are played the same
stimulus tape containing whistles of one of their calves (or mothers), then the
other. The prediction is that dolphins will show a stronger response to the
whistles of the animal with which they shared a strong bond than to the matched
animal. Similar tests are being conducted for bonds other than the mother-calf
bond.
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Even before the Caldwells’ pioneering work on signature whistes, many studies
reported that dolphins use whistes to establish vocal or physical contact with
one another (McBride & Kritzler, 1951; Wood, 1954). Captive dolphins whisde
when separated and respond to whistles cither by whisding themselves or by
approaching the whistler. As we observed with wild dolphins, captive females
and their young calves will exchange whistles until reunited. Data from both
captivity and the wild strongly indicate that individual-specific social
relationships are very important to boitlenose doiphins. Even whea other
animals in the group are also whistling, a mother and cailf, for instance,
presumably can use their signature whistles to find one another.

It has been difficult to investigate the social functions of signature
whistles because it is so difficult to tell which dolphin is whistling underwater,
evea within 3 small captive group. I developed a small telemetry device, called
a vocalight (Tyack, 198S), and a miniature computer data logger (Tyack &
Recchis, 1991) to overcome this obstacle. Either device is attached to a
dolphin’s héad or back with a suction cup. The vocalights are made in a variety
of colors. Every time a dolphin produces a sound, its vocalight lights up. If
several animals are in a3 pool, cach can be equipped with s vocalight that
produces a different color. To identify which dolphin has made a particuiar
sound, a poolside observer simply calls out the color that was illuminated when
the sound was heard. Both the whistles (recorded underwater with
hydrophones) and the observers' identifications are recorded simultaneously for
later analysis. It is difficult for an observer to follow more than two or three
dolphins simuitaneously, so dataloggers are used for larger groups. We attach a
datlogger to each doiphin to record the level of sound 20 times/second for up to
45 minutes. The dataloggers are synchronized to a time code recorded
simultaneously with both audio and video records from the pool.

The vocalights were first used with two captive bottenose dolphins
named Scotty and Spray at Sealand, a marine park in Brewster, MA, on Cape
Cod. Here the dolphins could be studied while they were interacting in the
water, rather tham recorded in air or in isolation as bad beea typical for earlier
studies of signature whisties. Scotty and Spray each produced a stereotyped
whistle very much like the signature whistles described by the Caldwells.
However, the Caldwells reported that signature whisties made up over 90% of
the whistle repertoire of each bottienose dolphin, yet only 48% and 67% of the
whistle samples from Scotty and Spray, respectively, were their own signature
whistles (Tyack, 1986). Both Scotty and Spray produced highly variable
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whistles and each also produced whistles almost ideatical to the presumed
signature whistle of its poolmate. The most common whistle from each animal
was its signature whistle, but each imitated the other's whistle at rates near 20%.
The male, Scotty, produced more imitations than Spray, and both listening and
inspection of spectrograms indicate that his imitations of Spray's signature
whistle were more precise than Spray's imitations of Scotty’s whistle. Scotty was
recorded 2 years after Spray died, and when Spray was not present, he whistled
less frequently, produced shorter whistes, and did not imitate Spray's whistle
(Tyack, 1991).

In considering possible functions for imitation of signature whistles, I
was belped by data from a foray by an ethologist to Louis Herman's marine
mammal lab at Kewalo Basin. For several years, Herman used acoustic cues as
well as gestural cues for language training with his dolphins. When Douglas
Richards joined Herman's lab, he alresdy had ethological experience studying
acoustic communication. After Richards joined the lab, they showed that the
dolphins not only respouded to the acoustic cues as commands, but they aiso
were imitating them quite precisely. Similar imitation had been reported carlier
(c.g., Caldwell & Caldwell, 1972).

As Sigurdson (this volume, chapter 8) points out, these whistle
mimicry results suggest a useful medium for dolphin language research
focussing om signal production as well as comprehension. Even though apes
failed at vocal imitation, ape language researchers were so committed to
establishing a two-way communicative link with their subjects that they -
switched to gesmral communication. It is ironic that the animal language
research om marine mammals has not taken advantage of their imitative
capabilities o estblish two-way use of an artificial vocal communication
system. Once. training problems are overcome, the kind of system being
developed by Sigurdson -should allow humans to listen and respond to the
dolphins as well as vice versa.

