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Training animals such as apes, gray parrots, or dolphins that communicate via arbitrary symbols with humans has revealed astonishing mental capacities that may have otherwise gone unnoticed. Albeit bats have not yet been trained to communicate via symbols with humans, we are convinced that some species, especially captive Pteropodid bats (“flying foxes”), show the potential to master this cognitive task. Here, we briefly review what is known about bats’ cognitive skills that constitute relevant prerequisites for symbolic communication with humans. We focus on social learning in general, trainability by humans, associative learning from humans, imitation, vocal production learning and usage learning, and social knowledge. Moreover, we highlight potential training paradigms that could be used to elicit simple “symbolic” bat-human communication, i.e., training bats to select arbitrary symbols on a touchscreen to elicit a desired behavior of the human caregiver. Touchscreen-proficient bats could participate in cognition research, e.g., to study their numerical competence or categorical perception, to further elucidate how nonhuman animals learn and perceive the world.
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INTRODUCTION

Language is crucial to transmit information, share and accumulate knowledge across generations, and promote humans’ cumulative culture (Tomasello, 2000; Herrmann et al., 2007; Fitch et al., 2010). Therefore, language drives and is driven by social cognition (Tomasello, 1992; Fitch et al., 2010). Besides a large set of physical cognitive skills, language particularly requires sociocognitive skills. Physical cognitive skills include memory, categorical perception and discrimination, perceptual processing, and recognition; and some researchers would also include general learning abilities such as fast mapping or associative learning as additional prerequisites (Gopnik et al., 1999; Vihman, 2014). Sociocognitive skills include, for example, social learning and theory of mind (Tomasello, 2003; Cheney and Seyfarth, 2007; Herrmann et al., 2007; Fitch et al., 2010). A remarkable form of social learning is our ability for imitation which plays a fundamental role in speech (or sign) acquisition (Oller, 1980; Petitto and Marentette, 1991; Vihman, 2014; Fitch, 2018). Infants acquire speech through imitation of the fundamental speech subunits, i.e., syllables, based on auditory input (Oller, 1980; Vihman et al., 1986). Whereas the ability of vocal production learning, i.e., the modification of one’s own oral output based on social input, represents the mechanistic part of speech production, social knowledge is required to develop the semantic capacities of language (Tomasello, 1992, 2000; Fitch et al., 2010). The cognitive skills of joint attention, gaze responsiveness, and pointing pave the way for the developing the theory of mind in young infants (Carpenter and Tomasello, 1995; Gopnik et al., 1999; Tomasello, 2003). Joint attention, for example, is important for understanding others and enhances word learning (MacNamara, 1972; Gopnik et al., 1999; Tomasello, 2003). The development of these sociocognitive skills and, ultimately, language acquisition are shaped and promoted through social interaction (Tomasello, 1992; Kuhl, 2007; Goldstein and Schwade, 2010). Social feedback is also important for non-human vocal production learners (Goldstein and Schwade, 2010; Beecher, 2017; García, 2019), in particular, when learning non-species-specific vocalizations as the interaction in itself is already a form of communication (Pepperberg, 1992, 1994, 2002), or when learning to communicate via arbitrary symbols (Reiss and McCowan, 1993).

Language can be understood as a system of symbols whose elements (for example, words) can be arranged according to rules (through grammar) to create new meaningful units (such as sentences). Thus, the power of human symbolic communication is based upon the fact that the meaning of words can gain additional meaning through their relationship to other words, i.e., a sign-sign relationship (Sinha, 2004; Nieder, 2009). In contrast, non-human animal communication systems have indexical referential associations, i.e., they are based on a direct physical or temporal relation between sign-object or sign-event (Sinha, 2004; Nieder, 2009). The evolutionary transition from indexical communication in animals to symbolic communication in humans is considered to be associated with the emergence of language and symbolic thought (Deacon, 1998; Sinha, 2004; Nieder, 2009; Grouchy et al., 2016).

Even though only humans are thought to possess naturally occurring symbolic communication systems (i.e., natural languages, numerical systems), several other species such as apes, gray parrots, and dolphins can be trained to use symbols to express their needs/preferences when communicating with conspecifics (Fouts et al., 1984; Cianelli and Fouts, 1998; Pepperberg, 2009) or with humans (Gardner and Gardner, 1969; Herman et al., 1984; Schusterman and Krieger, 1984; Gisiner and Schusterman, 1992; Reiss and McCowan, 1993; Sevcik and Savage-Rumbaugh, 1994; Pepperberg, 2009). Symbolic communication between humans and animals can involve acoustic signals and speech (Herman et al., 1984; Pepperberg, 2009), gestures (Herman et al., 1984; Schusterman and Krieger, 1984, 1986), and technical interfaces such as TV monitors (Herman et al., 1990), interactive keyboards (Savage-Rumbaugh and Rumbaugh, 1978; Savage-Rumbaugh et al., 1980; Reiss and McCowan, 1993), or touchscreens (Nilsson et al., 2004; Amundin et al., 2008).

Training animals to communicate via arbitrary symbols has revealed astonishing mental capacities (Pepperberg, 1987, 2006; Boysen and Berntson, 1989; Reiss and McCowan, 1993; Savage-Rumbaugh and Fields, 2000; Kilian et al., 2003) which could have been overlooked if only the animals’ naturally occurring communication signals had been decoded. When animals communicate with humans via learned arbitrary symbols, sign-object and sign-event relations are much more common than sign-sign relations (Sevcik and Savage-Rumbaugh, 1994; Pepperberg, 2009). Nevertheless, this simple “symbolic” communication is highly useful for understanding which cognitive prerequisites were necessary for the evolution of true symbolic communication, i.e., language in humans. Moreover, it allows for an in-depth investigation of species-specific mental capacities. Researchers documented, for example, cognitive skills such as numerical competence (Boysen and Berntson, 1989; Pepperberg, 2006), concept formation (Pepperberg, 1987), associative learning capabilities, and self-organized learning events (Reiss and McCowan, 1993).

Here, we want to give our perspective on the potential capability of bats to communicate with humans by using arbitrary symbols. Albeit bats have not yet been trained to communicate via symbols with humans, we are convinced for reasons that we outline below, that they show the potential to master this cognitive task. Bats are a very gregarious taxon comprising >1,400 extant species and exhibit a large spectrum of social systems with differing degrees of complexity (Wilkinson et al., 2019). Because taxonomic breadth is crucial for studying cognitive adaptations and achievements (Dukas, 2004), bats are an important taxon for comparative cognition research. Many bat species are long-lived (up to 30 years in the wild; Barclay and Harder, 2003) and most species either live in perennial stable groups (Wilkinson and Boughman, 1998) or have a social organization characterized by fission-fusion dynamics (Kerth, 2008). Both forms of temporal consistency in social interactions between group members pose different requirements on the cognitive abilities of the animals because they differ considerably in terms of relevant group size, frequency of repeated encounters, and consistency of social relationships.

Acoustic communication is one of the main channels for information transfer used by bats (Chaverri et al., 2018). In addition to echolocation (i.e., for navigation and foraging), different bat species possess diverse vocal repertoires and specific vocalization types which encode various information types such as emotional state (Bastian and Schmidt, 2008; Walter and Schnitzler, 2019) and identity information such as social group affiliation (Wilkinson and Boughman, 1998; Knörnschild et al., 2012), age (Jones et al., 1991; Fernandez and Knörnschild, 2017), and individual signatures (Carter et al., 2008; Chaverri et al., 2010). Vision and olfaction, the other two main sensory modalities in bats, are less well understood. Both phylogeny and species-specific dietary preferences influence bats’ visual capabilities (Figure 1): whereas most Old Word fruit bats (Pteropodidae) rely almost exclusively on vision for orientation (Möhres and Kulzer, 1956), only some members of the genus Rousettus can use rudimentary echolocation based on tongue clicks (Grinnell and Hagiwara, 1972). Acoustics are of crucial importance to insectivorous bats which capture their prey via echolocation (Neuweiler, 1989). In contrast to insectivorous bats, nectarivorous and frugivorous bats have comparably larger eyes and a better vision (Zhao et al., 2009), even though they predominantly rely on echolocation as well, especially at short range-distances (Winter et al., 2005; Holland, 2007). Olfaction plays an important additional role for foraging Pteropodids and frugivorous or nectarivorous Neotropical bats (Korine and Kalko, 2005; Raghuram et al., 2009; Gonzalez-Terrazas et al., 2016). Olfactory signals are also important mediators for social communication (Safi and Kerth, 2003; Voigt et al., 2008). However, bat olfaction will not be discussed further as this sensory modality is not well suited for training paradigms discussed later.
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FIGURE 1. Knowledge about species-specific strength and weaknesses in perception, maneuverability, and dexterity must inform the training paradigms for bat-human communication, e.g., with a touchscreen. Whereas most bats rely on echolocation to perceive the world, many species also use vision to a certain degree. For the Pteropodid bats (“flying foxes”), vision is the most important sense and only some members of the genus Rousettus can use rudimentary echolocation based on tongue clicks. Whereas Pteropodid bats reach comparatively high levels of dexterity with their wings and claws and often use them to manipulate objects, many non-Pteropodid bats do not. In turn, non-Pteropodid bats generally show greater aerial maneuverability than Pteropodid bats. Thus, visually oriented bats with high dexterity should be trained to use a “classical” touchscreen with visual symbols which they can approach by crawling/climbing whereas echoacoustically oriented bats with high aerial maneuverability should be trained to use a touchscreen with reflective symbols which they can activate with their sonar beam while hovering in front of it. If necessary, intermediate forms of these two extremes should be used to best accommodate a species’ capabilities. The three depicted bat species represent the range of diverse species covered in the text: Myotis nattereri, an insectivorous gleaner (photo credit: Ján Svetlík), Glossophaga soricina, a nectarivorous flower-visiting bat (photo credit: Marco Tschapka), and Rousettus aegyptiacus, a frugivorous pteropodid (photo credit: Lithuanian Zoological Gardens).


In the following, we briefly review what cognitive skills that constitute relevant prerequisites for symbolic communication are already known to be present in bats. Furthermore, we highlight potential training paradigms which could be used to elicit simple “symbolic” bat-human communication, i.e., bats using learned arbitrary symbols to elicit a desired behavior of the human caregiver. We hope to highlight practical approaches for future studies on symbolic communication in bats.



SOCIAL LEARNING

Social learning occurs when animals learn from others that they observe or with whom they interact, for example, about foraging strategies or predator avoidance (Hoppitt and Laland, 2013). In bats, social learning is widespread and includes learning about roost‐ or food-related information as well as vocal production learning (reviewed in Wilkinson and Boughman, 1999; Wright, 2016). Learning from conspecifics has received much more attention than learning from heterospecific bats (Page and Bernal, 2020); the latter has been investigated in only a few species so far (Clarin et al., 2014; Patriquin et al., 2018). Moreover, the majority of studies demonstrated horizontal social learning, i.e., adults learning from adults, whereas vertical social learning, i.e., pups learning from adults, is currently understudied and yields both positive (Ripperger et al., 2019) and negative results (Rose et al., 2019). Although bats learn faster from other bats than from humans (Gaudet and Fenton, 1984; Clarin et al., 2014), humans can nevertheless elicit associative learning in bats and train them to perform specific actions (reviewed in Siemers and Page, 2009).



ASSOCIATIVE LEARNING

Bats readily learn to associate a particular cue with a specific outcome, either by themselves via trial-and-error learning or from others via social learning. Associative learning has been mainly demonstrated in a foraging context (reviewed in Wilkinson and Boughman, 1999; Wright, 2016). Bats can be trained to associate various novel cues with a food reward, e.g., light cues (Clarin et al., 2014), acoustic cues (Jones et al., 2013), echoacoustic, i.e., reflective cues (Simon et al., 2014), olfactory cues (Page et al., 2012), and visual cues (Manske and Schmidt, 1979). Gleaning bats, i.e., species that capture prey from substrates, seem to be especially well suited for food-related associative learning tasks (Siemers, 2001; Page and Ryan, 2006; Hulgard and Ratcliffe, 2014; Patriquin et al., 2018). Nectarivorous bats also exhibit strong associative learning in a foraging context and can be trained to discriminate fine-scale differences between sensory cues (von Helversen, 2004; Simon et al., 2006; Ross and Holderied, 2013) but they generally rely more on spatial cues than sensory cues (Thiele and Winter, 2005; Stich and Winter, 2006; Carter et al., 2010). Insectivorous bats can be trained to recognize 3-D objects as acoustic landmarks and associate them with safe passage through a net opening (Yu et al., 2019). In many species, learned associations are flexible and bats can be trained to reverse their initial associations (Page and Ryan, 2005; Clarin et al., 2013; Ross and Holderied, 2013). There is very little data on how long learned associations are remembered but current evidence suggests that bats have good short‐ and long-term memory (Ruczyński and Siemers, 2011; Page et al., 2012; Clarin et al., 2014; but see: Hernández-Montero et al., 2020). The above-mentioned examples used positive reinforcement but associative learning can also be negatively reinforced. Bats readily acquire taste aversions, e.g., by associating a novel acoustic cue with a noxious food reward (Bates and Fenton, 1990) or a novel flavor cue with an episode of toxicosis (Ratcliffe et al., 2003).



TRAINABILITY BY HUMANS

Various techniques can be applied to coax bats to participate in associative learning tasks (reviewed in Siemers and Page, 2009). Two important techniques for training bats are fading and shaping (Terrace, 1963; Shettleworth, 1998; Domjan, 2003). When fading, bats are gradually introduced to a new stimulus by altering the stimulus in small steps (Jones et al., 2013; Hemingway et al., 2020). Fading is especially important when studying reversal learning as it also allows the removal of a bat’s response to a known stimulus (Page and Ryan, 2005, 2006). When shaping, the desired response of a bat is increasingly reinforced while non-desired responses are not reinforced (Barber et al., 2003). Shaping is also the technique of choice when training bats to perform certain behaviors on command. Captive Pteropodid bats (“flying foxes”) can be readily trained for husbandry and vet checks; for instance, they can learn to follow a target, to unfold their wings in response to a hand signal, and to touch an item on demand (pers. communication Brian Pope, Lubee Bat Conservancy, USA). We are not aware that non-Pteropodid bats are being trained for husbandry and vet checks. However, temporarily captive non-Pteropodid bats can be trained to approach humans to retrieve a food reward, to wait on a perch until the onset of a stimulus, and to fly to a specific position when perceiving a stimulus (Tuttle, 2019).



IMITATION

Several bat species are capable of imitating conspecifics’ actions. Naïve individuals have been shown to learn about novel foraging situations by paying close attention to knowledgeable conspecifics (Eptesicus fuscus: Wright et al., 2011; Antrozous pallidus: Bunkley and Barber, 2014). Imitation has also been shown in a communicative context, namely, when pups learn to sing by imitating the song of adult tutors (Saccopteryx bilineata: Knörnschild et al., 2010).



VOCAL PRODUCTION LEARNING AND USAGE LEARNING

Imitating new signals is one form of vocal production learning (VPL), modifying existing signals based on social influences is another (Janik and Slater, 1997, 2000). VPL via social modification has been shown for social calls (Rousettus aegyptiacus: Prat et al., 2015, 2017; Genzel et al., 2019; Saccopteryx bilineata: Knörnschild et al., 2012; Phyllostomus discolor: Esser and Schmidt, 1989; Esser, 1998; Lattenkamp et al., 2020; P. hastatus: Boughman, 1998) and echolocation calls (Rhinolophus ferrumequinum: Jones and Ransome, 1993; Hipposideros terasensis: Hiryu et al., 2006). In addition to VPL, vocal usage learning has been demonstrated by training temporarily isolated bats to vocalize in order to trigger a food reward (P. discolor: Lattenkamp et al., 2018). It is plausible that more bat species may have some degree of volitional control over their vocalizations but data are currently lacking.



