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Abstract

In this thesis, we compare human language, as defined by Noam Chomsky in his
biolinguistic account of language, with killer whale (Orcinus orca) vocalizations and what
we call the orca vocalization and orca symbolic vocalization systems. We postulate
hypothetical orca counterparts of the elements of language described in Chomsky’s account
and trace out the relevant contingencies of such counterparts. We ask whether they might
allow orcas to achieve what the faculty of language allows humans to achieve—such things
as thinking, planning, interpreting and creativity—and whether an orca counterpart to the
faculty of language in the narrow sense that Chomsky postulates, needs to rest upon a
functionally recursive operator. Taking an ecological, evolutionary, developmental
approach, we discuss the possible evolutionary and developmental trajectories of the
species-specific orca expression of the type of cognitive system that makes abstract symbolic
representations possible for an organism.

Utdrattur

| pessari ritgerd er mannlegt tungumal, eins og Noam Chomsky skilgreinir pad i kenningu
sinni um tungumalid sem lifreent malkerfi (likamleg eining sem reiknar med sérstokum
heetti), borid saman vid raddtjaningarkerfi og sér i lagi taknraent raddtjaningarkerfi
hahyrninga (Orcinus orca). Vid gefum okkur pa tilgatu ad hahyrningar bui yfir
reiknieiningum hlidsteedum vid pa frumpeetti tungumalsins sem Chomsky eignar
mannskepnunni, og rekjum afleidingar peirrar tilgatu. Vid spyrjum hvort pessar lifrenu
hlidsteedur geetu hugsanlega gefid hahyrningum sambarilega moguleika og tungumalid
veitir ménnum, eins og hefileika til hugsunar, aztlanagerdar, talkunar og skdpunargetu, og
enn fremur hvort hinar meintu hlidstedur hja hahyrningum pyrftu naudsynlega ad byggjast
a otakmorkudu  endurkveemu reikniferli (likt  og mannlegt tungumal samkvaemt
Chomsky) til pess ad geta stutt slika hefileika. P& er beitt vist-, préunar- og
proskunarfreedilegum nalgunum til ad skoda moguleg proéunar- og proskaferli
tegundarsertaeks birtingarforms vitsmunagetu hja hahyrningum af pvi tagi sem gerir lifverum
Kleift ad hugsa, skilja og tja sig med taknreenum haetti.
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1. Introduction

Like other cetaceans, such as sperm whales (Physeter macrocephalus) (Weilgart &
Whitehead, 2011) and bottlenose dolphins (Tursiops truncatus) (Herman, Richards & Wolz,
1984), killer whales (Orcinus orca) vocalize in diverse and complex ways. However, very
little is understood of the functions of orca vocalizations, or about their development and
evolution. This thesis will survey these matters. After briefly introducing our focal organism,
the killer whale, we will explain the purpose and plan of this work.

1.1 Killer whales and their lifestyle

Killer whales are marine mammals and toothed whales (odontocetes) belonging to the family
Delphinidae or oceanic dolphins, and they are found all over the world, in both cold and
tropical waters, as well as in coastal and offshore areas. They are phenotypically diverse,
forming ecotypes (morphs) in relation to different resources. Populations can differ in their
diet, morphology, behavior, genetics and movement patterns. For example, the resident,
transient and offshore killer whales in the North Pacific differ in several ecological,
morphological and behavioral features (Forney & Wade, 2006; Baird, 2000).

These animals have highly developed social lives (Chwalibog, Kachar & Sawosz, 2018),
living in close-knit matrilineal units, and staying with the same group likely most of their
lives, although they may often socialize regularly with other families (Filatova, Samarra,
Deecke, Ford, Miller & Yurk, 2015). A matriline group contains “a matriarch and all her
descendants (children, grandchildren and grand-grandchildren)” (Filatova, Guzeev, Fedutin,
Burdin & Hoyt, 2013). Sons stay in the matriline group of their mothers, but mate in other
groups. Daughters stay in their family group with their offspring, and so all grandchildren in
the group are the children of daughters (Bigg, Olesiuk & Ellis, 1990). A recent study in
which a pod of killer whales was observed with drones, fascinatingly found that killer whales
spend more time with certain individuals of their pod, and tend to favor those individuals
that are of the same sex and similar age. The animals were also found to be very tactile with
each other. (Weiss, Franks, Giles et al., 2021).

Matrilines form pods, which are groups of closely related matrilines that associate frequently
(Ford, 1991), and share a repertoire of stereotyped vocalizations, i.e. a dialect (Miller,
Shapiro, Tyack & Solow, 2004; Ford, 1991; Filatova et al., 2013). Dialects are stable for
periods of at least 50 years (Yurk, Filatova, Matkin, Barrett-Lennard & Brittain, 2010). Pods
form clans with other pods that share parts of their repertoires with other related groups that
they associate with (Filatova et al., 2013), and all the pods that socialize with each other
form communities (Whale and Dolphin Conservation, n.d.). Communities can consist of one
or more associating clan (Ford, 1991).



Killer whale calves learn their matrilineal dialect socially, possibly primarily from their
mother. In addition to killer whales and humans, local dialects that do not seem to involve
genetic differences, have been observed in one primate, the red-chested mustached tamarins
(Saguinus labiatus labiatus), and in tamarins, there is no evidence of different vocal
populations interacting with each other. (Ford, 1991). These types of dialects are based on
phenotypic plasticity, i.e. the ability of the phenotype to respond to environmental factors.
In killer whales, pods with entirely different vocal repertoires regularly mix. Ford mentions
that “the closest parallel to this can be seen in urban human communities that are stratified
both socially and linguistically” (Ford, 1991, p. 1476).

1.2 Purpose and plan of this study

In this thesis, we will explore vocalization in Killer whales with an eye to developmental and
evolutionary issues. Orca vocalizations are sufficiently complex, plastic, and interrelated
that it seems reasonable to speak of an orca vocalization system. It is not clear just how the
development or evolution of such a system is to be studied. In order to frame an approach,
we will here imagine that orca vocalization belonging to this system (which is unlikely to
include everything describable as “orca vocalization) might play a role in the lives of orcas
comparable to the role played by spoken language—speech—in the lives of human beings.
How close or distant a comparison is warranted is an open question upon which it is
impossible to take any decision, however tentative, prior to exploring the relevant
contingencies of orca vocalizations.

Which contingencies are taken to be relevant will depend upon the view of spoken
language—and language more generally—to which the orca vocalization system is to be
compared. For, as Ray Jackendoff (2010) remarks, “Your theory of language evolution
depends upon your theory of language”; and, as Hauser, Chomsky & Fitch (2002) earlier
remarked, “The word ‘language’ has highly divergent meanings in different contexts and
disciplines.” There are, in short, many different accounts of language, and thus of spoken
language, or human speech, which it is impossible to survey here. In fact, we must make a
very narrow choice.

For the purposes of the present investigation, we will use, for our comparison, the
biolinguistic view of language taken by Noam Chomsky and some of his close collaborators,
in the form in which it is outlined in Hauser, Chomsky & Fitch (2002): “The Faculty of
Language: What Is It, Who Has It, and How Did It Evolve?” and more recently in Chomsky
(2015a), Berwick & Chomsky (2016), and numerous articles, such as Chomsky (2011). Our
reasons for restricting our attention to this particular view of language and speech are (1)
although it has been widely criticized and many alternatives have been offered, it remains
the most influential perspective, (2) it has been much discussed by Chomsky and others in
connection with developmental and evolutionary questions (see, in particular Hauser, Yang,
Berwick, Tattersall, Ryan, Watumull, Chomsky & Lewontin, 2014 and the succinct and
focused overview in Bolhuis, Tattarsall, Chomsky & Berwick, 2014).

To avoid any misunderstanding, it must be mentioned here that our purpose is not to try to
argue, or even hint, that the orca vocalization system is a system of speech—that is, of
spoken language—or that killer whales have language or what Chomsky calls a “language
faculty”. Such claims would not fit with the account of language that we have chosen as our



basis of comparison, and much ink has been needlessly spilled in pointless arguments over
whether or not certain non-human animals have language—arguments which are generally
framed without doing what Chomsky has often, and rightly, insisted must be the first step in
any study of the architecture, acquisition, development, evolution, or other characteristics of
language, namely to give a clear definition of language, i.e. to say what language is. This
may be a working definition, and language may be differently defined to fit different
purposes and different discussions. But any debate over whether a given creature has or lacks
language must rest upon a common understanding of language among the debaters if the
debate is to have any point. In the present case, we will cleave to Chomsky’s definition, or
account, of language, and our discussion will not include the question of whether orcas have
language, spoken or otherwise.

It is not important whether we call orca vocal communication, or the communication of some
other nonhuman animal, linguistic or claim that such creatures have language in the sense
that is widely considered appropriate for linguistics. What is more interesting is whether
their vocalizations can be analyzed in terms of what, for human linguistic expression, we
call syntax, semantics and pragmatics— whether a non-human organism can be to a certain
extent creative in its vocalizations, and whether creative vocalizations can be understood by
other organisms of its kind. Might killer whales have a heritable, cognitive symbolization
faculty (cf. the language faculty) that although not the same as the language faculty in
humans, manages to accomplish some of the same things such as thinking and planning?
And might this symbolization faculty have first arisen as an internal ability and since then
been externalized into vocal expressions that are assigned to “sensory data in perception”
(Chomsky, 2010, p. 1)? The complexity and diversity of killer whale vocalizations suggests
that there is a lot to be learned about their sentience, thought, cognition and emotion by
studying their vocalizing behavior.

As mentioned above, Chomsky’s perspective on language and speech belongs to
biolinguistics, or the biology of language. As Lyle Jenkins (1997) succinctly notes, ’[w]e
can divide up the study of the biology of language into three main areas: 1) language, 2)
development of language and 3) evolution of language” (p. 1). The general plan of this thesis
will be, first, to give a brief account of language as formulated by Chomsky; this account
begins with what Chomsky calls the language faculty in the narrow sense, progresses to an
account of what he call an internal language” (I-language), and progresses further to an
account of spoken language (the “externalization” of I-language). Next, we will survey much
of what is currently known, or at least believed, about orca vocalizations, based upon
empirical research, and will both concurrently and subsequently discuss the syntactic,
semantic, functional and psychological aspects of killer whale vocalization by looking at
empirical studies that have (over the past 20-30 years) analyzed the vocalizing behavior of
Killer whales. In this connection, we will discuss whether, and on what basis, it is plausible
to speak of the grammar, syntax, and semantics of this vocal behavior and will propose that,
even admitting that the orca vocalization system differs in (what Chomsky and many others
view as) some essential ways from human speech—spoken language—one might still
plausibly hypothesize a syntactical symbolization faculty in Orcas, at least distantly
analogous to the human internal language faculty and providing an underpinning for a
symbolic vocalization faculty, at least distantly analogous to the human faculty of speech.
This hypothesis is then applied to the discussion of developmental and evolutionary aspects
of the orca vocalization system against the background of Chomsky’s discussion of
perceived parallels between some theses of biolinguistics and of ecological, evolutionary
and developmental (eco evo devo) approaches.






2. Chomsky on language and speech

As explained in the introduction, we begin with a brief review of Chomsky’s account of
language and speech, commenting also on the ramifications of this account, as Chomsky
sees them, for matters of development and evolution. Since this thesis is of fairly brief
compass, and since its main topic is not biolinguistic theory (but rather a discussion of
developmental and evolutionary questions pertaining to orca vocalizations), nor its intended
readership students of linguistics, this account will be kept as brief and simple as possible,
avoiding technicalities not relevant to our purposes.

In any case, Chomsky’s biolinguistic account of language has been in fluid development
since it was introduced in the 1950’s. Some terminology has changed, Chomsky’s
generative-grammar model has gone through several transformations, and what he has to say
about developmental and evolutionary matters has taken on board many of the views of his
collaborators in comparative and evolutionary biology and biolinguistics. Thus, our review
here of his account is meant to be a condensation of the current Chomskyan orthodoxy
(although with some non-orthodox aspects introduced by collaborators), distilled from
various sources and ordered to our project.

Language, according to Chomsky (2010), is, on one of his main accounts, “a particular
computational cognitive system, implemented neurally” (Bolhuis et al, 2014, para. 2), like
the systems of vision or proprioception. For him, language—or the language faculty—in this
narrow and specific sense is a heritable, biologically seated system, spoken communication
being but one the functions or activities that it supports (albeit a significant one). More
broadly, Chomsky believes that the language faculty as just described is the foundation of
the human capacity “for creative imagination, [speech] and other modes of symbolism,
mathematics, interpretation and recording of natural phenomena, intricate social practices
and the like” (Chomsky, 2004, para. 9).

According to Chomsky (2010), human language developed first as an internal ability to plan,
to think in complex ways, to interpret situations and to create possible worlds mentally.
Later, internal linguistic symbols were externalized, and started to be used for interaction,
including especially spoken communication with human conspecifics. This ability is,
Chomsky (2010) believes, unique to humans. According to him, it likely did not develop
before the appearance of Homo sapiens and was, indeed, not an initial species characteristic.

Many scientists [certainly including Chomsky] agree with paleoanthropologist
Ian Tattersall, who writes that he is “almost sure that it was the invention of
language” that was the “sudden and emergent” event that was the “releasing
stimulus” for the appearance of the human capacity in the evolutionary record—
the “great leap forward” as Jared Diamond called it, the result of some genetic
event that rewired the brain, allowing for the origin of human language with the
rich syntax that provides a multitude of modes of expression of thought, a
prerequisite for social development and the sharp changes of behavior that are
revealed in the archaeological record, also generally assumed to be the trigger for



the rapid trek from Africa, where otherwise modern humans had apparently been
present for hundreds of thousands of years. (Chomsky, 2004, pp. 2-3; cf.
Tattersall, 2012)

Tattersall dates the abrupt and sudden event as probably lying somewhere within
the very narrow window of 50,000 to 100,000 years ago. The exact dates are
unclear, and not relevant to our concerns . . ., but the abruptness of the emergence
is. (Chomsky, 2016, p. 3)

Here, Chomsky has in mind language—or the language faculty—in its narrowest sense: a
biological object, understood as the seat of a computational ability, internal to an individual,
that, according to the core theory of language—Universal Grammar (UG)—must provide,
first, a structured inventory of possible lexical items deriving from a different modular
system (or biological faculty), most often referred to as the conceptual-intentional system,
and must also provide, in the second place, a variety (in principle unlimited) of internal
structures constructed—sometimes referred to as “symbols”, but more often as
“expressions "—qgenerated from these lexical items, that enter into thought, interpretation
planning, and other human mental acts (Chomsky 2005, p. 4; cf. Berwick & Chomsky
(2016), p. 7).

In an individual, the resulting system of symbols or expressions, whose systematic
(grammatical, syntactical) properties conform to the principles of the language faculty in its
narrow sense as described by UG, is a particular individual’s internal language, or “I-
language”. Here, “language” refers to something other than the language faculty per se—
not language in the sense of the biological language faculty, narrowly understood, but to a
language, the (first) “language” acquired by an individual, which will be, in general, the
internal manifestation (in the form of systematic abilities) of the “culturally specific
communication system” (Hauser, Chomsky & Fitch, 2002) shared by the members of a
particular language community.

Used to refer to a “culturally specific communication system (Japanese, Urdu, English),
“language” is employed in yet a third meaning. For the sake of participation in such a shared
system of linguistic communication, the language faculty must interact with a third modular
system, or set of systems, most often referred to as the sensory-motor system, or rather a
subset that might better be called the phonological system, by means of which I-languages
are “externalized”. (For simplicity, we stick throughout with “externalization” through
speech, or at least vocalization. But Chomsky is clear that externalization is, in large part,
modality-independent, as shown by the use of signing—which may even be spontaneous if
not learned in a community—among individuals endowed with the language faculty but who
lack the powers of vocalization, which is also available to people gifted with speech.)

This view of language as the language faculty in the narrow sense—that includes “the basic
engine that drives language syntax”—captures what Chomsky calls the Basic Property of
human language: “each language yields a digitally infinite array of hierarchically structured
expressions with systematic interpretations at interfaces with two other internal systems, the
sensorimotor system for externalization and the conceptual system for inference,
interpretation, planning, organization of action, and other elements of what is informally
called ‘thought.”” (Berwick & Chomsky (2016), pp. 89-90; cf. Chomsky (2015a), p. ix.).



The hierarchical structure (syntax) of the symbols or expressions generated by the language
faculty is inferred from the properties of the uttered expressions of human language, as
studied mostly through empirical descriptive linguistics; such studies provide the test cases
for analytical linguistic theory and computational hypotheses. The idea that “The most
elementary property of our shared language capacity is that it enables us to construct and
interpret a discrete infinity of hierarchically structured expressions: discrete because there
are 5 word sentences and 6 word sentences, but no 512 word sentences; infinite because
there is no longest sentence,” rests upon the inference that “Language is based on a recursive
generative procedure that takes elementary word-like elements from some store, call it the
lexicon, and applies repeatedly to yield structured expressions, without bound” (Berwick &
Chomsky, 2010, p. 19, italics added; but he point is made widely).

The recursiveness of the generative grammatical function has been considered to be a
distinctive attribute of human language, “shared by no other animal system” (Tallerman &
Gibson, 2011, p. 2.) According to Hauser et al. (2014), recursion is an inherent property of
the human language faculty. These authors maintain that recursive capacities in non-human
animals are limited to the training level and that such animals show no evidence of having
the “set of properties defining the generative procedure”. (Hauser et al., 2014, p. 7).

Indeed, most contemporary linguists say, without necessarily being precise, that “human
language is recursive”. And Tecumseh Fitch has written carefully about three different
meanings for “recursion”, each fitted for different disciplines (Fitch, 2010). We cannot delve
into the technicalities here. But in connection with Chomsky’s account of language, the
matter of recursion is fairly clear. As a computationalist, Chomsky has put much effort into
trying to determine the operation, or algorithm, by which the language function generates its
array of hierarchically structured expressions. His most recent (but no longer recent) idea is
that the computational algorithm is the recursive operation that he calls unbounded Merge
(Chomsky, 2010 and widely elsewhere; cf. especially Chomsky, 2015a).

The simplest recursive operation, embedded in one way or another in all others,
takes two objects already constructed, say X and Y, and forms a new object Z
without modifying either X or Y or adding any further structure. Accordingly, Z
can be taken to be just the set {X,Y}. In current work, the operation is called
Merge. Since Merge imposes no order, the objects constructed, however complex,
will be hierarchically structured, but unordered, and operation on them will
necessarily keep to structural distance, ignoring linear distance. It follows that the
linguistic operations yielding the language of thought will be structure-dependent,
as indeed it the case, resolving the puzzle. (Chomsky 2017, p. 5; cf. Chomsky
2010, p. 52)

Given merge, two items such as the and apples are assembled as the set {the,
apples}. Crucially, merge can apply to the results of its own output so that a
further application of merge to ate and {the, apples} yields the set {ate, {the,
apples}}, in this way deriving the full range of characteristic hierarchical structure
that distinguishes human language from all other known nonhuman cognitive
systems. (Bolhuis et al. 2014, para. 3)

The “Strong Minimalist Thesis” (SMT) holds that merge along with a general
cognitive requirement for computationally minimal or efficient search suffices to



account for much of human language syntax. The SMT also requires two
mappings: one to an internal conceptual interface for thought and a second to a
sensory- motor interface that externalizes language as speech, sign, or other
modality. (Bolhuis et al. 2014, para. 3)

The postulation of Merge as the computational operation at the heart of the narrow language
faculty—a postulate that has stood up to testing—reinforces what descriptive linguistics has
found to be the case in its examination of human speech across a wide range of natural
languages.

So now we have a picture in which the language function (or simply language) in the narrow
sense—called in Hauser, Chomsky & Fitch (2002) the Faculty of Language - Narrow Sense
(FLN)—with Merge as its basic, and arguably only, computational syntactical-structuring
operation, generates I-languages (and supports all language-mediated activities) in
conformity with the account of UG, which consist of an in-principle unbounded array of
hierarchically-structured symbols or “expressions” which can be externalized, through
interaction with the sensory-motor (phonological) system and receive content and
interpretation through interaction with the conceptual-intentional system. (This is the
minimal apparatus; further “peripheral” systems may well be involved). The resulting
“language” keeps to the simplest recursive operation, Merge, and is perfectly designed to
satisfy interface conditions. Language in this (now the fourth) sense, summed up by
Chomsky in the slogan “Interfaces + Merge = Language” is what is called in Hauser,
Chomsky & Fitch (2002) the Faculty of Language - Broad Sense (FLB).

It is FLB that supposedly founds, and makes possible, the human capacity “for [thought,
planning] creative imagination, [speech] and other modes of symbolism, mathematics,
interpretation and recording of natural phenomena, intricate social practices and the like”
(Chomsky, 2004, para. 9) discussed earlier. It is not FLN (with its operation of Merge) alone.
However, Chomsky’s central question about the “evolution of language”, by which he
means here a heritable change in genetic make-up, concerns just the evolutionary advent of
FLN. Hauser, Chomsky & Fitch (2002) go so far as to suppose that the relevant conceptual-
intentional and phonological (sensory-motor) modules existed in Homo sapiens (and perhaps
in ancestor species) for a long time prior to the advent of FLN, which Chomsky speculates
came about through a small genetic mutation—*“a minor rewiring of the brain”—that put
Merge into possible interaction with the other two modules. Presumably, there was no
phenotypic change in those modules per se. Only in connection with the advent of FLN, did
language (FLB) come into existence. Of course, both the conceptual-intentional and sensory-
motor modules had to be recruited” into synergy with FLN (or they had to recruit FLN into
synergy with themselves) for there to be language; and since the posited genetic change
presumably appeared at first in a small number of individuals, there was little reason for such
synergy to develop, prior to the distribution of FLN as a species characteristic through the
genome of Homo sapiens. Chomsky argues that there was no selective pressure favoring the
small, but significant, “rewiring” that produced FLN and so is skeptical of the possibility of
a Darwinian account.
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Figure 1. A schematic representation of organism-external and -internal factors related to the faculty of
language. From “The Faculty of Language: What Is It, Who Has It, and How Did It Evolve?” by M. D.
Hauser, N. Chomsky & W. T. Fitch 2002, Science, 298(5598), 1570. Copyright ¢ 2002 by the American
Association for the Advancement of Science.

As we will discuss later, there are other evolutionary questions that might be asked about
language than just the one that Chomsky himself focuses upon.

The account of language just given will be used as a point of comparison in exploring the
question whether, even admitting that the orca vocalization system differs in (what Chomsky
and many others view as) some essential ways from human speech—spoken language—one
might nevertheless plausibly hypothesize a syntactical symbolization faculty in orcas, at least
distantly analogous to the human internal language faculty and providing an underpinning
for a symbolic vocalization faculty, at least distantly analogous to the human faculty of
speech. Nothing much can be done in that direction until we learn in some detail about what
is currently known, or at least believed, about orca vocalizations, based upon empirical
research; and to this we now turn.
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3. The vocalizing behavior of killer whales: a

survey

Most organisms communicate with conspecifics, and some understand signals produced by
other species (Tallerman & Gibson, 2011), but only the communication signals of humans
are usually called linguistic. Human language is considered unique (Hauser et al., 2014,
Pinker & Jackendoff, 2009) because of its compositionality (Tallerman & Gibson, 2011),
generativity (Corballis, 1992), humans’ ability to use recursion (Hauser, Chomsky & Fitch,
2002), and because animals do not learn to use it (Chomsky, 2000). Moreover, each
expression of (human) language is a pairing of a sign (e.g. sound or gesture) and meaning,
and “sentences are built up out of discrete units” (Hauser, Chomsky and Fitch , 2002, p.
1570). Both Chomsky (2010) and Hauser et al. (2014) believe that no other organism
exhibits vocal behavior with characteristics comparable to those of human speech.

But killer whales (Orcinus orca) and other cetaceans, such as sperm whales (Physeter
macrocephalus) (Weilgart & Whitehead, 2011), and bottlenose dolphins (Tursiops
truncatus) (Herman, Richards & Wolz, 1984), have evidently developed rather sophisticated
vocal communication systems independently from the human lineage.

In order to avoid controversial questions, we avoid attributing speech—spoken language—
to killer whales but speak instead of “vocalization”. By vocalization we will mean any sound
produced through the action of an animal’s respiratory system. Vocalizations are used by
many animals, such as birds, frogs, geckos, crocodilians, and mammals, including humans
and may indicate territoriality, aggression, alarm, fright, contentment, hunger, the presence
of food, the need for companionship, or may guide cooperative behavior. Vocalizations used
in these ways, if we believe that they are understood by conspecifics that could react
behaviorally to the content indicated, would all be examples of communication; but
vocalization is also used for non-communicative purposes, such as echolocative vocalization
by some animals, such as bats and many cetaceans.

In this chapter, we examine the phonetic, syntactic, semantic, functional aspects of the
complex vocalizations, and the vocalizing behavior, of killer whales. As a part of the
functional aspects, we will also be looking at some of the psychological aspects of
vocalizations.

3.1. Phonetic classification of orca vocalizations

Killer whale vocalizations have been observed to exhibit a large variety of structures.! The
largest sound categories are clicks, pulsed calls and whistles. But within each of these types

!lcelandic Orca Project. Herding calls, Low frequency sounds produced by Icelandic orcas & Acoustic recording
of Icelandic orcas foraging [Audio recording] [3 soundtracks] SoundCloud. https://soundcloud.com/user-
452682658
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there is considerable variation. (Filatova et al., 2015b, p. 2009). Each sound category can be
described by certain characteristics. There is no definitive classification of call types, but for
example, Saulitis, Matkin and Fay (2005) reported the following distribution of sound
categories: whistles 38.9% of all recorded vocalizations, pulsed calls 61.1%, variable pulsed
calls 19.6%, and aberrant pulsed calls 6%. Clicks were recorded in 7% of the samples.
Discrete pulsed calls made up 41.5% of all calls, and 14 types of discrete calls were
identified. An average of 5.29 characteristics per call was measured.

The function and meanings of killer whale vocalizations remains largely unclear (Weiss,
Ladichs, Spong & Symonds, 2006), but their complexity and apparent effects suggest that
they may be more apt for comparison to speech than the vocalizations of most other
nonhuman animals.

3.1.1. Echolocation clicks

Clicks, which are mainly used as echolocation signals, are “brief pulses of sound, typically
given in series” and “quite variable in structure” (Ford 1989, p. 729). Clicks are produced
“individually or in click trains” (Holt, 2008, p. 6).

3.1.2. Pulsed calls

Harmonically rich pulsed calls seem to be the most commonly emitted sounds in Killer
whales, at least the most commonly observed ones (Thomsen, Franck & Ford, 2002). They
consist of “several short pulses emitted at such a high repetition rate that they sound tonal to
humans” (Simon, McGregor, Ugarte, 2007, p. 48).

Pulsed calls are either discrete (stereotyped) or variable in structure (Riesch, Ford &
Thomsen, 2008). Usually, they are structurally categorized into discrete (stereotyped),
variable and aberrant calls (Holt, 2008; Ford, 1989). Discrete calls “fall into distinctive
structural categories”. They are repetitive, and pods have different and distinguishable
repertoires of these types of calls that “are emitted consistently by all whales in a group over
time”. (Saulitis et al., 2005, p. 1016). Variable calls do not have a consistent spectral
structure, and in general lack repetitiveness and structural categorization. Aberrant calls are
structurally highly modified, or distorted versions of discrete call formats that killer whales
emit when engaging in activities such as socializing and feeding. (Ford, 1989/2011).