Richards et al. (1984) showed that a dolphin can be trained to label

arbitrary objects by imitating arbitrary manmade sounds. When they gave a
dolphin the command to imitate a sound, they would simultaneously play the
model sound and bold up an object associated with that sound. For example, for
the tune of "Mary bad a littie lamb,” one might $how a frisbee, and for "Row,
row, row your boat,” one might show a pipe. After the dolphin got used to this,
they started occasionaily to show the object but not to play the model sound. In
order to respoad with the right sound, the dolphin had to remember which sound

- was associsted with which object. After sufficieat training, the dolphin
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succeeded in learning how to label each manmade object with an arbitrary
manmade tune.

I am curmrendy testing the hypothesis that imitated signature whistes
are also vocal labels used as names, and that untrained dolphins imitate whistles
of particular individuals in order t0 call them. This shares an obvious analogy
with the research on imitation of manmade sounds. The vocal labeling study by
Richards et al. demonstrates that dolphins bave the cognitive capabilities
required o use signature whistles as names. If dolphins do imitate signature
whistles to name a particular individual, they must be able to make similar
associations between each dolphin in their group and the appropriste signature
whistle. We are currently using the dataloggers to study the precise behavioral
contexts when captive dolphins produce their own signature whistes and when
they imitate the signature whistles of others. We are also investigating the
responses of other dolphins whea a doiphin produces its own whistle, imitates
the whisde of the listener, or imitates the whistle of some other dolphin. Neither

" study addresses the question of how referential is the use of these vocal labels
(Savage-Rumbaugh, 1986; Savage-Rumbaugh Rumbaugh, Smith, & Lawsoan,
1980; ). ~

DO DOLPHINS IMITATE SIGNATURE WHISTLES TO
CALL SPECIFIC INDIVIDUALS?

We aiso have consisteat evideace for vocal imitation of signature whistles
among the wild dolphins of the Sarasota community. These dolphins tead to
imitate the whistes of animals with whom they share strong social bonds.
Mothers and calves have been recorded to imitate one another, as do pairs of
adult males that have formed a coslition and are almost always sighted together.
The signature imitation research is in progress, but I describe preliminary data
from one whistle exchange that illustrates how dolphins may use signature
whistles to call specific individuals." This exchange was recorded on 21 June
1984, before we had adopted the policy of processing calves together with their
mothers during the temporary captures in Sarasota. This whistle exchange
occutred betweea a dolphin in the processing raft and one of five that were in
the net corral. The whistles from the animal in the raft were recorded using a
suction cup contact hydrophoae, all other whisties were recorded from one
hydrophone i the water approximately 6 m from the raft and up to 80 m from
the furthest part of the net corral. '

Six dolphins were encircled in the net corral. The first one to be put
into the raft was Nicklo, a 34-year-old aduit female. Nicklo maintained s stabie
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whistle rate of approximately 18 whistles/minute throughout her time in the raft.
This rate was higher than that of any of the animais in the net cocral. Nicklo
produced over 520 signature whistles, 39 varisnt whistles, and no imitations
during the first half of ber hour in the raft. Halfway into the recording,
measuring, and sampling process, Nicklo began imitating the signature whistle
of Granny, the oldest dolphin in the corral (40 years old in 1984). During the
second half of the hour, Nicklo produced 472 signature whistles, 47 imitations
of Granny, and 6 variant whistles. Nicklo continued to imitate the signature
whistle of Granny until she was released from the raft. Sbe did not imitate the
signature whistle of any other animal in the group, including her own 3.5-year-
old female calf. As the oldest female in the group, Granny was most likely to
have had experience with this new and potentially threatening situation, and on
this basis would be most likely to be of assistance. -

Signature whisties from the S dolphins in the net corral were also
analyzed. Because these were recorded together on the same underwater
channel, we were not able to identify which dolphia made which whistle, and
thus would not have been able to detect imitation of whisties among these
dolphins. Furthermore, another mother had signature whiste contours so
similar to her 3.5 year old male calf that we did not attempt to discriminate
between them. Noae of the animais in the corral imitated the whistle of Nicklo.