SOCIAL KNOWLEDGE

Social knowledge describes the cognitive assessment of cues that communicate socially relevant information (Cheney et al., 1986). Whereas social knowledge mainly constitutes learning about others, such as their status or intentions, sociocognitive skills also facilitate the interpretation of signals or cues from others outside a social context (e.g., using gaze following to identify the location of food that a conspecific has hidden; Tomasello et al., 1998). In bats, social knowledge is severely understudied and most circumstantial evidence concerns comparatively simple sociocognitive skills such as the maintenance of dominance hierarchies (Neuweiler, 1969) or territorial interactions (Voigt and Streich, 2003). Advanced sociocognitive skills such as gaze following, joint attention, point following, and theory of mind are found to varying degrees in highly intelligent social species, such as primates and corvids, and also in domesticated species such as dogs; they can include heterospecific interactions, for example with humans (reviewed in Fitch et al., 2010). Evidence for heterospecific social knowledge in bats is currently limited to one study which demonstrated that captive born individuals of different bat species (Pteropus pumilus, P. rodricensis, and P. conspicillatus) are responsive to human pointing gestures (Hall et al., 2011): experimentally naïve bats readily utilize human pointing to find the location of concealed food in an object-choice task. The observed spontaneous point-following behavior suggests advanced sociocognitive skills in these bats. Interestingly, only captive born individuals were sensitive to human gestures; captive individuals born in the wild (P. pumilus and P. vampyrus) were not (Hall et al., 2011). It is possible that direct contact with humans early in ontogeny is necessary for bats to exhibit heterospecific point-following behavior.



DISCUSSION

There is conclusive evidence, albeit sometimes anecdotal, that different bat species possess several key prerequisites necessary for symbolic communication, most importantly associative learning and a general readiness to interact with and learn from caregivers in captivity. However, it is important to note that the ability for associative learning alone is not a guarantee that bats can transfer simple associations to more complex symbolic representations. What is missing so far is an experimental approach that actively combines these abilities to test if rudimentary symbolic bat-human communication can be achieved.

If attempted, we suggest making the task as easy as possible in both implementation and perception to facilitate the initial communication process. Training bats to communicate their choice between different preferred food items via arbitrary symbols would be a promising starting point to implement bat-human communication. Touchscreens are very promising tools for animal-human communication because they can be activated via fingers, snouts, tongues, beaks, and sonar beams, thus, making them accessible to a wide range of taxa (reviewed in Egelkamp and Ross, 2019). Bats would need (1) to learn to operate a touchscreen, (2) learn the association of a certain symbol with a specific food item, and (3) to use the symbol when communicating with a human via a touchscreen (Figure 2).

[image: Figure 2]

FIGURE 2. Envisioned training paradigms for bat-human communication via symbols on a touchscreen. A set of different cognitive skills should enable bats to use a touchscreen, most importantly their capability of associative learning in a social context. We suggest focusing on visual or echoacoustic, i.e., reflective symbols on a touchscreen. A simple training paradigm requires bats to learn to operate a touchscreen by touching visual symbols with their snout (or reflective symbols with their sonar beam), to associate different symbols with specific food items, and to use these symbols to communicate which food item they prefer to receive (sign-object relation). An advanced training paradigm requires bats to associate different symbols with specific non-food items, e.g., caresses, access to toys, etc., and to use these symbols to communicate their preference (sign-event or sign-object relation). Touchscreen-proficient bats can participate in cognition research, e.g., to study their numerical competence or categorical perception.


Accommodating species-specific differences in perception is crucial for the success of this endeavor (Figure 1). Visually oriented bats such as Pteropodids could be trained to use a touchscreen with visual symbols representing different preferred food items, as has been successfully done with primates (Savage-Rumbaugh, 1993). Echoacoustically oriented bats could be trained to use an acoustically activated touchscreen instead. This method, termed Echo Location Visualization and Interface System (ELVIS), has been developed for dolphins (Nilsson et al., 2004; Amundin et al., 2008) and allows them to use their sonar beam to “touch” and, thus, choose items on a screen, e.g., to communicate food preferences (Starkhammar et al., 2007). For bats, an acoustically activated touchscreen would ideally not depict visual symbols but reflective symbols (e.g., reliefs) to facilitate perception.

Even though bats are capable of vocal production and usage learning, we would advise against the use of acoustic symbols to facilitate bat-human communication. In contrast to certain songbirds, parrots, and dolphins, the imitation of heterospecific sounds has never been demonstrated in bats. Because heterospecific vocal imitation is crucial for using novel sounds as symbols, we suggest focusing on visual or echoacoustic, i.e., reflective symbols for bat-human communication instead.

To conclude, bats are a promising taxon for future studies on symbolic communication with humans. Their willingness to interact with caregivers, associative learning abilities, and advanced (socio-)cognitive skills are important prerequisites to communicate successfully with humans. If bat-human communication about food requests could indeed be established, it would be an ideal stepping stone for a more advanced comparative cognition research, further elucidating how nonhuman animals think and learn.
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At the earliest break of ancient hominins from their primate relatives in vocal communication, we propose a selection pressure on vocal fitness signaling by hominin infants. Exploratory vocalizations, not tied to expression of distress or immediate need, could have helped persuade parents of the wellness and viability of the infants who produced them. We hypothesize that hominin parents invested more in infants who produced such signals of fitness plentifully, neglecting or abandoning them less often than infants who produced the sounds less frequently. Selection for such exploratory vocalization provided a critically important inclination and capability relevant to language, we reason, because the system that encouraged spontaneous vocalization also made vocalization functionally flexible to an extent that has not been observed in any other animal. Although this vocal flexibility did not by itself create language, it provided an essential foundation upon which language would evolve through a variety of additional steps. In evaluating this speculation, we consider presumable barriers to evolving language that are thought to be implications of Darwinian Theory. It has been claimed that communication always involves sender self-interest and that self-interest leads to deceit, which is countered through clever detection by receivers. The constant battle of senders and receivers has been thought to pose an insuperable challenge to honest communication, which has been viewed as a requirement of language. To make communication honest, it has been proposed that stable signaling requires costly handicaps for the sender, and since language cannot entail high cost, the reasoning has suggested an insurmountable obstacle to the evolution of language. We think this presumed honesty barrier is an illusion that can be revealed by recognition of the fact that language is not inherently honest and in light of the distinction between illocutionary force and semantics. Our paper also considers barriers to the evolution of language (not having to do with honesty) that we think may have actually played important roles in preventing species other than humans from evolving language.

Keywords: vocal development, honest signaling, origin of language, evolution of language, babbling, vocal learning, comparative psychology


OVERVIEW

A key goal of our research is to discover the most fundamental vocal capabilities and inclinations upon which language was founded, long before the first word was spoken. Further, we seek to posit evolutionary pressures that may have selected for these capabilities, a task that requires positing advantages, which could not have involved the advantages of language, which did not exist at that point. An initial step that may have moved hominins beyond the primate communicative background is vocal functional flexibility (VFF). We have long argued that the natural laboratory of human vocal development provides key evidence relevant to the search for origins of language (Oller, 2000; Griebel and Oller, 2008). VFF is seen from the first month of life in human infant “protophones” (Papaeliou et al., 2002; Scheiner et al., 2002; Oller et al., 2013; Jhang and Oller, 2017), the precursors to speech, including categories termed squeals, vocants (vowel-like sounds), and growls. The protophones serve different functions on different occasions. All protophone types are usually produced playfully or exploratorily with no obvious social intention or social directivity and with neutral facial affect (Long et al., 2020). But the same sounds are also produced on different occasions with positive or negative facial affect, suggesting, for example, exultation or complaint. For example, a squeal sound can be used (1) on one occasion with a big smile portraying apparent exultation, (2) on another occasion with an intense grimace, making an apparent complaint, even suggesting the infant is about to start crying, and (3) on yet another occasion, when the same infant is alone and playing quietly, with a neutral facial expression and no apparent social intent, merely exploring the sound.

Vocal functional flexibility is present throughout human life, since every linguistic signal must be functionally flexible. Any word, for example, must be able to serve a wide variety of different functions (“illocutionary forces,” see below) on different occasions of use. We must even be able to pronounce any word just for the interest of doing it. The two facts (1) that VFF is present from the first month of human life, and (2) that VFF is a foundational requirement of vocal language, suggest that one of the first evolutionary steps that differentiated ancient hominins from their primate relatives in communicative capabilities may have been VFF.

In other primates, vocal flexibility is far more limited because their vocal signals appear to be required to have particular beneficial effects in the here and now – later effects are of course possible, but not the focus of the pressures that selected the signals. In this paper, we propose an evolutionary scenario where hominin infant fitness signaling through vocalizations with VFF could have been naturally selected. Importantly these vocalizations would have often had no necessary immediate communicatively generated benefits to the infant, just as is the case with modern human protophones. The primary benefits could occur later, when caregivers could invest in infant welfare based on a cumulative conscious or unconscious recollection of the infant fitness signals. The key point is that vocal signals of infant hominins, in this scenario, were selected in a way that left them free of immediate socio-functional requirements. From this platform of infant vocalization and parental awareness of it, we propose that natural selection of infants who showed vocal fitness signaling could have instigated selection of steadily increasing VFF in hominins, thus forming a foundation for and moving them in the direction of language. Subsequent steps built upon the foundation of VFF were, in accord with our proposal, necessary to establish symbolic content in signaling.

Our paper will consider the barrier to the evolution of language that has most often been proposed. The contention is that human language constitutes “honest signaling” (Fitch, 2004) and that because communication is inherently selfish and therefore inclined to deception (Dawkins and Krebs, 1978), language evolution is problematical. In a rebuttal of this line of reasoning, we shall argue that language is not in fact inherently honest, and we shall elucidate this fact by unpacking the distinction between illocutionary force and semantic content in communication (Austin, 1962), a distinction that also helps to illustrate and clarify the nature of functional flexibility. In Appendix A of the Supplementary Material, we offer additional reasons to reject the honest signaling argument. In Appendix B, we supply additional thoughts about a strategy for research on the origin of language along with possible foundations of language that can be seen in evolved communication signals of other species.



THE CRITICAL NATURE OF VOCAL FUNCTIONAL FLEXIBILITY IN LANGUAGE

Language is a capability and an inclination that evolved in ancient humans but must be developed within each individual. The emphasis on inclination is important because humans use language copiously, imaginatively, and often frivolously, sometimes with no social purpose but just for the pleasure of toying with language itself. In addition, as indicated above, from the first month of life, human infants produce protophones, not bound by any particular emotional state. In fact protophones are produced most commonly in apparent comfort and lack of immediate social goals (Oller et al., 2013; Jhang and Oller, 2017). Even when infants are alone in a room and comfortable, all-day recordings show that protophone production is common, yielding 3–4 utterances per minute (Oller et al., 2019a), and similar rates are observed for infants in the presence of a mother who, for example, is reading silently (Iyer et al., 2016). It is important, however, to emphasize that all the types of protophones that have been recognized as pertaining to the common infant repertoire are also produced in varying states of positive or negative emotion on different occasions, suggesting the protophones can indeed be used to express states with immediate communicative import, e.g., intended to solicit immediate attention from the caregiver.

Counts of protophones based on all-day recordings of infants in their homes show a huge rate, ~5 per minute during wakefulness, ~3,500 per day (Oller et al., 2019a), which is 5–10 times higher than the rate of crying even in the first month. The research shows that protophone production at high rates occurs from as soon as human infants can breathe on their own, as illustrated through all-day recordings of prematurely-born infants still in neonatal intensive care. Evidence of the robustness of the tendency to produce protophones copiously has been observed in American and European infants that have been studied longitudinally for many years (Stark, 1981; Elbers, 1982; Koopmans-van Beinum and van der Stelt, 1986; Stoel-Gammon, 1992), across infants with very different levels of socio-economic status (Eilers et al., 1993, 1997; Oller et al., 1995), across infants with very different languages in the home (Oller and Eilers, 1982; Holmgren et al., 1986; Lee et al., 2017), and even across infants who are later diagnosed with a wide variety of communication disorders (Oller and Eilers, 1988; Vinter, 1994; Masataka, 2001; Patten et al., 2014; Nyman and Lohmander, 2018). This seemingly obsessive human vocal tendency does not subside later in life, with all-day recordings suggesting human adults speaking English produce on the order of 16,000 words per day (Mehl et al., 2007).

There is abundant evidence that this human inclination to speak is endogenous. Consider how often we adults talk to ourselves, sometimes out loud, intending for no other person to hear us, or mutter to limit the possibility that we might be caught at it. But just as important, the infant tendency to produce protophones is not primarily driven by attempts to communicate a particular emotional state (or anything else) to anyone. The great majority of protophones appear to be directed to no one (Long et al., 2020), but seem instead to constitute a kind of exploratory activity, where the infant investigates the nature of the vocal capacity itself and of the types of sounds that can be produced. Even infants born deaf produce massive numbers of protophones, with no evidence that the rate is lower across the first year than in hearing infants (Iyer and Oller, 2008). The conclusion seems inevitable that this vocal activity is pleasurable to infants, pursued in much the same way infants explore objects with their hands, eyes, and mouths, in an apparent attempt to understand the physical world. It is as if the human vocal capacity has come to be engaged for the purpose of playful exploratory activity, similarly to how the hands are engaged with the world in all primates. The vocal exploration yields an understanding of the acoustic properties resulting from infants’ own vocal actions and the relations between those sounds and their kinesthetic accompaniments. This vocal exploratory/seeking behavior seems to be inherently reinforced just as other forms of play or Seeking behavior (see below) are deemed to be inherently pleasurable (Panksepp, 1982; Bekoff and Byers, 1998; Panksepp and Biven, 2012).

Of course there are other animals that produce abundant communicative vocalization. But something critically important for language appears to be absent in vocal activities of non-human apes: There appears to be no tendency to produce vocalizations exploratorily, playfully, seemingly for the sake of the sound experience itself, rather than for the sake of immediate communicative goals (Oller et al., 2019b). Another aspect of this apparent difference is that every human protophone type (by definition, the protophones do not include vegetative sounds or early infant cry or laughter) is produced with VFF, free to be expressed in any state of emotion or intent, whereas non-human vocalizations appear to be much more restricted to being produced as specific (although sometimes mixed) emotional expressions that primarily serve particular functional ends in the here and now.

Also in accord with the principle of VFF in adult humans, no immediate communicative intent (i.e., pursuit of a receiver reaction in the moment) is necessary for any particular language event type to occur, although clearly language would not have evolved had communication with others (both for immediate and long-term effects) not driven the selection of language abilities. We face an apparent paradox. Language is motivated and sustained by communication, but its nature requires that it be possible to use it “non-communicatively” – i.e., playfully and/or exploratorily. If it were not so, the capability would not be truly functionally flexible. So to form a foundation for vocal language, it is necessary for nature to select for a tendency to vocalize without any apparent immediate communicative purpose. Yet that tendency must have significant positive consequences for vocalizers in their own lifetimes. The selection advantage, we propose here depends on caregivers who notice the exploratory sounds of their infants, whether consciously or not, and who use the evidence of wellness inherent in those infant sounds (and the ones that are socially-directed as well) to modulate their investment in the infants’ nurturance.

Empirical tests of the hypothesis that fitness signaling drives protophone production in modern infants can be envisioned in both behavioral and physiological domains. In the behavioral domain, one might predict significant correlations between rate of protophone production across individual infants (perhaps especially the rate of production of protophones when infants are comfortable) and level of parental investment in individual infant welfare. The correlations, we imagine might be most discernible in societies with high infant mortality. Low infant mortality in modern societies appears to have made it possible for many parents to invest most heavily in their least fit infants, in the hopes that all their offspring will be successful – so research in the most informative settings may be difficult to implement. In the physiological domain, one might predict increases in caregiver care-related neurochemicals such as oxytocin when they listen to protophone production. We are planning and encouraging research in both these domains.