3.1.3. Whistles

Whistles are sinusoidal (Ford, 1989), high pitched, complex (Riesch et al., 2008) tonal
signals (Holt, 2008) with a “nonpulsed or continuous waveform” (Ford, 1989, p. 729), Killer
whales produce ultrasonic whistles with the highest fundamental frequency reported in
delphinids (Samarra, 2010). Whistles seem in general to be “much more complex than those
described for other delphinids” (Thomsen, Franck & Ford, 2001, p. 1245), 93,5% of whistles
observed in a study contained several harmonics, with the main energy concentrated in the
fundamental frequency (Thomsen et al., 2001).

Whistles are likely perceived by the receiver as a single tone, because of how small the
intervals between harmonic bands are (Thomsen et al., 2001). Whistles occur at different
frequencies and for different durations (50 ms to 10-12 s), and most of them contain several
“modulations or abrupt shifts in frequency” (Ford, 1989, p. 729). Whistles are longer in
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duration and lower in frequency than clicks, and low-intensity compared to pulsed calls
(Holt, 2008). They are used as isolated sounds as well sequences of the same type of distinct
whistles, or so called “multiloops” (Riesch et al., 2008, p. 1827). Riesch, Ford and Thomsen
(2006) found 30% of whistles recorded during a period of 3 years to be stereotyped and
further categorizable into four distinct categories (p. 84).

3.2. Syntactic aspects of vocalizations

The term syntax usually refers to the grammatical structuring of linguistic elements (such as
words) and their combination into longer linguistic constructs (such as phrases, clauses, or
sentences). Thus, animal vocalizations are not commonly described as having syntactic
structure since non-human animals are not thought to have language. We, however, will
adapt the word syntax to our purposes, letting it refer to the structuring of vocal elements
and the systematic combination of such elements into longer constructs. We may also speak
of the syntax of such internal symbols (if any) that underlie the vocal structures.

Hauser et al. (2014) maintain that in non-human animals, “utterances are holistic, with no
evidence of complex syntactic composition derived from an inventory of discrete
morphological elements . . . [and] are not marked by anything remotely resembling
grammatical classes, agreement, etc.” (p. 4). However, Suzuki, Wheatcroft & Griesser
(2017) cf. Russell & Townsend (2017), through research on the Japanese tit (Parus minor),
a common garden bird of eastern Asia, found rather persuasive indications that the birds
used an ordering rule to compose and extract meanings from novel call sequences, i.e. by
joining specific calls in rule-guided combinations — a requisite of compositional syntax.
Continuing to explore the evolution of syntactic communication through innovative analyses
of the vocalizations of non-human animals, selected birds and social primates, Suzuki,
Wheatcroft & Griesser (2019), found, first, that “Non-syntactic combinations of meaningful
elements . . . provide the basis for compositional expressions” and speculate that these “were
probably produced by the last common ancestor of human and apes.” But even more
strikingly, they note that:

Compositional syntax has recently been documented in call sequences of a few
species of birds and primates, suggesting novel parallels between animal
communication systems and human language. Combinations of meaningful calls
may sometimes result in non-compositional messages (idiomatic sequences),
reflecting a disassociation between syntax and semantics. (Suzuki, Wheatcroft &
Griesser, 2019, (p. 7)

So, even if orca vocalizations do not incorporate certain “higher” grammatical characteristics
such as grammatical agreement, syntactical structuring at both the phonological and the
morphosyntactic levels and the novel combination of vocal symbols according to
grammatical rules may be present. According to some research on orcas, “phonological and
lexical borrowings (horizontal transmission of features and types of calls), the presence of
conservative and changeable words (call types), and rectified changes in certain phonemes
in all words of language (rectified changes in similar syllables in various types)”, may exist
in orca vocalizations (Filatova et al., 2010, p. 970).
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Scientists who have studied killer whale vocalizations have been able to distinguish discrete
units that are combined and sequenced in different ways. Spectrograms of vocalizations
show that orcas use a variety of sub-units or syllables in calls, change them, and employ
them in various combinations and recombinations (Filatova et al., 2015b, pp. 2015-2016;
Ford, 1989; Ford, 1991; Strager, 1995; Yurk, 2005). Shapiro, Tyack & Seneff (2011)
categorized Norwegian killer whale complete calls into subunits and found that “(1) there
were fewer subunits than call types and (2) nearly 75% of all call types shared at least one
subunit” (p. 377). Out of 31 call types, 18 “were composed entirely of shared subunits and
another five contained at least one shared subunit”, and “some segments were used much
more frequently than others” (p. 382). These whales also produced compound calls, which
are “concatenations of multiple discrete calls, each of which can be produced individually
or within other compound calls” (p. 378). In the northeastern Pacific, an or population
produced 42% of recorded whistles as isolated signals, and 58% “as part of whistle
sequences” (Riesch & Deecke, 2011, p. 1381).

Orca call sequences can occur in predictable patterns or sequences (Ford 1989), for example,
by three or four calls (including repetitions) occurring together more often than expected and
being repeated more often than expected”. However, lone whales only produced a few
sequences of calls from the large number of possible sequences “that could be generated
from eight call types” (Saulitis et al., 2005, p. 1021). This may be because socialization is
such an important aspect of vocalization that lone whales mainly only produce sounds to
find their conspecifics or group members, and do not necessarily have many other reasons
to vocalize on their own.

Killer whales are also known to make “context specific-modulations of discrete call
structures”, and Ford suggests that these modulations “are governed by a set of rules
common to all killer whales, and that such modulations in the calls of one whale are
recognizable to others, even those with different repertoires of calls”. (Ford, 1989, p. 743).
Since whales with entirely different dialects interact, this kind of shared understanding of
syntax makes vocal communication possible for animals with different repertoires of calls.

There are developmental limits to the type of sounds an organism can produce. Partly
because of these constraints, humans use a few dozen phonemic units to generate an open-
ended number of words. It is possible that sub-units of vocalizations are similarly rearranged
by killer whales to produce a “larger repertoire of call types” than would otherwise be
possible, within the limits of their “sound production apparatus” which “operates within a
finite temporal and spectral range” (Shapiro et al., 2011, p. 378, 384). And similar to humans,
each group of killer whales apparently uses a portion of universal sub-units for its own vocal
repertoire. The animals may also increase their vocal repertoires by changing and varying
the paring of low- and high-frequency sounds. They are able to produce low- and high-
frequency call components synchronously, presumably by using two different parts of the
animal’s vocal apparatus. (Shapiro et al., 2011).

Syntactic aspects of vocalizations can provide information on the foraging ecology and
social systems of killer whales. For example, in the North Pacific, the foraging habits and
social structure of whales has affected and molded the vocal repertoires of killer whale
populations, which have been classified into three groups: mammal-eating transients,
piscivorous residents and offshores. In the northeastern Pacific for example, there are clear
differences between the bioacoustic parameters and behavioral context of the whistles of
transient and resident whales.
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Transients are silent most of the time, while residents and offshores are vocal most of the
time. (Yurk et al., 2010). One study that compared two populations found that transients had
only 3 stereotyped whistles, while residents had 11 stereotyped whistles “of varying contour”
(Riesch & Deecke, 2011, p. 1386). It has been suggested that these differences in repertoires
are due to the fact that, because the prey species of transient and resident populations have
different hearing abilities, killer whales have adapted their vocal behavior to ensure
successful hunting and feeding tactics. When hunting a marine mammal, it is important to
keep silent when moving in for an attempted kill, because the hearing spectrum of the prey
animals overlaps the vocalization spectrum of killer whales. (Riesch & Deecke, 2011).

In addition to foraging habits, the social structure of transients likely affects their call use.
Transient whales have a much more fluid fluid social system than residents, in which they
may form temporary hunting groups with whales that they do not encounter frequently; so it
makes sense that they have a smaller vocal repertoire of stereotyped calls, as this may
facilitate “successful cooperation and temporary bonding between infrequent social
companions” (Riesch & Deecke, 2011, p. 1386).

But even with a limited repertoire of stereotyped calls, the overall repertoire of transients in
the northeastern Pacific is not small. Out of 1218 whistles recorded, 897 were variable in
structure, “with no apparent similarities in spectrographic contour”. 321 of the recorded
sounds fell into into one of the three discrete categories. These stereotyped whistles “were
often multi-looped (i.e. repetitive sequences of the same whistle type)”, but also “found as
isolated whistles”. (Riesch & Deecke, 2011, p. 1380). There was also variability between
whistles of the same discrete type, which could mean that each individual has its own version
of the same whistle type (Riesch & Deecke, 2011).

In human beings, new signal combinations may be produced out of elements found in signal
repertoires in the proximate environment of developing individuals, given our genetically
inherited generative grammar and syntax. Something comparable may be the case for other
animals, such as songbirds and killer whales, for which acoustic signal repertoires seem to
be socially transmitted (Brainard & Doupe, 2002), and do not “evolve in absence of an
acoustic template” (Filatova et al., 2015b, p. 2009).

3.2.1. Might there be an orca syntactical symbolization faculty as a

counterpart to the human FLN?

If orca vocalizations really exhibit syntactical structuring at both the phonological and the
morphosyntactic levels and the novel combination of vocal symbols according to
grammatical rules, even in limited and simple ways compared to human speech—which is
of course far from certain but at least suggested from what we know or believe about orca
vocalizations—might this not be explained in a manner comparable to the way Chomsky
explains the syntactic structuring of speech?

Employing something close to Chomsky's own reasoning, we might hypothesize that killer
whales have an inherited, genetic, syntactical symbolization faculty, at least distantly
analogous to the human internal language faculty (that Hauser, Chomsky & Fitch (2004) call
“FLN”), that although surely not the same as the narrow language faculty in humans, could
provide a basis for accomplishing some of the same things, such as thinking and planning.
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This faculty might have first arisen as an internal ability to structure, combine and restructure
meaningful symbols that afterwards supported systematic symbolic externalization by
becoming coupled to a system of vocal expressions, in consequence assigned to “sensory
data in perception” (cf. Chomsky, 2010, p. 1), and resulting finally in what might be called
a symbolic vocalization faculty.

As we have seen, Killer whales organize sounds into a variety of sequences or combinations,
and seem to have the ability to make complex structures out of simpler ones. Their
vocalizations evidently show, albeit in small measure, some of the syntactic aspects and
plasticity of human speech—more so than the vocalizations of most other vocalizing
animals. This complexity and diversity makes such an hypothesis plausible.

3.2.2. The issue of recursion

The recursiveness of the generative grammatical function has been considered to be a
distinctive attribute of human language, “shared by no other animal system” (Tallerman &
Gibson, 2011, p. 2.). On Chomsky’s account of language, the computational operation
central to FLN is, hypothetically, the maximally simple recursive operation Merge. This
hypothesis is well tested and supports the computational biolinguistic account. The
hypothetical counterpart of FLN for orca vocalization is what we called the orca syntactical
symbolization faculty. If we attempt to develop accounts of non-human animal vocalization
that are counterparts to Chomsky’s account of language and speech, then, first, this will be
appropriate only for species whose vocalizations exhibit some measure of syntactic
structuring and plasticity; second, will be species specific; and, third, will arguably place the
species-specific counterpart of FLN within a plausible counterpart of FLB.

Nothing says that the hypothetical counterpart of FLN, which will be understood as a
computational “module”, must be based upon a recursive operation, and certainly not upon
Merge. Such would be the case if—accepting Chomsky’s account of language—our
objective were to attribute language to non-human animals; but it is not. We are at this stage
only supposing (in a Chomsky-esque fashion) that, if a vocalizing animal species exhibits
some degree of syntactic facility in its employment of vocalizations, there must be some
heritable computational competence in those animals that accounts for the syntactic
structuring. One can then investigate whether, and to what extent, this competence functions
spontaneously from birth (like vision) or is acquired or shaped in the course of development
(through experience or training), and whether it is a discrete competence (a “faculty”’)—this
is what Chomsky thinks about language—or whether it rather represents a subset of the
combined activities of other competences. It appears to us that only considered as a discrete
competence does it make sense to speculate as to how and when “it” evolved.

Sticking with the (highly uncertain but potentially fruitful) hypothesis of an orca counterpart
of FLN—an orca syntactical symbolization faculty—we do not see that it would need to be
based upon an unbounded recursive operation, whether Merge or any other. The question
would be about the sort of operation(s) that could account for the observed syntactic
vocalization competences of orcas, which appear to be limited in comparison with those of
humans. If this could be accomplished by means of a different, more limited, operation or
set of operations, then that would suffice for the purposes of the intended explanatory
account.

16



On the other hand, it may be the case that at least some non-human animals do syntactically
structure and re-structure some subsets of their vocalizations (or gestural equivalents)
according to recursive rules.

Suzuki, Wheatcroft and Griesser (2017) found that Japanese tits (Parus minor) could
“extract a compound meaning from novel call sequences using an ordering rule” (p. 2331).
The birds were able to interpret such meanings, and responded to novel calls when they were
played in a specific order. These results do not mean that the birds have an ability to produce
an unlimited variety of call sequences from a limited number of components, but it tells us
that the birds are not limited to understanding a fixed repertoire and can construct compound
meaningful utterances out of meaningful vocal components, and interpret such constructed
utterances using a rule of compositional syntax. These are wild birds, and no training—but
perhaps some learning in natural conditions—was involved. The lexicon is small and the
constructions studied consisted of no more than two elements. It is unknown whether the
lexicon could be expanded or the rule be reapplied to yield longer expressions, but the
syntactic rule works as a recursive rule would work in a highly restricted domain. The
authors themselves remark in a later article that:

All reported known cases for meaningful call combinations in animals involve
only two meaningful units. Therefore, meanings are linearly connected within a
sequence. By contrast, human language can be hierarchical [given the parameters
of the combinatory syntactical operation, Merge]. Future investigations are
required to explore whether recursion is truly unique to human language and
whether the hierarchical structure of meaningful elements can be observed in
animals. (Suzuki, Wheatcroft and Griesser, 2019, p. 6)

Hauser et al (2012) discuss studies that make claims of the use of recursive syntactical
operations by songbirds (Gentner, Margoliash, & Nusbaum, 2006; cf. Abe & Watanabe,
2011) and baboons (Rey, Perruchet & Fagot, 2011). Referring to Hauser, Chomsky & Fitch
(2002) and Fitch, Hauser & Chomsky (2005), Gentner, Margoliash, & Nusbaum (2006)
write:

Recent hypotheses make the central claim that the capacity for syntactic recursion
forms the computational core of a uniquely human language faculty. Here we
show that European starlings (Sturnus vulgaris) accurately recognize acoustic
patterns defined by a recursive, self-embedding, context-free grammar. They are
also able to classify new patterns defined by the grammar and reliably exclude
agrammatical patterns. Thus, the capacity to classify sequences from recursive,
centre-embedded grammars is not uniquely human. This finding opens a new
range of complex syntactic processing mechanisms to physiological investigation
(p. 1204).

While Rey, Perruchet & Fagot (2011) write that:

Influential theories have claimed that the ability for recursion forms the
computational core of human language faculty distinguishing our communication
system from that of other animals (Hauser, Chomsky, & Fitch, 2002). In the
present study, we consider an alternative view on recursion by studying the
contribution of associative and working memory processes. After an intensive
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paired-associate training with visual shapes, we observed that baboons [Papio
papio] spontaneously ordered their responses in keeping with a recursive, centre-
embedded structure. This result suggests that the human ability for recursion
might partly if not entirely originate from fundamental processing constraints
already present in non-human primates and that the critical distinction between
animal communication and human language should more likely be found in
working memory capacities than in an ability to produce recursive structures per
se (p. 180).

Hauser et al (2012) are dismissive of these claims, as they understand them. They write that
these and similar studies:

... focused on the problem of embedding, virtually all used methods of extensive
training, and all mistakenly equated embedding with both recursion and the claim
that any evidence of embedding would rule out earlier claims of human
uniqueness. [1]n one study of starlings and one on baboons, subjects were trained
for months in tens of thousands of reinforced trials to learn a pattern of embedding
that was comparable to that tested on tamarins. Both species learned this pattern,
with limited generalization to novel patterns. The researchers concluded that
recursive computations are not unique to humans, and so our competence can be
explained by non-linguistic processes. For at least four reasons, however, these
results do not inform our understanding of human language competence: (i)
recursion, as realized in the language faculty, is a set of properties defining the
generative procedure, not its output, and so should not be equated with embedding
... (i) human language acquisition does not involve training with reinforcement;
thus, even if the results showed parallel competences, the acquisition process and
underlying computations would be entirely different; (iii) even if animals can
process embedded structures, the generalization results show that the capacity is
limited to the training level, and pales relative to human competence, especially
if one removes some of the working memory constraints; (iv) as the Chomsky
hierarchy perspective reveals, embedding is far too weak to explain human
language competence, and thus, even strong evidence in animals would contribute
little to our understanding of human language evolution. (p. 5)

These criticisms all have a point but in certain respects miss the mark. Concerning (i), it is
not clear that the authors criticized equate recursion with embedding; rather their claim
seems to be that the embedding is accomplished by a recursive operation “wherein two
sentences, a;b; and azb,, each composed of two ordered elements (a and b representing the
first and second element, respectively) are two objects already constructed” that are put
together by this operation into the “sentence a;a,b,b1”, axb, becoming “embedded” between
the two elements of aib;. “An example of such embedding in English is ‘The antelope [a;]
the lion [a,] ate [b,] ran like a snail [b1]* (Gentner, Margoliash, & Nusbaum, 2006, p. 180).
The authors’ inference that their primate subjects were applying the same syntactic operation
as a human speaker of English may be weak, but they are not equating recursion with
embedding nor the generative procedure with its output. Point (ii) is certainly correct; but is
it relevant? The assumption is that the authors criticized are trying to show that since the
competences of birds and baboons are (as Hauser et al seem to admit) “parallel” to those of
humans, the “acquisition process and underlying computations” must be the same. But this
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is surely not claimed for the acquisition process, and it is nowhere claimed that the
underlying computations are the same, only that they are similar, in the sense of being
recursive. As for (iii), admitting that even if animals can process embedded structures, “the
generalization results show that the capacity is limited to the training level, and pales relative
to human competence” reveals the assumption that the authors criticized claim or imply that
their birds and baboons have general syntactic competences approaching those of humans;
but no such claims are made: if anything, those authors speculate as to why, if their subjects
can use recursive processing (which they do claim, at least tentatively), their competences
do not approach those of humans. And finally, as to (iv), it assumes that the authors criticized
suppose (a) that embedding “explains human language competence” and (b) that their
findings contribute substantially “to our understanding of human language evolution”; but
these authors suppose neither. What is virtually their sole contention is that non-human
animals can employ a recursive syntactic operation to generate new grammatical objects
(“symbols”, “structures”, or even “sentences”) out of pairs of such objects, given a rule of
compositional syntax. That remains as the principal point about recursion that is of interest
to us here in connection with orca vocalizations.

Finally, after having looked at studies involving birds and social primates in this discussion
of recursion, we move in closer to home. Bottlenose dolphins, another member of the
delphinid family, showed comprehension “for all of the sentence forms and sentence
meanings” of an artificial language “that could be generated by the lexicon and the set of
syntactic rules” that were presented to them in a 1984 study (Herman, Richards & Wolz
(1984, p. 129). Without specific instruction, a dolphin performed two tasks indicated to it in
a conjoined sentence. The dolphin usually responded by performing both of the tasks in the
order that the two sentences were conjoined, but, the dolphin also executed the tasks in
reverse order, performed either one of them, and in one case repeated them both twice. And
in one case, the dolphin combined the tasks into a conjoined response; when being given the
sentence: “PHOENIX BASKET TAIL-TOUCH PHOENIX BASKET UNDER”, the
dolphin touched “the basket with her tail flukes while in an inverted position”. It also
spontaneously responded “appropriately to the linking of actions” in structurally novel
sentences. (p. 187). Herman et al. (1984) wrote that since the dolphins understood modifiers
in these sentences, this, in principle, could allow for sentences with an unbounded number
of words by adding modifiers before an object name.

But why “in principle”? It is significant that, as we saw noted above by Suzuki, Wheatcroft
and Griesser, (2019), “All reported known cases for meaningful [syntactic] combinations in
animals involve only two meaningful units.” (p. 6) Assuming this as a general truth until
such time, if any, as it may be shown to be false, this might indicate that non-human animal
syntactic computation is based upon a compositional operation that can merge two non-
composite elements into a composite structure but cannot merge composite structures with
anything. Whether this is even a possibility is unclear, but if such were the case, then this
operation would not be iterable, and hence not recursive. It would still provide an animal
with a certain amount—albeit limited—of compositional syntax. But it would not mean, for
instance, that a creature that could generate a new sentence from a given sentence by
applying a modifier could, even in principle, produce sentences with an unbounded number
of words by adding modifiers before an object name. At the other end of the possibility
spectrum, so to speak, the heretofore observed two-unit limitation would be compatible with
non-human animals having the recursive operation Merge available for syntactic
computation but being unable to utilize it because of, for example, paucity of working
memory—the latter suggestion, as we saw, was made by Rey, Perruchet & Fagot (2011), but
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pooh-poohed by Hauser et al. (2014) in response (although they themselves make related
remarks in both Hauser et al. (2002, pp. 1570 & 1577) and Hauser et al. (2014, p. 5)). Ifa
recursive operation like merge were available, but not useable, one could say that, “in
principle”, an animal could generate sentences with an unbounded number of words—say
by adding modifiers before an object name—but, alas, not in practice.

A complication, which cannot be followed up here, is that Herman et al. (1984) were
studying their dolphins’ ability to understand, but not to generate, sentences that were
lexically or structurally novel. It is not clear that the two-unit limitation applies to
comprehension as to syntactic generation. Herman et al. (1984) remark (p. 194) that:

Premack (1976) could find no evidence for the production of structural novelty
by his apes, a point emphasized by Fodor et al. (1974) in their critique of the
accomplishments of the chimp Sarah. However, Premack (1976, p. 15) does report
that the chimpanzee “can comprehend five or six sentence forms structurally
different from any on which it was trained” (italics added).

But how important is recursion, that is, the ability to produce and comprehend an unlimited
number of combinations constructed out of simpler elements, for the purposes of
symbolically mediated thought and vocally mediated communication, planning, social
organization, and coordinated action? Surely, in any organism, the extent of the flexibility,
creativity, and variety of syntactically structured symbolization and vocalization that is
required for such purposes is limited by the physical, developmental, and psychological
make-up and capabilities of the organism and what can be done with these in the
environment, or environmental niches, in which the organism lives. The natural gifts of our
species that enable us to extend our physical, developmental and psychological capabilities
by artifice and technology and to modify our natural environment to an extent unknown to
any other organism are what creates a space of utility—and arguably, of evolutionary
advantage—for recursively generated language (internal and external). Even so, we could
probably do with generative principles that were not unlimited in their creative scope. And
it is not even certain that, even with recursive generative grammar, the creative scope of
language is unlimited functionally; in fact, it is unlikely that it is.

A lack of recursion in non-human animals, does not need to imply the inability to engage in
such things as vocalization-mediated cooperative planning, making new structures out of
existing structures, describing novel situations, as well as having two-way vocal
“conversations” that are not simply stereotyped and might include the ability to describe
previously undescribed things to conspecifics and be understood by them. Perhaps even
lacking recursion, the killer whale symbolization faculty might yield the capacity for
thought, organizing action, interpretation, planning, creativity, and the externalization of
internal symbols and their assignment “to sensory data in perception” (Chomsky, 2010). If
the number and variety of possible combinations of call and whistle sequences is large or
open-ended enough, the various things that human language is supposed to allow Homo
sapiens to achieve, might still be achieved to the extent that the physical and psychological
make-up of the organism, and its marine surroundings, allow without the symbolic function
being based upon a recursive syntactic operation.
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3.3. Semantic aspects of vocalizations

It is hard to imagine that orca vocalizations lack semantic content: the pairing of a sign (in
this case sound) with meaning (Hauser et al., 2002). It seems at least unlikely that all of the
complex sounds would just be made without any meaning behind them, or that they would
all be comparable to such behavior as singing in humans. But do vocalizations have meaning
in somewhat the same way human language does; can they be used to describe things? Or
are vocalizations signals without specific meaning? And do the meanings of call sequences
depend on both the “meanings of the component calls and their syntactic order”, as in phrases
or sentences of human language? (Suzuki, Wheatcroft & Griesser, 2019, p. 1)

If the hypothesis that orcas have an inherited, genetic, syntactical symbolization faculty is
rendered plausible in the light of our survey of orca vocalizations. And if its generated
internal symbols are externalizable by becoming coupled to vocal expressions assigned to
“sensory data in perception” (cf. Chomsky, 2010, p. 1)—or other contributions of whatever
sort of conceptual-intentional module that an orca might have, yielding syntactically
structured symbolic vocalizations that are not wholly stereotypical—then doubt is cast upon
the degraded view of the semantics of non-human animal vocalizations shared by Chomsky
and many of his collaborators insofar as it is applied to relatively complex and sophisticated
vocalizing organisms, such as orcas.

But, according to Hauser et al. (2014), the sounds [and evidently also gestural
externalizations] of killer whales and other non-human animals “refer, at best, to directly
observable objects or events, with great uncertainty about the precise meaning, and no
evidence for signals that map to abstract concepts that are detached from sensory
experiences” (p. 4).

Such is, however, not the view of C. R. Gallistel. Gallistel is an oft-cited favorite of
Chomsky’s, yet his work is not discussed in either Hauser et al. (2002) or in Hauser et al
(2014) and is referenced only once, in passing, in the former. In Gallistel (2011),
“Prelinguistic Thought”, he writes, strikingly:

| review evidence from the animal cognition literature suggesting that the
construction of abstract representations that support complex inferences is
widespread. It is found even in insects. This widespread symbol processing
capacity supports the construction of complex data structures (symbolic
propositions). In vertebrates at least, there is evidence that the representation of
actions takes the predicate-argument form characteristic of human language.
Thus, the symbol processing capacity underlying the thoughts expressed in human
language appears to be evolutionarily ancient. What is unique to humans is the
ability to translate these private representations into a communicable symbol
system of comparable representational power. . . . Chomsky (1988) has suggested
that both language and the capacity for abstract thought rest on the evolution in
humans of a computational capacity that is absent in nonhuman animals.
Language and abstract thought may, for example, be manifestations of a uniquely
human capacity to construct symbolic structures by recursion (Hauser, Chomsky,
& Fitch, 2002). . . . I argue that findings in the animal cognition literature suggest
that species with which humans have not shared a common ancestor since the
Cambrian era represent the experienced world at a high level of abstraction. Their
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behavior is routinely informed by complex inferences drawn from these
representations. These nonlinguistic representations appear to involve symbolic
structures, that is, multiple symbols stored in memory in such a way as to encode
experienced relations among the entities to which the symbols refer. Actions
appear to be represented as functions (predicates) that have arguments (i.e.,
agents, objects) as to-be-bound variables, just as do verbs in spoken language. (pp.
253-254)

Hauser et al. (2002) agree that “A wide variety of studies indicate that nonhuman mammals
and birds have rich conceptual representations . . . Studies using classical training approaches
as well as methods that tap spontaneous abilities reveal that animals acquire and use a wide
range of abstract concepts, including tool, color, geometric relationships, food, and number.”
But these remain almost entirely “internal”:

.. . there is a mismatch between the conceptual capacities of animals and the
communicative content of their vocal and visual signals . . . For example, although
a wide variety of nonhuman primates have access to rich knowledge of who is
related to whom, as well as who is dominant and who is subordinate, their
vocalizations only coarsely express such complexities. (p. 1575)

Gallistel agrees that there is a “mismatch”; but, as we shall see in the next section, he argues
that it is nevertheless the case that non-human animals may succeed in externalizing, and
communicating to conspecifics, abstract thoughts and inferences, some of which rest upon
shared knowledge that has been acquired by abstracting from complex environmental
contingencies. If he is correct, then, put in terms of Chomsky’s account of language in the
wider sense—that is, comprising the whole of FLB, which includes FLN—the implication
is that species-specific conceptual-intentional systems have long been present in those non-
human animals to which it makes sense to attribute systems of that kind. We do this for
orcas, and Gallistel does it “for vertebrates at least”, and even insects, although they are all
pre-linguistic. Moreover, on Gallistel’s view, that kind of system as it exists in “higher” non-
human animals, and perhaps many others, is much more like the human conceptual-
intentional system than has generally been imagined.