In order to test whether the whistles of Nicklo became synchronized
with whistles from any of the dolphins in the net, we tallied Bow oftea each kind
of whistle from Nicklo occurred within the same 3 second window as whistes
from each of the dolphins in the net corral. The time window was chosea to be
short enough that dolphins seldom produced more than one whistle per window.
The only whistles that synchronized with Nicklo were the signature whisties of
Granny during the period immediately after Nicklo started imitating Granny's
signature whistle. A caveat is in order regarding statistical analysis of these
windows. Successive whistles frem the same dolphin are seldom independent,
but depend on both what kind of whistle came before and bow long ago it
occurred. Therefore, treatment of successive 3 second windows as independent
may inflate the sample size of independent observations for statistical analysis.

These data clearly support the prediction of the signature labeling
hypothesis that a dolphia will show a differential response following imitation
of its signature whistle. Before Nicklo first imitated Granay's whisde, there was
no temporal association betweea Granny and Nickio whistles. As soon as
Nickio started imitating Granny's whistde, Granny and Nicklo whistes were
strongly associated. Granay showed 3 higher respoanse w0 Nicklo's imitations of
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‘her own whistle than to Nicklo's signature whisde. The association betweea
Granny and Nicklo whisdes was stronger than that of Nickio and any other
doiphins in the net, including Nicklo's own calf Nicklo thus imitated the
whistle of the oidest dolphin in the group (perhaps the most able and likely to
belp her), and only that dolphin responded to the imitations. Some of Nickio's
imitations preceded and some followed Granny's production of her own
signature whistle. This demonstrates that Granny did not just respond to
imitation and Nicklo did not just imitate Granny immediately following a
Granny whisde.

Although dolphins can play with imitating novel sounds, they harness
leamming primarily to develop stable whistles. It may seem counterintuitive to
use fexibility in the service of developing a stable sound, but this is how
humans learn words. People who speak a language must share the same
referents to words, but the precise sounds we use are leamed and arbitrary.
English speakers leam to say house, while French speakers say maison. If
dolphins leam to develop their signature whisties and leam 0 imitate the
whistles of others in order to name them, then leaming allows a remarkably
open-ended system of communication in these social animals.

ETHOLOGICAL SUGGESTIONS FOR ANIMAL
LANGUAGE RESEARCH

When comparative psychologists want to study a particular cognitive skill in the
laboratory, they would do well to search the animal kingdom for taxa that solve
similar problems. For studies of spatial memory, animais such as nutcrackers
(Nucifraga sp), which store and retrieve tens of thousands of seeds per year,
might be more promising than species such as pigeons (Columba livia), whick
seidom are faced with spatial memory problems of similar magnitude
(Shettleworth, 1990). If animal language research is taken ss an attempt to
study bow the communication skills of animals can be modified by leaming,
then the selection of apes, doiphins, parrots, and sea lions makes some sense.
All four groups are highly social, with relatively long periods of parental care,
and with well developed imitative capabilities. Any species where the young
are taught would also be a promising candidate for animal language research.

More careful examination of behavioral development in young animals
raised by their own pareats may also target particular age or sex classes as
optimal for language training. In most songbird species, males provide more
evideace for vocal leaming tham females, and they leara best during critical
periods of development. Data on whisde imitation suggest that male dolphins
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might be better subjects for the study of vocal imitation than females. Not only
does a male caif in the wild tend to lcarn his signature whistle by imitating his
mother, but also the imitations of aduit males appear more precise than those of
aduit females. The captive male Scotty produced more frequent and more
accurate imitations than did the femaie Spray (Tyack, 1991). However, both

sexes do show strong cvidence for vocal leaming, and females can produce’

quite accurate imitations.

Animal language training may be improved by closer matching to
development of natural communication systems in each species. There are
obvious problems with starting training after a critical period for leaming has
passed, but there are more subde problems as well. Cognitive capsbilities may
be channeled to solve particular tasks by perceptual limitations, selective
attention, domain-specific intelligeaces, and motivational factors. Close
feedback between laboratory experiment and field work are of obvious utility
for matching an experimental protocol to an animal's capabilities. I discuss four
different ways in which better matches may be developed: stimuli used in
artificial languages, training techniques, context of testing, and more emphasis
on the communicative and expressive elements of artificial languages.