We have argued that VFF is a foundation upon which all other aspects of vocal language depend (Oller et al., 2016). The argument is simple and intuitive, relying on the idea that some capabilities are required to develop early in order for others to develop later, because the later ones logically and practically depend on the earlier ones. The argument is supported empirically by the fact that human infants developing language actually go through the steps characterized in the natural logic. The first step in vocal language, as witnessed in longitudinal research, is the exercise of vocalization, copiously, playfully, and with no necessary expressed intent to communicate with others in the short term. This step seems obligatorily to involve VFF, since longitudinal research shows that endogenous, exploratory vocalization is always accompanied by VFF. In addition, without available endogenous infant vocalizations, caregivers would find no raw material with which to engage their infants in vocal interaction (Stern et al., 1975; Jaffe et al., 2001; Gratier et al., 2015), and consequently could not entrain infants in vocal turn-taking (Dominguez et al., 2016). Without vocal turn-taking, infants would not learn to participate in and contribute to protoconversation (Gratier and Devouche, 2011; Yoo et al., 2018). Without infant active participation in protoconversation, using vocalizations with VFF, systematic vocal imitation of new forms would not be possible (Jones, 2009; Long et al., 2019). Without these kinds of foundations, words and sentences could never be developed. This line of reasoning, illustrating that endogenous functionally flexible vocalization forms the initial platform for other critical developments necessary for language, has been presented in detail in other publications cited above, and is consistent with the well-documented facts of infant vocal and early language development summarized with citations in Oller et al. (2016).

Selection pressure on vocal flexibility must have affected hominins much more than closely related species because the functionally flexible capacity and inclination contrasts sharply with vocal inclinations in other apes. So, we are faced with the question: what was different about the situation where hominin vocal capacities must have passed through a phase transition into massively flexible vocal actions, while other apes remained more vocally constrained? The answer, we propose requires us to begin by taking stock of the nature of vocal communication in apes as well as in other non-human primates.



EMOTIONAL EXPRESSION AND VOCAL COMMUNICATION IN HUMANS AND OTHER PRIMATES

Our current view of the vocal systems of other primates is largely consistent with the original formulation of Darwin (1872), who proposed that vocal actions in many species, including apes and other primates are primarily emotional expressions. These expressions are sometimes complex and are clearly adaptable to circumstances (Snowdon et al., 1997; Crockford and Boesch, 2003; Hopkins et al., 2011), but they are fundamentally emotional nonetheless (Oller et al., 2019b).

The perspective on the role of emotion in communication has been informed recently by the work of Jaak Panksepp, who proposed seven basic emotions in mammals (Panksepp, 2011; Panksepp and Biven, 2012). Panksepp’s perspective is discussed in detail in a separate paper in this volume (Griebel and Oller). Below, capitalized emotion terms are drawn from Panksepp’s seven: Rage, Fear, Lust, Care, Panic (Isolation/Social need), Play (specifically Social Play), and Seeking. The most important point to emphasize here is that one of the seven, the Seeking system, is portrayed as a foundational emotion by which mammals (and presumably other metazoans) are driven to explore their worlds and are inherently rewarded by a sense of pleasure in the exploration itself. Note that the Seeking system can inspire exploratory, playful interaction with conspecifics and thus can activate the Social Play system, but most playful human infant vocalization seems to be independent of sociality, and thus, we propose that protophone production is primarily driven by the Seeking system rather than the Social Play system. A Seeking system is typically not present in other models of emotion (Eckman, 1994), but, we deem it a major advance in our understanding of emotion and of the basis for the massively endogenous and exploratory nature of human vocalization.

Vocalization in primates (except humans) is not explored for its own sake as far as we know, and thus it appears to be dissociated from the Seeking system in non-human primates. Instead, each vocalization type in mature non-human primates tends to be an expression of some other emotional state, selected to serve immediate, here-and-now functions. For example, some vocalization types tend to occur abruptly in response to Fear (distress and alarm calls), some to Rage (threats), some to Panic/Social Need (isolation calls, contact calls, and positive arousal calls), and some to Social Play (laughter). All these vocalization types can occur in circumstances as different as eating, traveling, and grooming, because all the emotional states can occur in any physical circumstance; e.g., in a feeding circumstance, competition for food can elicit the Rage system (possibly yielding vocal threats), the need to calm competitive tendencies regarding food can elicit the Care system (possibly yielding positive arousal/affiliation calls), and or perception of a predator can elicit Fear and/or Rage (possibly yielding a distress/alarm or threat call or a combination of them). We know of no evidence that any vocalization type in primates is confined tightly to any particular circumstance – rather emotions are inspired flexibly by events both internal and external to the organism, and their expression at each point in time may reflect the state of the producer more directly than the state of the environment. Importantly, emotional signals are flexible enough that they can sometimes be inhibited even when the corresponding triggering circumstances occur (Laporte and Zuberbühler, 2010; Owren et al., 2011).

So-called “predator-specific alarm calls” have been acknowledged, even in the earliest publications on the topic, to occur both in the circumstance of perceiving a predator and in intra-specific aggression (Seyfarth et al., 1980), and this point has been reconfirmed and elaborated in more recent revisiting of data regarding the species (the vervet monkey) on which the original alarm call research was done (Price, 2013; Price et al., 2015). Clearly the emotions of Fear and Rage are adaptable to eliciting vocal actions in widely different circumstances. Of course, in this argument, we do not dispute the idea that the physical environment can under some conditions elicit a particular emotion or a corresponding vocalization fairly reliably.

Vocalization in primates sometimes occurs in circumstances of low arousal, and in such cases one might ask if there is any emotion at all involved. Are such vocalizations equivalents to the protophones of human infants, displaying VFF? The answer must of course be determined empirically, and a trustworthy answer will depend on judgments of the functions of vocalizations occurring in their varying contexts. Our own research with three bonobo infants and their mothers in the first year (Oller et al., 2019b) suggests that some of the low arousal bonobo infant sounds, we observed (having occurred less than 1/10 as often as human protophones) were acoustically similar to some protophones, but we saw no evidence of human-like VFF. Essentially all the low arousal bonobo sounds that were produced and could be judged for function appeared to have negative valence (the infant trying to get back to mother and away from a harassing other bonobo, the infant whimpering for help after having climbed up on the cage and seemingly feeling unsure how to get down, and so on). These vocalizations could perhaps be attributed to Fear and/or Panic/Isolation. The judgment of valence in our research was based on how the infant acted before, during, and immediately after the vocalization, other events occurring at the time, and how the mother responded, often by picking the infant up and comforting or feeding him. Notably the bonobo mothers, while being very responsive physically, comforting infants or getting them out of trouble, never in 1,700 min of coded observation, responded to an infant vocalization with a vocalization of their own. Cases of bonobo infant vocalizations judged to have positive valence were deemed to be laughter, and not protophone-like (a laughter event in human infants is not treated as a protophone either). Perhaps most important, there was never a case of a vocalization at any intensity produced by a bonobo infant that was judged to be exploratory or playful – for criteria used in our human infant research to judge exploratory vocalization, see Long et al. (2020). In contrast, human infant protophones are abundantly judged to be exploratory, because they frequently show no sign of being directed to any one, are not judged to be based on discomfort, are not seen to have elicited immediate assistance, and are often produced when infants are alone in a room. At the same time, all the protophones of human infants show VFF and thus do occur on other occasions with social directivity, with signs of discomfort, with signs of delight, or in circumstances that elicit attention (often vocal attention) and/or help.

So far, there has been no convincing demonstration of functional flexibility in vocalizations of non-human primates, although there have been many demonstrations of contextual flexibility, that is, demonstrations that the same kind of sound occurs in different physical situations (de Waal, 1982; Harcourt et al., 1993; Biben and Bernhards, 1995; Bermejo and Omedes, 1999; Crockford and Boesch, 2003; Hopkins et al., 2011; Taglialatela et al., 2012). That a particular vocal type can occur in multiple physical situations can, of course, simply imply that similar emotional states occur in different physical situations.

One direct attempt to demonstrate VFF in adult bonobo vocalizations (Clay et al., 2015) did not actually address the issue, for two reasons: First, the study claimed to show that a particular vocal type (the peep) occurred in three situations: during aggression, traveling, and feeding. The authors interpreted the peeps as being negatively valenced during aggression, neutrally valenced during traveling, and positively valenced during feeding. This contextual variability does not, however, actually determine the function or emotional valence of the peeps occurring in these three different contexts. The same emotion that produces a peep could occur during any of the three contexts, in which case the function could be thought of, e.g., as an expression of annoyance (mild Rage) in all three cases or as an expression of Panic/Social Need in all three cases. It is untenable to assume that there exist one-to-one mappings of contexts to functions of vocalizations in primates (as was done in Clay et al., 2015) or of contexts to emotional states, since all emotions can occur in a variety of physical contexts, and correspondingly a variety functions can be served by vocal expression of those emotions in those varying contexts. This kind of flexibility is a defining characteristic of emotions in contrast to reflexes, which are more rigid and show shorter time frames from trigger to response. Emotions were evolved to allow flexible adaptations to important circumstances and challenges, and thus are subject to modification by learning and to cognitively-based adaptation (de Waal, 2019).

To prove VFF exists in a species, a workable approach is to demonstrate emotional valence variation from positive to negative in usage on different occasions of the same particular vocal type. Perhaps most important in order to demonstrate full VFF, it must be possible to demonstrate the occurrence of vocal events where there is no discernible immediate function – that is, the vocalization must be shown in some cases to be produced exploratorily and/or playfully. The peeps in Clay et al. (2015) were not shown to be produced exploratorily or playfully, and in fact no judgment was actually made about emotional valence (e.g., about facial expression, reaction of mother or other conspecifics, or other emotional indicators).

An additional problem with the study (Clay et al., 2015) was that it reported acoustic differentiation of the peeps occurring in the three contexts. If the data are correct, this acoustic demonstration undercuts the study’s expressed goal, and the data did not demonstrate the existence of a single vocal type (a peep) with three functions, but three types of peeps, each with its own function. That humans might call all these sounds peeps does not prove they were all of the same vocal type to the bonobos, and the acoustic data suggest they could have indeed consisted of three different types to the bonobos.

Although there has been no convincing demonstration to our knowledge of VFF in non-human primates, the issue remains open to further investigation. We propose that for vocalization to become an object of exploration, it is necessary for natural selection to tie vocal capacities to an emotional system engendering actions that do not necessarily produce immediate benefits. If Panksepp was right, this would be the Seeking system, present in all mammals. Vocal inclinations in humans appear to have been evolved to be connected to the Seeking system in much the same way exploratory actions with the hands appear to have been connected to this emotional system in primates generally.



BARRIERS TO LANGUAGE EVOLUTION: THE PRESUMED ISSUE OF HONESTY

There must be barriers to language evolution, or we would not be the only creatures to have evolved it. The primary barrier that has been discussed in animal communication literature is based on the presumed competitive nature of signaling and its presumed resulting deceit. We are far from the first to express skepticism about this view or to outright reject it (see, e.g., Lachmann et al., 2001; Penn and Számadó, 2020). In Appendix A in the Supplementary Material, we address six key points that, in accord with our reasoning, counter the concerns and support the idea that the argument about deceit fails in providing an important barrier to either language evolution or stable communication in social-living non-humans. Here in the main text, we address what we believe to be the most fundamental reasons the idea of honest signaling as a barrier to language evolution is ill-conceived. These reasons are importantly related to the concept of VFF, as will be seen.

Consider the assumption that language is inherently honest. In fact, language is neither inherently honest nor inherently dishonest, a fact that can be illustrated with logical argument and examples alone. Acts of language are honest or dishonest depending on the circumstances they are intended to portray, and any mature speaker is capable of using language both ways. Perhaps the unsupportable claim that language needs to be honest is based on a confusion between the “meaning” of individual words, their semantics, and the way words are utilized to function (illocutionarily, see below) in communicative acts. The semantic meaning of a word, for example “rattlesnake,” is dependent, not on truth or falsity, but on an understanding among speakers of English that the word refers to a particular class of animals. The word is neither honest nor dishonest in and of itself. The bond between the word and its semantic content is a convention sustained by speakers of a language over long periods (often centuries), not an individual assertion that might be falsified. But if an English speaker, who knows the difference between pythons and rattlesnakes, intentionally asserts that a particular python is a rattlesnake, the speaker is lying. It is not the word that is the lie, but the use of it to label an animal incorrectly. The same person might of course use the word truthfully and correctly on a different occasion. Importantly, in language we can also say things that are meaningful but are neither true nor false – and we do it very often. For example, suppose one says: “Please remove the rattlesnake.” This could be a meaningful request; yet the request itself is neither true nor false. In writing the sentence about the rattlesnake, we have actually not made a request, but merely used a sentence as an example of a possible request. Nonetheless, the sentence, we have written uses meaningful English words in a meaningful and syntactically well-formed English sentence.

The fundamental misunderstanding that has been prevalent in animal communication literature based on the assumption that language is inherently honest can be unpacked and illuminated in the context of the Austinian distinction between illocutionary force and semantics (Austin, 1962). This distinction has been expanded in our own work so that it can apply not only to mature language, as it did for Austin, but also to human infant and animal communication (Oller, 2000; Griebel and Oller, 2008, 2014).

Illocutionary forces are the functions served in the here and now by communicative or potentially communicative acts. Illocutionary forces constitute the intentions that reflect underlying emotional/motivational states. Every production of a signal that has evolved to constitute a communication consists of at least one illocution, a performance of a communicative or potentially communicative act. For example, a scream emitted in Fear is an illocution, an “expression of Fear.” Human infant cry can be portrayed illocutionarily as an “expression of distress.” The hiss of a house cat can be viewed as a “threat.” These illocutionary acts are not words; they possess no semantics and do not refer to anything, but instead express a state and/or a communicative intention. They are performances inspired by the state or intention in the present, and consequently they are neither true nor false.

On the other hand, any semantic (or symbolic) act consists of both a semantic reference and at least one illocution. If one says “rattlesnake,” one may be performing a “labeling” illocution. Or with the same word, one might “correct” someone who had said “tree-root” (mistaking the snake for the root of a tree), and in so doing, one would produce two kinds of illocutionary functions in the same act, both a label and a correction. Saying “rattlesnake” could also be motivated by a fearful emotion, simultaneously invoking an “alarm” function along with the labeling function. Or one might say “rattlesnake” for the mere purpose of hearing the word, practicing it, or illustrating its pronunciation. Similarly, if one says “apple,” one might intend merely a “labeling” of a fruit hanging from a tree. On a different occasion, one might use the same word to “request” that an apple be handed over, simultaneously labeling and requesting. With any word or phrase, we can perform many different illocutions. We can label, request, confirm, deny, alert, stipulate, mock, question (seek information), criticize, practice pronunciation, and so on.

But semantic acts always involve something in addition to illocution; semantics also includes the transmission of information encoded in the content of what is said. This semantic content is both transmitted in the here and now and in a broader sense is detached from the here and now. The word “rattlesnake” is a semantic entity that refers in English on every occasion of usage to a particular class of animals regardless of the intended illocution. The semantic content is independent of space and time, every time the word is produced. The semantic tie between a word and its conceptual content exists even in the absence of its being spoken. We can think a word or phrase and thus invoke the appropriate concept. The concept is invoked also regardless of the affective valence of the illocutionary act, that is, whether we produce the word or phrase with negative, positive, or neutral affect (for example, fearfully, delightedly, or exploratorily), differences that tend to correspond to different classes of illocutions.