Gallistel says in conclusion:

It would appear that animals have represented the experienced world at a highly
abstract level in a richly structured symbolic system for eons and that the human
infant is heir to this powerful and versatile representational system. What is
unique in humans is the machinery for mapping what they represent in the privacy
of their own brain into a communicable system of symbols of similar power and
versatility to the private system. In that, the human far outstrips the bee. (p. 260)

And no doubt the killer whale. Nonetheless, if Gallistel’s picture is correct, and if our
hypothesization of an orca symbolic vocalization faculty is on anything like the right track,
then we may view the killer whale as a creature that understands the world in which it lives,
which is a social world, a world of conspecific vocalization, a world inhabited by other
creatures besides killer whales to which it must relate in various ways, and a world which it
conceptualizes, symbolizes, and reasons about in some fashion. Gallistel maintains that an
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orca would have much to talk about, if only it had “a communicable system of symbols of
similar power and versatility to the private system”. But there, orcas fall short, as do other
non-human animals. However, falling short, even very short, does not mean failing
completely. And moreover, each species that finds itself in this position falls short in its own
way. Or so Gallistel argues.

Evidently, then, orca vocalizations—or a significant proportion of them—have semantic
content. In the study mentioned earlier, Herman et al. (1984), bottlenose dolphins, cousins
of the killer whales, were able to learn the syntax and lexicon of an artificial language,
including which whistles refer to which objects. Being able to understand what a signal refers
to does not seem to be a rare feature in animals; killer whales may be kept in pools and
trained to do certain tricks when they are given a certain sign, and this is something that a
dog for example can also learn. It is a different question however, whether an animal like
the killer whale actually uses signals that refer to something specific to communicate with
their conspecifics. Bottlenose dolphins actually do use signature whistles as individually
distinctive tags or “names”, for themselves and each other (King & Janik, 2013). They seem
to transmit and understand identity information from the structural characteristics of a sound,
“independent of the signaler’s voice or location” (Janik, Sayigh & Wells, 2006, p. 8295).
However, there is as yet no evidence of killer whales using individual signatures.

Although a similar feature has not been observed in killer whales, Ford (1991) suggests that
variations in the standard format of a call are individualized and depend on the context, likely
conveying “information about the identity and behavior state of the vocalizing animal, as do
changes in the frequency of use of different calls” (p. 1480). Ford also speculates that certain
calls may refer to certain activities or “specific features in the environment (as in some
primate vocalizations)” (for references to primate studies see Ford, 1989, p. 742), although
no sound was associated exclusively with a particular context. Vocalizations likely also
express (and therefore refer to) at least some basic emotions, such as fear, joy, anger and
pain. Even a dog that has very simple ways of vocalizing, is capable of expressing fear and
pain by squealing, joy by barking and anger by growling. These are ways for an organism to
respond to their environment that aid the organisms survival.

There likely is an interrelation between how structurally complex and variable a signal is,
and how much information that signal can potentially carry. Riesch et al. (2008) write that
the ability to combine stereotyped vocal signals into longer specific sequences of signals
“increases the range of information that can be transferred between individuals” (p. 1822).
For example, modulations, recombinations and frequency of call use, may change the
meaning of vocalizations for the animals. Calls seem to become less stereotyped at close-
range and during socializing (Ford, 1989), and more stereotyped at a longer range when
maintaining contact. At close proximity, vocalizing behavior includes more of combining
stereotyped calls into longer sequences and altering them through modulation. This could
indicate that more information is transferred or that the information changes. (Thomsen et
al., 2002; Riesch et al., 2008).

Finding out what calls “mean” can be a challenge. For example, during brief capture for the
purpose of tagging, five killer whales produced highly variable calls, and “most individuals
produced more than one call type” (Van Parijs, Leyssen & Simild, 2004, p. 558). It is difficult
to say whether these were general signals of distress, warning signs for others, or whether
they communicated specific information to the group on the context and situation of capture.
Killer whales might use vocalizations to construct meanings in a very different way to how
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humans do with language. For example, a multiloop, i.e. a repetition of the same call type
(Riesch et al., 2008), may have the same meaning or a different meaning every time it is
repeated, or the whole multiloop may have an independent meaning, depending on how
many sequences it contains.

It is possible that the semantic features of calls and whistles are indistinguishable from the
functions of vocalizations, in other words, that sounds function to accomplish something but
do not refer to anything specific. For example, if the sounds of killer whales have meanings,
a certain kind of whistle or whistle sequence could mean something like “come here”, or
“food”. But it is also possible that vocalizations do not have a semantic aspect in this sense.
And some signals are probably used more as tools, for example, echolocation clicks that are
used for observing the environment, and the “herding call”, a specific kind of pulsed call,
which is produced by killer whales in Iceland and Norway “to manipulate herring into dense
schools during feeding” (Filatova et al., 2015b, p. 2012; (Simon, Ugarte, Wahlberg & Miller,
2006).

Hauser et al. (2014) argue that with a few exceptions, individual animals “only produce
single utterances or gestures, never combining signals to create new meaning based on new
structures”, and there is “no evidence of complex syntactic composition derived from an
inventory of discrete morphological elements” (p. 4). Whether or not killer whales are the
exception Hauser et al. (2014) are referring to (it is likelier birds), combining signals seems
to be a very important aspect of their vocalization, and they seem to combine discrete
morphological elements, as may be seen from our survey of orca vocalizations. We do not
know of course whether these combinations are based on shared rules, and what shared rules
would even mean in the case of killer whales. But the sequences of vocalizations that killer
whales produce, may not be linear sequences made up of pairings of sound and meaning.
Instead, vocalizations could be interpreted as the feelings they evoke, or only have an
interpretable meaning when given in full sequences. We will revisit this topic further on, in
relation to the question as to how orca vocalization might have evolved.

24



4. Functional aspects of orca vocalizations

Killer whales use acoustic signals in remarkably diverse ways. And we must survey, at least
selectively, some of the functions of killer whale vocalizations in their interactions with one
another and with other aspects of their environments. What do vocalizations accomplish for
Killer whales? When coordinating behavior for example, are whistles or calls used as signals
or instructions? For instance, does an individual make a sound to inform others of its
presence and (physical) position in the group? Or can a killer whale individual instruct its
conspecifics by telling them what to do, in a certain situation, like during foraging or
hunting?

Understanding trait functions is central to understanding the evolution and development of
a trait, because function can explain at least in part why a certain trait has evolved. The
functional perspective for studying communication in organisms consists in “[1Jooking at a
trait in terms of its effects on survival and reproduction”, in Hauser’s words (Hauser, 1996,
p. 2), a very Darwinian view. Here, we will broaden the approach to include the effects of
the vocalizing trait upon socialization and cooperative behaviors, because the level of
complexity of vocalization, and the social structure of killer whale communities, suggests
that much of social organization, cooperative action, and pod dynamics is (at least in part)
vocalization-mediated. Vocalization, like language, is a phenotype that exists in the nexus
of the organism and the environment and involves selection across generations and plastic
responses within generations. In the present section, we will also list the behavioral
categories used to study the function of vocalization.

In any species, interpreting the functions of acoustic signals “requires information on the
social and environmental contexts in which the sounds are used” (Ford, 1989, p. 727).
Specific vocalizations must be distinguished by their temporal emission pattern from the
other vocalizations that the animal produces (Riesch et al., 2008). When humans learn, we
also learn through context, but the context may only be interpreted from the other things that
are said, and may not in any way be apparent from the behavioral context of what is said.

There can be great differences in vocalizing between social and behavioral contexts (Ford
1989). But vocalizations may not be very strictly determined in relation to immediate
contexts, or at least general contexts that we are able to interpret and distinguish from the
outside, without understanding the context of a call in a very detailed way. Changes in
vocalizations can happen “without any obvious change in behavior” (Ford, 1989, p. 733), as
well as occur in a variety of behavioral contexts (Filatova et al., 2015b, p. 2011). Most calls
in a pod’s repertoire “are produced in every behavioral circumstance in which the pod is
alert and active” (Ford, 1991, p. 1480). Only a few sounds have been linked to specific
activities, such as “the herding call”, as well as “excitement calls”, which have a certain kind
of modulation pattern, and seem to be used by killer whales in high-arousal states, such as
aggressive behavior (Filatova et al., 2015b, p. 2012).
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4.1 Communicative vocalization

One of the most basic functions of human speech—spoken language—is that of conspecific
communication. We can recall Gallistel’s recently quoted conclusion that “What is unique
in humans is the machinery for mapping what they represent in the privacy of their own
brain into a communicable system of symbols of similar power and versatility to the private
system. Hauser et al. (2002) and Hauser et al. (2014)—both have Chomsky as a co-author—
speak of human language as little else than a system for communication; rather oddly, since
Chomsky said and wrote in 2011 (in “Language and the Cognitive Science Revolution(s)”,
a lecture given at the Carleton University, April 8, 2011) that “you can use language for
communication, you can use other things for communication, most language use is not for
communication. So, they're just different topics.”

Few would deny, however, that even if “most language use is not for communication” that
communicating is one of the most central functions of human language and speech.
However, it is unusual to be informed as what exactly is meant by communication; the
meaning of the term varies from author to author and context to context, without
announcement. For the purposes of our discussion, we need to specify what we will mean in
this place by communication if we want to ask seriously whether orca vocalizations include
communicative utterances.

Like many theorists, Chomsky often gives the term communication a rather thin meaning.

The language faculty is often equated with “communication”—a trait that is
shared by all animal species and possibly also by plants. In our view, for the
purposes of scientific understanding, language should be understood as a
particular computational cognitive system, implemented neurally, that cannot be
equated with an excessively expansive notion of “language as communication”.
Externalized language may be used for communication, but that particular
function is largely irrelevant in this context. Thus, the origin of the language
faculty does not generally seem to be informed by considerations of the evolution
of communication.

A communicative utterance for him often seems to amount to nothing more than a vocal
signal to which a conspecific auditor would normally, or typically, respond in a certain way.
(The restriction to conspecifics is for the sake of simplicity only in the present context.) An
avian mating song that functions as an attraction signal would be an obvious example; and
both in our earlier survey and our discussion later in this chapter provide many examples of
orca vocalizations that are communicative in this sense.

There is nothing wrong with this thin notion of communication. However, we propose here
to use as well a rather thicker notion of communicative utterance, one that is useful in
connection with Gallistel’s discussion. Without attempting to give an overly refined account,
we will say that a communicative utterance is one that symbolically expresses a thought,
representation, or understanding of the utterer—what the utterer “represents in the privacy
of its own brain”, in Gallistel’s language—and transmits it to a conspecific auditor. What
differentiates Gallistel from many other biolinguists is that, for him, there is something that
an utterer represents in private, call it a “thought”, which may be even an abstract thought,
that could possibly be transmitted to an auditor through symbolic vocalization in such a way
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that the auditor would understand what is communicated; and this is so for non-human
communicators as well as humans. What he thinks that non-humans lack, as we saw, is a
robust machinery for mapping their thoughts into a communicable system of symbols. But
they may have some machinery.

Even bees, with their very tiny brains, have some machinery, although they are not
vocalizers. They communicate by dancing: performing the so-called waggle dance”, which
has been investigated by Gallistel, among others. Gallistel’s findings, or more precisely his
interpretation of them, is remarkable. Although Gallistel (2011) is in large part devoted to
bees, that are non-vocalizers and in countless ways different from killer whales, the
relevance of what Gallistel has to say to our unfolding discussion of orca vocalizations and
the topic of communication justifies adding to what we have already related; and as there is
evidently no better, or quicker, way of doing this than quoting selectively from Gallistel’s
text, it is hoped that the reader will tolerate a long quotation without losing the thread of our
discussion. What we count as points of emphasis are italicized. Here is some of what
Gallistel says about what bees communicate (in our thick sense) through the waggle dance,
and what lies behind it (Gallistel, 2011 pp. 254-257; italics added):

99 ¢

A major function of language is to locate events in space and time: “here,” “there,”
“then,” “now,” and “soon.” The abstract representation of space and time is
broadly spread among the animalia. Commonly studied species of birds and
insects navigate in part by dead reckoning, which is the real-time estimation of
one’s position by integrating one’s velocity with respect to time. In its most basic
form, this is not a complex computation. . . . There are substantial measurement
challenges in implementing this computation because the result depends critically
on the accuracy of the speed and direction estimates. . . . That said, it is hard to
see how it could fail to be a symbolically mediated activity of the brain. The
essence of the activity is the adding (in the arithmetic sense) of symbols for one’s
most recent displacement (change in position) to the symbols that represent one’s
earlier estimate of position. . . . The locus of neural activity is taken to represent
location, speed, and direction. These loci of activity are unequivocally symbols;
that is, they refer and they are operated on to generate other loci of activity that
also refer.

Dead reckoning requires a means of determining compass direction (direction
relative to the earth’s axis of rotation). Many animals, including bees and birds,
prefer to use the sun for this purpose. The sun is so far away that its compass
direction does not change as the animal moves. However, its compass direction
changes continuously throughout the day as the earth rotates. To use it as a
directional referent, an animal must know the solar ephemeris, that is, the
direction of the sun as a function of the time of day. The local solar ephemeris is
a spatio-temporally contingent aspect of experience; it varies as a function of both
latitude and time of year, so it must be learned.

The learning of the solar ephemeris by bees has been studied using brooder-reared
bees whose life-time experience of the sun’s location can be experimentally
manipulated. The results illustrate two of Chomsky’s most influential contentions
... . the poverty of the stimulus in learning and the resulting necessity for
problem-specific structure in learning mechanisms . . . Bees that have seen the
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sun only in the late afternoon when it is declining in the west represent it as being
in the east in the morning. Bees in Germany represent the sun’s direction at
midnight as due north, although they have never seen the sun in the north nor at
midnight. Thus, what bees learn from their limited experience of the sun’s
direction at different times of day—a complete 24-hour solar ephemeris—
transcends what is justified by their experience (the poverty of the stimulus). Bees
(and very likely other animals) appear to have a genetically specified
parameterized function that embodies what is universally true about the solar
ephemeris (it has a 24-hour period and is in the east in the morning and the west
in the afternoon). The values of the parameters of this function are adjusted on the
basis of minimal experience with the location of the sun relative to local terrain
features at a few different times of day. This explains the extreme rapidity with
which bees learn this complex function. They do not learn the function itself; they
learn only values for its parameters. The inherited function plays the role that the
universal grammar plays in Chomsky’s theory of language acquisition.

A solar ephemeris function represents the direction of the sun relative to some
local terrain features as a function of the time of day. This would seem to require
what computer scientists call data structures, which | take to be what linguists
and philosophers call symbolic statements. In both cases, there are symbols
referring to different aspects of the experienced (or potentially experienceable)
world. The arrangement of the symbols encodes relations between the referenced
aspects of experience.

Foraging bees communicate to their fellow foragers the compass direction and
distance of a rich food source from which they have just returned. They do so by
means of a “dance” performed on the vertical surface of the comb, inside the hive,
out of sight of the sun . .. The dance is in the form of a figure 8, the key component
of which is the waggling run through the central link between the two loops. The
angle of this waggle run with respect to vertical symbolizes the direction of the
source relative to the sun, while the number of waggles symbolizes its distance
from the hive. This communication relies on the bees’ shared knowledge of the
solar ephemeris.

[17t is probably more accurate to say that what the bee dance communicates is
not compass direction and distance but rather map coordinates. The navigation
of ants and bees depends on both dead reckoning and piloting. Piloting is
navigation by reference to recognizable landmarks (Gallistel, 1990). It requires
the encoding of landmark appearance so that a terrain feature may subsequently
be recognized, and location so that the recognized landmark may be used to
estimate the location of points of interest remote from it. At least two recent
experiments give reason to believe that the different points of interest (e.g., food
sources) and salient terrain features that may be used to locate them are arranged
on a cognitive map and that the information conveyed by the dance of a returning
forager specifies a point on this map (that is, map coordinates).

Menzel et al. . . . taught selected foragers to come and go from one source, then
had them observe the dance of another forager returning from a different source.
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When the selected foragers subsequently found the previously visited source
empty, they flew directly from it to the location they knew of only secondhand
(from the dance of another forager), but only when the angle subtended by the
rays from the hive to the two sources was below some critical value. This result
has three important implications: 1) Bees attending the dance of a returned forager
locate the indicated location on their map; 2) bees can set a course from any
location on their map to any other; and 3) in doing so, they take angles and
distances between possible destinations (hive or other source) into account. These
latter quantities only arise when they consider the relations between two or three
locations recorded on their map at different times in the past.

Many of Gallistel’s views as expressed here are controversial. Nonetheless, they are based
upon what appear to be sound studies by himself and others and are plausibly argued.
Accepting as a working hypothesis Gallistel’s analysis of what makes bee communication
possible through the waggle dance, it would be hard to imagine that orcas could not have
thoughts or representations—some of them abstract—that they have some possibility of
communicating through symbolic vocalization. As implied in Chapter 2, such
communication would be mediated by our hypothesized orca syntactical symbolization
faculty, at least distantly analogous to the human FLN (hypothesized by Chomsky) and
providing an underpinning for our hypothesized orca symbolic vocalization faculty, at least
distantly analogous to the human FLB (likewise hypothesized by Chomsky). We repeat that
the analogies are very distant, and we make no claim that orcas have language or speech.
But the distance of these analogies does not mean that they cannot be instructive.

4.2. Some behavioral functions of orca vocalizations

Orca communicative vocalizations in both the thinner and thicker senses of
“communicative” generally serve functions other than communication that, however,
depend upon the communicative vocalizations. And in the case of other vocalization-
mediated functions, the vocalizations may not be communicative, in either sense. And last
but not least, various functions may depend upon communications that are non-vocal:
gestural communications for instance (as in human signing).

Many Killer-whale studies aim to understand the function of vocalizations by associating
calls with behavioral categories. Listed below are the some of the behavioral categories
mentioned in the literature, in no particular order, with notations about what is said about
vocal behavior during these behaviors. Most studies have paid attention to only a few of
these categories; for example, slow-travel is always not distinguished from travel. Some of
the behaviors that are described may also overlap.

4.2.1. Slow-traveling

Dive sequences are synchronized, and the animals move in the same direction at a speed of
3-6km/h (Deecke et al., 2005).
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4.2.2. Socializing

The animals show social displays such as “swimming on the back, rolling over each other,
flipper and fluke slapping [and] breaching” (Filatova et al., 2013). Animals chase each other
and thrash together at the surface. Sexual interactions, belly flops, and dorsal-fin slaps are
common. Individuals may also play with inanimate objects or ride the wake of passing
vessels. Ford (1989) reports that “[m]ost of these activities were especially prevalent and
vigorous among younger whales” and that “[a]dults often milled slowly or rested in the
vicinity of socializing juveniles” (p. 732). Saulitis et al. (2005) observed that 73% of
vocalizations occurred during socializing, a majority of those being whistles, and that
whistles were never heard from lone whales. Ford (1989) reported an increase in variable
and aberrant calls during socializing activities, and that whistles were “heard in direct
proportion to the amount of socializing activity in the pod” (Ford, 1989, p. 741). Saulitis et
al. (2005) also found that two pulsed calls were emitted significantly more often during
socializing than during other behaviors.

Whistles emitted during socializing could be expressions of emotion such as joy. Even if this
is done symptomatically, it could still have a descriptive element to it. For example, in
humans, joy is usually not expressed out loud unless there is someone to hear the expression.
And when another person is present, one might let out a shriek of joy to inform another
person of this emotion, even if the one expressing joy is not consciously thinking “I will now
express to this other person that I am joyous”. When young killer whales whistle while
playing, they may communicate something specific to each other about the situation, or the
whistles could also be similar to the screams small children let out when they chasing one
another while playing for example.

4.2.3. Surface-active

During surface activity, whales express frequent physical contact between group members,
as well as “occasional aerial and percussive behaviours including breaches, tail-slaps,
pectoral slaps and spyhops.” Whales frequently change direction, typically moving “at
speeds of less than 6km/h, and do not surface in synchrony”. (Deecke et al., 2005, p. 398).
Deecke et al. (2005) observed that vocal rates are highest during this behavior, but did not
consider surface-active behavior as socializing, so these two behaviors likely overlapped.

4.2.4. Milling

The animals move at “speeds of less than 3km/h and lack a clear direction. The dive
sequences of individuals in the group are irregular and not synchronized and there are no
aerial or percussive behaviours”. (Deecke et al., 2005, p. 398). Milling “often occurs during
other activities such as feeding on marine mammals, resting, foraging and socializing”
(Saulitis et al., 2005, p. 1022).

4.2.5. Traveling

All members of a group move in the same direction at the same speed (Filatova et al., 2013).
Swim speeds exceed 6km/h, group members surface in synchrony and the animals are
“usually within a few body lengths of each other” (Deecke, Ford & Slater, 2005, p. 398).
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Animals tend to be “less dispersed than when foraging” (Ford 1989). Whales that hunt
marine mammals tend to stay quiet while traveling, for example, Saulitis et al. (2005) found
that traveling transients emitted on average of less than 1.2 calls every 20 minutes. Staying
quiet while traveling is a plastic response to the environment and context of transients, in
which they need their prey not to hear them.

4.2.6. Foraging and hunting

Killer whales are carrying fish in their mouths, swimming non-directionally, at varying
speeds and “with sudden changes in direction” (Filatova et al., 2013). Ford (1989) observed
this to be the most common activity. Vocalization is used to achieve successful cooperation
during hunting and foraging behaviors (Van Opzeeland, Corkeron, Leyssen, Simil4d & Van
Parijs 2005). Vocal behavior during foraging depends on prey type. Piscivorous whales do
not quiet down during foraging (Yurk et al., 2010), but those that hunt marine mammals do,
to avoid eavesdropping by potential prey (Deecke et al, 2005). For example, Guinet (1992)
observed very quiet short distance contact calls and “a few isolated clicks” from killer whales
that were hunting marine mammals. Saulitis et al. (2005) reported that whistles “which have
frequencies well within the hearing range of transient killer whale prey” were not heard
during foraging.

Whales possibly need to keep making clicks in order to keep track of their surroundings,
which would explain the few clicks that Guinet (1992) observed during hunting. The “quiet
short distance contact calls” (Guinet, 1992) while hunting could be used, either to give others
information like “I hear something”, “I am on this side”. They could also be instructions
such as “go faster” or “go slower”. Or, there could be a sound that means “fish” for example
that can be used to inform others, when one has either seen or found fish by echolocation.

Icelandic killer whales use a specific pulsed call as a vocal tool in foraging. This call is used
to manipulate the schooling of herring, and it is made shortly before an underwater tail slap
is given to debilitate the fish. The more herring in a tighter space, the more fish will be
debilitated by a tail slap. The low-frequency call is below the optimal hearing range of killer
whales, but in the most sensitive hearing range of the herring. (Simon et al., 2006). This
adaptive foraging technique is probably passed down to younger generations by teaching it
to them, possibly giving them a selective advantage in the long-term.

This kind of flexibility in foraging and hunting behaviors exists, because of the ability to use
vocalizations in many different ways and adapt them to changing situations. To achieve the
adaptive benefits, behavior often needs to be coordinated, for example, the whole group
needs to stay quiet to avoid eavesdropping by potential prey (Deecke et al., 2005).

4.2.7. Milling after kill (typically of a marine mammal)

In addition to regular milling, aerial and percussive behaviors are often present. “This
behavior ends when the whales increase their swim speed and move away from the site of
the kill.” (Deecke et al., 2005, p. 398). Deecke et al., (2005) reported calls rates to be the
second highest after surface-active behavior. It is interesting that after a kill, killer whales
do not just eat their prey, but that this behavior includes aerial and percussive behaviors, and
high call rates. These behaviors possibly express or “celebrate” excitement and joy about the
fact that there is food to eat. They could also be expressions of power, in an “look what I
did” kind of way, if a kill has been made.
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Deecke et al. (2005) suggest that vocalizations function to delineate “social relationships
during the sharing of prey” (p. 403). But is this done by interrupting when one animal is
eating too much or when its not yet its turn? For example, older members of the group might
have to defend some (possibly younger) group members from others that might be hogging
food. Or, are Kkiller whales able to be more specific when they are possibly controlling these
situations? We do not know whether killer whales have signature whistles, but if they have
sounds for identifying group members, it is possibly that after a kill, the grandmother for
example might vocalize something that means “This is for killer whale X”.

In the northeastern Pacific, marine mammal hunting transients have less complex whistle
repertoires than piscivorous residents, and they producing whistles only during surface-
active and milling after kill-behaviors (Riesch and Deecke, 2011). and producing pulsed
calls (Deecke et al., 2005) and echolocation clicks (Barrett-Lennard et al., 1996)
significantly less frequently than residents. However, when wanting to find each other,
transients use very loud calls (Saulitis et al., 2005). This is an example of a population of
killer whales responding to changing environments and context, which likely is beneficial
for their survival in the long run.

4.2.8. (Group-)resting

The animals stay joined together “in a tight grouping”, either staying in the same place or
moving slowly with “highly regular and coordinated dives” (Filatova et al., 2013). Ford
(1989) observed that although the entire pod was usually underwater and at the surface
together, “members of maternal subgroups maintained close physical association and tended
to coordinate their movements” (p. 732). During resting, killer whales are mostly silent, or
sometimes emit a few echolocation clicks” (Filatova, Fedutin, Nagaylik, Burdin, Hoyt, 2009,
p. 40). Being silent clearly suggests that the animals are resting or sleeping, and likely
emitting some echolocation clicks to stay somewhat aware of their surroundings. Also, is
the time and place of resting decided somehow together, or does the matriarch (grandmother)
decide this? And is there a vocalization that means “rest”, that a killer whale can make to
their group, letting the group know that this now it is time to rest?