Care must be taken to match artificial languages to the perceptual and
motor abilities of the subjects. It is by now obvious that the inability of chimps
to speak says litthe about their language abilities. While they are physically
incapable of producing many speech sounds, they can learn and use manual
gestural languages. Perceptual limitations are not so obvious, but may be
equally important. For example, it appears that discrimination of the human
speech sounds /pa/ from /ba/ relies in part on a categorical perception that is
shared among mammais, whereas bumans use specially evolved mechanisms to
parse sentences in normal speech (Kuhl, 1987). For artificial languages to
proceed beyond minimal complexity, they must rely on features that animals can
discrimate rapidly with litde error. If discrimination of /pa/ from /ba/ relies on
auditory processing shared among most mammals, this may be a useful feature
for artificial languages, but if humans require special mechanisms to parse
phoneme strings within speech, artificial languages for other species may
require special attention for more discriminable features. Attention to the
natural signals of each species may help identify such features. For example,
the coo calls of Japanese macaques (Macaca fuscata) divide into groups with
carly or late maxims in frequeacy, and these two classes of coo occur in
differeat coatexts (Green, 1975). Japanese macaques discriminate this feature
with ease, while closely related species require extensive training for the same
discrimination (Zoloth et al., 1979).
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Some psychologists choose highly artificial settings or stimuli for tests.
If the experimental protocol requires aovel objects or contexts, then artificiality
may be advantageous, but many animals may perform best on problems similar
to those for which their cognitive capabilities evolved. If studeats of artificisl
intelligence want to program a robot to find, identify, and manipulate things,
they could simplify their task by narrowing down the robot's symbol set and
outside world to very few differcat kinds of simple geometrical shapes that do
not move about on their own. It is by no means certain that training an animai
to use a formal language describing a similar static and highly constrained
object world is simpler for the animal than 2 more natural world. Perceptual
abilities are likely to be tuned to an animal's natural environment. Pigeons leam
to form "complex” natural concepts of visual images of water, trees, or even one
individual buman, just as quickly as "simple” geometric shapes (Hermstein,
Loveland & Cable, 1976). Psychologists may have o search carefully to find
the right match of settings and stimuli in order to opea a communication channe]
and gain access to more genenal cognitive abilities of different species.

Animal language researchers would do well to match their training
techniques to observations of how their subjects acquire their own natural
systems of communication. Some communication skills may be learned better
through social reinforcement than food reinforcement. Animal language
training in parrots advanced only after application of am innovative social
modeling paradigm in which s human alternated with the parrot in responding to
spoken English (Pepperberg, this volume, chapter 11). As has been reported for
white-crowned sparrows lcaming song from conspecifics, more intense social
interaction with tutors may engage leaming processes that are otherwise hidden
(Baptista & Petrinovich, 1986).

Selection of naturalistic settings for experimental testing may also
improve performance. For example, Terrace, Saunders, and Bever (1979)
trained a chimpanzee (Pan troglodytes) to sign using American Sign Language.
The chimp was trained and tested by many different people during controlled
test sessions in a small bare room, under the assumption that this impoverished
environment would minimize distractions and cucing. They concluded that the
chimp seldom signed spontaneously and that maay of the chimp's multisign
utterances were cued by the trainer. The regularities in the chimp's muitisign
utterances were thus as likely to be a consequence of the trainers’ uaderstanding
of syntax as the chimp’s. However, this same chimp was later tested in both
Terrace's restrictive testing environment and while interacting and playing with
" people. In the Terrace test setting, the chimp primarily respoaded to the trainer,
but in the more relaxed setting, most of the signs were spontancous and only
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11% were imitations (O'Sullivan & Yeager, 1989). After the fact, Terrace
(1979) conciuded that motivation t0 sign had been a probiem in his study and
that the chimp would have made better progress if his sign training had beea
more integrated into communication throughout the day rather than limited to
formal sessions in an impoverished environment

If pigeons caa easily form a concept of an individual person, if parrots
can learn language skills most easily by role playing with a human, and if
chimps show more communicative use of signs while playing with people, then
this suggests that more explicitly interactive use of buman-animai relationships
might further animal language research. As we leam more about the social
behavior of species involved in animal language research and sbout how their
communication mediates social interaction, there will be more opportunity for
humans to intervene both with playback experiments and for bumans to play
roles interacting with animals as more active agents. Close observation of
captive primates (e.g., de Waal, 1989) and field experiments with wild primates
(e.g., Cheney & Seyfarth, 1990) reveal that monkeys and apes know and
communicate a surprising amount sbout their complex social relationships. If
the social domain is a primary one for communication and cognition in these
species, then animal language researchers would do well to develop a richer
repertoire for manipulating and communicating about their interspecies social
relationships.