We have contended that natural animal signals are limited to illocutionary functions and do not transmit semantic information (Oller and Griebel, 2015). We have thus far found no convincing contradictory evidence – only animals extensively taught by humans have been shown to transmit semantic content (Griebel et al., 2016). Thus, each naturally occurring animal communicative action is a performance (as far as we know), a mapping in the here and now, from an emotional or bodily state to the signal that expresses it as an illocution. The action does not “say” or “assert” anything, and thus can have no truth value.

For example, during mating season, a red deer who lowers his larynx and produces a sound involving lower resonances than if the larynx had been left in its rest state (Fitch, 2000) performs an illocutionary act we might call “advertisement” or “showing off.” Did he lie by producing a sound with resonances suggesting a very large vocal tract and making himself sound larger than he is? No, because he did not say anything constituting an assertion that could be falsified. Male red deer in general produce mating calls with lowered larynges, and all of them do so for the same reason: the action makes them sound large and increases their probability of mating. Why? It appears female red deer choose to mate with males with deeper voices because deeper voices are related to greater body size and fitness. Any mutation that could have produced the inclination or capability to lower the larynx during mating calls could thus have been subject to runaway selection because it would have suggested great body size and fitness. The distinction between illocutionary force and semantics makes clear that illocutions are never true or false, because they are performances, not assertions. With semantic acts, however, we can indeed make claims about the world that may be subject to truth-value assessment.

Defenders of the idea that honest signaling is a barrier to language evolution might protest that they do not intend the term in animal communication theory to involve honesty as it can occur in language. Instead, they might argue that they only intend that the interaction between male and female deer involves the females being deceived into thinking the male deer they choose to mate with is bigger or more fit than he really is because he deceptively portrayed himself. This is an unnecessary conclusion. In the illocutionary interpretation, the male deer advertise by bellowing, and the female deer choose a mate on the basis of the effectiveness of the advertisement. Nothing can have been misinterpreted as true or false, because nothing was encoded semantically. Notice that all the advertising males lower their larynges. It is as if the honest signaling idea implies that all but one of them is lying. In that interpretation the females would have to be assumed to determine who is telling truth.

Propositions on the other hand (e.g., “there is a python” or “I am the biggest red deer in the forest”) are semantic and can indeed involve “assertions” bearing semantic content, which can (at least in many circumstances) be determined empirically to be true, false, or ambiguous as to truth value. To produce such a proposition, one must invoke symbolic elements (typically sentences composed of words) to encode it. A human male can potentially try to impress a female by claiming with words to be rich and famous, which can be proven to be objectively true or false. The mating bellow of the male red deer, on the other hand, cannot be proven to be true or false.

Because every linguistic proposition is free to express a vast array of possible illocutionary forces, there is always a complex mapping possible between any linguistic symbols and their possible illocutionary functions. Many-to-many mappings also obtain between linguistic symbols and the different emotions that can be expressed by them, since the emotions motivate and supply flavoring for the illocutions. “Rattlesnake” can be produced contemptuously or admiringly. It can even be produced with flat affect for no purpose other than to speak the word. Or it can by produced to educate, teaching the label. The options are seemingly endless.

Deceit is of course possible through propositions – it logically has to be possible in language given the requirement of functional flexibility – and consequently deceit is among the possible illocutions of any proposition. This is not a weakness of language but an aspect of its power. If and only if a communicative system has the power to transmit both illocutions and semantic contents, can truth and falsehood be assessed. Language also makes it possible to create imaginary worlds, where talk about those worlds can involve only imaginary truths and falsehoods. Literary and cinematic fiction involves purely imaginary communications that can be evaluated for truth only in the context of the imagination. Did Star Trek’s Captain Jean Luc Picard understand the Borg to be telling the truth, when it said “resistance is futile”? The question is not evaluable in the real world but is clearly meaningful and evaluable in the imaginary Star Trek world. The power of imagination supported by language yields vast possibilities in literature or cinema, but also in developing plans, providing explanations, coordinating actions, and so on.

In accord with our reasoning, the first step in selecting for such power, in moving beyond exclusively illocutionary communication, could not actually have involved selection for semantic capabilities. Rather a capability and inclination produced by selection had to form a foundation upon which a semantic system could later be built. This foundation, as we have argued above, involved the tendency in hominin infants to produce vocal fitness signals that had the (presumably unintentional) effect of revealing to caregivers their wellness and thus resulted in recurring nurturance of the infants through their long period of dependency. But crucially, the selection pressure was not on the quality of a stereotyped fitness signal, as in the case of the mating calls of the red deer, but on the tendency to explore various (not stereotyped) protophone types which could be interpreted as fitness signals. Selection for variety in fitness signaling can be found in mating and territorial calls in other species as well (e.g., birds and cetaceans), but to our knowledge these signals have never been shown to have VFF.

Importantly, one does not have to engage in fitness signaling intentionally in order for one’s vocalizations to be interpreted as fitness signals. One wonders how many animals and humans produce fitness advertisements without even being aware of what they are doing. Does a male bird sing out of joy or because he intentionally wants to impress a female or a rival? Are humans always aware of the display functions that are served by things they say or how they say them? It would appear that selection pressure has created positive reinforcement (pleasure and joy) for singing, dancing, or whatever behavioral display is the advertisement proving to be effective in various animal species.

The evidence suggests that from the perspective of the human infant in the first months of life, most of protophone production is not an attempt to signal anything, but rather to engage in exploration or vocal play (as inspired by the Seeking system), not directed to anyone. On other occasions, protophones do appear to be directed to a parent, in which case the vocalization might indeed represent an attempt on the infant part to bond with the parent – if not to signal fitness, at least to engage in social interaction in a playful way even in the first months of life (Gratier and Devouche, 2011; Dominguez et al., 2016; Yoo et al., 2018). From the caregiver perspective, infant vocalizations are presumably interpreted on many occasions in the same way the infant intends them, as explorations, for example. On other occasions protophones may be interpreted by caregivers as attempts to engage in social interaction. But at another level, the protophones heard by caregivers would seem always to supply fitness information, whether the infant intends them to supply such information or not. This result of protophone production is hypothesized in our approach to provide a basis for natural selection of infants (“parental selection” in the interpretation of Locke, 2006), who display their fitness through vocalizations, sometimes exploratory, sometimes interactive, sometimes emotionally expressive, but always in one way or another, providing rich information about infant state, well-being, and perhaps intelligence. To the extent that an infant vocalizes with the intention of “showing off,” it might be appropriate to say the illocutionary force does indeed involve “fitness signaling.” But judging infant intentions to this extent involves inferences that may be difficult to justify, just as it may be difficult to judge whether a bird intends his song to attract a mate or whether he merely intends to enjoy singing.

In summary, we see no barrier to the evolution of hominin vocal signaling because of an honesty issue. Language has to make both honest and dishonest communication possible, though a great many acts of language are not even evaluable with regard to honesty. The earliest communicative step away from the primate background in ancient hominis appears to have been the emergence of a capacity and an inclination to produce vocalizations as fitness signals long before there were words, and these fitness signals were neither true nor false.



POSSIBLE BARRIERS TO EVOLUTION OF VFF AND CIRCUMSTANCES THAT MAY HAVE HELPED OVERCOME THEM

What barriers would have actually inhibited natural selection of vocal exploration and VFF? One possibility is that there may be advantages to relative silence in order to avoid alerting predators or competitors. While, we know of no systematic investigation to tie it down, a silence pressure seems obvious. Perhaps for primates in general, the value of vocalizing freely was simply not high enough to get it off the ground in the face of a countervailing pressure for silence. Our hypothesis for over a decade (Oller and Griebel, 2005, 2006; Griebel and Oller, 2008), also advocated by Locke (2006, 2009), has been that hominin evolution occurred in circumstances where the value of vocalizing flexibly exceeded that of the pressure for silence.

In particular, we have proposed that the altricial hominin infant was in need of long-term care (Locke and Bogin, 2006), and thus came under especially intense pressure to provide fitness signals that could influence caregivers to provide long-term nurturance and protection. Altriciality is assumed in this reasoning to have been at least partly a product of bipedalism and the consequent narrowing of the birth canal, the “obstetrical dilemma” that is believed to have caused a necessary reduction of fetal brain-case size in hominins (Wells et al., 2012; Gruss and Schmitt, 2015). This reduction is assumed to have been accomplished by natural selection to slow development in hominins, resulting in smaller brains at birth and more altricial bipedal hominins than their quadrupedal cousins, who did not face the same obstetrical challenge (Bogin, 1999). Greater altriciality resulted, according to the reasoning, in greater need for long-term care along with greater advantages to fitness signaling by the altricial young.

Altriciality may not have provided the only selective pressure on flexible vocalization by infants. There are relatively few cooperative breeders among the primates, with humans and callitrichids (a New World group including marmosets and tamarins) being the only ones that are well-documented as showing both extensive care and provisioning by “alloparents” (Hrdy and Burkart, 2020). Interestingly both these groups are highly vocal, and the callitrichids show signs of greater flexibility of vocalization than other primate species (Snowdon and Cleveland, 1984; Snowdon and Elowson, 1999; Snowdon, 2004; Zuberbühler, 2011; Burkart et al., 2018), although the issue of possible VFF has not been directly evaluated in them. The callitrichids may be the only non-human primate group that babbles (Elowson et al., 1998). It has been argued that cooperative breeding is a setting that implies special pressure on infants to signal their needs and their fitness to a wide variety of possible caregivers, the alloparents. Increased volubility of these signals, especially when utilized in optimal circumstances, could surely enhance the prospects for such infants. We propose that relative altriciality and cooperative breeding may have co-evolved, with both supplying selective pressure on vocal fitness signaling in the hominin case.

One might object that a vastly new vocalization capability involving VFF is not the only way to supply fitness information. Fitness information is supplied by many features of an infant: skin color or texture, breathing pattern, frequency of crying, responsivity to touch or voice, and so on. Our argument is that the altricial hominin infant, especially in its cooperative breeding environment, was under more intense pressure to supply fitness information than other apes because of the longer developmental period ahead, a period during which there was absolute need for caregiver sustenance and the greater variety of caregivers. This enhanced pressure seems to have produced a new human feature, one where infants could supply fitness information to caregivers who were occupied with other tasks (see Falk, 2004 for an argument that language evolution was influenced by the common requirement of “putting the baby down” during foraging), and this pressure may have been redoubled in the circumstance of cooperative breeding because there were many potential caregivers. The protophones produced by hominin infants regardless of circumstances seem to have supplied a near constant source of well-being information, allowing hominin caregivers to assess the information and select individual infants for enhanced investment.

We assume the same pressures due to altriciality in the distant past exist also for modern humans and have suggested possible lines of empirical test (see above) of the idea that fitness signaling by protophones is noticed by caregivers, who respond both physiologically and behaviorally. Furthermore, a comparative evaluation of caregiving in species varying in altriciality could be informative. We predict that the more altricial the newborns of the species are at birth, the more intense the caregiving will be and especially the more attentive the caregivers will be to signals of fitness. On cooperative breeding, one might imagine correlational research focused on groups where degree of alloparenting differs. The prediction would be that protophone volubility will be positively correlated with the extent of alloparenting across groups. An additional prediction would be that both parents and alloparents would be sensitive to recognizing and responding with care to fitness signals.

Another factor that may have played a role in the hominin vocal inclination is suggested by research suggesting ancient hominin groups became larger than other ape groups in very distant time (Dunbar, 1993, 1996). With larger groups the premium on silence may have been mitigated somewhat by safety in numbers, allowing ancient hominins to be more subject to selection pressure on vocal fitness signaling and more social signaling in general. Dunbar’s argument and that of Morris (1967) also emphasizes that as groups became larger, it became increasingly difficult to find enough time in the day to do all the grooming that primates seem to require to maintain peace in the group. Dunbar and Morris both proposed vocalization as having taken on a role similar to that of grooming in ancient hominins, because it was possible to vocally groom more efficiently, especially by including multiple recipients simultaneously.

An additional interpretation is that larger group sizes in hominins may have been in part made possible by emerging VFF. As vocalization became more frequent and more interactive, even if primarily between parents and infants, it surely would have been extended throughout the lifetime into utilization of vocalization to serve functions such as mating and alliance formation (vocal grooming). Such social vocalization usage may have fostered social cohesion with benefits not only to individuals but to groups of ancient hominins, whose numbers may have been able to expand in part because of the vocal connections and group commitments within their communities. In this interpretation, the vocal-grooming function may have co-evolved with the fitness-signaling function.

We are unaware of cross-species empirical research on this idea, but it could be tested for example, by evaluating the relative amounts of physical grooming and social vocalization in primate groups of varying sizes. Larger groups, other things being equal, might be expected to produce relatively larger amounts of social vocalization. Even in humans who live in hunter-gatherer societies, it may be possible to evaluate the relative amounts of physical grooming and social vocalization as a function of group size.

A critical feature of early hominin infant vocalization, selected as a fitness signal, according to our reasoning, was its connection with the Seeking system (see also Griebel and Oller, this volume), because it was this connection that motivated the copious production of protophones and gave them their flexibility. Vocalizations could be produced playfully without immediate utilitarian goals. The inclination to vocalize exploratorily appears to have been selected first and foremost as a form of investigation of the world, in this case the world of sound and its accompanying kinesthetics as produced by the vocal systems of the infants themselves. Assuming the vocal system is activated endogenously by the Seeking system, the activity can produce vocalizations varying in acoustic character for two reasons.

First, exploration can yield vocalizations that vary across a natural landscape of possible phonatory types corresponding to natural wells or “attractors” in a Waddingtonian landscape of vocal possibilities. Thus by self-organization, the exploration should produce variation and a tendency for categories to emerge. With increasing experience in exploration, the infant should learn to manipulate these categories, producing them repetitively and making them salient as categories. Indeed it has long been recognized that in modern human infants, several vocal categories tend to emerge in the first months: vowel-like sounds (vocants), squeals, growls, raspberries, and combinations of these (Zlatin-Laufer and Horii, 1977; Stark, 1978; Oller, 1981), and the repetition of each of these categories of sounds has been long recognized as a kind of vocal play, emerging at least by 5 months (Stark, 1980) but probably earlier (Jhang and Oller, 2017).

We have tested the identifiability of these protophone types auditorily (Oller et al., 2013) and based on human classification of spectrographic displays (Buder et al., 2008), and are currently comparing levels of agreement among human listeners compared with agreement between humans and automated acoustically-based identification. As a test of the extent to which exploration produces stable new sound types, we are currently involved in research on “clustering” of protophones of particular types (the tendency to produce particular types repetitively) across all-day recordings of typically developing infants and infants at risk for autism (Yoo et al., 2019b).

Second, acoustic properties characterizing particular emotional or affective states can modulate different protophone types so that each type, while maintaining acoustic signatures of its own, can simultaneously show acoustic variations tending to express differing emotional states. For example, a growl (which typically has harsh voice quality) might be produced on some occasions with no affective coloring but on other occasions with nasality and a whiny tone, along with a negative facial expression revealing discomfort. Intense discomfort might produce a louder version of the growl or an even more dysphonated and harsh version of the sound corresponding to a phonatory regime shift during at least part of the utterance. In a similar way, a vocant, which typically has normal phonation and reveals no affective positivity or negativity, might be produced with nasality and increased duration to signal distress (Yoo et al., 2019a). Squeals, which require high pitch, often in falsetto (or loft) register, can also be produced with affective neutrality, or can be colored by high intensity or the addition of intonational features suggesting distress.