4.2.9. Beach rubbing

Animals interrupt their foraging sessions to visit the shoreline and rub themselves on pebble
beaches as well as an underwater shelf. During rubbing, the animals dive to the bottom and
roll their “lateral, dorsal, and ventral surfaces against the pebble shelves for 0.25 — 1.5min
before surfacing again”. This can be “accompanied by resting and socializing among nearby
animals.” (Ford 1989, p. 732). During beach rubbing activities, variable and aberrant calls
increase (Ford 1989). Since these vocalizations also increase during social events, this could
suggest that beach rubbing is something of a social activity.
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4.3. The different functions of echolocation clicks, pulsed

calls and whistles

Clicks are generally used as biosonar signals in odontocetes (Ford 1989). They are used for
detecting information from the environment, predominantly for “sensing objects such as
prey in the environment”. The frequency content and source level of clicks seems to vary
depending on the type of prey that is being pursued. (Holt, 2008, p. 6). Killer whales also
travel and forage “without discernibly echolocating, suggesting that passive listening [also]
provides cues for prey detection and orientation” (Barrett-Lennard, Ford & Heyse, 1996, p.
553). Passive listening may also be passive echolocating, in other words using natural echoes
in the environment to sense details in it.

In pulsed calls and whistles, there is a lot of phenotypic variation. Discrete, group-specific
pulsed calls are the most commonly observed sound type in all long-range behavior
categories. Holt (2008) reported that more than 50% of calls were pod-specific discrete calls.
At close-range, variable calls and whistles increase (Thomsen et al., 2002).

Pulsed calls are used most often during foraging and traveling, possibly for maintaining
social cohesion among pod members, when other sensory information is not available or is
lacking (Holt, 2008; Ford, 1989; Miller, 2002). Ford (1989) writes that most discrete calls
contained components and features that “enhance their recognizability over long distances
and background noise, as well as their potential for accurate localization” (for references to
studies discussing noise localization see Ford, 1989, p. 741). Discrete calls “can be intense”
and are used proportionally most often “during behaviours where animals are widely spaced
out such as traveling and foraging” (Riesch et al., 2008, p .1822). We do not know whether
calls that are used to maintaining contact and social cohesion are signals or whether they
have some kind of informational content, like a description or instruction of some kind.
Contact calls could similar to car horn, in the sense that even though they function to inform
other of one’s presence, the sound itself does not contain any other meaning.

Whistles have a relatively short range of detectability compared to other vocalizations and
seem to be the most used sound during close-range social behavior, and not used as much
during other behaviors (Holt, 2008; Thomsen et al., 2002). The variable complex structure
of whistles seems to suit the purpose of coordinating interactions at close range (Thomsen
et al., 2001). Whistles are relatively quiet compared to other sounds and are ‘“only
sporadically emitted during long-range exchanges when whales are dispersed (Thomsen et
al., 2002, p. 406). Riesch et al. (2008) reported that whistles were used almost solely in close-
range interactions among individual killer whales, and suggest that whistles are possibly
used at least in part for private communication, to limit the number of eavesdroppers. Private
communication might function for example, to inform other group members of a possible
food source, without the members of another hearing. However, since groups have different
dialects, it is not clear whether the other group would understand the whistles anyways.

Whistles are possibly used for communication between clans that “otherwise use different
communicative signals”. (Riesch et al., 2008, p. 1823). It may be useful, for example, to
share whistles between interacting and interbreeding groups (Riesch, Ford & Thomsen,
2006). Riesch et al. (2008) observed that whales emitted elaborate series of stereotyped
whistles during socializing, and animals that had no overlap in their repertoire of pulsed calls
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used “essentially the same set of stereotyped whistles”. (p. 1823). This kind of feature could
suggest that there is information sharing and interpretation going on. But it could also be,
for example, a way to show friendliness to other groups.

Elaborate whistles, and the use of same stereotyped whistles when socializing with certain
other groups, could suggest that these sounds have some informational content, in the sense
that they are describing something. It is possible though, that these are just used to “mark”
group members, and using the same stereotyped whistles with certain other groups is just a
way of acknowledging some kind of connection.

Whistles are also linked to “male-only social interactions” that can happen rather frequently
during social traveling or socializing and involve “at least one adult male and one or more
adolescents”. They may serve as breeding-related competitive interactions, in which whistles
may be used to signal motivation, for example, long and complex whistles sequences
signaling competitive motivation, and shorter and simpler whistles representing a relatively
lower motivation for competition. It may also serve to use whistles instead of calls for these
interactions to keep them private, “to prevent or minimize attraction by rival males”. (Riesch
et al., 2008, pp. 1827-1828). Male-only interactions may also function to strengthen
relationships between male killer whales of different ages or develop male-specific social
skills (Rose, 1992). For example, competitive interactions might be practiced before they
actually happen, by older males simulating these situations with younger males.

4.4. Function, cooperation and socialization

Vocalizing has been suggested to maintain and create social and group cohesion, coordinate
group behavior and to negotiate social relationships (Ford, 1989; Filatova et al., 2015b).

Distinct, group-specific repertoires distinguish groups from one another, and so they
function as a way for killer whales to recognize, find and track each other (Filatova et al.,
2015b). Dialects that distinguish different pods from each other not only help to avoid
inbreeding (Saulitis et al. 2005), they may work as a “badge” that both affiliates animals to
a certain group, and functions as a way for them to be accepted by that group, giving animals
a “continued access to the benefits of group living”. Pods are comprised of “several
overlapping generations”, and therefore likely have “strong cultural traditions”. “The overall
range of the pod, the timing of its movements to coincide with the distribution of its
migratory prey, cooperative foraging strategies, and social activities may all be dictated by
tradition”. For example, certain northern resident pods have conducted beach rubbing at a
site on Vancouver Island “almost daily during the summer months since at least 1973 ... yet
southern resident pods have no such tradition”. (Ford, 1991, p. 1480).

In Kamchatkan, killer whales that were played calls of different pods remained silent and
only turned their direction of movement toward the boat half of the time. But when they
were played calls of their own pod, in all of the eight cases, whales started calling in
response, and in seven of the cases they also changed their direction of movement towards
the boat. (Filatova & Fedutin, 2011). This kind of observation suggests that group cohesion
is indeed very important for Killer whales. We do not know whether the animals were able
to associate the playback call with a specific animal, and whether, if this animal was actually
present, that would have caused confusion in the animals. It seems however that hearing the
call of a family member was something that could not be ignored.

34



Vocalizations may also be used to share knowledge, especially from older individuals to
younger whales. Matriline units are led by post-reproductive females that take their position
as the leader of their group after menopause, in their late 30s or early 40s. Having
grandmothers around has been found to improve the survival of their grandoffspring.
(Nattras, Croft, Ellis, Cant, Weiss, Wright, Stredulinsky, Valcroze, For, Balcomb & Franks,
2019). If knowledge is shared, is it shared descriptively, such as “do not go over there” or
more simply “danger”? Can a grandmother actually tell her descendants things like “there is
fish over there”, or again more simply “fish”? Or is knowledge shared just by acting and
letting a calf or younger killer whale observe? Simply leading the matriline to certain
important locations and showing how to hunt for example, would be sharing knowledge as
well. If we wanted to study whether there is a vocalization that refers to food or fish for
example, we would need to observe a certain sound or sound sequence repeatedly in a
situation in which it could confidently be associated with the presence or potential presence
of fish or food. This sound or sound sequence would likely be needed to be observed in
different individuals that vocalize in the same dialect.

Even if vocalizations are descriptive, we do not know whether they are descriptive in the
same way as human language is. For example, is there a certain syllable or combination of
syllables that directly refers to an emotion or something in the environment? Or is a certain
syllable or combination of syllables combined with elements similar to tone in human
language to give them a signification? And does a certain sound always refer to the same
thing, or does it depend on the context or potentially the emotional state of that situation?
And does symbolic vocalization have the possibility of innovative description for novel
situations?

The identity of accompanying whales (Weiss, Symonds, Spong & Ladich, 2007; Filatova et
al., 2013) and the number of pods present in a given situation also affects what sounds are
produced. Low-frequency monophonic calls (Filatova et al., 2013) and whistles (Riesch &
Deecke, 2011) seem to be important for close-range, intra-group coordination and
communication, socialization, and private communication. When more than one pod is
present, biphonic and high-frequency calls increase significantly, independent of behavioral
context (Filatova et al., 2009), and dominant call types of each pod relatively decrease
(Foote, Osborne & Hoelzel, 2008). Do the animals make less group specific calls because
they start sharing information with members of the other groups? Or do they start making
biphonic and high-frequency calls as signals or tools that helps them maintain contact with
their own group members, to avoid getting separated from them? Biphonic calls have two
independently modulated frequency components, which may “increase the probability of
call type recognition for the sounds that are degraded during the transmission through water
and masked by background noise” (Filatova et al., 2009, p. 42). Higher frequency harmonics
on the other hand have more directionality, which helps to coordinate the position of family
members, when several pods are mixed (Miller, 2002, Filatova et al., 2013).

Filatova et al. (2009) suggest that since the proportions of monophonic and biphonic calls
do not seem to be connected to behavioral context or type of activity, other than to the
presence of different pods, these discrete calls are possibly not just “activity markers”,
instead “their functions are more complex”. It is also possibly that it is the sequences, rather
than specific isolated calls that could be associated with certain activities (p .42). If calls are
not just activity markers, they could possibly contain information. Lone whales that are
probably in search of conspecifics have been observed to emit several different types of
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loud, long and discrete pulsed calls with high-frequency components (Saulitis et al., 2005).
These calls possibly contain “multiple pieces of information”, such as information of the
caller’s sex, motivational state, or distance from the receiver. Multiple calls may also make
long distance communication more effective. (Saulitis et al., 2005, pp. 1025-1026).

If calls contain information, is it descriptive in the sense human language is? Do certain
sounds refer to certain pieces of information, like “I am alone” or “I am scared”? Or are
these pieces of information conveyed through something more close to the tones in human
language. For example, if a lone whale is afraid, so they give out the same call structure they
would if they weren’t afraid, and does only the perceived tone change unintentionally,
because of a different emotional state? Also, are lone whales able to communicate their
distance from the receiver by first examining the distance through echolocation, and then
actually describing it vocally? Or does the receiver possibly understand the distance by
examining how silent or loud the incoming call sounds?

Another question is whether killer whales can use vocalization creatively. Can a killer whale,
after it has learned its local repertoire socially, use what it has learned creatively? Is there a
fixed amount of possible combinations Killer whales can make using the vocalizations they
learn socially? Are these combinations also learned by listening to others, or are they partly
made up and changed? Can killer whales produce new combinations when faced with new
situations, or in some other way adaptively change vocalizations and vocal sequences to
better fit situations, when different circumstances arise in their social environment, or in the
environment otherwise? And are conspecifics able to interpret these changes in a way that
corresponds with the intent to of vocalizing individual?

4.5. Expressing emotion and the psychological aspects of

vocalization

One of the functions of vocalization might be to express emotion. At least some of “the ways
in which killer whales modify their vocalizations” seem to “reflect their emotional state”
(Graham & Noonan, 2010, pp. 16-17). Calls appear to include information on the emotional
state the caller, and some calls have been linked to specific emotions (Ford 1989). Some
expressions of emotion, such as excitement, distress or aggression may be universal or at
least used by several populations among killer whales. For example, the V4 call, also known
as “the excitement call” may be an innate signal of emotion. It has has been linked to
motivational expression or high arousal behavior in Pacific killer whales. Rehn, Filatova,
Durban and Foote (2010) suggest that V4 is used by “socially and reproductively isolated”
Pacific killer whale populations “independent of cultural tradition or ecotype”, all of which
had “discrete culturally transmitted vocal traditions”. These types of innate expressions of
emotion possibly evolve through ritualization (Rehn, Filatova, Durban & Foote, 2010, p. 1),
which in the study of animal behavior refers to “a selective process that allows for the
enhanced communication of evolutionarily advantageous information and emotional states
(Stephenson, 2015, p. 11). In this selective process, expressions of emotion become highly
stereotyped and exaggerated, because they facilitate social communication (for references to
studies exaggerated expressions of emotion see Rehn et al., 2010).

Excitement calls increase for example after the birth of a calf (Miller et al., 2004). They have
higher variation than long range call types, which could be because of differences in

36



individual arousal or context (for references to studies discussing arousal and context see
Rehn et al, 2010). Ford (1989) for example observed certain stereotyped calls in both high-
arousal and low-arousal contexts. Rehn et al. (2007) divided V4 calls into six sub-classes,
and associated them with close-range socializing that was possibly agonistic or playful in
nature. The six sub-classes of calls were possibly produced in distinct, specific emotional
states, or may indicate a difference in the degree of emotion (Rehn et al., 2010). Rehn et al.
(2010) explains that in many species, "[g]raded vocal exchanges™ are “associated with
affiliative interactions”, which may be used to “reaffirm relationships” after “periods of
dispersion and separation” (for references to studies on graded vocal exchanges see Rehn et
al., 2010). However, it is not necessarily the case that killer whales express different degrees
of emotion only after a periods of separation. Considering the highly social environment of
killer whales, and their likely sophisticated cognitive abilities, it is possible that emotion is
a regular part of everyday life, and expressing it in degrees happens often and without a
specific context.

It is difficult to say whether an excitement call for example, expresses emotion
symptomatically or descriptively that is, whether is a reaction to a certain emotion, or
whether it is used to explicitly express to others that “I am excited”. Also, we do not know
whether emotional states are described in more detail, for example, are killer whales able to
vocally express the reason for their excitement? Or, if this information is interpreted by
others, do they just interpret the reason from the context? Also, can killer whales describe
an emotion or whatever they are being vocal about to conspecifics, so that their conspecifics
understand it? Can they, for example, tell conspecifics about a situation that is happening or
has happened to another animal that has not witnessed it?

In the Crozet archipelago, 72% of the time after capturing an elephant seal, killer whales
emitted long distance contact calls that were characterized by excitement. This call led to the
arrival of the “most distant members of the group, along with whales of other group coming
from several kilometers away” (Guinet, 1992). How did the other group members that
arrived from several kilometers away understand these calls? Did they understand that a
successful kill had been made, or did they just recognize that something important was
happening, when they heard their own dialect characterized with motivation? Were these
Killer whales able to think of a possible scenario of a successful kill?

Baron-Cohen (2008; 2020) views the ability to think of possible scenarios a uniquely human
capacity and a prerequisite for empathy. According to Baron-Cohen, language is needed for
this, because thinking of possible scenarios means thinking of conditional statements of
others and how they might be feeling (Baron-Cohen, 2008; Baron-Cohen, 2020). Baron-
Cohen seems to view language as the only way to think of conditionals and possible
scenarios, but it would seem that linguistic representation is rather one example of a more
general ability to do this. In other words, language is just one of the media for manifesting
this ability. Thoughts can be abstract or visual thoughts without any linguistic elements in
them. For example, | can have a visual thought of a scenario of killer whales feasting on an
elephant seal without integrating language into that thought in any way. | can also think
about this scenario in linguistic terms, and express them through language, but it is not the
only way to think about or describe this scenario.

Also, feeling empathy is often just an immediate emotion that arises from witnessing

someone else go through something, or expressing a certain emotion. If one sees another
person crying, they might just right away feel anxious or sad for them, without any linguistic
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thought crossing their mind at all. This type of feeling is called affective empathy in empathy
research, as opposed to cognitive empathy (Yu & Chou, 2018). Innovative research by
American psychologist Russel T. Hurlburt, using descriptive experience sampling (DES)
“provides provocative descriptions of phenomena such as ‘unsymbolized thinking’—
thoughts that occur in awareness without words, images, or any other kind of symbols”
(Hurlburt, 1997, p. 941 and cf. pp. 945-948); but there is no evidence that those humans
whose thought is unsymbolized, and thus not in the form of “inner speech” (perhaps 70-
80%) suffer from any lack of empathy towards others; and children act in empathic ways a
very young age, before they have learned to use language (Liddle, Bradley & McGrath,
2015).

There is also evidence of empathy in animals (Bates, Lee, Njiraini, Poole, Sayialel, Sayialel,
Mossa & Byrne, 2008; Perez-Manrique & Gomila, 2018). For example, in a study on spotted
dolphins it was reported that adults brush calves slightly with their pectoral flippers to calm
them, after calves emitted distress vocalizations similar to excitement calls (Herzing, 1996).
This behavior suggests that these animals have the ability to understand others’ emotions,
and to empathize, whether or not thinking of possible scenarios is a part of this process.
Killer whales are likely to have ways of detecting and understanding the emotions of
conspecifics that we are unable to understand. For example, since echolocation clicks make
it possible to “see through” objects, whales can sense how fast another animal’s heart is
pumping and can attribute significance to this. It is possible that whales interpret the
emotions of conspecifics and prey animals in part through echolocation.

Aggression may not be particularly common in killer whales. Graham & Noonan (2010),
who observed killer whales in captivity, reported aggression to be generally rare between
conspecifics, and in wild animals that are not affected by the distress of captivity it is
possibly even rarer. But in captive killer whales, when there were instances of aggressive
chase, a consistent vocal pattern was observed, and it “differed markedly” from another
pattern which was recorded during non-aggressive control periods. In addition, three call
types occurred only during chases, and had similar acoustic features as the V4 call mentioned
earlier. The animal that was the target of aggression expressed signals with rising frequencies
which were likely signals of the distress of subordination. (Graham & Noonan, 2010). It is
possible that these sounds were innate signals of distress, similar to yelping or whimpering,
but they could also contain descriptive elements in them that contain information about the
distressed animals emotional state, or the situation in general. These calls might not be
directed at the agonistic party, but they could also be calls for help,, aimed at a killer whale
outside of the situation, or made in the hopes that another conspecific hears them, even if
there is actually no other animal in the pool. This kind of plea for help could just be a signal,
or it could even mean “help”.

Graham and Noonan (2010) believe that during agonistic chases, aggressors produced
aberrant calls by using both chase-related and aggression-related call types and adding
certain features to them. Graham and Noonan (2010) compare this to the changes in tone of
voice in humans, where a different tone can indicate a change in the emotional content of
what is said, even when the words do not change (Wurm et al., 2001). The variations in
frequency and amplitude observed, may be “universal characteristics of agonism in killer
whales in the same way” that a certain tone-of-voice indicates agonism human language.
(Graham & Noonan, 2010, pp. 12-13). This might mean that if another conspecific heard
these calls, they might make a connection between the chase and aggression related call
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types, and be able to interpret that an agonistic chase was going on. The added features might
also be interpreted and understood as a certain degree of emotion in the vocalizing animal.
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5. Evolutionary questions concerning Kkiller

whale vocalization

In our introduction, we announced that we meant to explore vocalization in killer whales
with an eye to developmental and evolutionary issues. But by now, the reader should have
noticed that this was really a very indeterminate announcement and could not have been
otherwise. For, as Chomsky would be the first to say, if you ask questions about how and
when and why something evolved, the first thing that you have to make clear is what that
something is. We chose to base our approach upon Chomsky’s account of language, because
this has been taken by many writers, including Chomsky and his associates as a ground for
speculating about the evolution of language (see, in particular, Hauser at al. (2014) and
Bolhuis et al. (2014). But, in addition to having to have a clear account of language to work
with, one also has to have a clear idea of the evolutionary question or questions for which
one will search for answers. What is it that we are asking whether, how, when and why it
evolved?

Bolhuis et al. (2014) outline two ways in which “evolutionary analysis might be brought to
bear on language”:

First, evolutionary considerations could be used to explain the mechanisms of
human language. For instance, principles derived from studying the evolution of
communication might be used to predict, or even explain, the structural
organization of language. This approach is fraught with difficulties. Questions of
evolution or function are fundamentally different from those relating to
mechanism, so evolution can never “explain” mechanisms. For a start, the
evolution of a particular trait may have proceeded in different ways, such as via
common descent, convergence, or exaptation, and it is not easy to establish which
of these possibilities (or combination of them) is relevant. More importantly,
evolution by natural selection is not a causal factor of either cognitive or neural
mechanisms. (para. 7)

The second, more traditional way of applying evolutionary analysis to language
is to attempt to reconstruct its evolutionary history. Here, too, we are confronted
with major explanatory obstacles. For starters, language appears to be unique to
the species H. sapiens. That eliminates one of the cornerstones of evolutionary
analysis, the comparative method, which generally relies on features that are
shared by virtue of common descent. Alternatively, analysis can appeal to
convergent evolution, in which similar features, such as birds” wings and bats’
wings, arise independently to “solve” functionally analogous problems. Both
situations help constrain and guide evolutionary explanation. Lacking both, as in
the case of language, makes the explanatory search more difficult. (para. 8)
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We find both of these statements rather obscure and unhelpful. We will not discuss them
further but will refer back to them selectively in the sequel. Instead, we shall turn to a specific
question that arises out of Chomsky’s account of language as we have recounted it.

5.1. May the evolution of language be equated with the

evolution of FLN?

The focal questions of Hauser et al (2002) and Hauser et al. (2014) concern how and when
and why language evolved; those are the authors’ overarching and all-consuming concerns.
From their point of view in these works, comparative animal studies are significant
principally to the extent that they contribute to the understanding of the evolution of
language, which these authors consider to be an exclusively human phenomenon. And
“language” here means, for them, FLN, or even more specifically, the advent of Merge as
the central computational operation in syntactical and grammatical processing (these authors
being computationalists) together with the mappings to the conceptual-intentional and
sensory-motor interfaces. Although “language” really refers, on Chomsky’s own account, to
FLB—for language would be attributed only to a creature possessing FLB; and when an
organism has FLB, then it has language; unless and until it has FLB, it does not have
language—the interest of Hauser and his colleagues. in the evolutionary question concerns
almost exclusively FLN. This narrow focus seemingly detracts the attention of these authors
away from what might be called the “language counterparts” of non-human animals, and
renders these researchers rather emphatic skeptics concerning the possibilities of symbolic
representation and expression, and expressive creativity and plasticity, among non-human
creatures. This is not to say that such skepticism is entirely unwarranted, but one gets the
impression that anyone taking such possibilities seriously is thought by these authors to be
on the way to attributing language and speech to non-human animals, which is surely not the
case among those serious researchers who accept the general characterization of language
developed by Chomsky.

Some indicative wordings (italicized below) from the section on comparative animal
behavior in Hauser et al. (2014) reveal this exclusive focus:

Researchers claim that songbirds and nonhuman primates exhibit features of
communication that parallel human linguistic communication. [Examples
follow.] These observations, generated from behavioral as well as neurobiological
evidence, are interesting [?], but do not guide understanding of language
acquisition in humans . . . (p. 4)

Though . . . studies [of talking birds and signing apes] are of potential interest to
understanding the acquisition of specialized, artificial skills—akin to our learning
a computer language—they do not inform understanding of language evolution.

(p. 4)

[Certain] studies have explored the possibility that nonhuman animals produce
vocalizations or gestures that are like our words—that is, symbolic or
referential—and with the capacity for combination based on some syntactic
principles [Examples follow.] The question of interest is whether these seemingly
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modest claims about animal signals help us understand the evolution of our
capacity to represent words, including not only their referentiality but their
abstractness, their composition via phonology and morphology, and their
syntactic roles. (p. 4)

[A number of] studies . . . focused on the problem of embedding, virtually all used
methods of extensive training, and all mistakenly equated embedding with both
recursion and the claim that any evidence of embedding would rule out earlier
claims of human uniqueness. . . . The researchers concluded that recursive
computations are not unique to humans, and so our competence can be explained
by non-linguistic processes. For at least four reasons, however, these results do
not inform our understanding of human language competence ... (p.5)

For now, the evidence from comparative animal behavior provides little insight
into how our language phenotype evolved. The gap between us and them is simply
too great to provide any understanding of evolutionary precursors or the
evolutionary processes (e.g., selection) that led to change over time. (p. 5)

Not to be misunderstood: there is nothing wrong with restricting oneself to a specific
research question. Our complaint is that, in this case, this single-minded focus winds up
distorting even the discussion of that research question, not to mention the related questions
concerning the evolution of counterpart animal competences and the “machinery” that lies
behind them.

If the faculty of language and speech is viewed as FLB, and not merely as FLN, then
questions about the evolution of the faculty of language and speech should be questions
about the evolution of FLB. And if, as Chomsky seems to believe, the so-called “peripheral”
systems of FLB—the cognitive-intentional system and the sensory-motor, or phonological
system—are independent systems that could have evolved separately, then questions about
the evolution of the faculty of language and speech, FLB, should be questions about the
evolution of each of the component systems and, further, about the evolution, or the
development, or at least the advent, of the integrated system comprised of these three (and
perhaps other) elements.

Why do Hauser and collaborators not concern themselves overmuch with the evolutionary
advent of FLB or its individual “peripheral” components, but for the most part only with
FLN? They explain that:

An overarching concern in studies of language evolution is with whether

particular components of the faculty of language evolved specifically for human
language and, therefore (by extension), are unique to humans. Logically, the
human uniqueness claim must be based on data indicating an absence of the trait
in nonhuman animals and, to be taken seriously, requires a substantial body of
relevant comparative data. More concretely, if the language evolution researcher
wishes to make the claim that a trait evolved uniquely in humans for the function
of language processing, data indicating that no other animal has this particular
trait are required. . . . Thus, a basic and logically ineliminable role for comparative
research on language evolution is this simple and essentially negative one: A trait
present in nonhuman animals did not evolve specifically for human language,
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although it may be part of the language faculty and play an intimate role in
language processing. (Hauser et al., 2002, p. 1572)

We find this not to be a very persuasive (or very clear) rationale for the heavy focus upon
FLN in the evolutionary speculations of Hauser et al. (and many others); perhaps it even
contains a non sequitur. We suspect that something much simpler lies behind this focus to
which voice is not explicitly given, perhaps because Hauser and colleagues have overlooked
its assumption and have never brought it into the forefront of their own thinking. The simpler
thing is this: according to the plausible, but speculative, scenario in which Merge (and other
aspects of FLN, which are only loosely and vaguely described) became a fixture of the
human genotype considerably later than the appearance of Homo sapiens as a species, that
genotypic transition represents the evolutionary interval wherein human beings acquired
language. What supposedly happened at that juncture, as we recall, was that a genetic
mutation (a “small rewiring of the brain”) forming FLN, occurred in a few individuals and
eventually spread to became a part of the genome; and from that time onward, humans had
language. So, is not that genomic (and genotypic) change—the advent of FLN—precisely
what we should identify as “the evolution of language™?

We think this a misleading framing of the issue, to the extent that that one has represented
the language faculty (= language) to be a composite, biologically embodied system of
interrelated biologically embodied systems (FLB) where each of the component systems is
claimed to have its own, independent evolutionary history. Following Chomsky, Hauser and
collaborators suppose that the conceptual-intentional system and the sensory-motor (or
phonological) systems in the area of FLB “peripheral” to FLN both evolved, i.e. came into
the human genotype, evidently in retention from ancestors of Homo sapiens, prior to—and
perhaps very long before—the advent of FLN. FLN was simply the last of the components
of FLB to evolve. So it seems that the evolutionary advent of FLB should be thought to have
happened piecemeal—the separate evolution of the phonological system, the separate
evolution of the conceptual-intentional system, and, finally, the evolutionary advent of
FLN—rather than being conceived of as a single development. That would seem to be the
proper way of looking at things, if one assumes Chomsky’s account of the composite nature
of FLB and the evolutionary independence of the components. If one paints the west wing
of a house, and then the east wing, and lastly the porch, it would be misleading to speak of
painting the house as if it were equivalent to painting the porch.