An cthologist with an evolutionary and cognitive beat may find it
difficult to interpret experimeats in which an animal is trained with an artificial
language to communicate about an artificial object-orieated world constructed
by humans. How can be or she integrate the observation that, say, a chimp or 3
parrot can label a triangie or square and tell us what color a ball is? How caa
one compare o nataral obsérvations, experimeats where people train animals to
produce or understand strings.of commands, such as GO THROUGH A HOOP,
after earlier exposure only o different requests such as JUMP OVER A
FRISBEE? The cthologist interested in the adaptive functions of particular
cognitive skills is more interested in how animals develop representations of and
communicate about their own natural world, inciuding their social world.

Study of signature whistes suggests that dolphins use vocal leaming
and imitation to develop a flexible and open-ended way to communicate
primarily sbout individual-specific social relationships. This contrasts with the
marine mammal language experiments, in which dolphins or sea lions are
trained to manipulate objects (JUMP OVER HOOP) or to treat people or other
dolphins as they do other objects (FETCH BALL [to] PHOENIX). Although
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these animals clearly can be trained to label objects, to report their presence or
absence, and to comprehend sequential commands about objects and actions, all

- of these experiments use artificial languages as a one-way street to get the
animals to perform. This training opens a clear window on some aspects of
dolphin or sea lion cognition, but the animals are never given a chance to use the
language to alter the contingencies of any human bebavior other than tossing a
fish. Describing the experiments as "language" experiments thus stretches the
usage of language as a communication system. The marine mammal
experiments are in this way very different from both the primate (e.g., Savage-
Rumbaugh, this volume, chapter 22) and parrot research (Pepperberg, this
volume, chapter 11).

The term "animal language® sometimes seems to be used as a cipher
for animal awareness. Humans cerainly use language to refer to the mental
states of themselves and others. Consciousness is required for ail but highly
unusual language use (and exceptions such as infant speech, talking in ones
sleep or ulking in hypnosis may more accurately reflect aiterations of
consciousness rather than its absence). Kihistrom (1987) identified
consciousness primarily as a link of cognition to a representation of the seif as
cither an agent or an experiencer. This would suggest that consciousness is
particularly important for the ability it provides of mental scenario building,
‘including the ability to represent ones own performance as others may see it.
Alexander (1990) suggested that consciousness evolved to prepare humans for
the flow of nove! social circumstances for reciprocation that characterize human
societies. Language may have evoived in parallel as a way to frame and to
manipulate such socisl understandings. Animals that form individual-specific
social relationships and that face a similar tension between competition and
cooperation in reciprocal relationships may also encounter selective pressures to
evolve more complex forms of social cognition. If consciousness and language
coevolved in humans in large measure as a respoase to human sociality, then
higher cognitive functions related to sociality in other animals may have
evolved in parallel with abilities to communicate about them. One might expect
"animal language® also to frame representations of self and self interest
compared to other conspecifics or other elements of the environment.

There is a danger in taking such a formal view of artificial languages
and language training that the communicative context is overshsdowed. There
is a striking lack of overlap betweea psychological studies of artificial languages
and ethological studies of animal communication. Communication is a social
phenomenos, and the study of natursl communication systems in animals is
primarily a study of social behavior. Most animal signals mediate social
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interactions, yet few animal language studies emphasize the social domain.
Animals are more typicaily trained to use artificial languages primarily to
request, describe, or manipulate objects. Researchers following this approach
run the risk that their subjects are less able to tap potentially domain-specific
. communication skills. Animals may be much better at recognizing their mother,
have s much richer concept of mother, and be much more motivated to
communicate about this kind of natunl social relationship than to communicate
about discriminating an "x" from a "+."