We envision an evolutionary process where the tendency to vocalize flexibly in response to Seeking activation of the vocal system would have gradually become more frequent across (probably) millions of years. In successive generations, infants would have been increasingly fitness-signaling vocalizers, and the competition among infants for investment from caregivers would have persisted, a competition where fitness signaling vocalization would have always played a role (along with other fitness indicators, such as the appearance of skin health, coordination of movements, and so on). We also imagine that as the vocalizing infants grew up, they would have become more active users of vocalization in fitness signaling within their mature groups, with vocalization playing roles in mating and alliance formation.

Furthermore, as they became parents, the same individuals would have been sensitized to the value of vocalization as a signal of wellness, and they would have become increasingly attuned to noticing infant vocalizations as fitness signals. At some point, caregivers would have begun to elicit vocalizations by face-to-face vocal interaction, trying to gain access to information about fitness. Such face-to-face vocal interaction is common in human parents and infants (Brazelton et al., 1974; Cohn and Tronick, 1988; Jaffe et al., 2001; Hsu and Fogel, 2003), while never having been observed in other apes (Papoušek and Papoušek, 1983; Oller et al., 2019b). Not only would the endogenously-produced infant vocalizations have been useful indicators potentially benefiting infants who produced them, they would also have benefited their caregivers by providing a basis for allocating their investment energies. Thus fitness signaling was in the interest of both the infants and the caregivers. To the extent that there was competition, it was not primarily between caregiver and infant, but among infants who competed against each other for investment. A possible test of the competition among infants might be pursued in cases of multiple births. For example, one might seek to determine whether twins compete vocally in the sense that increases in protophone production by one twin produce increases in the other, independent of quotidian variations of production by each twin.

Another barrier to the evolution of vocal activity in the non-human primates seems likely attributable to relative lack of voluntary vocal control. The conclusion that voluntary vocalization is difficult for non-human primates has been noted in attempts to teach human-reared apes to produce anything resembling words – only the most minimal vocal “word learning” has been reported (e.g., Hayes and Hayes, 1951; Gardner et al., 1989). Similarly operant conditioning or social learning of vocalization in non-human primates has been shown to be difficult at best, with most authors emphasizing success in the realm of voiceless sounds, such as raspberries, smacking sounds, whistles, or whispered sounds (e.g., Marshall et al., 1999; Wich et al., 2009), with only minimal reported experience-driven modifications or modified uses of phonated vocalizations, and those modifications have applied to vocal types already existing in the relevant species repertoire (Sutton, 1979; Janik and Slater, 2000). The limits appear to be so severe that natural vocal learning in wild primates continues to be treated with a question mark about likely learning rather than an unambiguous positive conclusion (see, e.g., Crockford et al., 2004). A broad recent review concluded that the great bulk of vocal adjustments in non-human primates pertained to “vocal accommodation,” involving adjustments to existing call structure based on environmental noise or conspecific vocalizations, without primates’ learning to produce new sound types (Ruch et al., 2018).

In sharp contrast, a wide variety of other animals show clear vocal control and vocal learning, much more flexibly and easily achieved in the wild as well as in laboratory experiments. It appears that the vast majority of these animals either fly (e.g., songbirds, hummingbirds, parrots, and bats), have aquatic lifestyles (e.g., pinnipeds, dolphins, and whales), or have a history of aquatic or semi-aquatic lifestyles (e.g., elephants). In the case of the mammals that show impressive voluntary vocal control and vocal learning, most forage heavily or entirely in water, and must control their respiratory apparatus in such a way as to guage the amount of time necessary under water for each dive. This requirement imposes a necessity for voluntary control of the glottis (or other valve that manages respiratory flow). Since the glottis in primates is the apparatus that modulates respiration to create phonation, we propose that voluntary vocal control may have been facilitated by selection pressure on the voluntary control of the glottis that was naturally selected in hominins as a requirement of foraging by swimming and diving.

A hypothesis that ancient hominins lived at waterside, fishing and foraging in water by both wading and diving, and were heavily affected by selection pressures associated with these activities, appears to be gaining traction (Tobias, 2011; Attenborough, 2016). The idea has been on the table for many decades (Westenhoefer, 1942; Hardy, 1960; Morgan, 1997), but has been opposed by most of the community of paleoanthropology (e.g., Langdon, 1997), which is still primarily committed to the savannah hypothesis of human origins. Yet savannah living offers no integrated solution to explain the suite of characteristics that mark humans as remarkably distinct from their primate cousins, most importantly bipedalism, hairlessness, extensive subcutaneous fat, and voluntary phonatory control (for additional features and elaborations see, e.g., Niemitz, 2010; Gislen and Schagatay, 2011; Schagatay, 2011; Verhaegen et al., 2011). The idea is that ancient apes (perhaps the ancestors of both greater and lesser apes) spent significant periods of their evolution foraging in water, a pattern that may have influenced the evolution of preferential bipedalism on land (in hominins and gibbons) or other forms of special ambulation such as knuckle walking (in, e.g., chimpanzees and bonobos). In accord with reasoning by some supporters of this “waterside hypothesis,” the hominins may have been the apes that stayed the longest in waterside living, experiencing to a much greater extent than other apes the special selection pressures of wading, swimming, and diving to forage. In accord with the hypothesis, hominins were evolved to be fully bipedal because wading places strong selection pressures on upright gait (see Kuliukas et al., 2009) and to possess the additional characteristics common in marine (and previously marine) mammals, as listed above.

This idea presents a possible basis upon which selection pressure on vocal fitness signaling could have taken hold in ancient hominin infants more easily than in other primates. If they were preadapted for more voluntary glottal control, they may have as a consequence been more susceptible to selection pressures on voluntary phonation than infants of other primate species. To our knowledge there has been no systematic research correlating the amount of diving done by various species with degree of vocal control. Such work should take into account the lifestyles of the species, since solitary creatures should not be expected to be as inclined to use social vocalization as gregarious species. Mating patterns should also be considered because mating songs also require vocal learning. Another test of the possible influence of hominin waterside living on vocal control could involve experimental studies of breath holding among primates. Instrumental conditioning research could conceivably make it possible to determine the degree to which apes and other primates can be taught to hold their breath.

The thoughts expressed here about possible impediments to the evolution of language are surely incomplete. Yet speculations and creative research on possible forces both favoring and inhibiting evolution of vocal flexibility hold promise in illuminating the origins of language.
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Individuals of some animal species have been taught simple versions of human language despite their natural communication systems failing to rise to the level of a simple language. How is it, then, that some animals can master a version of language, yet none of them deploy this capacity in their own communication system? I first examine the key design features that are often used to evaluate language-like properties of natural animal communication systems. I then consider one candidate animal system, bird song, because it has several of the key design features or their precursors, including social learning and cultural transmission of their vocal signals. I conclude that although bird song communication is nuanced and complex, and has the acoustic potential for productivity, it is not productive – it cannot be used to say many different things. Finally, I discuss the debate over whether animal communication should be viewed as a cooperative information transmission process, as we typically view human language, or as a competitive process where signaler and receiver vie for control. The debate points to a necessary condition for the evolution of a simple language that has generally been overlooked: the degree of to which the interests of the signaler and receiver align. While strong cognitive and signal production mechanisms are necessary pre-adaptations for a simple language, they are not sufficient. Also necessary is the existence of identical or near-identical interests of signaler and receiver and a socio-ecology that requires high-level cooperation across a range of contexts. In the case of our hominid ancestors, these contexts included hunting, gathering, child care and, perhaps, warfare. I argue that the key condition for the evolution of human language was the extreme interdependency that existed among unrelated individuals in the hunter-gatherer societies of our hominid ancestors. This extreme interdependency produced multiple prosocial adaptations for effective intragroup cooperation, which in partnership with advanced cognitive abilities, set the stage for the evolution of language.
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INTRODUCTION

Research programs on animal communication systems in nature have proceeded essentially independently of research programs endeavoring to teach language to animals. This is surprising in light of the early, well-known efforts to relate these two research streams, especially by Hockett (1960) and Marler (1961). These efforts spurred two questions. First, can animals be taught human language, even a simplified version? Second, do the natural communication systems of any animals rise to the level of simple language? Research since then has indicated that these two questions may have different answers: I would suggest a provisional yes to the first, and a provisional no to the second. If this view is correct, it raises a further question: why, then, if some animals can master a version of language, don’t they use this capacity in their natural communication system? In this paper I address this paradox, and make some suggestions toward its resolution.

My paper is divided into four parts. First I consider the main “design features” of language proposed by Hockett as a basis for evaluating language-like properties of animal communication systems. Hockett concluded that some animal communication systems have some of these design features, but none of them have all the design features, especially the key ones. I will designate an animal communication system as a ‘simple language’ system using a variation on the definition of Hewes (1973): “language [is] any system of animal communication which exhibits most of the design features set forth by Hockett” (Hewes, 1973, p. 5). I narrow this definition by identifying four design features – semanticity, arbitrariness, learnability and cultural transmission, and productivity – as necessary for the system to be classified as a simple language. Second, I discuss bird song, a case where several but not all of the key design features are present. I will focus on one specific case of a song-based communication system that is clearly complex and nuanced, but nevertheless lacks three key design features, semanticity, arbitrariness and productivity. Third, I consider the debate, not yet fully concluded, over whether animal communication should be conceived of as a process of information transfer or as manipulation of receiver by the signaler. The debate is germane to our more specific question because it provides a clue as to why we find no simple languages among animals despite the apparent capacity for it in at least some of them. Finally, I suggest that although there appear to be at least some animals with the cognitive capacity for a language-like communication system, none of them have a social system with extreme interdependency among individuals on the scale of that which existed in the hominid hunter-gatherer system. I argue that this extreme interdependency was a necessary condition for the evolution of human language.



DESIGN FEATURES OF LANGUAGE

In this section I consider the extent to which the most important design features of human language are found in animal communication systems. I use Hockett’s (1960) design features as a basis for comparison of natural animal communication systems with human language. Although Hockett’s design features may have limited use as a theoretical framework for modern evolutionary linguistics (Wacewicz and Żywiczyński, 2015), it is a useful starting point for the comparative analysis of this paper. I have winnowed Hockett’s original design features down to the few I consider the most fundamental ones that can be used to directly compare human language with animal communication systems.


Specialization: The Purpose of Linguistic Signals Is Communication and Not Some Other Biological Function

Specialization, in Hockett’s sense, is the first defining feature of a communication system, no matter how simple or complex it might be. Otte (1974) defines communication signals as traits “fashioned or maintained by natural selection because they convey information to other organisms”(Otte, 1974, p. 385). I discuss the vigorous debate over the ‘information’ aspect of this definition in Section “Communication: Information or Influence? Mutual Benefit or Manipulation?”, but debaters on both sides would agree that this definition captures the key difference between true communication signals on the one hand, and tactical behaviors or inadvertent cues on the other. For example, while we might describe an individual delivering a blow to a potential opponent as ‘sending a message,’ we mean this only in a metaphorical sense. This behavior is primarily tactical, that is, the individual delivering the blow will directly benefit it if its opponent responds by backing down. If instead of delivering a blow the individual had said “I’m going to kill you,” or growled, or barked, or hissed, we would recognize these as true communication signals, having been shaped by natural selection for the purpose of (literally) sending a message, and requiring adaptations in the receiver as well.

Hockett listed prevarication – the ability to transmit misinformation, i.e., to lie or deceive – as one of his many design features, albeit a minor one, a corollary almost. In Section “Communication: Information or Influence? Mutual Benefit or Manipulation?”, I will argue that we should consider prevarication to be a fundamental, indeed foundational feature of animal communication systems: communication in animals is shaped by the tension between the sender’s and receiver’s interests, and truth in communication is not a given, but rather, when it occurs, hard won.



Semanticity: Specific Signals Are Directly Tied to Certain Meanings

To say that a communication system is semantic is to say that it uses signals to represent particular things or actions. A well-known example in animals are alarm signals given in response to different predators. We can say in such cases that each of these signals represents one of several different predators, or more precisely, the appearance on the scene of one of these predators. For example, vervet monkeys have three different alarm calls for three different classes of predators: raptors, terrestrial mammals and snakes, predators which depend on an element of surprise to capture the monkey. In response to an aerial predator, such as a martial eagle, a monkey emits ‘cough’ calls and sender and receivers take shelter in dense bushes or near the core of a tree. In response to leopards, a monkey emits a ‘bark’ call and the monkeys climb up to the tip of tree branches where leopards cannot safely go. Finally, if a monkey spots a dangerous snake, such as a python, it emits a ‘chutter’ call and the group gathers around the snake, standing upright and harassing it until it leaves the area. Although the vervets use these same signals in other contexts (e.g., intergroup fights) to represent different things, the modification of signal meaning in different contexts occurs in human language as well, and does not negatively impact the representational quality of these signals (Seyfarth et al., 1990; Price et al., 2015). Indeed, it is not unusual for an animal to use a particular signal to mean different things in different contexts (Smith, 1997), similar to some words meaning totally different things within different sentences.

Nevertheless, I will argue later in this paper that the semanticity of animal communication systems is limited: although some things are represented by animal signals, the number of things is generally small. Attempts to catalog the number of different things signaled in animal communication systems typically top out at 25 or so (vervet monkeys, Struhsaker, 1967; Japanese macaques, Green, 1975; review in Hauser, 2000). The limitation does not appear to be due to production constraints (the ability to produce enough distinct signals or to recombine enough of them to enlarge the signal set) or to perceptual-cognitive constraints.



Arbitrariness: Languages Are Made Up of Arbitrary Symbols Which Have No Intrinsic or Logical Connection to What They Represent

A distinctive feature of human language is that not only are words semantic, they are arbitrarily so. We could equally well call dogs ‘cats’ and cats ‘dogs,’ or any other two words, so long as sender and receiver knew the convention, a point illustrated by the existence of the many different languages of the world. These signals seem totally arbitrary with respect to what they signify, and in theory they could be interchanged without problems, so long as senders and receivers were both aware of the convention. How about animal signals? It appears that in theory we could interchange the vervet alarm signals without problems, provided of course that the receivers were aware of the ‘convention’ (i.e., were hard-wired appropriately). Identity signals – indicating species or individual identity, and occasionally group or kinship – are perhaps the most common animals signals that unequivocally have the arbitrariness feature.

But many, perhaps most, animal signals are not arbitrary. Signals used in agonistic and mate attraction contexts are typically “more of” signals, i.e., more effective signals are louder, longer, bigger, brighter, flashier, designed to impress or to shock and awe. I am unaware of any clear example where the reverse is true, where the more effective signal is the one that is less conspicuous, for example, a softer sound, a more subdued color, a less vigorous display. An apparent exception might be the ‘quiet song’ sung by many songbirds in intense conflict situations, but this typically happens only when the bird is close to its opponent so that the quiet song is audible to the receiver (Searcy et al., 2014); ‘normal’ song is loud because it is a long-distance signal. Moreover, quiet song is typically different in other respects besides loudness, for example, having some elements seen only in quiet song, such as very high frequency elements.

Other animal signals are simple extensions or slight modifications of tactical behaviors, e.g., of attack behavior in agonistic situations. For example, a threat signal in many mammals is the open mouth display, where the teeth, the canines notably, are prominently displayed. Ethologists called this a ‘ritualized’ display (Lorenz, 1966), i.e., one that has been modified by natural selection to be a display, since the mouth is held open, and attack withheld, rather than being the beginning of an actual attack. Another common threat signal is the raising of the hair or feathers, making the animal appear larger. Again, while these actions are plausibly considered ritualized displays, they are not arbitrary signals. If they were, you would also find cases where animals threaten by closing their mouths, or by making themselves appear small. In short, animal signals functioning to impress an opponent or potential mating partner are usually inherently impressive, not arbitrarily selected to represent threat or desirability. Any naïve observer viewing a ritualized dominance interaction between two wolves (or dogs) would have no difficulty determining which animal was dominant and which was subordinate. An upright animal, with its hair raised, its tail raised, and staring at its opponent inherently appears dominant, whereas one with a flattened, slinking body, hair down, tail down, and looking away from the opponent, inherently appears subordinate.