And if this be recognized, then we should also note that FLN is an element of the faculty of
language only because it is interconnected with the “peripheral” elements of FLB in the way
that Chomsky surmises. So if an otherwise human-like creature lacking these peripheral
biosystems were to undergo the same kind of “rewiring of its brain” by genetic mutation that
Chomsky speaks of as the evolutionary advent of FLN, the result might arguably be an in-
built computational device (for which the organism might develop a use), but it would not
be a language faculty in the narrow sense, or indeed in any sense. It could only be considered
such in systematic interconnection with the so-called “peripheral systems” that are
components of FLB.

We shall return to the questions raised above in 85.6.
Meanwhile, the reader might be impatient to know what, if anything, all this might have to

do with evolutionary questions about our hypothesized orca symbolic vocalization faculty.
Simply stated: since that hypothesis is to the effect that the vocal externalization of symbolic
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representations in killer whales might be explainable as deriving from interconnected
component systems, each of them a counterpart to one of the three component systems of
FLB, being misled in the discussion of the evolutionary advent of human language and
speech is likely to mislead us in our attempt to speculate plausibly about the evolutionary
advent of the orca faculty from which the vocal externalization of symbolic representations
derives.

5.2. Leaving “language” aside

Re-winding to the issue of five paragraphs ago, we must point out that Hauser et al. (2002)
are aware that their perspective on the evolution of the component systems of FLB is not the
only plausible one. “Given the definitions of the faculty of language, together with the
comparative framework,” they say, “we can distinguish several plausible hypotheses about
the evolution of its various components.” (p. 1572). They distinguish three such hypotheses,
subscribing to the third:

Hypothesis 1: FLB is strictly homologous to animal communication. This
hypothesis holds that homologs of FLB, including FLN, exist (perhaps in less
developed or otherwise modified form) in nonhuman animals . . . According to
this hypothesis, human FLB is composed of the same functional components that
underlie communication in other species.

Hypothesis 2: FLB is a derived, uniquely human adaptation for language.
According to this hypothesis, FLB is a highly complex adaptation for language,
on a par with the vertebrate eye, and many of its core components can be viewed
as individual traits that have been subjected to selection and perfected in recent
human evolutionary history. . . . The argument starts with the assumption that
FLB, as a whole, is highly complex, serves the function of communication with
admirable effectiveness, and has an ineliminable genetic component. . . .
[PJroponents of this view conclude that natural selection has played a powerful
role in shaping many aspects of FLB, including FLN, and, further, that many of
these are without parallel in nonhuman animals.

Hypothesis 3: Only FLN is uniquely human

[W]e hypothesize that most, if not all, of FLB is based on mechanisms shared with
nonhuman animals (as held by hypothesis 1). In contrast, we suggest that FLN—
the computational mechanism of recursion—is recently evolved and unique to our
species. According to this hypothesis, much of the complexity manifested in
language derives from complexity in the peripheral components of FLB,
especially those underlying the sensory-motor (speech or sign) and conceptual-
intentional interfaces, combined with sociocultural and communicative
contingencies. FLB as a whole . . . has an ancient evolutionary history, long
predating the emergence of language, and a comparative analysis is necessary to
understand this complex system. By contrast, according to recent linguistic
theory, the computations underlying FLN may be quite limited. In fact, we
propose . . . that FLN comprises only the core computational mechanisms of
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recursion as they appear in narrow syntax and the mappings to the interfaces.
(Hauser et al., 2002, pp. 1572-1573)

The statement, particularly of Hypothesis 3, is puzzling, since it treats FLB as disjoint from
FLN, whereas they said originally that “FLB includes an internal computational system
[FLN] combined with at least two other organism-internal systems, which we call ‘sensory-
motor’ and ‘conceptual-intentional.”” (pp. 1570-1571, italics added)

But we need not pause over these hypotheses, for our objective here is quite different from
that of Hauser and colleagues. We are not wondering about the evolutionary advent or
background of language and are thus not in the position of having to choose how “language”
is to be construed in the context of evolutionary questions as they are construed by Hauser
et al. (2002; 2004).

Our working view, based upon what has come to light about orca vocalizations, is that
contemporary Kkiller whales emit and receive symbolic vocalizations—meaningful
vocalizations that serve various functions and mediate various activities including
communication in both the thicker and thinner senses.

Not all killer whale vocalizations are symbolic in the intended sense; that is, not all have
meaningful content, any more than all human vocalizations do. If someone gives a yelp of
pain, the yelp is a vocalization that is a signal of pain but lacks meaningful content. The yelp
may (intentionally or unintentionally) signal pain—and may thus communicate pain in the
thinner sense—without communicating through descriptive content, as would the utterance,
“T'am in pain”. In the terms we are using, the yelp would not be a symbolic vocalization; the
descriptive sentence would. We spoke earlier of various orca “calls” that were, or might be,
expressive of emotion, such as “excitement calls”. And we there raised the question whether
these are more like yelps that signal excitement, which may affect the behavior of auditors
(who may understand them as revealing excitement) and may mediate the activity of a pod
though lacking content, or whether they might be symbolic expressions descriptive of the
emotion that could communicate excitement in the thicker sense. (Note that the latter might
at the same time work as would a non-descriptive signal.)

The killer whale clicks that are used for echolocation lack content and are therefore not
symbolic vocalizations in the sense intended here. They are nevertheless vocalizations that
mediate behavior—for instance, stalking prey—and serve one or more functions. We might
say that they have significance for an orca that understands them as indicators of the presence
and distance of prey, but that is not their content, even if it is their significance. (Let us
understand significance as attributed, but not inherent, content.)

We should also not forget that, just as orcas may emit symbolic expressions vocally, they
may also emit symbolic expressions that are either non-vocal or not entirely vocal. Our
concern herein has been and will be limited to vocalizations. It is likely that what we have
said and will hereafter say about vocalizations would be applicable to non-vocal
externalizations. But we will not follow up that possibility in the present work.
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5.3. The specific focus of our evolutionary inquiry

Let us at this point become as clear and specific as we can and declare (if it is not already
apparent) the focus of our evolutionary inquiry herein to be the evolutionary roots of orca
symbolic vocalizations that could include the questions of how and why the orca symbolic
vocalization faculty, hypothesizing that there is one, became a heritable characteristic of
Killer whales, but that could focus upon other questions as well. Answers to these questions
that have any sort of scientific plausibility will be speculative and uncertain at best; and of
course, as we have set the discussion up, they rest upon certain hypotheses. But our
suggestions may be, and are meant to be, testable in various ways. And if our hypotheses
should begin to look suspect, the reasons for that may show us the way to better hypotheses,
or may convince us to frame our discussion in different terms.

Since our hypothesized “machinery” for orca symbolic vocalization, mirroring Chomsky’s
hypothesized machinery for human language, comprises a composite system with several
systems as its components—counterparts (however distant) of the biologically embodied
components of FLB (one of which is FLN)—we maintain, as argued above, that any
pretended description of the evolution of the whole, which we have labeled the orca symbolic
vocalization faculty must describe the evolution of each component, together with an
explanation, if such is available, of their systematic interrelationships. Let us review these
briefly.

One of these hypothesized components is the (perhaps distant) counterpart of the conceptual-
intentional element of FLB, call it the orca conceptual-intentional system. The literature on
animal cognition suggests that this is a symbol-processing capacity that reputedly constructs
abstract representations that support complex inferences, to paraphrase Gallistel. It likewise
supports the construction of complex data structures (we rehearse Gallistel, 2011, pp. 255-
258, esp. p. 255), or symbolic propositions. And in vertebrates at least, the representations
of actions may take “the predicate-argument form characteristic of human language”
(Gallistel, p.253). Hauser et al. (2002; 2014) are surprisingly sanguine about the parameters
of conceptual-intentional systems in non-human, “pre-linguistic” animals. They seem to
agree with Gallistel that the conceptual-intentional capabilities of non-human animals may,
in some cases, rise to nearly human levels. This is incautious. Our own feeling, expressed
earlier, is that these capabilities, although they may exist, are species-specific. And we have
very little, if any, idea of what having these capabilities is like as seen from the perspective
of an animal who has them. So when we talk about conceptual-intentional systems in various
non-human, “pre-linguistic” animals, we are talking about corresponding systems that are,
to varying degrees, similar in form or function and that may either be analogous or
homologous in the sense in which these terms are used in evolutionary biology.

Another of these hypothesized components is the denatured counterpart of FLN, which we
have called the orca syntactical symbolization faculty (perhaps a better label might be
found). Insofar as it is capable of doing so, this system is supposed to syntactically structure
and re-structure the various kinds of representations, symbolic propositions, and lexical
items that are created in the conceptual-intentional system and to send instructions to the
phonological system for vocally externalizing these structured representations. Our earlier
survey of orca vocalizations has shown—and most researchers who write within the general
Chomskyan framework agree—that this orca syntactical symbolization faculty is limited in
comparison to the human FLN, as comparable faculties have proven to be in all known non-
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human animal vocalizers. Although it can perhaps be pushed by training, as our survey
indicated, the orca syntactical symbolization faculty cannot spontaneously combine more
than two representational elements, meaning that it is limited in its powers of symbolic
flexibility or creativity; or so it has been claimed, as we saw earlier, by Suzuki, Wheatcroft
and Griesser (2019) and some others. This may be because its basic computational operation
is not Merge (if we speak the language of computationalists), which is the operation
supposedly basic to FLN and supposedly accounts for the infinitely creative nature of human
language; or, its operation is Merge, but its computational power is limited by factors, such
as a paucity of working memory in the organism (as we recall was suggested by Rey,
Perruchet & Fagot (2011)), that render it functionally finite and non-recursive. (FLN itself
may also be functionally non-recursive albeit with far fewer °restrictions.) However, just
because it is limited, does not mean that the orca syntactical symbolization faculty is utterly
impotent or simply non-existent. It may still exist and do the kind of job described above,
only far less robustly than FLN. This seems to be a possibility overlooked by Chomsky; but
in fact it seems that it would have to exist for orcas to be capable of symbolic vocalization,
imagining that this capability requires “a particular computational cognitive system,
implemented neurally”.

Chomsky thinks that prior to the evolutionary advent of Merge in humans, the perceptual
and motor mechanisms belonging to FLB were at least “possibly preexisting”; indeed, he
goes much further:

... virtually all of the antecedent “machinery” for language is presumed to have
been present long before the human species appeared. For instance, it appears that
the ability to perceive “distinctive features” such as the difference between the
sound b, as in bat, as opposed to p, as in pat, might be present in the mammalian
lineage generally . . . The same holds for audition. Both comprise part of the
externalization system for language. Furthermore, the general constraint of
efficient computation would also seem plausibly antecedent in the cognitive
computation of ancestral species. The only thing lacking for language would be
merge, some specific way to externalize the internal computations and,
importantly, . . . “atomic conceptual elements” . . . (Bolhuis et al. 2014, para. 12)

Granting that what would be required for language (FLB), “the ability of any child to learn
any human language” would be Merge (FLN), we suppose that in orcas, and indeed in pre-
linguistic humans, there would also be, prior to the advent of language in Homo sapiens, a
counterpart to FLB that would permit orcas, pre-linguistic Homo sapiens, and, say, H.
neanderthalensis to vocalize symbolically to some limited extent. The reason that Chomsky
overlooks (as it seems) this possibility is evidently because he doesn’t think that non-
linguistic animals can express themselves symbolically, i.e. can externalize, or perhaps can
even have, symbolic “thoughts”. We do not find Chomsky to be completely consistent on
this matter. But his associate, lan Tattersall, whom he admires, seems clearly to suppose that
symbolic cognition comes only with language (see Tattersall, 2008); Chomsky (2004)
remarks that “Tattersall takes language to be virtually synonymous with symbolic thought.”
(p. 3) Randy Gallistel would hardly agree:

The abstract representation of space and time is broadly spread among the

animalia. Commonly studied species of birds and insects navigate in part by dead
reckoning, which is the real-time estimation of one’s position by integrating one’s
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velocity with respect to time. In its most basic form, this is not a complex
computation. It rests on the principle that if you have been moving northeast for
100 seconds at an average speed of 1 m/s, then you are now 100 meters northeast
of where you were 100 seconds ago, so if you knew where you were then, you
know approximately where you are now. There are substantial measurement
challenges in implementing this computation because the result depends critically
on the accuracy of the speed and direction estimates. However, the computation
itself is of modest complexity. That said, it is hard to see how it could fail to be a
symbolically mediated activity of the brain. The essence of the activity is the
adding (in the arithmetic sense) of symbols for one’s most recent displacement
(change in position) to the symbols that represent one’s earlier estimate of
position. If there is a proposal for a machine that can do this without symbols that
refer to position and velocity (or displacement) and machinery capable of
combining these symbols arithmetically to yield a new symbol that refers to the
new position, | have never heard of it. The models for the process that | know of,
including neural net models . . . are symbolic models. The locus of neural activity
is taken to represent location, speed, and direction. These loci of activity are
unequivocally symbols; that is, they refer and they are operated on to generate
other loci of activity that also refer. In my opinion, they are not very good
symbols, but symbols they certainly are. (Gallistel, 2011, p. 254)

The uncertainty on this issue may derive from the vagueness and polysemy of the notions of
symbol and symbolic; and we are as guilty as anyone in leaving this notion pretty much
undefined. But we nevertheless side with Gallistel, finding the flat denial of symbolic
cognition and expression to animals to be unrealistic and difficult to sustain.

Turning finally to the counterpart of the third component of FLB, let us label the
hypothesized counterpart, in killer whales, of the phonological (sensory-motor) element of
FLB, the orca phonological system. This is the vocal system that makes it possible for orcas
to make sounds, structured by the orca syntactical symbolization faculty, that have symbolic
content. This makes it possible for orcas to communicate in the thicker sense, but also in the
thinner sense, and also to produce symbolic vocalizations for other purposes than
communication. The range of symbolic vocalizations that an animal can produce are limited
by the repertoire of discriminable sounds that it can produce and by its ability to structure
combinations of sounds syntactically.
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An orca symbolic vocalization faculty

Orca conceptual intentional
system (symbol-processing)

Orca syntactical
symbolization faculty

Orca sensory-motor
(phonological) system

Figure 2. A schematization of the orca symbolic vocalization faculty, a hypothesized counterpart to
FLB, which includes the orca syntactical symbolization faculty, a counterpart of FLN. Image by author.

Our survey of orca vocalizations showed that orcas have a repertoire of sounds that they can
emit vocally: clicks, whistles, and pulsed calls, interestingly with dialectical nuances, on top
of a limited capacity for structuring their utterances syntactically. Human syntactic
capacities are greater. It is for these reasons that Gallistel would say, as we saw, that orcas
(along with all known nonhuman animals) lack “the machinery for mapping what they
represent in the privacy of their own brain into a communicable system of symbols of similar
power and versatility to the private system” (Gallistel, 2011, p. 260).

5.4. On the evolution of the orca symbolic vocalization

faculty

Now, if we argue that Chomsky and his associates should properly pay attention to the
evolution of the component systems of FLB, what of the evolution of the orca component
systems just discussed and thus of the orca symbolic vocalization faculty that is the
hypothetical counterpart of language in the sense of FLB? Let us note two things that
Chomsky thinks are the case for language but that we cannot assume for orca symbolic
vocalization.

First, as we related in Chapter 2, Chomsky speculates, based upon archeological evidence,
that FLN and Merge appeared around 50 thousand years ago (Chomsky and associates
mention varying figures for this, all in the range of 50-100 thousand years), long after the
emergence of Homo sapiens as a distinct hominid species, and that this made it possible to
combine syntactically formed symbolic structures into new ones without limit, giving human
individuals the advantages of planning, complex thought, interpretation, and the ability to
create possible worlds mentally. At first, Chomsky thinks, humans likely could not use
language for communication, since the language faculty was present only in a few
individuals, so that language remained internal. (Thus language did not evolve for the sake
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of communication.) But after the language faculty had become a fixture of the human
genotype, it became possible to use this system for communicating with conspecifics, and
the internal symbolic ability was externalized. Humans were then able to use the abilities
Merge gave them in their speech and communication with others. (Chomsky, 2010). No
parallel facts can be assumed with respect to orcas. We have no evidence of a “Great Leap
Forward” at any point in the species history of killer whales. (Although it must be added
here, that the “Great Leap Forward” is becoming an increasingly controversial hypothesis,
with evidence of tool use abilities and symbolic behavior emerging of the Neanderthal
human). And we have seen reason for thinking that orcas can communicate vocally, in the
thicker sense, without language (but with a counterpart of FLB, including a counterpart of
FLN).

And second, we have little reason to assume that any of the three component systems of the
hypothesized orca symbolic vocalization faculty could have existed, or evolved, separated
from the others in any orca or orca ancestor.

If we consider first the orca conceptual-intentional system, it would appear to be a system
of the sort that is, according to Gallistel—apparently with the agreement of Hauser et al.
(2002; 2014) and many students of animal cognition—evolutionarily ancient” (rehearsing
Gallistel, 2011, p. 253). Animals, Gallistel asserts, “have represented the experienced world
at a highly abstract level in a richly structured symbolic system for eons” (p. 260); “[S]pecies
with which humans have not shared a common ancestor since the Cambrian era represent
the experienced world at a high level of abstraction” (p. 253). Evidently, the evolutionary
appearance of this kind of system far antedated the evolutionary appearance of orcas, and
the presence of the orca variant came into the orca phenotype through the ancestral line. It
is not clear that the presence of comparable systems in a variety of lines of descent can be
traced to any common ancestor. If they appeared in many different lines of descent by
convergent evolution, that would be a powerful indication that the possession of such a
system is highly advantageous to many types of animals from the evolutionary point of view
and is promoted by natural selection in species that differ markedly from one another in body
design, natural habitats, food sources, prey and predators, modes of reproduction,
developmental traits and trajectories, modes of interaction with conspecifics, and so on (see
Hendry, 2017). The same thing is true of many forms of cognition, such as sense perception,
to which symbolic representation and intention (motivation) are surely linked; and it seems
obvious that the power to represent the experienced world in a structured symbolic system
is a cognitive power, if anything is.

Thus, we may say that the evolutionary emergence of the orca conceptual-intentional system
begins with the appearance of such a system as a novelty in the heritable characteristics of
an ancient—and surly very ancient—orca ancestor. However, that evolutionary event would
not be the correct one to identify as “the evolutionary advent of the orca conceptual-
intentional system”, because that system, like all such systems, is species-specific. To speak
of a system or faculty of structured symbolic representation is to employ a very thin (and it
this case, rather opaque) description that makes it possible to bring a range of very different
cognitive abilities under one hat. Except for being apt for this thin (but not empty!)
description, the symbolic representational powers and systems of animals are highly diverse,
and each is species specific. Without considering the specifics of each, and the functions that
it supports for each particular kind of creature with its own particular kind of body, its own
developmental trajectory, in its own sort of habitat, and its own mode of life, we cannot fit
individual examples into an evolutionary account; for instance, we cannot show in what
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ways a specific system gives creatures of a given species evolutionary advantages, making
it apt for selection.

So the evolutionary advent of the orca conceptual-intentional system seems have been an
element of the evolutionary advent of Orcinus orca. The relevant evolutionary event (really
a lengthy transitional process of some complexity) is the appearance of the orca species of
which the orca conceptual-intentional system—in the form of a heritable biologically
embodied faculty—is an integrated element. An important aspect is that the orca conceptual-
intentional evolves in synergistic connection with the orca phonological (sensory-motor)
system and the orca syntactical symbolization faculty as well as other cognitive (and also
non-cognitive) systems—as an organ in the context of an organism. This surely shapes the
design of each of the functionally interconnected systems. The question then of how and
why the orca conceptual-intentional system evolved is the question of how and why Orcinus
orca evolved with just that sort of symbolic representational (conceptual-intentional)
system, and the attempt to answer those question requires us to look at each part as a
functional component of an organism.

Much the same thing is to be said about the orca phonological system. Orcinus orca evolved
from ancestors that vocalized, but the vocal system of orcas differed from that of its near
ancestors just as its body topology—its internal and external organs—and its natural
behaviors differed from theirs. Again, it is important that the orca phonological system
evolved as an element of the orca heritable make-up and in interconnection with the orca
syntactical symbolization faculty, the orca conceptual-intentional system, and other
functional elements of the organism considered as a systematic whole. To the extent that the
species evolved under the influence of natural selection, what was selected was a certain
package of functional elements that, working together in the organism’s environment, were
advantageous for the flourishing and continuation of the species, that is were selectively
advantageous for robust reproduction in the niches that members of the species have created
and exploited. Distribution of subpopulations exploiting different niches may result in rapid
divergence of ecotypes with various demographic consequences; for an interesting study
pertaining to killer whales, see Foote et al (2016).

5.5. Two kinds of evolutionary accounts

What we have discovered by following out the line above, is that there are two different sorts
of evolutionary inquiry that need to be followed in examining the evolution of the orca
symbolic vocalization faculty and comparable systems in other organisms, aimed at
answering two different evolutionary questions. First we can ask why, when, and how a
composite system evolved that—when brought under a thin description that puts many such
systems, comparable in particular, and basic, respects while being highly divergent in
others—is present in a large class of organisms, such as vertebrates or mammals, belonging
to a common evolutionary tree, and even perhaps present in a large class of organisms, such
as insects or cephalopods, belonging to different evolutionary trees.

Thus, the orca symbolic vocalization faculty is a specific instance of what may be called a
symbolic externalization faculty that is evidently found generally in vertebrates and
mammals, presumably following lines of descent from very ancient common ancestors, and
in insects and other taxa by convergent evolution. As we said earlier, if a certain type of
system continues persistently along ancient lines of descent or appears in many different
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lines of descent by convergent evolution, that indicates that the possession of that system “is
highly advantageous to many types of animals from the evolutionary point of view and is
promoted by natural selection in species that differ markedly from one another in body
design, natural habitats, food sources, prey and predators, modes of reproduction,
developmental traits and trajectories, modes of interaction with conspecifics, and so on.” An
evolutionary account would try to show why such a system is so widely advantageous in a
manner that is favored in natural selection. It would try to demonstrate why such a system
would serve as a solution to a “problem” that a large number of diverse organisms share in
common.

If one can show this about what we have labeled a symbolic externalization faculty then we
have an evolutionary explanation of the orca symbolic vocalization faculty which is one such
system, and carries with it the selective advantages that that type of system has generally.
This pertains to the symbolic externalization faculty that orcas have, but the selective
advantages are not specific to orcas. That is to say that such an evolutionary account would
explain why orcas have a symbolic externalization faculty but would not explain why the
species-specific orca symbolic vocalization faculty is as it is—for instance, why it is a
symbolic vocalization faculty as opposed to a symbolic externalization faculty where the
externalization works through gestures perceived visually or by other, non-vocal media. We
are reminded by Bolhuis et al. (2014) that, even concerning language it is a “misconception”
to suppose that:

.. . language is coextensive with speech and that the evolution of vocalization or
auditory-vocal learning can therefore inform us about the evolution of language .
.. [S]peech and speech perception, while functioning as possible external
interfaces for the language system, are not identical to it. An alternative
externalization of language is in the visual domain, as sign language; even haptic
externalization by touch seems possible in deaf and blind individuals . . . Thus,
while the evolution of auditory vocal learning maybe relevant for the evolution of
speech, it is not for the language faculty per se. (para. 2)

We have focused our evolutionary investigation upon the hypothesized orca symbolic
vocalization faculty and so are interested in an evolutionary explanation as to why the orca
symbolic externalization faculty is, at least in part, a vocalization faculty, without
overlooking the possibility, or rather what seems to be the fact, that orcas may also
externalize symbolically otherwise than by vocalizing. In his discussions of language,
Chomsky similarly concentrates for the most part upon spoken language, and thus talks about
the phonological system as a component of FLN. But, as the quotation just above shows, we
should not be misled by the fact that so much of the discussion is about spoken language;
for language, in the sense of FLB, will include an externalization interface (or more than
one), but not necessarily, or exclusively, one that is vocal.

The second kind of evolutionary account that we might aim to give is of the orca symbolic
vocalization faculty: a particular, species-specific system. That is to say, we might try to find
out how and why the orca symbolic vocalization faculty came to have the characteristics that
it has; characteristics that may, or do in fact, differ from the symbolic externalization
faculties that we find in other species. One is the characteristic just mentioned: that it is a
faculty of symbolic vocalization. Another is that orca vocal utterances have the phonetic
form that they have: clicks, pulsed calls, and whistles; these are unlikely to much resemble
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the vocalizations of the Mesonychids, hyena-like, carnivorous terrestrial mammals of
perhaps 60 million years ago that are thought to be ancestral to orcas and other cetaceans.
Another is that orcas learn to vocalize in the “dialect” of the pods to which they belong; this
developmental characteristic is uncommon among vocalizing animals and is likely not
descended from remote orca ancestors. And so on. The approach to finding this type of
evolutionary explanation will for the most part consider the functions that these species-
specific characteristics have and, to the extent that these functions can be shown to be
advantageous for survival and reproduction, can be explained in terms of natural selection.

This type of evolutionary explanation is also fitting for heritable elements that arise within
a species phenotype subsequent to its original appearance, such as FLN or the Merge
operation within the Homo sapiens phenotype. On Chomsky’s account, FLN is just the sort
of species-specific innovation in the human genotype as we have been talking about. It seems
to us that it would be best viewed as a developmental innovation in whatever counterpart of
FLN existed in “pre-linguistic” Homo sapiens. Chomsky doesn’t view the matter in that way,
apparently because he doesn’t believe in, or hypothesize, any such counterpart. That may
seem strange, since we saw Chomsky saying, in §5.3, that “virtually all of the antecedent
‘machinery’ for language is presumed to have been present long before the human species
appeared” (Bolhuis et al. 2014, para. 12; italics added); but that “machinery” evidently
doesn’t include a limited system for syntactic structuring and re-structuring symbolic
“expressions” and for mediating between conceptual (symbolic) and externalizing interfaces
or “systems”. If the event that introduced Merge consisted in a a “minor rewiring of the
brain” through a small, random mutation, as Chomsky supposes, might there not have been
a pre-existing system with relevant, if relatively inchoate, functions that got rewired? That
seems more likely than that some new system was introduced ab initio through a re-wiring
that was unconnected with any pre-existing system. (This is not the “slow evolution” view
that Chomsky denigrates in Chomsky (2004), p. 7.) The abilities that Chomsky attributes to
pre-linguistic Homo sapiens, or to Homo neanderthalensis, are miserable indeed.

5.6. Still another framing of evolutionary accounts

Both kinds of evolutionary accounts described in §5.5 concern the evolution of functional
structures; this is invited by taking Chomsky’s biolinguistic approach to language as a
model. FLN and FLB are functional structures: physical structures, or biological organs, that
endow their possessors with certain abilities, such as those of speaking and reasoning, and
planning and inventing and cooperating, mediated by spoken language. But this perspective
is not limited to linguistic or cognitive abilities. Animals can digest their food because they
have digestive systems, which are functional structures, consisting of functional
substructures, such as stomachs and intestines: biological organs that do things. The
functions made possible, and supported by, these structures, are not to be confused with the
structures themselves.