Language tnaining should not be a purely formal exercise, but shouid
be a tool for opening a two way channel of communication with animals. As
with children early on in language developmeant, animals may use signs to
obtain favored foods or objects. This may be s useful way 0 start language
training, but it is limited in its communicative scope. Savage-Rumbaugh et al.
(1980) suggested that if chimps can get away with being bebaviorists, they will,
but that they can also engage in symbolic reference if trained to do so. If we
create more ways for animals to communicate with us (and possibly deceive us)
about desires or plans, including those involving their social environment, and
about individuals they associate with, including the trainers, we may both
increase their motivation and start to learn more about the social functions of
cognition.

Natural animal communication tends to be manipulative and goal
oriented. Much of the goal directedness of natural animal behavior is a
consequence of adaptation through natural selection of genetically determined
behavior patterns. Testing animais under artificial circumstances may help to
discriminate whether apparently intentional and intelligent behavior observed
under natural conditions represeats a “clever® adaptation or an intelligent and
intentional animal. If animals can show similar planning in the laboratory using
artificial systems of communication, this will help to address these difficult
issues of inteationality and intelligence. In the past, the rescarchers who have
been most sensitive to these issues have not been preoccupied with comparisons
to human language. Kdhler (1925) created experiments to detect insight and to
investigate whether chimps appear to understand the problems being soived by
other chimps. Menzel and Halperin (1975) showed that captive chimps appear
to be abie to convey or withold information on the location of hiddea objects,
apparently inteationally, but the researchers were unable precisely to specify the
mode of commuaication.

In order for. animal language research to address these questions,
animais should be tested within a social and communicative context. Data both
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from the natural communication of primates (Cheney & Seyfarth, 1990) and
animai language experiments (Bennett, 1978) suggest that animal utterances are
more like commands aimed to elicit behavior than like statements aimed to
produce or change beliefs in the other party. However, few carefully controlled
animal language experiments have givea the animals scope for this kind of
communication. Humans are disposed to attribute intentions, beliefs, and
desires to others, but we have scarce evidence that other animals make similar
social attributions. The work of Premack and Woodruff (1978) on whether apes
atribute mental states to others and of Woodruff and Premack (1979) on
deception suggest that these questions can be addressed by controlled
psychological experiments. )

Griffin (1981) emphasized that just as language is a medium by which
humans can leam about each other's mental experieaces, $0 t0o animal language
training has similar poteatial for opening a window on the minds of animals.
Animal language research bas often focused more on narrow comparisons with
human language than on these more general cognitive questions. The ability w
communicate with people using language is 3 mixed blessing for cognitive
scientists; talking, by itself, may often be a shallow and misleading probe of
cognition. A major theme of psychology in this ceatury has been how few of
our internal psychological processes are fully accessible for conscious
reflection, and how inaccurate the conscious report of humasm subjects may be.
Even in bumans, analysis of consciousness cannot proceed independeatly of
nonconscious cognitive processes. Psychological research on humans clearly
indicates that nonconscious cognitive processes have impacts on conscious
processes and that different cognitive processes are more or less peactrable by
conscious thought (Kihistrom, 1987). However, to the exteamt-that anima}
language experiments can give us access to intentionality, attribution, and the
ability to synthesize information across domains in animals, they will remain
important general tools in the study of animal cognition.

It is difficuit to integrate animal language experiments into
companstive study of the evolution of animal cogmition. We require more
information oa the functions in nature of the cognitive capabilities revealed by
these experiments in order to understand their evolutionary origins. It is only by
shuttling back and forth between cognitive experiments and observational study
that we cam hope 0 undérstand the full complexity and diversity of animal
cognition. The work of Richards and co-workers, for instance, gave me more
confideace that dolphins bad the . cognitive capabilities. required to imitate
signature whistles in order to label or call other individuals. Conversely, results
om the imitation of signature whistles may help comparative psychologists to

-144 -



-_— W —y s v = w v me

S e B

7. A Comparative and Evolutionary Framework

understand the functions in nature of cognitive skills they have uncovered in the
laboratory. Further progress in animal cognition requires a tighter synthesis of
the functional and evolutionary studies of organismal biologists, mechanistic
study by neurobiologists, and study of development and cognitive processes by
comparative psychologists.
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