Many epigamic signals – signals designed to attract a mate and induce her to mate – are bright, striking ornaments, often ones that function like supernormal stimuli (e.g., the tail of the long-tailed widowbird, Andersson, 1982). Many epigamic signals are energetically expensive and highly skilled behaviors, such as the complex male courtship dances of wolf spiders and jumping spiders (Hebets and Uetz, 1999; Elias et al., 2012). The motor performance revealed in these sorts of displays likely reflect whole-organism performance relating to survival, and thus should be good indicators of individual signaler quality. There is considerable evidence that females choose mates in nature based upon their evaluations of male motor performance (reviewed in Byers et al., 2010). The relevant point here is that these signals are not arbitrary, but inherently reflect the trait signaled: signaler quality.

Even in the example par excellence of communication of information about the external world – the honeybee dance language – the signals are not quite so arbitrary as generally assumed. For example, if the dance is done outside the hive, where the sun is visible, the bee dances with respect to the actual position of the sun, rather than with respect to the vertical (Gould, 1975). That is, outside the hive, the symbology is not truly arbitrary. Moreover, the distance to the target is represented by the duration of the straight run – the further the distance, the longer the run – so this is at least partially non-arbitrary as well.

Although the words in human language are arbitrary – the existence of different languages is the clearest evidence on this point – they may be expressed in such a way to amplify or otherwise modify their meaning, as for example a loudly shouted “no” indicating stronger conviction. But what would be considered an extra-linguistic feature for humans is often the primary message in animals. For example, the initial stage of a battle between two male red deer consists of a roaring contest (Clutton-Brock and Albon, 1979). This vocal signaling duel does far more than simply establish that each animal is a male conspecific ready to defend or fight for the harem – this undoubtedly was perceived by both parties before the contest began – rather, how loud and how long an individual roars establishes how motivated and formidable he is, and is used by the receiver to decide whether to continue the fight or depart. Similarly, the plumage ornaments and courtship dance of a male golden-collared manakin do far more than simply identify species and sex – that is simply the necessary first step – the brightness of the ornament and the skill of the dance determine whether the receiver, the female, will choose to mate with this particular male or continue her search for the best possible mate (Stein and Uy, 2006; Barske et al., 2011).

In summary, although we have examples of animal signals that are totally arbitrary, many others – perhaps most? – are not. I would add that to date we have found nothing comparable to the many different human languages, which are a consequence of the arbitrariness feature. We do find geographical dialects in animals (e.g., Marler and Tamura, 1964; Wright and Dahlin, 2018), but as the name implies, these are relatively minor variations on the basic signal set, nothing like the wholesale variation seen in human languages.



Learnability and Cultural Transmission

Human language is both learned and taught. Most animal communication systems are neither. A well-known exception to this generalization are the learned vocal communication signals of several taxa, most notably the oscine passerines (songbirds), hummingbirds and parrots among birds, and cetaceans and at least some bat species among mammals (reviews in Janik, 2014; Knornschild, 2014; Nowicki and Searcy, 2014). Evidence for vocal learning and cultural transmission in some other birds and mammals as well (Walcott et al., 2006; Kroodsma et al., 2013; Stoeger and Manger, 2014; Garland and McGregor, 2020; Barker et al., 2021) suggests that this ability may lie closer to the surface than is generally assumed, but at least at the present time, vocal learning is thought to be rare in animals. Later in this paper I return to the best-studied example of vocal learning, song learning in songbirds.

Where the communication signals are learned, we should expect to find dialects, geographical variation in the signals. The occurrence of dialects is one criterion for identifying the occurrence of learning and potentially evidence for the arbitrariness design feature. An example that may illustrate the arbitrary nature of dialects is the recently-discovered modification of the song in eastern white-throated sparrows to resemble the typical song of western white-throated sparrows. Investigators have traced this change to eastern birds learning the western version of the song on the migration grounds, where individuals of the two populations mix (Otter et al., 2020). Most eastern birds now sing the ‘western’ version of the song on the breeding grounds, illustrating that the details of the song structure are not crucial for its function. Although Otter et al. (2020) suggest that this change might have been driven by a preference on the part of eastern females, they give no evidence for this hypothesis, nor plausible basis for it.

Perhaps even rarer in animal communication systems than learning is teaching. The commonly accepted criteria for demonstrating teaching in non-human animals are that (1) teachers should modify their behavior in the presence of the learner, (2) this change in behavior should result in no immediate benefit to the teacher, and (3) the learner should acquire a behavior quicker or better as a result (Caro and Hauser, 1992). In song-learning studies the birds from whom the young bird learns its song are conventionally referred to as ‘tutors,’ and although live birds are invariably more effective song tutors than recorded song (review in Beecher, 2017), the term ‘tutor’ is used purely as matter of convenience. In fact, in the most common context for song learning in nature, young birds learn from older birds who are or will be their territorial rivals, a very different context from language learning in young humans, where ‘tutors’ are typically relatives or other interested parties who ultimately (but not immediately) benefit from tutoring. Nevertheless, even in the common songbird case where the young bird learns from territorial rivals, bird song tutoring would fit all three criteria for teaching if in fact the older bird reduces his usual aggression when a young bird appears on his territory, increases his counter-singing with the young bird in such a way as to facilitate learning, and benefits down the road from this tutoring (for example, the two cooperate in mutual defense of their territories, or against predators, or refrain from extra-pair mating with one another’s mates). We have indirect evidence for song learning/teaching in song sparrows: mutual survival is greater in young birds and their primary tutor-neighbor (the one from whom they learn most of their songs) the more songs the two of them ultimately share, i.e., the more songs the tutee learned from the tutor, or the tutor taught the tutee (Beecher et al., 2020).



Productivity: By Combining a Small Number of Meaningless Units Into Larger Meaningful Signals, a Sender Is Capable of Producing Meaningful Statements About Virtually Anything

The sense in which I am using this term is captured by Hauser (2000, p. 448): “the power of [human] language comes from our capacity to take meaningless syllables and combine them into an unbounded number of meaningful words, and then take these words and combine them into an unbounded number of meaningful expressions (Chomsky, 1986; Studdert-Kennedy, 1998).” I will define productivity as recombining a smaller number of basic signal units to produce a larger number of signals, and thus, messages. Indeed, semanticity (representation) and productivity are probably the two central features of human language: by combining basic phonetic units into larger meaningful units, and combining these units further via syntactical rules, we can say almost anything.

Animal communication systems are not productive in this sense, and this is the primary reason we do not refer to them as languages. We would be impressed if a vervet could say something like “Grab your infant and run from the leopard coming from the west but watch out for the python who likes to hide in the bushes just to the east of you.” A human can say this kind of thing easily, combining a relatively small number of atomic units (phonemes) into very large number of basic signals (words) and combining these into a very large set of possible communications. I note that while there is some controversy in phonetics about exactly what are the units of productive combination, there is agreement that all natural languages (including sign language) are made up of meaningless atomic units that are combined into larger meaningful wholes (Zuidema and de Boer, 2009).

Instead of productivity, we could describe the communication system in terms of information capacity. The information capacity of human language is essentially infinite, in the sense that, in theory, we can communicate virtually anything. Our motor, sensory and cognitive capacities obviously will reduce how much information actually gets transmitted and received. But still, the fact is that we can transmit an enormous amount of information with language. Attempts to measure information capacity or information transmission in animals, on the other hand, have given rather modest results. Two estimates of the information about distance and direction in the honeybee dance language have given a high value of 14.9 bits (Gould, 1975) and a low value of 7.4 bits (Schürch and Ratnieks, 2015). My group has estimated the information capacity of the call signature system that parents of the colonial cliff swallow use to find their offspring in their large breeding colonies (Medvin et al., 1993). We estimated the capacity as 8.76 bits, and the estimate would be somewhat larger if we included information that can be derived from visual differences among cliff swallow chicks (Stoddard and Beecher, 1983). The information capacity of human language of course is orders of magnitude larger than this.

We certainly find the potential for productivity in bird song. For example, most songbirds have multiple songs (song ‘repertoires’), and the different songs are made up of different syllables or notes in different orders, and these smaller units can be used in more than one song. Still, although the units are there, and although songbirds may possess the cognitive capacity to comprehend hierarchical structuring in vocal signals (Gentner et al., 2006; but see van Heijningen et al., 2009), they do not use these capacities to form different songs representing different things. As Hauser (2000, p. 450) puts it, “in contrast to the recombination of words into sentences by humans, the output of songbird recombination does not change its meaning.” A minor exception are some songbirds who use some song types in a territorial defense context and others in a mate attraction context (e.g., Byers, 1996). As discussed in the next section, theories on the function of song repertoires abound, but they all agree that the different songs function simply to provide diversity, rather than to represent different things.



Summing Up

Table 1 summarizes the conclusions of this section. The natural communication systems of animals fall short of human language on a number of the key design features of language. They come closest on semanticity, where signals sometimes represent things in the external world or within the signaler, and the signals are sometimes truly arbitrary. However, more commonly animal signals are not arbitrary but inherently meaningful, e.g., an animal making itself appear large is more frightening than an animal making itself appear small. Most animal communication signals and responses are neither learned nor culturally transmitted. And, so far as we know, no animal communication has the sine qua non of language: productivity.


TABLE 1. Key design features of communication systems (after Hockett, 1960, pruned and combined).
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BIRD SONG: COMPLEXITY WITHOUT PRODUCTIVITY

The oscine passerines (songbirds) are one of the rare animal taxa in which individuals learn their vocal communication signals. In most animals, these vocal signals are ‘hard-wired,’ that is, they develop normally whether or not the animal is exposed to them early in life. It has long been noted that vocal learning in songbirds has many similarities to language learning in humans (Marler, 1970; Doupe and Kuhl, 1999). These similarities include the following. (1) The young bird needs to be exposed to normal species vocal signals in order to produce them as an adult. (2) The sensory phase of song learning precedes the motor phase. (3) Auditory feedback (which can be abolished by deafening) is necessary for the translation of memorized sensory input into motor production. (4) Vocal learning is most efficient in (and sometimes restricted to) a sensitive period early in life. (5) There are specialized parts of the brain dedicated to the vocal control system. (6) Song is socially learned and culturally transmitted, and in at least some cases it may be actively taught (e.g., Carouso-Peck and Goldstein, 2019; Beecher et al., 2020). While notable differences exist among songbird species with regard to the normal progression of song learning (Beecher and Brenowitz, 2005), these six features are essentially true for all of the many songbirds that have been studied to date.

Despite the notable parallels between bird song learning and human language learning, none of the many studies endeavoring to teach a version of human language to animals have focused on songbirds. This is all the more surprising given the language learning shown by Alex the African Gray Parrot, a member of another avian taxon with vocal learning, the psittacines (Pepperberg, 1981, 1987). Moreover, songbirds have strong cognitive capacities, a highly-developed vocal production mechanism, and a vocabulary of basic sound units in their song that rivals or exceeds the basic sound units of human language. There are even songbird species that can mimic human speech sounds (e.g., Hill Mynah birds). On the face of it, all the requisites would seem to be there to support a simple language in a songbird.


What Is the Function of a Song Repertoire?

In contrast to well-studied white-crowned sparrows and zebra finches, in most songbird species an individual bird will sing multiple songs (has a song ‘repertoire’). For example, song sparrows typically have nine (plus or minus two or so) very different songs. Each of these songs is made up of 5 or 6 distinct elements, and the order of these elements is important (Horning et al., 1993). The songs do not have individual signatures and the nine or so songs in a song sparrow’s repertoire are as different among themselves as would be a collection of songs taken at random one from each of nine or so different birds (Beecher et al., 1994). Song sparrows are somewhere on the middle of the song repertoire complexity scale: many species have larger and even more complex song repertoires. The key point for this discussion is that song repertoires provide clear potential for productivity, as song sparrows and many other songbirds have as many or more distinct units in their vocal communication systems (e.g., about 100 in indigo buntings, Thompson, 1970; and in swamp sparrows, Marler and Pickert, 1984) as there are in human language (a typical language has 40–45 phonemes).

The most popular hypothesis about song repertoires for north temperate zone songbirds – where only males sing – is that they are an epigamic signal produced by males to attract females and that larger repertoires are more attractive than smaller ones (Catchpole, 1987; Searcy and Yasukawa, 1996; MacDougall-Shackleton, 1997; Collins, 2004). Focusing on just the well-studied song sparrow, the evidence for this hypothesis is mixed (Searcy, 1984; Reid et al., 2004; Hill C. E. et al., 2011). The handicap principle, discussed in the next section, would suggest that if large song repertoires are preferred, it is because they are an indicator of some aspect of male quality. Reid et al. (2005) found support for this idea: song repertoire size in male song sparrows correlated with enhanced cell-mediated immune response (CMI) and relative heterozygosity. Anderson et al. (2017) hypothesized that female song sparrows might prefer large-repertoire males because this feature is an indicator the overall learning ability of the male. However, they found no correlations between repertoire size (or two other measures of song learning ability) with an overall measure of learning ability (based on five different learning tasks). I should note, however, that a correlation of vocal learning ability with both overall learning ability and mating success has been found in another songbird, the Satin Bowerbird, a vocal mimic: in this case the vocal learning ability is the ability of males to mimic the calls of other local bird species, both the number of species mimicked, and the accuracy of the mimicry (Coleman et al., 2007; Keagy et al., 2009).

According to another hypothesis, song repertoires play a role in territorial competition, which in north temperate zone songbirds, where only males sing, is largely male-male competition, but outside the north temperate zone where both sexes sing, is pair-pair competition (e.g., Levin, 1996; Langmore, 1998; Logue and Gammon, 2004). There are several hypotheses as to how repertoires might work in the territorial competition context. Song is used by most territorial songbirds at least in part as a keep-out signal, to ‘post’ their territory. Kroodsma (1988) argues that the vocal diversity provided by a repertoire functions to hold the attention of territorial competitors by dishabituating them to the territory owner’s singing, i.e., by holding their attention. As one piece of evidence, he points to a positive correlation between repertoire size and population density in marsh wren populations, and also to the finding that birds in denser populations cycle through their songs faster, again a behavior that should reduce habituation (Kroodsma, 1977). In contrast, song sparrows sing their much smaller repertoires with eventual variety, i.e., singing each one of their song types many times before switching to another type, and this would seem to argue against the dishabituation hypothesis. In western, resident populations of song sparrows, song repertoires may function primarily to provide a bird with songs matching all (or most) of his neighbors, and thus potential individualized replies to each one of them (Beecher et al., 1997; and see next section).

Although as this brief discussion indicates, the theoretical debate has not yet concluded, the take-away point is that none of these hypotheses view song repertoires as a form of semantic communication. Rather they view repertoires as having a direct effect on the receiver (dishabituation), or as permitting individualized replies to multiple neighbors, or as quantitative signals with inherent rather than semantic meaning, that is, more songs (or more song syllables) are simply more effective.

I should add that most single-song species appear to have the potential to develop song repertoires yet do not tap into this potential. For example, when examined over an entire population, indigo buntings have a repertoire of over a 100 distinct song syllables, yet a given individual uses just 6–8 of these in the single song it develops (Rice and Thompson, 1968; Thompson, 1969; Baker and Boylan, 1995).