Chomsky is not clearly in agreement with this last statement. He says such things as “to talk
of the mind is to talk of the brain at a certain level of abstraction” (paraphrase from numerous
sources). So, for Chomsky, to have language, or vision, or digestion is evidently to have
bodily structures that potentiate the activities or actions, or behaviors of seeing, or speaking,
or digesting or the abilities to see, to speak, or to digest; and to talk of seeing, or speaking,
or digesting, or the corresponding abilities, is to talk of those structures “at a certain level of
abstraction”. We think that this way of looking at things makes for obscurity in framing
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evolutionary explanations, at least if one is not cautious. Abilities or types of activities may
be spoken of as evolving—the evolution of language, the evolution of vision, the evolution
of digestion—but if “biological as opposed to cultural evolution” (Hauser et al., 2014, p. 2),
as these authors conceive it, is meant, then they need to be careful, because, from their
perspective, biological evolution, strictly speaking, is the evolution of biological structures,
organs, and organisms—changes that express genetic changes; changes in genotypes that
result from, or are preserved by, natural selection, taking into account the mutual influence
of development and phenotypic variation upon one another, and the mutual influence of
environmental change and phenotypic evolution upon one another. (Hence a change of this
sort brought about artificially, say by genetic engineering, should not be described as an
instance of evolution.)

Since Chomsky thinks that talking about abilities or types of activities is the same thing as
talking about the structures or organs that potentiate them “at a certain level of abstraction”,
he moves without remark between the type of evolutionary account directed at describing or
explaining changes in, or the appearance of, biological structures to (what we consider to
be) another type, directed at describing or explaining changes in, or the appearance of,
abilities or types of activities. The difference is widely papered over by speaking, as is
commonly done, of “traits”, because a trait, according to common understanding, is “a
morphological, physiological, or behavioral feature of an organism”. (We do not imply that
there is anything wrong with speaking of traits, if one does not lose sight of the fact that the
term covers several different kinds of feature.)

Bolhuis et al. (2014) announce that, “It is uncontroversial that language has evolved, just
like any other trait of living organisms” (para. 1). Perhaps so, but it might be uncontroversial
just because it is left rather open-ended just what’s meant in saying that “language has
evolved”. Bolhuis et al. (2014) go on immediately to say what the point of their
announcement is: “[O]nce—not so long ago in evolutionary terms—there was no language
at all, and now there is, at least in Homo sapiens” (para. 1). Here, it seems to us, they are
thinking of the language “trait” as the ability to use language or the activity of language use
(a “behavior”) rather than the biological structures that potentiate it. If you are talking about
the advent of language in Homo sapiens on the evidence of the archeologically apparent
“great leap forward”, you are talking about what Homo sapiens could all of a sudden do, not
speculating about the biological structures that potentiated this ability or those actions (even
if you assume, as a scientist, that there must be some physiological change, and some such
structures, that would explain the new ability). Thinking of language as an ability or type of
activity that appeared all of a sudden, you will think of “the evolution of language™ as simply
its appearance in the repertoire of some organism.

That Chomsky and his associates sometimes think of language in the way just mentioned
rather than as “a particular computational cognitive system, implemented neurally” may
explain the narrow, and apparently illogical, focus on the advent of FLN that we questioned
in 85.1 above. For if the focus of interest is on the evolutionary acquisition of an ability to
engage in a type of activity, and if language in this sense appeared suddenly, and
unpredictably, in the human behavioral repertoire, then it is reasonable that that appearance
will be the event for which we may search for an evolutionary explanation. One obvious
candidate for such an evolutionary explanation will exploit the assumption that this dramatic
change in the behavioral repertoire of Homo sapiens reflects an evolutionary change in the
underlying “machinery” (a term that Chomsky often uses, and that we find revealing): the
neurological structures that potentiate the behavioral abilities. This will, of course, invite an
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attempt to give an explanation of the evolutionary advent, or changes in, these structures.
Viewing FLN and, indeed, all of the presumed components of FLB as neurally embodied
structures—parts of the “machinery” that potentiates linguistic abilities and behaviors—it is
nevertheless the case that the neural development of which the behavioral developments are
expressions is, if Chomsky’s account is more or less correct, the evolutionary advent of FLN,
so that that may be taken logically as a focal event in “the evolution of language”, and we
can attempt to explain what that development consisted in (this is not, in itself, an
evolutionary mode of explanation, but is likely necessary to giving one) and why and how it
came about (which—if the explanation is framed in terms of natural selection, taking into
account, as we said just above, the mutual influence of development and phenotypic
variation upon one another, and the mutual influence of environmental change and
phenotypic evolution upon one another—will be an evolutionary mode of explanation).

That is, in some part, the approach that Chomsky and his associates have taken with respect
to their discussions of “the evolution of language”. But identifying a trait (say, a cognitive
trait, although the point is generalizable) as a certain type of behavioral ability or functional
activity, as opposed to identifying it as a certain type of (hypothesized) biological
“machinery”—*"“a particular computational cognitive system, implemented neurally”—are
importantly different as objects of explanation, whether evolutionary explanation or
otherwise. The reason is that what we might identify as “the same” functional activity in
different organisms on the basis of a given set of performance criteria (or “tests”) could turn
out to be potentiated by very different biological structures (“machinery”) in different
organisms. So the evolutionary advent of that functional activity within the animal kingdom
might, in the first place consist of several different events in different ancestral lines,
identifiable independently of whatever we know, or don’t know, about the underlying
biological structures that potentiate it, and these, when investigate it, might prove to be
analogous or not. We could not assume that “the same” structures underlie “the same”
functional activities; and whether it will be true or not that they do depends upon what
standard of sameness or similarity that we use for each: functional activity or biological
structure.

If “language” is understood to be a certain sort of ability or functional activity, rather than
an embodied “system”, then is it an instance of the ability to structure symbolic
representations syntactically and to externalize and comprehend them, the sort of ability that
humans might share with orcas, and bees, and many other animals (accepting differences in
modes of externalization and the possibilities for syntactical structuring)—or not? If we say
no on the grounds that it does not have the power that Merge supposedly gives to human
language, then it evolved in but one species and not even at the point of evolution of that
species as such (assuming the wider Chomskyan scenario) and is of a unique sort. Then we
can explain this evolutionary event on the basis of another evolutionary event, namely the
sudden appearance of a certain heritable neural structure, which is not a functional activity
but a potentiator of such. The explanation of that evolutionary event, if one can be found,
would be of a different kind than the first.

But we are not driven to answer our question negatively; and much depends upon which
criteria we choose to apply, what we seek to explain, and in what terms. Our criteria for
identifying something as an instance relevant functional activity might not have the power
deriving from Merge built into them. Then the functional activity that we call “language”
might be counted as an instance of the ability to structure symbolic representations
syntactically and to externalize and comprehend them—an ability present (perhaps long
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present) in the pre-linguistic world, and not unique to humans. Yes, but isn’t language a very
special, and, as it happens, unique instance of that more ancient functional activity? Surely
itis. But every evolutionary variant of a trait of this kind is new and species-specific—unique
in that sense. Then we might try to search for the neural structures that potentiate the more
widely defined functional activity; and these will be considered generically analogous (as
we outlined in 85.5, cf. 85.1), but specifically different. Evolutionary explanations can be
searched for both for the genetic similarities and for the specific differences.
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6. Orca symbolic vocalization from an

evolutionary perspective

In the light of what we have discussed in Chapters 3, 4, & 5, we should now answer two
questions before going further: (1) What is it exactly that we propose to discuss from an
evolutionary perspective? That is, what is it exactly about which we will try to explain how
and why it evolved? And (2) which of the types of evolutionary account or explanation
discussed in Chapter 5 will we employ? It should be clear to the reader that the answer to
question (2) is dependent upon our answer to question (1).

But before we engage with these questions, we will raise here, and answer, an additional
question, question (3), which is: what is meant by evolution? In 85.6 above, we responded
to the announcement of Bolhuis et al. (2014) that, “It is uncontroversial that language has
evolved, just like any other trait of living organisms” (para. 1) by remarking that it might be
uncontroversial just because they leave unspecified just what’s meant in saying that
“language has evolved”. In that context, we were concerned with the question whether the
“language” that was said to evolve was being thought of as an ability or type of activity or
rather as a neurally embodied physical (computational) system. But here we may also raise
the question, “Upon what understanding of evolution is it asserted that ‘language has
evolved’?” What idea of how the evolutionary process takes place is to be assumed?

Chomsky’s idea of the mechanics of evolution is basically that of the so-called “Modern
Synthesis” in evolutionary biology (Muller, 2007), which focuses on the correlation of
phenotypic character variation with statistical gene frequencies in populations. However, in
one place (Chomsky, 2010) he asks how true some “simple evo-devo theses” might be for
language and finds that there are some similarities between the evolution of language as seen
from his biolinguistic perspective and as seen from the more recent view known as the
ecological, evolutionary and developmental (eco-evo-devo) account of evolution.

Chomsky does not make his ideas in that direction very clear, and we will not concern
ourselves further here with those particular speculations. What we do want to make clear is
that at this point in our discussion we will be speaking consistently from our own
perspective, and not Chomsky’s, as far as the processes mechanics of evolution are
concerned. Our viewpoint is the ecological, evolutionary and developmental account of
evolution as we understand it, and this is implicit in our discussion below concerning the
evolution of orca vocalizations. The eco-evo-devo perspective stresses that phenotypic
variation in populations results from the development of individual phenotypic differences
(the individuals that form the population) within generations. The development of each
individual is influenced in concert by inherited factors (including genetic and non-genetic
ones) and direct environmental effects (phenotypic plasticity). Variability in the
development of phenotypes due to integrated effects of plasticity (eco-devo) and/or inherited
effects (evo-devo) provides phenotypic variation in populations for natural selection to act
on (eco-evo) (Muller, 2007; Hendry, 2017, Skalason et al., 2019). This last indicates the
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connection with Darwin’s insight concerning natural selection as the “guiding force” in
evolution. This picture of evolution is our answer to question (3), and we now return to the
further consideration of questions (1) and (2).

Question (1) received something of an answer in 85.3. There, we declared the intended focus
of our evolutionary inquiry to be “the evolutionary origin of orca symbolic vocalizations: the
questions of how and why the orca symbolic vocalization faculty, hypothesizing that there
is one, became a heritable characteristic of killer whales.” But we subsequently revealed
some ambiguities in that declaration that Chapter 5 requires us now to resolve.

Taking aspects of Chomsky’s account of language as a possibly helpful schematic model,
we have arrived—partly by hypothesis and partly with a view to what empirical studies have
shown, or seem to have shown, about orca vocalization and other relevant matters—at a
working hypothesis that includes the following points: (i) that, in addition to vocalizing non-
symbolically, orcas vocalize symbolically; this is an ability or functional activity; (ii) orca
symbolic vocalization is potentiated by a particular computational cognitive system, call it
the orca symbolic vocalization orca faculty, implemented neurally (we adopt the
computationalist perspective without comment); (iii) this is a heritable, embodied
(physiological) functional system, a counterpart to the FLB in humans; (iv) the orca
symbolic vocalization faculty is a composite system, made up of (or analyzable into) the orca
conceptual-intentional system, the orca phonological system, and the orca syntactical
symbolization faculty, which is the counterpart of the human FLN; the function of each
element is the counterpart of the corresponding elements of FLB; (v) the principal
computational operation of the orca syntactical symbolization faculty is not functionally
recursive, so its syntactic structuring power is not unbounded, but is bounded in species-
specific ways; (vi) the orca symbolic vocalization orca faculty is a species-specific instance
of what we may call a generic symbolic externalization faculty, which is “broadly spread
among the animalia”, analogously or homologously, and is “evolutionarily ancient” (cf.
Gallistel, 2011); (vii) the orca symbolic vocalization faculty is itself a sub-faculty of the
species-specific orca symbolic externalization faculty, that potentiates the externalization
and comprehension of symbolic representations in orcas, including non-vocal symbolic
externalizations, if any; (viii) the species-specific orca systems and faculties evolved as
elements of the evolution of the orca species.

One can ask questions about how and why any of the abovementioned systems or faculties
evolved—all of these being assumed to be neurally embodied computational systems,
physiological “machinery”, potentiating various sorts of functional symbolic activities. And
one can likewise ask how and why these functional symbolic activities evolved, which is a
different sort of question. Seeking answers to any such questions from the evolutionary
perspective amounts to trying to show how and why the relevant systems or activities are
either selected by, or preserved by, natural selection, taking into account the mutual
influence of development and phenotypic variation upon one another, and the mutual
influence of environmental change and phenotypic evolution upon one another. This is what
might be called the generic answer to our question (2); specific answers will derive from our
answer or answers to our question (1). The possible answers to question (1) are many, and
in a work of this length, we must make a parsimonious decision. Since the present study rests
upon the survey of orca vocalizations undertaken in Chapter 3 and the account given in
Chapter 4 of the ways in which these vocalizations function in the lives and activities of
orcas, we will narrow our commitment to trying to give an account of “the evolutionary roots
of orca symbolic vocalizations” that addresses the questions of how and why the items on
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our survey that are arguably symbolic—these being particular functional activities or
behaviors—became, or simply are, heritable parts of the natural repertoire of orcas. In
focusing upon this, however, we will need to take into our discussion many aspects of orca
vocalizations more generally; not merely their symbolic vocalizations. But many other
things that might have been asked about will have to be left for another day.

Thus, the initial framing of our evolutionary accounts will be of the sort described in §5.6.
But since the things that we attempt to account for will be fine-grained instances of orca
functional activities, rather than the generic activity of orca symbolic vocalization per se,
this will make our accounts rather different in structure than Chomsky’s corresponding
account of human spoken language (the human ability to speak and to interpret speech and
the human activity of speaking and interpreting speech; see 8§5.6).

6.1 The evolutionary roots of orca symbolic vocalization

If we are to discuss the evolutionary roots of orca symbolic vocalization we must first
examine a wider domain of traits than symbolic vocalization. One basic trait is simply that
orcas vocalize. This trait exemplifies what we called an ability, functional activity or
behavior, so the initial perspective of an evolutionary account would be that described in
85.6. The trait described simply as vocalization is common to a very wide range of animals
that belong to varied and divergent lines of descent. In nearly all cases, it is quite uncertain
at what point vocalization appeared in a common ancestor for a given branch of the
evolutionary tree, but it appears in general to have been very early. More significantly, this
thinly described trait has evidently persisted through evolutionary descent in different lines,
which indicates that it must have been advantageous from the standpoint of natural selection
to animals with extremely different lifestyles, body plans, vocal organs (nascent or
developed), behavioral repertoires, developmental characteristics, environments, and
habitats.

One can presumably say much more about the way in which vocalization gave its possessors
evolutionary advantages by focusing upon specifics, that is to say, upon specific species or
varieties of organisms living in specific circumstances, but there would seem to be little hope
of, or purpose to, trying to find some global benefit to account for the persistence of this trait
through the evolution of species. But if we look specifically at orca vocalization, we can try
to account, from an evolutionary perspective, for some of the particular features that it
exhibits; these may be considered traits in themselves.

It is not clear which animals exhibit symbolic vocalization, in part because, as we remarked
previously, there is no very clear, common idea of what symbolic vocalization, or what other
forms of symbolic externalization, are. We do not assay to clarify that idea definitively in
this thesis but will add a few pertinent reflections here.

In connection with communication, we made a distinction between thicker and thinner senses
of that notion. We suggested that vocal communication in the thicker sense involved the
vocalization’s having content that a conspecific auditor could interpret, in the sense of
understanding that content; a human example would be if someone said, “I am in pain”. If
the vocalization were, on the other hand, a yelp or a moan, that might signal to a conspecific
auditor that the vocalizer was in pain although the auditor did not describe, or communicate
in terms of semantic content, its condition; this we said was communication in a thinner
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sense. We suggested there that the thicker communicative vocalization was symbolic,
whereas the thinner communicative vocalization was not. (See earlier discussion in §5.2.)

Now if we continue to accept that very tentative suggestion, we need to add something to it
here, which is that the suggestion may pertain to the utterances in question, but not to the
interpretation or reception of the utterances by an auditor. In a creature that has a symbolic
vocalization faculty, that faculty is responsible not only for externalizing (that is to say
vocalizing) symbolic representations, or “thoughts” in the form of utterances, but in
interpreting utterances symbolically—as if they had semantic content—whether the
utterances externalize such content or not. So it is a function of a symbolic vocalization
faculty to interpret a heard utterance like a groan in terms of a “thought”—*“Ah, that creature
is in pain”—although that thought was not externalized by the groaner. In that way, vocal
communication in the thinner sense may also be considered symbolic.

The key point is that symbolic vocalization (or other forms of symbolic mediation) is an
interactive activity among conspecifics and has two sides: the externalization of “thought”,
or semantic content, and the interpretation of vocalizations, which involves either the
“reading” of their content or the attribution of such content (significance), or both. We see
no reason why Chomsky, or anyone willing to consider symbolic interaction in both
linguistic and pre-linguistic animals, would have any deep objection to this; niggling
objections are another matter that must be left out of consideration here. However, Chomsky
and his close associates only really talk, in any detail, about one side of a two-sided,
interactive activity—the externalization, vocal or otherwise, of symbolic representations.
The interpretive side remains mostly in darkness and ill-described, even if recognized. But
robust awareness that symbolic vocalization is a two-sided, interactive activity is needed for
the purposes of the discussion that follows.

The symbolic interpretation of perceived external contingencies that, as we have just
maintained, is an integral part of symbolic interaction is of great importance far beyond the
province of symbolic vocalization. The translation of observed behaviors into symbolic
representations or “thoughts” by animals that think symbolically is interestingly discussed
by Gallistel (2011); at the risk of taxing the patience of the reader, we find it enlightening
on a key issue to quote at some length once more from his article, “Prelinguistic Thought”

(pp. 258-259):

Data structures [or “what linguists and philosophers call symbolic statements”]
integrating diverse aspects of single episodes are implied by the results of a
lengthy series of experiments on the cache memory in food-caching jays done by
Clayton, Emery, and Dickinson (2006). Jays cache food by burying single
beakfuls in locations spread over square kilometers. The jays that Clayton and her
collaborators work with make thousands of these caches as winter approaches.
During the winter, they survive by harvesting the food from them, itself an
astonishing feat of spatial memory. They are like squirrels in that regard but on a
grander scale.

Clayton et al. exploit the fact that these birds are omnivores and, like us, they like
some foods much more than others. They tend to harvest first the foods they like
best. There is, however, the problem that some foods rot much more quickly than
others; a fresh meal worm is delicious, but a rotten one is inedible. Clayton et al.
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have capitalized on this to demonstrate that jays remember where they cached
what and when, who was watching, and whose cache they are emptying. When it
comes time to retrieve the caches, they go first to the ones that contain what they
like most, unless they made that cache so long ago that its particular contents will
have rotted. In making the latter judgment, they compare the time elapsed since
they made the cache to what they have subsequently learned about how long it
takes for the kind of food they put in that cache to rot.

Experienced jays are sensitive to whether another jay is watching when they make
a cache. If they make some caches while another jay watches and some when no
other jay is present, they return later and selectively retrieve and rebury the caches
made while another jay was watching. What is most interesting from a linguistic
standpoint, and perhaps also for those interested in the ontogeny of moral thought,
is what makes a jay an “experienced” jay, that is, a jay suspicious of the intentions
of other jays. Jays that have never plundered the cache of another jay are
insensitive to the presence or absence of another jay when they make their own
caches. Only birds that have plundered the cache of another are sensitive to this
variable (Emery & Clayton, 2001). This result reveals a behavioral consequential
distinction in the bird’s memory between caches it made and caches made by
others. The roots of the possessive would seem to lie here.

More generally, these results imply the existence of a complex data structure in
the memory of jays. It must represent different kinds of food, different points of
time in the past, different temporal intervals (rotting times and times elapsed since
a point in the past) different locations, different observers, and different agents
(self or other)—in a way that captures the connection of all these variables to a
single episode.

The generalization from a jay’s own behavior to the likely behavior of others
seems to me of particular interest for the light it sheds on the relation between
thought and natural human languages. I would suggest that the jay’s
generalization is most readily understood if one assumes that in the thought of a
bird, as in, | believe, every language, the symbol for an action is independent of
the agent and the direct and indirect objects (<I>take <your>< food>, <you> take
<my> < food>). The inferences that birds draw from their own behavior to the
possible behavior of others suggest to me that this way of representing actions
predates by hundreds of millions of years the emergence of natural human
languages.

Here, the presence of nearby jays, rather than the vocalizations of nearby orcas, is
represented in the form of “symbolic statements” (data structures) and incorporated into a
strategic action plan nested in a larger, very complex data structure that includes
generalization from the jay’s own behavior. What is operative here is, at the ground level,
what we called the “interpretive” aspect of symbolic activity; externalization is not the
primary point.

If orcas have a symbolic vocalization faculty that enables them to externalize their symbolic
representations vocally and to interpret orca vocalizations symbolically, whether or not they
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are externalization of symbolic representations, how and why did these vocalizing and
interpretive activities and behaviors become heritable characteristics of orcas? Why did the
ability to symbolize arise, and why was it favored by selection? Did it happen analogously
to Chomsky’s account of the advent of the language faculty—first as a random, non-adaptive
mutation that occurred without selective pressures? And did this mutation “stick around”
because it because it provided an advantage for the individual in which it happened, giving
it simplest and most efficient computational algorithm for thought, planning, and other such
cognitive activities? And was it only later externalized into vocalization, when it became
beneficial to use this ability for communication?

Or, alternatively, is the symbolization faculty based on a more complicated and less
“economical” process than the one humans possibly have? And would this lack of efficiency
be the reason why Killer whale vocalizations are not as complex as human language?
Moreover, if Merge is the most “economical” way to make complex structures into new
ones, as Chomsky maintains, and recursion does not exist in other animals, what does this
imply about Kkiller whales? If killer whales have the ability to make new structures, but do
not have recursion, do they therefore have an alternative kind of ability to create new
structures? Why would this type of ability arise?

Or rather, could a symbolization faculty evolve gradually? Did vocalizations along with the
cognitive abilities of killer whales and their social environment, gradually become more
complex? Dor and Jablonka (2010) suggest, for example, that language in humans evolved
as a gradual improvement in the cognitive abilities that made symbolic thinking also
possible. Fox, Muthukrishna & Shultz (2017) speculate that, like human cognition, cetacean
cognition possibly arose adaptively “to provide the capacity to learn and use a diverse set of
behavioral strategies in response to the challenges of social living” (p. 195).

Whether or not symbolic vocalization evolved gradually or through a sudden mutation, why
was it favored for selection? How did the ability to symbolize, to communicate these
symbolizations to others, and to interpret vocalizations, aid in survival and reproduction?

It is difficult to answer these questions; but one thing seems pretty clear, which is that this
trait, considered as an ability, activity or mode of behavior, appeared originally in very
ancient ancestors of the orcas, perhaps in a piecemeal fashion, and was inherited by orcas
from their proximate ancestors. In short, we suppose that it did not appear originally in orcas
in the way that Chomsky supposes that language and speech appeared originally in Homo
sapiens at a later time than the appearance of the species itself. We suppose that the orca
version of symbolic vocalization, with the characteristics that differentiate it from the orcas’
proximate ancestors, appeared when the orcas appeared as a distinct species, as part and
parcel of that species evolution.

To the extent that the evolution of Orcinus orca can be accounted for by natural selection,
what was selected was a certain organism that had a certain package of abilities, activities,
or modes of behavior that, as a whole, made that organism apt for selection, i.e. a package
that was selectively advantageous for the flourishing and continuation of the species—for
robust reproduction in the environmental niches that members of the species created and
exploited. Not all of the abilities, activities, or modes of behavior in the package were
necessarily advantageous in this way, but, if we find that it was historically persistent in the
orca ancestral line, we can assume that symbolic vocalization as such was advantageous to
orcas and their ancestors from the standpoint of natural selection. What remains to be
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accounted for, if we are able to do so, are the species-specific features of orca symbolic
vocalization that, we have been supposing, appeared with the appearance of orcas as a
species. The supposition just mentioned, by the way, has been made for the purposes of
simplification and is rebuttable. It is entirely possible that orca symbolic vocalization has
evolved during the history of the orca species and is not as it was when the species originally
appeared in the course of evolution. If we find evidence of such evolutionary changes, then
they would be events to be accounted for from an evolutionary perspective.

We note here that much of what has been said in the last two paragraphs mirrors our
discussion, in 85.4, of the evolution of the neurally implemented structures hypothetically
underlying orca symbolic vocalization, here considered as an ability or activity. Indeed, the
points made in 885.4-5.6 need to be kept very much in mind in reading the present chapter,
which continues the thread of Chapter 5.

In approaching questions concerning the species-specific features of orca symbolic
vocalization, we will look at the symbolic vocalization phenotype as a nexus of the organism
and the environment that is the result of phenotypic variation, selection across generations
and plastic responses within generations, a perspective that can also be applied to the
language phenotype. We should keep in mind that the natural environment of killer whales
is one that includes vocalization as an important part, a part that is created by, and that in
turn influences, orca vocalization. The natural environment of killer whales is also one that
is importantly social, and, indeed, the interactive vocalization environment is a part of the
larger social environment. It may be that, as Gallistel (2011) claims—based upon extensive
research of his own and of others on animal cognition—very many animals, on various
branches of the evolutionary tree, have thoughts in the form of symbolic representations
(even abstract representations) and can use these to plan and make inferences (like the jays
studied by Clayton et al. (2006)), but symbolic interaction (externalization and
interpretation) with conspecifics (like the bees investigated by Gallistel and many others)
seems to be most highly developed among social animals, and in fact social and symbolic
interaction (considering the latter as a distinct sort of activity) are evidently interdependent,
for obvious reasons. Hence it seems likely that social and symbolic interaction evolve in
tandem.

Following Miiller (2007), we can look for some answers to three “eco-evo-devo” questions:
(i) How does the orca vocalization environment interact with developmental processes? (ii)
How do changes in the vocalization environment influence phenotypic evolution? (iii) How
does developmental evolution affect the vocalization environment? The following three
subsections propose some answers these questions. We must note, however, that answers to
these three questions overlap, so it is not possible to deal with each of them in entire
separation from the others.

6.1.1 How does the environment of killer whales interact with developmental

processes?

How do vocalization and symbolic vocal interaction develop in a calf, and what role does its
environment play in the developmental process? Similarly to humans, orcas learn
vocalizations socially rather than inheriting them genetically (Ford 1986; Filatova et al.,
2015; Abramson, Herndndez-Lloreda, Garcia, Colmenares, Aboitiz & Call, 2018).
Therefore, the social environment, which is, as we said, importantly an environment of
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vocalization, plays a crucial role in the development of vocal repertoires and skills. For
example, a calf will not learn the dialect of an absent parent (Ford, 1991). There must also
be some internal capacity in killer whale calves, which is triggered by vocalizations of
conspecifics and makes it possible for them to develop their vocal repertoires and learn the
dialects of their group automatically, because vocalization skills develop through simple
social exposure (like language skills in humans). This would also be a capacity to understand
symbolic interaction and to attribute semantic content (significance) to non-descriptive
vocalizations. Killer whales do not need explicit instruction to acquire their various
vocalizing skills; rather all the information about sound, structure, and possibly meaning,
that they need for this purpose derives from the vocalizations themselves.

Chomsky maintains that language is the result of the development of language in a child and
the long-term evolution of that child’s genetic ability to learn a language, while Hauser et al.
(2014) argue that, in nonhuman animals, sounds or gestures are innately specified. Given
our references, the latter seems not to be true of all non-linguistic animals. In orcas (and
there are even better examples) vocalization, including symbolic vocalization, is the result
of the development of a group-dialect in a calf and the long-term evolution of the genetic
ability of a calf to learn those vocalizations. As a child will learn any language if exposed to
it, independent of its parents’ mother tongue, so a killer whale calf has the capacity to learn
repertoires of vocalization and to acquire the dialect of its particular family group.

Adult animals possibly influence the development of vocalization by changing their vocal
behavior to help a young killer whale learn to vocalize. In the days following a birth of a
calf, family-specific call types were observed to occur much more frequently than usual,
possibly facilitating “the learning process of this ‘acoustic family badge’”, helping the calf
recognize and maintain cohesion with family members” (Weiss et al., 2006, p. 627).
Aberrant calls that were characterized by excitement also increased after a birth, which
Weiss, Ladich, Symonds and Spong (2006) suggest were either excitement calls of family
members, or the undeveloped stereotyped calls made by the calf. Using more family-specific
call types and excitement calls could serve a similar purpose to infant-directed speech or
“baby talk” in humans, which combines exaggerated vowels with a happy emotion,
supporting language acquisition and development (Kalashnikova, Carignan & Burnham,
2017). If orcas use infant-directed vocalizations to aid the development and learning of the
pod’s dialect, this might be done knowingly, at least to a certain degree. However, it is worth
noting that, even in humans, infant-directed, high-pitched speech is often performed almost
reflexively, without a conscious intent to teach language to an infant.

It is possible that an orca calf learns to vocalize primarily through vertical transmission from
its mother (Filatova & Fedutin, 2011). Ford reported that a captive-born calf “learned and
reproduced only the calls of its mother, and apparently ignored the different repertoires of
calls used by other conspecific individuals held in the same pool” (Ford, 1991). Together
with the “accumulation of errors in call learning across generations, call innovation and call
extinction”, vertical transmission may have produced different dialects in sympatric pods
(animal groups of the same or overlapping geographical areas) (Ford, 1991, p. 1454). But,
although Kkiller whales learn their family’s dialect young, the entire “lexicon” of orca
vocalization is not necessarily acquired “by the end of the early juvenile period”, as Hauser
et al., (2014) claim is the case in signal-using nonhuman animals (p. 4). Orcas remain able
to learn new sounds horizontally as adult animals and include those sounds into their
repertoires (Filatova, Burdin, Hoyt, 2010). Horizontal learning leaves open the possibility
for intraspecific communication between groups with different repertoires, to facilitate
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sharing and cooperation. (Filatova et al., 2010). If animals were only to learn through vertical
transmission, group repertoires might eventually evolve to be so different that only
intragroup communication would be possible.

A calf may also be affected by social “pressures” in its learning environment. For example
in the populations of transient killer whales, calves probably learn silent behavior by
observing adults, and may also learn to be silent “the hard way”, if a prey animal escapes
from them because they were too loud. Also, adults—not least a calf’s mother—Ilikely want
to build a connection with the calf, pushing it to learn vocalizations. It might also be
selectively beneficial for calves to start vocalizing as early as possible, since navigation,
finding food, socialization and maintaining contact with the pod are all central to survival.
So, cognitive abilities that facilitate rapid learning of vocalization are likely favored by
selection. “Seaworld” (Sound in the Sea, n.d.) reports that, in captivity, calves vocalize
within days of birth in “loud, high-pitched calls that bear no resemblance to adult-type calls”;
and at about two months of age, “a calf produces its first pulsed calls with similarities to
adult-type calls”. However, calves live in close contact with their group and, at least in
captivity, mothers may nurse their young for up to two years (Ford, 2002). Therefore, it is
also possible that learning to vocalize very early does not have a great impact on their
survival in other than in the likely rare circumstance in which a calf loses contact with its
group and would be able to call out for them, making it easier for group members to find it.

6.1.2 How do changes in the vocalization environment influence phenotypic

evolution?

Orca vocalization has evolved, and develops, in an underwater environment, where sound
travels very efficiently (Urick, 1983), about 4 times faster than in air (“Understanding Ocean
Acoustics”, n.d.). Because of this, and often poorer visibility underwater, the acoustic
channel is evidently much more important for marine animals than it is for terrestrial animals
(Filatova et al. 2013). The land-mammal ancestor of killer whales almost certainly vocalized
in some way, similarly to most current land mammals, but probably quite differently from
orcas. It is doubtful that such ancestors used echolocation, which would have been less
effective than in an aquatic environment and probably evolved once the ancestors of
cetaceans moved into water and became amphibious or fully aquatic. The ability to
echolocate would then have become advantageous for finding food or for detecting predators
ata distance. The early ancestors of killer whales were quite small compared to modern killer
whales (Thewissen, Cooper, George & Bajpai, 2009), and it is entirely possible that they had
natural predators. However, since baleen whales do not echolocate (Pavid, 2020), this ability
might have not evolved until the earliest diverging odontocetes appeared and started to use
it for foraging and hunting. (Coombs, Clavel, Park, Churchill & Goswami, 2020). Although
echolocation pings do not have semantic content as such, they may have significance
(attributed content in interpretation) for an auditor—“object ahead”, or “prey ahead”—and
qualitative differences among reflected pings might vary their significance.

Selective environmental pressures may have influenced the developmental structures that
make vocalizing possible and render it effective in an animal’s environment, such as the
marine environment of orcas, because an individual that can make a clearer or stronger sound
may have had an advantage in survival and reproduction.
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The cognitive abilities that make communicating and interpreting vocalizations possible, and
the social environment, may have pushed one another forward in evolution, through natural
selection. For example, an individual with slightly better cognitive abilities, might have
made the social environment somewhat more complex. And an individual with slightly better
cognitive abilities might have an advantage in reproduction, eventually making these
abilities a part of the heritable characteristics of killer whales.

If the ancestors of modern orcas developed phenotypic abilities that made communication
possible in a thick sense—imbuing vocalizations with semantic content—rather than only in
a thin sense, then these may have been selected for. For example, taking the example from
the Crozet archipelago (see 84.5), where killer whales from other groups moved to the
location of a successful Kkill when hearing long distance contact calls, it would be
advantageous to know what those calls are about: whether, for instance, there has been a
successful kill of an elephant seal and there is enough food to share. Moving several
kilometers takes energy, and so it might be important to move only in response to long
distance calls when there is a good reason to, disclosed by content, and not each time such
calls are heard, especially if they originate from members of another group. But this would
require the ability to emit a variety of contact calls, each with a different symbolic
significance that could be interpreted by auditors.

In the social structure that killer whales have, there are large differences between how close
individuals are to one another within that structure. Matriline groups stay together for life,
while other groups interact with each other only occasionally, and others never. And even in
a matriline group, orcas seem to have preferences for certain individuals over others,
interacting most actively with individuals of a similar age and the same sex. In a socially
complex structure like this, in which individual relationships as well as relationships between
groups differ from one another, it makes sense to have some way of managing these
differences as well as understanding them and communicating them to others, and, for killer
whales, symbolic vocalization seems to be an important medium for accomplishing this.

It seems plausible that this would have happened over time, with social relationships and
social communication and the ability to symbolize developing gradually. The more efficient
communication is, the more ways of cooperating with each other there might be. And with
more ways of cooperating come better chances at survival. With the amount of energy Killer
whales need, hunting in the ocean is probably a task that could not be achieved as efficiently
as required without echolocation and some form of sharing of information. Staying in one
place and waiting for prey animal to come close enough to see them in water, might not even
be a sufficiently efficient hunting technique to sustain one orca, let alone a pod.

Why then are orcas not solitary animals that eat fish to survive, and thus do not need the help
of a pod to hunt down a larger animal for instance? Possibly they might have been. But in
their early evolution, living in groups may have been advantageous, and once it became
possible for them to share information and communicate, it would have become even more
advantageous. Moreover, as their cognitive abilities increased, they probably became
emotionally needful of having other orcas close to them, further driving forward the
evolution of efficient communication.

If we look at some of the examples from our survey of the vocalizations of modern orcas,

we can see the environment as constantly influencing the vocalization phenotype and the
phenotypic evolution of vocalizations. For example, which groups killer whales interact with
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will affect which vocalizations are incorporated into their repertoires through horizontal
learning. Learning the calls of other pods may influence mating preferences, therefore
affecting phenotypic evolution. Horizontally learned calls may also be passed on socially to
other group members and generations, further affecting how those individuals interact with
other groups.

We also discussed how transient populations stay silent most of the time, very likely to avoid
eavesdropping by prey animals, while residents and offshores vocalize most of the time. In
these different ecotypes of killer whales, both the environment and their behavior of (what
prey they hunt) have an effect on how vocalizations are used. This has made the repertoires
of mammal-eating transients very different from their fish-eating conspecifics. It also seems
plausible that this type of behavior requires a level of planning and thinking, which could
also further affect phenotypic evolution.

6.1.3 How does developmental evolution affect the vocalization

environment?

Certain developmental structures appearing, such as the fat pad that connects the lower jaw
to the middle ear (Thewissen et al., 2009) possibly increased the efficiency of sound for
cetaceans. This pad of fat was present in remingtonocetids, an early aquatic cetacean
(Nummela, Thewissen, Bajpai, Hussain & Kumar, 2004). Pakicetids, the earliest cetaceans,
already had skull structures and a lower jaw that implies a different kind of path of the nerves
going to the eyes and nose than are seen in other land mammals, which again suggests that
their sense organs were different (Thewissen et al., 2009). In modern cetaceans, the jawbone
acts as a sound receptor, transmitting sounds to the ear canal and auditory nerves (Ocean
Today, n.d.). But, for simple echolocation, these special of structures are not necessarily
needed, since there are even accounts of humans who acquire this ability to a surprising
degree (Norman, Dodsworth, Foresteire & Thaler, 2021).

Other odontocetes, namely sperm whales and bottlenose dolphins are known to have
complex vocalizations, which seem to also be quite sophisticated, like the vocalizations
Killer whales use. Two important increases in the brain size of cetaceans appear to have
occurred, first in Archaeoceti, and second, when delphinids arose, around 15 million years
ago (Marino, McShea & Uhen, 2004). It is possible that after this time, in a common ancestor
of bottlenose dolphins and killer whales, the abilities for mentally combining existing
structures creatively took a leap forward. This would not need to involve the introduction of
unbounded Merge as a computational operation, but it could well betoken the development
of a different sort of internal ability for increased complex thought, planning and the creative
combining of structures and elements: a “symbolization faculty”.

If an internal ability to symbolize arose in the ancestors orcas, and once it did, it might have
given rise to vocal externalization, since killer whales would have already had the ability to
vocalize at this point, assuming that there land-dwelling early ancestors already did. And a
similar event might have happened, for instance, in bottlenose dolphins and sperm whales.
Vocal externalization may have become beneficial because this behavioral strategy
increased “the reliability and efficiency of intrapod communication” (Ford, 1989, p. 743);
and the development of group dialects possibly enhanced the effectiveness of this system
(Cohen, 2012). With more efficient communication, social relationships have the chance to
become more complex, further emphasizing the advantage of complex vocalizations.
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When the vocalizing and communicating abilities of orcas or their ancestors became more
sophisticated, it likely increased their chances of survival, and could have even played an
important part in putting orcas on top of the marine food chain. For example, the ability to
control vocalizations and stay silent when hunting a marine mammal, could have been
instrumental in making it possible to keep hunting marine mammals.

Currently, vocalization seems to influence which individuals and groups orcas interact with,
since there is a correlation between the amount of group interaction and call similarity.
Having similar calls might make communication more efficient, and intrapod
communication might be more efficient than communication between different pods. Clans,
for instance, are defined as groups of pods that interact, and that have something in common
in their vocal repertoires. The groups that individuals and groups interact with because they
have something in common in their vocal repertoires, will likely affect mating choices, and
by way of that, affect phenotypic evolution. And the phenotypic evolution of vocalization or
other phenotypic evolution that affects vocal behavior, will feedback straight into the
environment, through the vocalizing behavior of orcas.
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7. Conclusion

In this thesis, we have studied killer whale vocalizations and what we have called the orca
vocalization and symbolic vocalization systems, and their possible evolution. We have done
this by comparing what we have called the relevant contingencies of human language, with
vocalization, and by positing hypothetical counterparts of the elements comprising
Chomsky’s biolinguistic account of language and tracing out the implications of viewing the
orca vocalization systems, and their evolution, on the basis of that platform.

We started off by explaining Chomsky’s biolinguistics account of language, an account
which we chose to use in this thesis as our definition of language, including FLB and FLN.
We then moved on to survey studies on orca vocalizations, and discussed their possible
functions and their syntactic and semantic properties, as well as what they possible tell us
about the psychology of killer whales. We said that orcas could plausibly have an orca
syntactical symbolization faculty, a counterpart to the human FLN that Chomsky postulates,
but does not, viewed as a computational system, rest upon a functionally recursive operator.
We also noted, that having the ability to mentally symbolize something, and having the
ability to successfully externalize that in order to interact symbolically with conspecifics, are
two different things. If orcas have a symbolization faculty that they are able to use in their
own way to make sense of their world, reason and symbolize, their ways of communicating
these private thoughts and feelings to conspecifics do not match the abilities of humans to
do so.

Although we decided early not to criticize Chomsky any more than necessary or discuss
alternatives to the views that we were adapting to our purposes—simply because that would
have entailed a book-length discussion on its own—we did find that there were obscurities
in Chomsky’s account that made the evolutionary issues to be addressed uncertain; and, in
consequence, we tried to clarify those issues (885.3-6.1, intro.) This revealed some
limitations on the extent to which evolutionary questions concerning symbolic vocalization
in orcas (or orca vocalization more generally) could not follow a counterpart of the path that
Chomsky envisions for language. Moreover, it raised some questions about the latter (see,
in particular 85.3), which were, however, not pursued, in favor of sticking to our topic. It
proved important to distinguish between generic traits (whether neutrally implemented
computational structures or modes of activity), such as symbolic representation or
vocalization, that have been present in diverse lines of descent from a time very long before
the advent of orcas as a species, and the species-specific orca expressions of these traits,
which evolved either along with the emergence of the species or by subsequent evolutionary
development within the species. Concluding that there is, in the present state of knowledge,
very little (although not nothing) that can be said about the evolutionary origins of the
generic traits that orcas inherited from their proximate ancestors that does not amount to
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speculative hand-waving, we concentrated instead on the species-specific orca versions of
selected traits, in particular symbolic interaction through the vocal medium. It is in this
domain that the eco-evo-devo approach to evolutionary and developmental questions is
particularly apt. Significant uncertainties, of course, remained.

7.1 Some uncertainties concerning orca symbolic

interaction, vocal and otherwise, and its evolution

Assuming that orcas interact symbolically, in a manner that surpasses the denatured account
of Hauser et al. (2014), we do not yet know to what extent this ability makes it possible for
Killer whales to think, plan, interpret and be creative. The waggle dance performed by bees
and the use individual tags or “names” by bottlenose dolphins are quite clear examples of
communication in the thicker sense and of the use of abstract symbolic representations and
sophisticated calculation, but we do not yet have equally clear examples of orca symbolic
communication (vocal or otherwise) in the thicker sense. It can anyway be difficult to draw
the line in some cases between communication in a thin sense and communication in a thick
sense if we focus upon interpretation rather than upon externalization (see the introductory
discussion in §6.1). To return to the study from the Crozet archipelago reporting that a long
distance call characterized by excitement often resulted in other groups coming to the area
from several kilometers away we may ask: Do long distance calls just signify something
important, or may they signify food? And if they signify food, is there a specific call that
actually tells the receiver that there is food available; or is this communicated in a thinner,
more indirect way?

Orca dialects can be seen as symbolic, in a thin sense, of the group that they are used by,
since they help orcas recognize their own group members. In 84.4, we talked about a study
in which orcas that were played calls of different pods only turned their direction of
movement toward the boat half of the time, but when they were played calls of their own
pod, they turned their direction toward the boat in seven of the eight cases. Filatova and
Fedutin (2011) believe that the reactions to playbacks of calls of other groups were diverse
enough to be explained by the various social relationships between different groups and
group members. However, whether or not these different calls symbolize the many
complexities in social relationships, we do not know yet.

We also do not know, whether vocalization is based on a simple algorithm that generates all
vocalizations, or whether they are produced by a different kind of computational ability that
generates a relatively large “package” of sound sequences and combinations of elements.
Looking at the elements of human speech, such as sentences, we see a code-like operation
of combining elements into longer sequences and changing the order of elements in a
sequence to get a different meaning or “result”. And a supposed mutation that gave humans
unbounded Merge, might be the most efficient way to conduct the computational operation
humans use in language.
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It seems that, as with language, we can only speculate about how vocalization evolved, both
as a set of neurally embodied structures and as a set of abilities or type of behavior. Our
current knowledge does not seem to suffice for explaining, other than speculatively,
symbolic vocalization as a trait that evolved either by natural selection, or alternatively
without selective pressures. Studying the evolution of symbolic vocalization seems to run
into similar issues that Hauser et al. (2014) describe as “challenges in the study of language
evolution.”

First, we have not been able to assess the comparative landscape of human language. Studies
have assessed the computational and perceptual capacities and language learning in other
animals, but almost no evidence of vocal learning, a babbling phase, sensitive periods or
inductive leaps—all typical features of human language—has been found in other animals.
Even if orcas have these characteristics and go through these periods and phases, they are
too distantly related to us to help in evaluating the comparative landscape. In other words,
we cannot understand the evolution of orca vocalization or human language as connected
processes, even if they were or are similar to each other. Second, different fields of sciences
have their limits. Current paleontological evidence of features in bony structures, anatomy,
aural abilities and the genome of Homo neanderthalensis will not tell us much about how
language as an internal machinery or external activity emerged, or about the possible
selective pressures behind their evolution. Mathematical models tend to include assumptions
that cannot be tested empirically, and therefore, they do not explain how language originated
or help understand the difference between the biological capacity and its adaptive or non-
adaptive functions. And molecular biology has not told us much about how and what genetic
factors and mechanisms are responsible for language and its evolution, what the
developmental processes behind language development are, and what for example, are the
neurobiological processes of recursion (Hauser et al. 2014). Therefore, we simply do not yet
have enough knowledge to build an evolutionary account of language.

In the case of killer whales, assessing the comparative landscape is even more complicated
because we do not yet understand vocalizations. And bottlenose dolphins learning the
grammar of an artificial language does not ultimately tell us much about their own, natural
vocalizations. Fossil evidence of bony structures, anatomy and aural abilities of the earliest
Killer whale Orcinus citonensis from the Pliocene Epoch (Britannica, The Editors of
Encyclopedia, Killer whale) will not tell us how it vocalized, or about the internal systems
that were connected to this ability. Considering the fact that orcas live in the ocean, it is also
possible that there is fossil evidence that we are currently unable to find simply for practical
reasons.

When it comes to humans, we can look for archaeological evidence of symbolic behavior or
tool use. But since killer whales have fins instead of hands, their possible cognitive abilities
for symbolic behavior would likely not manifest themselves in the creation of symbolic
artefacts. Also, the internal ability for tool use does not necessarily mean that this ability will
be used in practice. For example, a population of bottlenose dolphins in Shark Bay,
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Australia, uses marine sponges as foraging tools (Smolker, Richards, Connor, Mann &
Berggren, 1997), but there is no evidence of tool use in other populations of dolphins.

We also do not know much about “how neurobiological systems link to ... ‘language-like’
communication” (Hauser et al., 2014, p. 14) in killer whales, what genetic factors and
mechanisms are responsible for vocalization and its evolution, or what developmental
processes are behind the development of vocalizations, and what are the neurobiological
processes behind it. Hauser et al.’s (2014) points about human language address some
important issues that need to be addressed in killer whales as well, before we can claim to
understand the evolution of their symbolic vocalizations.

73



Bibliography

Abe, K. & Watanabe, D. (2011). Songbirds possess the spontaneous ability to discriminate
syntactic rules. Nature neuroscience 14:8 (August 2011), 1067-1074.

Abramson, J. Z., Hernandez-Lloreda, M. V. Garcia, L., Colmenares, F., Aboitiz, F. & Call,
J. (2018). Imitation of novel conspecific and human speech sounds in the killer whale
(Orcinus orca). Proceedings of the Royal Society, 285(1871), Doi:
10.1098/rsph.2017.2171

Andrew, R.J. (1963). Evolution of facial expression. Science, 142(3595), 1034-1041. Doi:
10.1126/science.142.3595.1034

Baron-Cohen, S. (2008). Autism, Hypersystemizing, and Truth. Quarterly Journal of

Experimental Psychology, 61(1), 64—-75. Doi: 10.1080/17470210701508749.

Baron-Cohen, S. (2020, December 25). How Autism and Invention Are Connected. The Wall

Street Journal, Life &Arts, Ideas, Essay. Retrieved from
https://www.wsj.com/articles/how-autism-and-invention-are-connected-
11607749260

Barrett-Lennard, L. G., Ford, J. K. B. & Heise K. A. (1996). The mixed blessing of
echolocation: differences in sonar use by fish-eating and mammal-eating killer
whales. Animal Behaviour, 51(3), 553-565. Doi: 10.1006/anbe.1996.0059

Bates, L.A., Lee, P.C., Njiraini, N., Poole, J. H., Sayialel, K., Sayialel, S., Moss, C. & Byrne,
R. W. (2008). Do Elephants Show Empathy? Journal of Consciousness Studies,
15(10), 204-225.

Bergfeld Mills, C., Howell Boteler, E. & Larcombe G .K. (2003). “Seeing Things in My
Head”: A Synesthete’s Images for Music and Notes. Perception 32(11): 1359-76.
Doi: 10.1068/p5100

Berwick, R. C. & Chomsky, N. (2010). The Biolinguistic Program: The Current State of its
Evolution and Development (OUP uncorrected proof) accessed at http://alpha-
leonis.lids.mit.edu/wordpress/wp-content/uploads/2014/04/A-FP-RBNC-02-
Sciullo-c02-copyedited.pdf

Berwick, R. C. & Chomsky, N. (2016). Why Only Us: Language and Evolution. Cambridge,
Massachusetts: The MIT Press.

Bigg, M. A., Olesiuk, P. F., Ellis, G. M., Ford, J. K. B & Balcomb, K. C., I1l. (1990). Social
organization and genealogy of resident killer whales (Orcinus orca) in the coastal
waters of British Columbia and Washington State. Reports of the International
Whaling Commission, 12(Special Issue), 383—405.

Bolhuis, J. J., Tattarsall, 1., Chomsky, N. & Berwick, R. C. (2014) How Could Language
Have Evolved? PLoS Biol 12(8): €1001934. Doi: 10.1371/journal.pbio.1001934.

Brainard, M.S. & Doupe, A. J. (2002). What songbirds teach us about learning. Nature, 417,
315-358. Doi: 10.1038/417351a

Britannica, T. Editors of Encyclopedia (2020, April 2). Killer whale. Encyclopedia
Britannica. https://www.britannica.com/animal/killer-whale

Britannica, T. Editors of Encyclopedia (1998, July 20). Vocalization. Encyclopedia
Britannica. https://www.britannica.com/science/vocalization

Chomsky, N. (2004) Biolinguistics and the Human Capacity, Lecture at MTA, Budapest,
May 17, 2004. https://chomsky.info/20040517/

Chomsky (2005). Three Factors in Language Design, Linguistic Inquiry, 36,1 (Winter 2005),
1-22.

74



Chomsky, N. (2010). Some simple evo devo theses: How true might they be for language?
InR. Larson, V. Déprez, & H. Yamakido (Eds.), The Evolution of Human Language:
Biolinguistic Perspectives Cambridge: Cambridge University Press, 45-62.

Chomsky, N. (2011). Language and Other Cognitive Systems. What Is Special About
Language? Language Learning and Development, 7(4), 263-278. Doi:
10.1080/15475441.2011.584041

Chomsky, N. (2015a) The Minimalist Program: 20th Anniversary Edition. Cambridge,
Massachusetts: The MIT Press.

Chomsky, N. (2015b) The Galilean Challenge: Architecture and Evolution of Language. J.
Phys.: Conf. Ser. 880 012015. IOP Publishing. Do0i:10.1088/1742-
6596/880/1/012015 https://iopscience.iop.org/article/10.1088/1742-
6596/880/1/012015/pdf

Chomsky, N. (2016). What Kind of Creatures Are We? New York: Columbia University
Press.

Chwalibog, A., Kachar, M. & Sawosz, E. (2018). Orcas are social mammals. International
Journal of Avian &  Wildlife  Biology. 3(4), 291-295. Doi:
10.15406/ijawb.2018.03.00101

Clayton, N., Emery, N., & Dickinson, A. (2006). The rationality of animal memory:
Complex caching strategies of western scrub jays. In M. Nuuds & S. Hurley (Eds.),
Rational animals? (pp. 197-216). Oxford, England: Oxford University Press.

Cohen, E. (2012). The Evolution of Tag-Based Cooperation in Humans: The Case for
Accent. Current Anthropology, 53(5), 588-616. Doi: 10.1086/667654

Coombs, E. J., Clavel, J., Park, T., Churchill, M. & Goswami, A. (2020). Wonky whales:
the evolution of cranial asymmetry in cetaceans. BMC Biology, 18, 86. Doi:
10.1186/512915-020-00805-4

Deecke, V. B., Ford, J. K. & Slater, P. J. B. (2005). The vocal behavior of mammal-eating
killer whales: communicating with costly calls. Animal Behaviour. 69, 395-405. Doi:
10.1016/j.anbehav.2004.04.014

De Waal, F. (2017). Are We Smart Enough to Know How Smart Animals Are? New York:
WW Norton.

Di Paolo, E. A., Cuffari, E. C. & De Jaegher, H. Linguistic Bodies: The Continuity between
Life and Language. Cambridge, Massachusetts: The MIT Press.

Dor, D. and Jablonka, E. (2010). Plasticity and canalization in the evolution of linguistic
communication: an evolutionary developmental approach; in R. Larson, V. Déprez,
& H. Yamakido (Eds.), The Evolution of Human Language: Biolinguistic
Perspectives. Cambridge: Cambridge University Press, 135-147.

Eibl-Eiberfeldt, I. (1989). Human ethology. New York: Aldine de Gruyter.

Emery, N. J., & Clayton, N. S. (2001). It takes a thief to know a thief: Effects of social
context on prospective caching strategies in scrub jays. Nature, 414, 443-446.