An Example: Communication in a Negotiation Context

Although the different songs in a bird’s repertoire do not have different meanings, a bird having a song repertoire can still use the different songs to communicate in more subtle, nuanced ways than might at first be suspected. In this section I describe one such case: how song sparrows use the songs in their song repertoire to negotiate territorial disputes. The general point I will make is that their communication system is surprisingly complex and versatile, despite being neither semantic nor productive. Although I will not attempt to generalize to all songbirds given the incredible diversity of the song communication systems seen in this group (Beecher and Brenowitz, 2005), I suspect that this conclusion – complexity without productivity – applies broadly to songbirds, and perhaps to all animals.

Song sparrows have a territorial system like that found in many animals and typical of many songbirds. An individual carves out a territory where the mated pair will nest and raise their young, doing most of their feeding on the territory. Suitable habitat is typically densely occupied by conspecifics, so territorial disputes can arise during both the establishment and maintenance stages. The relationship between territorial neighbors can become relatively non-hostile once established, however, on the principle that the enemy you know is better than the enemy you don’t know, generally referred to as the ‘Dear Enemy’ relationship (Fisher, 1954; Akçay et al., 2009, 2010; Beecher and Akçay, 2014). Because in territorial animals, neighbors have no fences, neighbors need to renegotiate territory boundaries from time to time. Negotiation can progress into fighting but avoiding fighting may benefit both parties and this common interest favors reliable signaling. Therefore, as I will discuss in Section “Communication: Information or Influence? Mutual Benefit or Manipulation?”, we should expect to find some degree of honest communication concerning not only fighting ability (resource-holding potential) but also motivation to fight (e.g., at a particular point in time, one party may have more to lose than the other).

Song sparrows in western, resident populations use their repertoires in a complex way to carry out territory negotiations. Although they will engage in serious fights, established neighbors use their signaling system to avoid fighting if possible. Before fighting they typically give their high-level threat signals, wing waves and soft song (Searcy and Beecher, 2009; Searcy et al., 2014; Akçay et al., 2015a). But before reaching this stage, they use the songs in their repertoires to escalate or de-escalate the dispute following a set of ‘conventions’ predicated on which songs the two birds happen to share (Beecher et al., 1996, 2000; Burt et al., 2001, 2002; Beecher and Campbell, 2005; Akçay et al., 2011; Templeton et al., 2012; Akçay et al., 2013, 2015b). Because western song sparrows learn songs from their neighbors in the area to which they disperse after fledging, a bird typically shares some of his songs with each of his immediate neighbors. The set of songs he shares with one neighbor is typically different from the set he shares with another. A partial example is shown in Figure 1. For example, if we represent the different songs of a bird with different capital letters, and the shared songs of neighbors with the same capital letter, then Bird 1 might share his song types A, B, and C with his neighbor Bird 2, his song types C, D, and E with another neighbor, his song types E and F with a third neighbor, and finally G, H, and I with no neighbors (e.g., the bird he learned these songs from may have died). A typical territorial negotiation might occur as follows. Suppose Bird 1’s mate finds an ideal place to build her nest just over the previously-established boundary with Bird 2. Bird 1, aiming to establish this new boundary, moves to that point and sings at his neighbor. Typically the two birds would still be a considerable distance apart at this point and out of sight of one another (territories are large and song is a long-distance signal). Although Bird 1 could sing any one of his 9 songs to Bird 2, in this circumstance he would typically ‘address’ Bird 2 by singing one of their shared types, A, B, or C. Let us say bird 1 sings B. Bird 2 can escalate by replying with his B’ (i.e., his most similar song to Bird 1’s B). This ‘type match’ is a low-level threat signal and would be the first step in escalation. Alternatively, he could ‘confirm’ without escalating by replying with A’ or C’ (‘repertoire matches’, Beecher et al., 1996). Note that this type of reply is only possible if Bird 2 knows Bird 1 well enough to know which songs they share and which songs they don’t. Finally, rather than type-matching or repertoire-matching, Bird 2 can de-escalate by singing one of his unshared types, e.g., D, E, F, G, H or I. Singing an unshared type is better than not singing at all because it signals that although the singer is not engaging, he is on territory and has heard his neighbor; it is a signal likely used for example when the bird is busy feeding recently-fledged young. If Bird 2 does type match bird 1 (sings B’), Bird 1 in turn can continue to sing that song type (‘stay on type’), or he can de-escalate by switching to another shared song (A or C, ‘repertoire match’), or de-escalate further by switching to an unshared type (e.g., D or E), or disengage totally by stopping singing.
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FIGURE 1. Partial song repertoires of two neighboring birds. Shared songs are shown in the top three rows, and four of their unshared songs in the bottom two rows (they are arbitrarily paired). Frequency scale: 0–10 kHz. Songs are 2–3 s long.


Each ‘convention’ – type matching, repertoire matching, staying on type, switching to an unshared type – has a distinct signaling function in this graded signaling system, with both type matching and staying on type when type-matched signaling a readiness to escalate, repertoire matching signaling recognition of the sender and engagement but stopping short of escalation, and switching to an unshared type signaling de-escalation. The system while not in itself resolving anything, does give the neighbors time to defuse the situation or work out a compromise. Note, however, that the semantic content is limited. No particular song in the repertoire means a particular thing. A song’s meaning is defined entirely by the context of who the receiver is, and even then there are essentially only three meanings, roughly ‘back off,’ ‘I hear you and know who you are,’ and ‘I’m busy now.’



Summing Up

Songbirds check several of the design feature boxes and they would appear to have the potential to use their songs in a productive way, i.e., to use their signaling system to say many things. However, despite considerable debate concerning the function of song repertoires, the different repertoire hypotheses all agree on one point: that the function of the vocal diversity is diversity per se, not the transmission of different messages with different songs. Perhaps even more surprising, many single-song species have large song syllable repertoires an individual could tap into, but instead each individual uses just several of these syllables to develop its single song. No songbird rearranges its multiple song syllables into different songs that signal different things. I echo here the conclusion of Fitch and Jarvis (2013, p. 502): although songbirds (and parrots) have vocal learning and a complex vocal repertoire, they do not “use their songs to communicate combinatorial propositional meanings, i.e., semantics.”. Songbirds may use their repertoires in subtle, nuanced ways, as with the song sparrow hierarchical signaling system I described above, but what the system achieves seems better described as the management of behavioral conflict than as an impressive transmission of information. That is, the system may function well, but it does not function like a language.




COMMUNICATION: INFORMATION OR INFLUENCE? MUTUAL BENEFIT OR MANIPULATION?

In this section I discuss the debate within the field about the fundamental nature of animal communication. I believe this debate has provided us with a key to understanding why we find no examples of a simple language among the many communication systems of non-human animals, and true language only in the human animal.

We can trace the real beginning of the field of animal communication to the classical ethologists (e.g., Tinbergen, 1952). The ethologists provided detailed descriptions of animal signaling systems in nature, developed theories about the underlying proximate causes (e.g., sign stimuli, innate release mechanisms, and fixed action patterns) and evolutionary processes (e.g., ritualization), and most relevant here, established the view of animal communication as – like human language – an information transfer process. On the question of the function of animal signaling systems, they took a group-selectionist perspective: the benefit that a signaling system provided went not to signaler or receiver per se, but to the species (see Tinbergen, 1964 definition in Table 2).


TABLE 2. Definitions.
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Following the revolution of the 1960’s and 1970’s first known as sociobiology (Wilson, 1975) and subsequently as behavioral ecology (Krebs and Davies, 1978), natural selection came to be viewed as acting on individuals, rather than species or groups (Williams, 1966). For some researchers, the shift from naïve group selection to individual selection did not entail a significant change in view: it was simply assumed that signaler and receiver both benefited from the transmission of information, and so this basic parallel with human language was maintained (see Table 2 definitions of Marler, 1968; Otte, 1974). The assumption of mutual benefit seemed natural in cases where sender and receiver have a strong common interest, e.g., the honeybee ‘dance language’ where scout and recruit are both working toward the same end, to provide food for their relatives in the hive. But as investigators began considering the many cases where signaler and receiver have conflicting interests, such as in agonistic encounters over an indivisible resource, they began to question the mutual-benefit, information transmission view. They asked two questions about such cases. First, do both parties have to benefit? Second, do we need to even talk about ‘information transmission’? Isn’t the signaler simply selected to manipulate (or influence) the behavior of the receiver to its advantage? The manipulation viewpoint was famously developed by Dawkins and Krebs (1978) who argued that rather than expecting signalers to signal honestly, we should expect them to manipulate the receiver to their own advantage, e.g., to convince opponents to retreat, or potential partners to mate with them.

Since the Dawkins and Krebs (1978) paper, the debate has continued as to whether it is justified or productive to conceptualize animal signaling as an information transmission process in which both parties benefit. Simplifying somewhat, I will distinguish between the Information Transmission and Manipulation approaches to animal communication. Strong arguments on the manipulation side since Dawkins and Krebs (1978) include Krebs and Dawkins (1984), Owings and Morton (1998), Scott-Phillips (2008), Rendall et al. (2009), and Owren et al. (2010). Strong arguments on the information side over this same period include Green and Marler (1979), Smith (1997), Bradbury and Vehrencamp (1998), Searcy and Nowicki (2005), Carazo and Font (2010), Seyfarth et al. (2010), and Wiley (2013). Definitions from some of these sources are included in Table 2.

In conceiving of signaling as manipulation, Dawkins and Krebs (1978) essentially treated the communication interaction like a zero-sum game. This seems reasonable in cases like disputes over an indivisible resource (a food item, a territory, and a mate), and also in epigamic selection, where a male tries to persuade a female to mate with him now rather than to continue searching for a possibly better male. Although the manipulation view was enlightening in many respects, as originally presented it had a serious weakness: it gave no agency to the receiver. While it was sensible to expect signalers to signal for their own benefit, why should we expect receivers to be passive in these evolutionary scenarios, especially if being manipulated by the signaler is costly? Rather, we should expect receivers to show ‘sales resistance’ to signals that carry misinformation or are pure propaganda (“I am the best,” “I will fight you to death”). Indeed, receivers can do more than simply ignore signals that do not benefit them: they can require signals that do benefit them, even if those signals are costly to the sender. For example, in many species males must sing or call to attract a female for mating. If the male does not vocalize, potential female receivers will simply not engage. Moreover, these vocal signals may attract predators, a cost borne by the signaler but not the receiver. Indeed, the most effective or most-preferred signals may be the most costly, e.g., most conspicuous not just to the intended receiver but to predators as well. This is the case for a male túngara frog (Ryan and Rand, 1990). Males attract females to mate with a ‘whine’ call or a ‘whine-chuck’ call. When a male adds chucks to his calls, he not only attracts more females, but also predators: frog-eating bats that home in specifically on the chucks. Similarly, a calling male field cricket attracts more females than does a silent male, but he also attracts more parasitoid flies, and louder calls attract both more females and more parasitoid flies (Cade, 1975). In some populations the rate of fly parasitism is so high that males have lost the ability to sing (Zuk et al., 2006). As another example, territorial animals often vocalize as a “keep-out” signal. When a territorial songbird is deprived of its voice, however, potential rivals show up and proceed to take over its territory (e.g., McDonald, 1989).

If we reframe our view of the communication system as beginning with the implicit requirement that the receiver imposes on the signaler—to signal—rather than with the signal itself, it is apparent that receivers can be conceived of as manipulating signalers, and in the ‘receiver manipulation’ view, the potential costs to the sender are secondary to the potential benefits to the receiver. A possible benefit for the female túngara frog – the receiver in our example – might be a shorter search time in navigating to the male who adds the more localizable chucks to his calls, perhaps lessening her vulnerability to predation.

The receiver manipulation view prompts us to consider how the receiver might demand a more honest signal. There are two related possibilities. First, the receiver can selectively attend to signals that are inherently honest due to physical constraints. For example, in many frogs and toads, size is the most important weapon in male battles over mating opportunities and size is reliably predicted by the pitch of the animal’s vocalization: larger animals give lower-pitched calls. Davies and Halliday (1978) showed that playback of low-pitched calls was sufficient to discourage smaller males from entering into battle with an apparently larger male. A second way to require a more reliable signal has generally been discussed under the rubric of the ‘handicap’ principle. This principle was first proposed by Zahavi (1975), modified and formalized by Grafen (1990), given the intuitively pleasing graphical formulation by Johnstone (1997) shown in Figure 2, and is still being subjected to further modification and clarification (e.g., Penn and Számadó, 2018). But the basic principle is straight-forward, and can be verbalized as follows: signals whose degree of expression is dependent on the health, general condition or vigor of the signaler are inherently honest expressions of that individual’s quality. For a high-quality signaler, a ‘bigger’ signal is a smaller handicap (less costly, or more affordable) than it is for a low-quality signaler, thus ‘big’ signals are reliable signals of signaler quality. One of the clearest demonstrations of honesty in an epigamic signal was carried out by Petrie and her colleagues on that poster animal for epigamic signaling, the peacock. Petrie and colleagues demonstrated that in their peacock population, females preferred a mate with more eyespots in his feather train (whether the difference was natural, or produced by experimental manipulation), and that females mated with males with more eyespots had more young surviving to a year of age than females mated to males with fewer eyespots (Petrie et al., 1991; Petrie, 1994; Petrie and Halliday, 1994). Although the generality of these results has been questioned by studies on other populations (Takahashi et al., 2008; Dakin and Montgomerie, 2011), the example provides a clear illustration of the predictions generated by the handicap principle, and how they should be tested.
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FIGURE 2. Johnstone’s graphical model of the Handicap principle. The basic assumption is that it costs a high-quality signaler less to signal at its optimum level than it costs a low-quality signaler to signal at that level. The optimum or equilibrium level (where the difference between the costs and benefits of signaling are greatest) for the low quality signaler is lower (opt low) than that for the high-quality signaler (opt high). Thus the signaling level is a reliable indicator of signaler quality.


The handicap principle should maintain some degree of honesty in any signaling system where signaler and receiver have non-identical interests, such as virtually all mating and agonistic contexts. A low-quality individual can only ‘lie’ by diverting energy into signal development and expression that it needs for maintenance, and so as Searcy and Nowicki (2005) succinctly put it, lying becomes more costly than signaling honestly. Searcy and Nowicki suggest that ‘reliable’ is a better word here than ‘honest,’ for several reasons. First, as with reliability testing in science and elsewhere, we understand that although perfect reliability is unattainable, partial reliability may be good enough. In contrast, ‘honesty’ is generally taken to mean absolute honesty. Second, reliability of a signal is empirically measurable. Thus instead of debating whether an animal signal is informative or not, we can measure if it predicts something important about the present state of affairs or future events. Thus for example, in an agonistic situation a ‘threat signal’ should predict subsequent escalation, and the strongest ‘threat’ signal should predict attack (Searcy and Beecher, 2009).


Summing Up: Two Perspectives

Historically, the Information Transmission and Manipulation views of animal communication systems have been presented as in opposition. I suggest that in fact they are simply different perspectives on the same process. Once we give the receiver agency, and accept that manipulation is a two-way or reciprocal process in animal communication, we see that the two views have more in common than was at first thought. This rapprochement is nicely captured in the evolution of Dawkins and Krebs’s papers on the topic. In their original paper, Dawkins and Krebs (1978) focused on signalers and argued that “natural selection favors [signalers] who successfully manipulate [receivers] whether or not this is to the advantage of the manipulated individuals.” However, 6 years later in a follow-up paper (Krebs and Dawkins, 1984) they expanded their view to include receiver interests, noting that receivers would be favored to resist manipulation and to attempt to “read the minds” of signalers. Finally, Krebs (1991), discussing Zahavi’s handicap principle, concluded that the manipulation and honest signaling views are probably not incompatible: “Dawkins and Krebs (1978) discussed a coevolutionary process without specifying an end point, whereas Zahavi was concerned mainly with the end-point itself, so it is possible to imagine an evolutionary arms race of manipulation and sales resistance which end up with honest signaling” (Krebs, 1991, p. 67).