Fernyhough, C. (2016). The Voices Within. London: Profile Books

Filatova, O. A., Fedutin, I. D., Nagaylik, M. M., Burdin, A. M. Hoyt, E. (2009). Usage of
monophonic and biphonic calls by free-resident killer whales (Orcinus orca) in
Kamchatka, Russian Far East. Acta Ethologica. 12(1), 37—44. Doi: 10.1007/s10211-
009-0056-7

Filatova, O. A., Burdin, A. M., Hoyt, E. (2010). Horizontal Transmission of VVocal Tradition
in Killer Whale (Orcinus orca) Dialects. Biology Bulletin, 37(9), 965-971. Doi:
10.1134/S1062359010090104

Filatova, O. A. & Fedutin, I. D. (2011). Responses of Kamchatkan fish-eating killer whales
to playbacks of conspecific calls. Marine Mammal Science, 27(2), E26-E42. Doi:
10.1111/5.1748-7692.2010.00433.x

75



Filatova, O. A., Guzeev, M. A., Fedutin, I. D., Burdin, A. M. & Hoyt, E. (2013). Dependence
of Killer Whale (Orcinus orca) Acoustic Signals on the Type of Activity and Social
Context. Biology Bulletin, 40(9), 790-796.

Filatova, O. A. & Miller P. J. O. (2015a). An agent-based model of dialect evolution in Killer
whales. Journal of Theoretical Biology. 373, 82—91. Doi: 10.1016/j.tbi.2015.03.020

Filatova, O. A., Samarra, F. I. P., Deecke, V. B., Ford, J. K. B., Miller, P. J. O. & Yurk, H.
(2015b). Cultural evolution of killer whale calls: background, mechanisms and
consequences. Behaviour, 152, 2001-2038. Doi: 10.1163/1568539X-00003317

Fitch, W. T., Hauser, M. D., Chomsky, N. (2005). The evolution of the language faculty:
clarifications and implications. Cognition 97:2 (2005) 179-210. Doi:
10.1016/j.cognition.2005.04.006.

Fitch, W. T. (2010). Three meanings of recursion”: key distinctions for biolinguistics; in R.
Larson, V. Déprez, & H. Yamakido (Eds.), The Evolution of Human Language:
Biolinguistic Perspectives. Cambridge: Cambridge University Press, 73-90.

Fodor, J. A, Bever. T. G. and Garrett, M. T. (1974). The Psychology of Language. New
York: McGraw-Hill

Foote, A. D. & Nystuen, J. A. (2008). Variation in call-pitch among Killer whale ecotypes.
Journal of the Acoustic Society of America, 123(3), 1747-1752. Doi:
10.1121/1.2836752

Foote, A. D., Osborne, R. W. & Hoelzel, A. R. (2008). Temporal and contextual patterns of
killer whale (Orcinus orca) call type production. Ethology, 114, 599-606.

Foote, A. D., Vijay, N., Avila-Arcos, M. C., Baird, R. W., Durban, J. W., Fumagalli, M.,
Gibbs, R. A., Hanson, M. B., Korneliussen, T. S., Martin, M. D., Robertson, K. M.,
Sousa, V. C., Vieira, F. G., Vinar, T., Wade, P., Worley, K. C., Excoffier, L., Morin,
P. A., Thomas P. Gilbert, M. T. P. & Wolf, J. B. W. (2016). Genome-culture
coevolution promotes rapid divergence of killer whale ecotypes. Nature
Communications 7:11693, 1-12. Doi: 10.1038/ncomms11693

Ford, J. K. B. & Fisher, H. D. (1986). Group-specific dialects of killer-whales (Orcinus orca)
in British Columbia. Behavioral Biology of Killer Whales, 129-161.

Ford, J. K. B. (1989). Acoustic behaviour of resident killer whales (Orcinus orca) off
Vancouver Island, British Columbia. Canadian Journal of Zoology, 67(3), 727—745.
Doi: 10.1139/289-105

Ford, J. K. B. (1991). Vocal traditions among resident killer whales (Orcinus orca) in coastal
waters of British Columbia. Canadian Journal of Zoology, 69, 1454-1483.

Ford, J. K. B. (2002). Killer whale orcinus orca. In Perrin W. F., Wursig, B. and Thewissen,
J. G. M. The Encyclopedia of Marine Mammals. San Diego, CA: Academic Press:
pp. 669-679.

Forney, K. A. & Wade, P. (2006). Worldwide Distribution and Abundance of Killer Whales.
Doi: 10.1525/California/9780520248847.003.0012

Fox, K. C. R., Muthukrishna, M. & Shultz, S. (2017). The social and cultural roots of whale
and dolphin brains. Nature, Ecology & Evolution, 1, 1699-1705. Doi:
10.1038/s41559-017-0336-y

Fridland, E. & Moore, R. (2014). Imitation Reconsidered. Philosophical Psychology, 28(6),
856-880. Doi: 10.1080/09515089.2014.942896

Gallistel, C. R. (2011). Prelinguistic Thought. Language Learning and Development, 7, 253—
262. DOI: 10.1080/15475441.2011.578548

Garcia, M. & Favaro, L. (2017). Animal vocal communication: function, structures, and
production mechanisms. Current Zoology, 63 (4), 417-419. Doi: 10.1093/cz/zox040

Gentner, T. Q., Margoliash, D. & Nusbaum, H. C. (2006). Recursive syntactic pattern
learning by songbirds, Nature, 440 (7088) 1204-1207. doi:10.1038/nature04675

76



Graham, M.A. & Noonan, M. (2010). Call Types and Acoustic Features Associated with
Aggressive Chase in the Killer Whale (Orcinus orca). Aquatic Mammals, 36(1), 9-
18. Doi: 10.1578/AM.36.1.2010.9

Guinet, C. (1992). Comportement de chasse des orques (Orcinus orca) autour des iles Corzet.
Canadian Journal of Zoology, 70, 1656-1667. Doi: 10.1139/z92-231

Hauser, M. D. (1996). The Evolution of Communication. Cambridge, Massachusetts: The
MIT Press.

Hauser, M. D., Chomsky, N. & Fitch, W. T. (2002). The Faculty of Language: What Is It,
Who Has It, and How Did It Evolve? Science, 298(5598), 1569-1579. Doi:
10.1126/science.298.5598.1569

Hauser, M. D., Yang, C., Berwick, R. C., Tattersall, I., Ryan, M., Watumull, J., Chomsky,
N. & Lewontin, R. (2014). The mystery of language evolution. Frontiers in
Psychology, 5(282). Doi: 10.3389/fpsyg.2014.00401

Hendry, A. P. (2017). Eco-evolutionary Dynamics. Princeton: Princeton University Press.

Herman, L. M., Richards, D. G. & Wolz, J. P. (1984). Comprehension of sentences by
bottlenosed dolphins.  Cognition, 16(2), 129-219. Doi: 10.1016/0010-
0277(84)90003-9

Herzing, D. L. (1996). Vocalizations and associated underwater behavior of free-ranging
Atlantic spotted dolphins, Stenella frontalis and bottlenose dolphins, Tursiops
truncatus. Aquatic Mammals 22(2), 61-79. Doi: 10.12966/abc.02.02.2015

Hoffmann, D. L., Standish, C. D., Garcia-Diez, M., Pettitt, P. B., Milton, J. A., Zilhdo, J.,
Alcolea-Gonzélez, J. J., Cantelejo-Duarte, P., Collado, H., de Balbin, R,
Lorblanchet, M., Ramos-Mufioz, J., Weniger, G.-Ch. & Pike, A. W. G. (2018). U-
Th dating of carbonate crusts reveals Neandertal origin of Iberian cave art. Science,
359 (6378), 912-915. Doi: 10.1126/science.aap7778.

Holt, M. M. (2008). Sound Exposure and Southern Resident Killer Whales (Orcinus orca):
A Review of Current Knowledge and Data Gaps. NOAA Technical Memorandum
NMFS-NWFSC-89. NOAA National Oceanic and Atmospheric Administration. Doi:
10.13140/2.1.2038.6567

Hurlburt, R. T. (1997). Randomly Sampling Thinking in the Natural Environment. Journal
of Consulting an Clinical Psychology 65: 6, 941-949.

Icelandic Orca Project. Herding calls [audio recording] [soundtrack] SoundCloud.
https://soundcloud.com/user-452682658
Low frequency sounds produced by Icelandic orcas [audio recording] [soundtrack]
SoundCloud. https://soundcloud.com/user-452682658
Acoustic recording of Icelandic orcas foraging [audio recording] [soundtrack]
SoundCloud. https://soundcloud.com/user-452682658

Jackendoff, Ray (2010). Your theory of language evolution depends on your theory of
language; in R. Larson, V. Déprez, & H. Yamakido (Eds.), The Evolution of Human
Language: Biolinguistic Perspectives. Cambridge: Cambridge University Press, 63-
72.

Janik, V. M., Sayigh, L. S. & Wells, R. S. (2006). Signature whistle shape conveys identity
information to bottlenose dolphins. PNAS, 103(21), 8293-8297. Doi:
10.1073/pnas.0509918103

Jasielczuk-Lando, M. (2020, June, 22). An Alien in Our Sea: A look at the intelligence of an
octopus.  Edinburgh  University Science  Magazine. Retrieved from
http://eusci.org.uk/2020/06/22/an-alien-in-our-sea-a-look-at-the-intelligence-of-an-
octopus/

Jenkins, Lyle (1997). Biolinguistics - Structure, Development and Evolution of Language;
Introduction to MIT conference on “Generative Grammar since Syntactic Structures”

77


https://ase.tufts.edu/cogstud/jackendoff/papers/languageevolution.pdf
https://ase.tufts.edu/cogstud/jackendoff/papers/languageevolution.pdf

http://citeseerx.ist.psu.edu/viewdoc/download;jsessionid=SFB6A20BCA8D017297
A14C0OB54CA82DF?doi=10.1.1.35.1374&rep=rep 1 &type=pdf

Jenkins, Lyle (2000). Biolinguistics: Exploring the Biology of Language. Cambridge:
Cambridge University Press.

Jenkins, Lyle (Ed.) (2004). Variation and Universals in Biolinguistics. Amsterdam - Boston
- Heidelberg - London - New York - Oxford - Paris - San Diego - San Francisco -
Singapore - Sydney - Tokyo: Elsevier.

Kalashnikova, M., Carignan, C., Burnham, D. (2017). The origins of babytalk_ Smiling
teaching or social convergence? Royal Society of Open Science, 4(8), 170306, Doi:
10.1098/rs0s.170306.

King, S. L. & Janik, V. M. (2013). Bottlenosed dolphins can use learned vocal labels to
address each other. Proceedings of the National Academy of Sciences of the United
States of America. Doi: 10.1073/pnas.1304459110

Lammers, M. O. & Au, W. W. L. (2006). Directionality in the whistles of Hawaiian spinner
dolphins (Stenella longirostris): a signal feature to cure direction of movement?
Marine  Mammal  Science, 19(2), 249-264. Doi: 10.1111/}.1748-
7692.2003.tb01107.x

Larson, R., Déprez, V., Yamakido, H. (Eds.) (2010). The Evolution of Human Language:
Biolinguistic Perspectives. Cambridge: Cambridge University Press. Doi:
10.1017/CB0O9780511817755.003

Leder, D., Hermann, R., Hils, M., Russo, G., Hoelzmann, P., Nielbock, R., Béhner, U.,
Lehmann, J., Meier, M., Schwalb, A., Troller-Reimer, A., Koddenberg, T. &
Terberger, T. (2021). A 51,000-year-old engraved bone reveals Neanderthals’
capacity for symbolic behaviour. Nature Ecology & Evolution, Doi: 10.1038/s41559-
021-01487-z

Liddle, M-J. E., Bradley, B. S., McGrath, A. J. (2015) Baby empathy: Infant distress and
peer prosocial responses. Infant Mental Health Journal, 36(4), 446-458. Doi:
10.1002/imhj.21519

Malene, S., McGregor, P. K., Ugarte, F. The relationship between the acoustic behaviour
and surface activity of killer whales (Orcinus orca) that feed on herring (Clupea
harengus). Acta Ethologica, 10(2), 47-53. Doi: 10.1007/s10211-007-0029-7.

Marino, L., McShea, D. W., Uhen, M. D. (2004). Origin and evolution of large brains in
toothed whales. The Anatomical Record: Advances in Integrative Anatomy and
Evolutionary Biology, 281A, 1247-1255. Doi: 10.1002/ar.a.20128

McCowan, B., Reiss, D. (2001). The fallacy of ‘signature whistles’ in bottlenose dolphins:
a comparative perspective of ‘signature information’ in animal vocalizations. Animal
Behaviour, 62(6), 1151-1162. Doi: 10.1006/anbe.2001.1846

Merriam-Webster. (n.d.). Syntax. In Merriam-Webster.com dictionary. Retrieved April 14,
2021, from https://www.merriam-webster.com/dictionary/syntax

Miller, P. J. O. (2002). Mixed-directionality of killer whale stereotyped calls: a direction of
movement cue? Behavioral Ecology and Sociobiology. 52(3), 262-270. Doi:
10.1007/s00265-002-0508-9

Miller, P. J. O., Shapiro, A. D., Tyack, P. L. & Solow, A. R. (2004). Call-type matching in
vocal exchanges of free-ranging resident killer whales, Orcinus orca. Animal
Behaviour, 67(6), pp. 1099-1107. Doi: 10.1016/j.anbehav.2003.06.017

Morton, A. B., Gale, J. D. & Prince R. C. (1986). Sound and behavioral correlations in
captive Orcinus orca. In B.C. Kirkevold & J. S. Lockard (Eds.), Behavioral Biology
of Killer Whales (pp. 303-333) New York: Alan R. Liss.

Miller, G. B. (2007). Evo-devo: Extending the evolutionary synthesis. Nature Review
Genetics, 8(12), 943-949. Doi: 10.1038/nrg2219

78



Nattrass, S., Croft, D. P., Ellis, S., Cant, M. A., Weiss, M. N., Wright, B. M., Stredulinsky,
E., Doniol-Valcroze, T., Ford., J. K. B., Balcomb, K. C. & Franks, D. W. (2019).
Postreproductive Kkiller whale grandmothers improve the survival of their
grandoffspring. PNAS, 116(52), 26669-26673. Doi: 10.1073/pnas.1903844116

Norman, L. J., Dodsworth, C., Foresteire, D., Thaler, L. (2021). Human click-based
echolocation: Effects of blindness and age, and real-life implications in a 10-week
training program. PLOS ONE 16(6): €0252330. Doi: 10.1371/journal.pone.0252330

Nummela, S., Thewissen, J. G .M., Bajpali, S., Hussain, S. T. & Kumar, K. (2004). Eocene
evolution of whale hearing. Nature, 430, 776—778. Doi: 10.1038/nature02720

Ocean Today. (n.d.). Killer Whale Anatomy. Retrieved from
https://oceantoday.noaa.gov/killerwhaleanatomy/

Pavid, K. (2020, July 10). Echolocation gives whales lopsided heads. Retrieved from
https://www.nhm.ac.uk/discover/news/2020/july/echolocation-gives-whales-
lopsided-heads.html

Pérez-Manrique, A. & Gomila, A. (2018). The comparative study of empathy: sympathetic
concern and empathetic perspective-taking in non-human animals. Biological
Reviews, 93, 248-269. Doi: 10.1111/brv.12342

Pinker, S. & Jackendoff, R. The faculty of language: what’s special about it? Cognition 95
(2005) 201-236. D0i:10.1016/j.cognition.2004.08.004

Premack, D. (1976). Intelligence in Ape and Man. Hillsdale, New Jersey: Erlbaum.

Rehn, N., Filatova, O. A., Durban, J. W. & Foote, A. D. (2010). Cross-cultural and cross-
ecotype production of a killer whale ’excitement’ call suggests universality.
Naturwissenschaften, 98(1), 1-6. Doi: 10.1007/s00114-010-0732-5

Rehn, N., Teichert, S., Thomsen, F. (2007). Structural and temporal emission patterns of
variable pulsed calls in free-ranging killer whales (Orcinus orca). Behaviour, 144(3),
307-329. Doi: 10.1163/156853907780425703

Rey, A., Perruchet, P. & Fagot, J. (2011). Centre-embedded structures are a by-product of
associative learning and working memory constraints: Evidence from baboons
(Papio Papio). Cognition 123 (2012) 180-184. D0i:10.1016/j.cognition.2011.12.005

Riesch, R., Ford, J. K. B., Thomsen, F. (2006). Stability and group specificity of stereotyped
whistles in resident killer whales, Orcinus orca, off British Columbia. Animal
Behaviour, 71(1), 79-91. Doi: 10.1016/j.anbehav.2005.03.026

Riesch, R., Ford, J. K. B., Thomsen, F. (2008). Whistle sequences in wild Killer whales
(Orcinus orca). The Journal of the Acoustical Society of America, 124(3), 1822—
1829. Doi: 10.1121/1.2956467

Riesch, R. & Deecke, V. (2011). Whistle communication in mammal-eating killer whales
(Orcinus orca): Further evidence for acoustic divergence between ecotypes. (2011).
Behavioral Ecology and Sociobiology, 65(7), 1377-1387. Doi: 10.1007/s00265-011-
1148-8

Rose, N. A. (1992). The Social Dynamics of Male Killer Whales, Orcinus orca in Johnstone
Strait, British Columbia: PhD 1992.

Russell, A. F., Townsend, S.W. (2017). Communication: Animal Steps on the Road to
Syntax? Current Biology, 27(15), R753-R755. Doi: 10.1016/j.cub.2017.06.066

Samarra, F. (2010). Killer whales (Orcinus orca) produce ultrasonic whistles. The Journal
of Acoustical Society of America, 128(5), EL205-EL210. Doi: 10.1121/1.3462235

Samarra, F. 1. P., Miller, P. J .O., Deecke, V. B. and Simonis, A. E. (2015). Geographic
variation in the time-frequency characteristics of high frequency whistles produced
by killer whales (Orcinus orca). Marine Mammal Science, 31(2), 688-706. Doi:
10.1111/mms.12195

79



Saulitis, E. L., Matkin, G. & Fay, F. H. (2005). Vocal repertoire and acoustic behavior of the
isolated AT1 killer whale subpopulation in Southern Alaska. Canadian Journal of
Zoology, 83(8), 1015-1029. Doi: 10.1139/z05-089

SeaWorld. (n.d.). Sound in the Sea. Retrieved from https://bit.ly/3vtp8IU

Shapiro, A. D., Tyack, P. L., Seneff, S. (2011). Comparing call-based versus subunit-based
methods for categorizing Norwegian Killer whale, Orcinus orca, vocalizations.
Animal Behaviour, 81(2), 377-386. Doi: 10.1016/j.anbehav.2010.09.020

Simila, T., & Ugarte, F. (1993). Surface and underwater observations of cooperatively
feeding Killer whales in northern Norway. Canadian Journal of Zoology, 71(8),
1494-1499. Doi: 10.1139/z93-210

Simon, M., Ugarte, F., Wahlberg, M., Miller, L.A. (2006). Icelandic Killer Whales Orcinus
Orca Use a Pulsed Call Suitable for Manipulating the Schooling Behaviour of
Herring Clupea Harengus. Bioacoustics: The International Journal of Animal Sound
and its Recording, 16(1), 57—74. Doi: 10.1080/09524622.2006.9753564

Skulason, S., Parsons, K. J., Svanback, R., Rasanen, K., Ferguson, M. M., Adams, C. E.,
Amundsen, P-A., Bartels, P., Bean, C. W., Boughman, J. W., Englund, G.,
Gudbrandsson, J., Hooker, O. E., Hudson, A. G., Kahilainen, K. K., Knudsen, R.,
Kristjansson, B. K., Leblanc, C. A-L., Jonsson, Z., Ohlund, G., Smith, C., Snorrason
& S. S. (2019). A way forward with eco evo devo: an extended theory of resource
polymorphism with postglacial fishes as model systems. Biological Reviews, 94(5),
1786-1808. Doi: 10.1111/brv.12534

Smolker, R., Richards, A., Connor, R., Mann, J. & Berggren, P. (2010). Sponge Carrying by
Dolphins (Delphinidae, Tursiops sp.): A Foraging Specialization Involving Tool
Use? Ethology: International Journal of Behavioural Biology, 103(6), 454-465. Doi:
10.1111/5.1439-0310.1997.tb00160.x

Stephenson, B. (2015). Ritual: A Very Short Introduction. Oxford University Press.

Suzuki, T. N., Wheatcroft, D., Griesser, M. (2017). Wild Birds Use an Ordering Rule to
Decode Novel Call Sequences. Current Biology, 27(15), 2331-2336. Doi:
10.1016/j.cub.2017.06.031

Suzuki, T. N., Wheatcroft, D., Griesser, M. (2019). The syntax—semantics interface in animal
vocal communication. Philosophical Transactions of The Royal Society B Biological
Sciences, 375(1789), 20180405. Doi: 10.1098/rsth.2018.0405

Tallerman, M. & Gibson, K. R. (eds.). (2011). Introduction: The evolution of language. The
Oxford Handbook of Language Evolution. Doi:
10.1093/0oxfordhb/9780199541119.013.0001

Tattersall, 1. (2008) An Evolutionary Framework for the Acquisition of Symbolic Cognition
by Homo sapiens. Comparative Cognition & Behavior Reviews 3, 99-114. doi:
10.3819/cchbr.2008.30006

Tattersall, 1. (2012). Masters of the planet. New York: Palgrave Macmillan.

Tennie, C., Call, J., Tomasello, M. (2006). Push or Pull: Imitation vs. Emulation in Great
Apes and Human Children. Ethology: International Journal of Behavioural biology.
Doi: 10.1111/.1439-0310.2006.01269.x

Thewissen, J. G. M., Cooper, L. N., George, J. C. & Bajpai, S. (2009). From Land to Water:
the Origin of Whales, Dolphins, and Porpoises. Evolution: Education and Outreach,
2, 272-288. Doi: 10.1007/s12052-009-0135-2

Thomsen, Franck & Ford. (2001). Characteristics of whistles from the acoustic repertoire of
resident killer whales (Orcinus orca) off VVancouver Island, British Columbia. The
Journal of the Acoustical Society of America, 109(3), 1240-1246. Doi:
10.1121/1.1349537

80



Thomsen, Franck & Ford. (2002). On the communicative significance of whistles in wild
killer whales (Orcinus orca). The Science of Nature, 89, 404-407. Doi:
10.1007/s00114-002-0351-x

Tomasello, M. (2008). Origins of Human Communication. Cambridge, MA: The MIT Press.

Tramacere, A. & Moore R. (2019). The evolution of skilled imitative learning: A social
attention hypothesis. In E. Fridland, E. & C. Pavese (Eds.), The Routledge Handbook
on Skill and Expertise. Routledge.

Van Opzeeland, I. C., Corkeron, P. J., Leyssen, T., Simil4, T. & Van Parijs, S. M. (2005).
Acoustic Behaviour of Norwegian Killer Whales, Orcinus orca, During Carousel and
Seiner Foraging on Spring-Spawning Herring. Aquatic Mammals, 31(1), 110-119.
Doi: 10.1578/AM.31.1.2005.110

Van Parijs, S. M., Leyssen, T., Simil4, T. Sounds produced by Norwegian killer whales,
Orcinus orca, during capture. (2004) The Journal of the Acoustical Society of
America, 116(1), 557-560. Doi: 10.1121/1.1763954

Weilgart, L. & Whitehead, H. (2011). Coda vocalizations in sperm whales (Physeter
macrocephalus) of the Galapagos Islands. Canadian Journal of Zoology 71(4), 744—
752. Doi: 10.1139/293-098

Weiss, M. N., Franks, D. W., Giles, D. A., Youngstrom, S., Wasser, S. K., Balcomb, K. C.,
Ellifrit, D. K., Domenici, P., Cant, M. A,, Ellis, S., Nielsen, M. L. K., Grimes, C. &
Croft D. (2021). Age and sex influence social interactions, but not associations,
within a killer whale pod. Proceedings of the Royal Society of Publishing, 288(1953),
Doi: 10.1098/rspbh.2021.0617

Weiss, B. M., Ladich, F., Spong, P., Symonds, H. (2006). Vocal behavior of resident Killer
whale matrilines with newborn calves: The role of family signatures. The Journal of
the Acoustical Society of America, 119(1), 627-635. Doi: 10.1121/1.2130934

Weiss, B. M., Symonds, H., Spong, P. & Ladich, F. (2007). Intra- and intergroup vocal
behavior in resident killer whales, Orcinus orca. The Journal of the Acoustical
Society of America, 122(6), 3710-3716. Doi: 10.1121/1.2799907

Whale and Dolphin Conservation. (n.d.). What Is an Orca Pod? Retrieved from
https://uk.whales.org/whales-dolphins/what-is-an-orca-pod/

Yu, C-L. & Chou, T-L. (2018). A Dual Route Model of Empathy: A Neurobiological
Prospective. ~ Frontiers in  Psychology, 9, Article 2212. Doi:
10.3389/fpsyg.2018.02212

Yurk, H., Filatova, O., Matkin, C. O., Barrett-Lennard, L. G. & Brittain, M. (2010).
Sequential Habitat Use by Two Resident Killer Whale (Orcinus orca) Clans in
Resurrection Bay, Alaska, as Determined by Remote Acoustic Monitoring. Aquatic
Mammals, 36(1), 67—78. Doi: 10.1578/AM.36.1.2010.67

Yurk, H., Barrett-Lennard, L., Ford, J. K. B., Matkin, C. O. (2002). Cultural transmission
within maternal lineages: vocal clans in resident killer whales in southern Alaska.
Animal Behaviour, 63(6), 1103-1119. Doi: 10.1006/anbe.2002.3012

81



	Abstract
	Útdráttur
	Contents
	Þakkir (Acknowledgements)
	1. Introduction
	1.1 Killer whales and their lifestyle
	1.2 Purpose and plan of this study

	2. Chomsky on language and speech
	3. The vocalizing behavior of killer whales: a survey
	3.1. Phonetic classification of orca vocalizations
	3.1.1. Echolocation clicks
	3.1.2. Pulsed calls
	3.1.3. Whistles

	3.2. Syntactic aspects of vocalizations
	3.2.1. Might there be an orca syntactical symbolization faculty as a counterpart to the human FLN?
	3.2.2. The issue of recursion

	3.3. Semantic aspects of vocalizations

	4.  Functional aspects of orca vocalizations
	4.1 Communicative vocalization
	4.2. Some behavioral functions of orca vocalizations
	4.2.1. Slow-traveling
	4.2.2. Socializing
	4.2.3. Surface-active
	4.2.4. Milling
	4.2.5. Traveling
	4.2.6. Foraging and hunting
	4.2.7. Milling after kill (typically of a marine mammal)
	4.2.8. (Group-)resting
	4.2.9. Beach rubbing

	4.3. The different functions of echolocation clicks, pulsed calls and whistles
	4.4. Function, cooperation and socialization
	4.5. Expressing emotion and the psychological aspects of vocalization

	5. Evolutionary questions concerning killer whale vocalization
	5.1. May the evolution of language be equated with the evolution of FLN?
	5.2. Leaving “language” aside
	5.3. The specific focus of our evolutionary inquiry
	5.4. On the evolution of the orca symbolic vocalization faculty
	5.5. Two kinds of evolutionary accounts
	5.6. Still another framing of evolutionary accounts

	6. Orca symbolic vocalization from an evolutionary perspective
	6.1 The evolutionary roots of orca symbolic vocalization
	6.1.1 How does the environment of killer whales interact with developmental processes?
	6.1.2 How do changes in the vocalization environment influence phenotypic evolution?
	6.1.3 How does developmental evolution affect the vocalization environment?


	7. Conclusion
	7.1 Some uncertainties concerning orca symbolic interaction, vocal and otherwise, and its evolution

	Bibliography