Figure 3 is a schematic representation of what I will call the Reciprocal Manipulation view. It shows communication taking place on a battleground in which signaler and receiver are each selected to manipulate the other, the battle being settled in the long run with the compromise of mostly-honest (reliable) signals. The “management-assessment” theory of Owings and Morton (1997, 1998) is quite similar to the Reciprocal Manipulation view. Their theory captures the dynamics of signalers attempting to manage receivers and receivers assessing signalers. In their words “the process of assessment is more active than has been generally recognized, and is responsible for the ‘informational’ couplings between individuals” (1997, p. 359). However, receivers do more than just assess signalers, they manipulate them as well, requiring them to signal in the first place, and requiring a relatively honest signal as a prerequisite for responding to the signal. The Reliable Signaling view of Searcy and Nowicki (2005) is essentially identical to the Reciprocal Manipulation view, with the superficial difference that the former focuses on the information transmission aspect (reliable signaling) while the latter focuses on the manipulation aspect (the conflicting motivations of signaler and receiver).


[image: image]

FIGURE 3. Schematic suggesting the opposing pressures favoring signaler over receiver or vice-versa. Where interests of signaler and receiver are coincident or nearly so (light gray to white) reliable communication will occur. At the extremes of the space (darker), where interests of one or the other of the two parties predominates, signaling will be disfavored. In the intermediate (gray) region, one party may benefit more than the other, but signaling may still be ‘reliable enough.’


The Reciprocal Manipulation and Information Transmission views each seem most helpful in different circumstances (Table 3). Where the interests and thus motivations of the two parties differ, the Reciprocal Manipulation highlights the clash. In contrast, where the interests and motivations of the two parties are more in line, the Information Transmission viewpoint focuses on the essence of the interaction. Indeed, where the overlap of sender and receiver interests is considerable, as for example between related individuals, or mates caring for offspring, or individuals in a social group where individuals are strongly interdependent, reliable, mutually beneficial signals will be favored. But even where the interests of sender and receiver are partially opposed, selection acting on both parties will move them to the region where both parties benefit on average, and signals will still be reliable, if less so. This game theory dynamic has been clearly laid out elsewhere (Maynard Smith and Harper, 2003; Godfrey-Smith, 2013).


TABLE 3. Differences between reciprocal manipulation and information transmission perspectives.
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I believe that the clash between these views of animal communication has ultimately led us to a clearer view of animal communication systems than the original human-oriented information transmission view. Most animal communication systems are somewhere on the continuum from pure manipulation to pure communication, from arms race (where sender and receiver have different interests, each selected to behave so as to benefit themselves) to pure information transmission (where sender and receiver have identical interests, and where signals benefit or cost both parties in the same way or to the same degree). A fuller development of these ideas can be found in Beecher (2020).

In conclusion, I have argued that we should expect that natural communication systems will generally be reliable, even if not perfectly honest, with signaler and receiver both benefiting on average. However, returning to the main theme of this paper, there is no reason to expect such systems to blossom into simple languages unless signalers and receivers have identical or near-identical interests, and if the ecological selective context requires strong cooperation. There are cognitive prerequisites as well – otherwise one might predict that honeybees should have a simple language – but the brake on the evolution to language-like signaling systems in species with the requisite cognitive capacity is provided by the generally divergent interests of signaler and receiver. Otherwise, bonobos, dolphins and some other vertebrates who seem to have the necessary cognitive prerequisites would have a more language-like natural communication systems than they do.




WHY ARE THERE NO NATURAL LANGUAGE SYSTEMS IN ANIMALS?

Research on teaching animals simple human language indicate that at least some animals appear to have the cognitive capacity to decode language or language-like expressions. Herman’s dolphins could comprehend a sign language command such as “take the ball to the hoop” and to distinguish it from a similar but syntactically different command like “take the hoop to the ball” (Herman, 2010). Kanzi the bonobo could respond correctly to novel verbal commands such as “Can you put the pine needles in the refrigerator?” (Savage-Rumbaugh et al., 1993). Pepperberg (1981, 1987) and Pailian et al. (2020) have shown that African gray parrots can follow verbal directions to solve difficult problems, including some that challenge humans. Yet despite having the apparent capacities, at least to some extent, no non-human animal uses even a rudimentary language in its day-to-day existence. This includes groups like the songbirds that seem to have a crucial design feature, the learning and cultural transmission of a complex set of vocal signals. Some animals appear to be smart enough, or capable enough to handle a simple language, but we have yet to discover an animal communication system – in nature – that rises to this level. Thus it appears that some missing element other than cognitive or motor limitations has blocked language evolution in non-human animals. Although it is possible that yet some other cognitive limitation has not been clearly identified (Hauser et al., 2002; Pinker and Jackendoff, 2005), I focus in this final section on a candidate for the missing element that is not purely a cognitive mechanism.

A clue as to the missing element comes from the honeybee ‘dance language.’ Despite a relatively simple nervous system, honeybees are able not only to transmit precise information about events in the external world, but also to use this system in two very different contexts (when talking about the location of desirable food sources or about the location of suitable hive sites). The key ingredient for the evolution of this system, I would argue, is zero conflict of interest between sender and receiver. Both scout and recruit are sister sterile workers and they are both working to feed sisters and brothers slated to be future reproductives. Humans also evolved in a social system featuring extraordinary levels of cooperation, but significantly this cooperation was not restricted to close relatives, as it is in the honeybees and other social insects, ruling out kin selection as a sufficient explanation (but see Fitch, 2004).

I will reframe the question from “why not them?” to the question of “why us” (phrasing suggested by Hrdy, 2009)? How did the human animal become the one species to evolve language? As I argued in the previous section, the field has arrived at a consensus concerning the factors that shape animal communication systems: the pressure for sender and receiver each to shape the interaction to its benefit inevitably both stimulates and constrains the evolution of the communication system. Very unusual circumstances are required for a true language system to evolve. Three essential conditions have to be met. First, the species must have the underlying cognitive capacity. Honeybees may lack this, but some other animals may have it. Second, and this is the clue provided by honeybees, sender and receiver must have identical or near identical interests. Third, individuals must have a compelling need to transmit information across multiple contexts. These are precisely the conditions that existed in pre-human and early human hunter-gatherer societies, the context in which humans and our hominid precursors spent some 95% of our evolutionary history. The description of the prototypical hunter-gatherer society that follows is based on information from a number of sources (including Boehm, 1999; Bowles, 2006; Hrdy, 2009; Hill K. et al., 2011; Knight and Power, 2011; Lee, 2018).

Our hunter-gather ancestors lived in small social groups where individuals were strongly interdependent, and cooperation across multiple contexts was essential for survival. Most highly cooperative animal societies such as the eusocial insects are typically just very large families, but the human hunter-gatherer societies we know – and which we assume to be typical of the ancestral type – consisted of members of several kin lines. Thus human societies then – and now as well – required extensive cooperation among unrelated individuals. Humans are the supreme cooperators in the animal world, but because this cooperation is not supported by high kin relatedness, it has to withstand a strong undercurrent of individual competition. We sometimes lose sight of the human affinity for within-group cooperation because of its paradoxical coexistence with intense between-group competition and tribalism. Irreconcilable conflicts within ancestral hunter-gatherer groups surely occurred, but were often resolved by individuals leaving one group for another (hunter-gatherer societies being classic examples of fission-fusion societies).

Students of human evolution, while differing as to what were the key selective contexts, or the key adaptations, all agree that human evolution has been characterized by remarkable levels of within-group cooperation among unrelated individuals, on a scale not seen in any non-human animal. Several contexts stand out as crucial for the high level of cooperation found in hunter-gather societies. They begin, of course, with hunting and gathering. Effective group hunting (usually done by men) requires sharing of information about distant prey and discussion of strategies for capturing prey. In essentially the same way, gathering of plants and fruits (usually done by women) requires the ability to track the growing schedules and locations of many plants and fruits in the area and the ability to discuss and coordinate foraging activities efficiently. Furthermore, hunter-gatherer societies periodically have to pick up and move to a new, more abundant locale. These moves require discussion and group consensus, with input from all parties, especially older, more experienced men and women.

A second, equally important axis of cooperation is child-raising. Humans are unique among primates in the time and cost required to raise an offspring. Humans solved this problem by involving the whole group in the process. Hrdy (2009) has pointed out that this pattern of cooperative breeding sets humans apart from the exclusive mother-centered parenting of our closest relatives, the great apes. In these early human societies, many individuals played a role in the cooperative care. For starters, the whole group participated in that food brought back to the camp was typically shared among all individuals, without reference to their role in procuring the food. Then unlike most mammals, the father participated in child care alongside the mother. Other relatives were routinely involved in direct child care, especially older siblings and grandparents, often aunts and uncles too, and sometimes non-relatives as well.

Finally, within-group cooperation is essential for success in between-group competition, warfare in particular. This aspect of our hunter-gather heritage is strongly debated in anthropology. Using the terms of Lee (2018), the Peaceful school views significant inter-group competition as not beginning until the Agricultural era, when property gave humans something to fight over. The Bellicose school (e.g., Kelly, 2000; Gat, 2015) believes inter-group competition dates further back in our evolutionary past. But whenever it started, warfare would certainly promote adaptations for within-group cooperation.

In recent years various investigators have proposed key adaptations that may have allowed human societies to achieve this high level of cooperation in the absence of the glue of a very high level of kinship. Although there is not complete agreement as to which of these adaptations were most crucial, taken together they coalesce into a suite of psychological adaptations that promote prosocial within-group interactions within a context of near-complete interdependence. Indeed, Tomasello et al. (2012) have dubbed this the Interdependence hypothesis. The specific adaptations include: shared intentionality (Tomasello et al., 2005), egalitarianism (Boehm, 1999), social learning and communication (Herrmann et al., 2007), intersubjectivity and empathy (Hrdy, 2009), moral intuitions (Haidt, 2012), adaptations for teaching and receiving teaching, and thus cultural transmission (Sterelny, 2012; Henrich, 2016; Whiten, 2017), proactive aggression (Wrangham, 2018) and self-domestication (Wrangham, 2019). These adaptations of our social mind appear to be what set us apart from the other great apes, who it has been argued are otherwise just as cognitively advanced (Herrmann et al., 2007). This suite of adaptations has enabled us to live in complex, cooperative societies. Despite our equally extraordinary proactive (deliberate and planned) aggressive tendencies, directed typically at out-groups, as in wars, pogroms, crusades and the like (Wrangham, 2018), no other social animal has achieved the level of within-group docility and cooperation without high within-group relatedness that is found in the human species. I note that Knight (2018) has an advanced an argument similar to the one I have presented here.

Language unquestionably represents the pinnacle of evolved animal communication systems, and as noted at the beginning of this section, attempts to teach language to animals have not significantly changed this view. Language is often given pride of place in human evolution. In this view the other adaptations mentioned above came only after some form of language was in place. I favor the view of Hrdy (2009), that this may well reverse cause and effect. The evolution of language may have only become possible when the posited unique suite of prosocial, communicative and mind-reading adaptations were in place. The crucial importance of communication in the strongly interdependent social system of early humans would have created this prosocial suite of adaptations, and would have laid the groundwork for evolving a true language.
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A Commentary on
 Why Are No Animal Communication Systems Simple Languages?

by Beecher, M. D. (2021). Front. Psychol. 12:602635. doi: 10.3389/fpsyg.2021.602635



“Language, too, has apparently evolved only in us: that is to say 40 times less often than eyes. It is surprisingly hard to think of 'good ideas' that have evolved only once.”–Dawkins (2004), p. 592

Ever since Darwin, scientists have sought to understand the origins of human language, which has been called “the hardest problem in science” (see Christiansen and Kirby, 2003; Számadó and Szathmáry, 2006 for review). It is difficult to understand why humans are the only species that evolved language. Beecher (2021), a pioneer in the study of birdsong, recently considered this problem and the implications of animal communication research for the evolution of language. He did a splendid job describing the “design features” of language vs. other animal communication systems. However, his summary of honest signaling theory is inaccurate, and he overlooked gene-culture co-evolution for explaining language.

Beecher first clarifies the design features that make human language different from the communication systems of other species (i.e., semanticity, nearly infinite information capacity, arbitrariness, evolvability via cultural transmission). He then provides a clear explanation for why the communication of other species lacks the key features of a full-fledged language, and examines birdsong as an example. Song birds have vocal learning, a complex vocal repertoire, and hierarchical structuring of vocal signals, but they do not seem to use these capacities to form different songs to represent different meanings (birds do not transmit different messages with different songs; they do not seem to create new meanings by recombining words into sentences). Birdsong has complexity, but not infinite information capacity. He convincingly argues that animal vocalizations do not function like language.

He then examines the debates over the “fundamental nature of animal communication,” and whether animal signals are honest or manipulative; but this summary is not completely accurate. Dawkins and Krebs (1978) challenged the widespread assumption that animal signals are always honest and function to provide information per se, and pointed out that their function is to influence conspecifics, which can include persuasion, deception, and manipulation. Some have mistakenly pitted information against influence (Rendall et al., 2009), which are not alternatives; signals can be influential because they inform—or misinform. The main issue at stake here is whether we should expect signals to be honest, but contrary to what Beecher assumes, there is no theoretical justification for the idea that they should be honest on average. Animals should evolve sales resistance to avoid manipulation, as he points out, but there are many examples of deception, and the amount deception can be high in theoretical models.

Beecher argues that the handicap principle will maintain some degree of honesty in any signaling system, even though it is “still being subjected to further modification and clarification” (p. 10), and cites our recent review (i.e., Penn and Számadó, 2020). However, we argue that the handicap principle needs to be fully rejected, not modified. The handicap principle is the idea that signals are honest because they are costly to produce, and it assumes that signals are costly is to demonstrate that they are honest. Its logic is circular and non-Darwinian (costly traits evolve despite and not because of their costs), and since theoretical models have shown that signaling costs are not not necessary to maintain honesty (see below), this idea can and should be rejected.

Beecher states that the handicap principle was formalized by Grafen's (1990) model, but this is not a handicap model and it never was. Grafen never showed that signals will be wasteful at the equilibrium, and his equations do not support his handicap interpretation, as they show the necessity of differential marginal costs, and not the necessity of equilibrium costs for honest signaling. Yet, it is not the equilibrium cost of signals (a.k.a. handicaps) that maintain honesty, but the potential cost of cheating (i.e., ratio of marginal benefit to marginal cost for potential cheaters, see Hurd, 1995; Lachmann et al., 2001; Bergstrom et al., 2002). Neither the handicap principle nor Grafen's “main handicap results” are supported by theoretical models or empirical results (see Számadó, 2011; Penn and Számadó, 2020). Beecher suggests that some studies on peacocks provide “a clear illustration of the predictions generated by the handicap principle, and how they should be tested.” He is actually referring to Grafen's model rather than the handicap principle, but neither were tested in these studies. Also, Grafen's model is not as general as Beecher assumes, and it is unclear that it can explain signal reliability (e.g., see Nöldeke and Samuelson, 2003).

The handicap principle has generated enormous confusion due to its dressing up a non-Darwinian idea (handicaps) as a Darwinian theory and scientific principle. It misled a generation of biologists into attempting to measure the equilibrium cost of signals, which is uninformative, instead of measuring the marginal costs and marginal fitness benefits of signals. Animal communication can be described and analyzed in terms of evolutionary life-history trade-offs, without imposing the confusing language of the handicap paradigm.

Finally, Beecher argues that the key ingredient for the evolution of language is zero conflict of interest between sender and receiver. We humans are exceptional for our capacity to cooperate with strangers (Maynard Smith and Szathmáry, 1995); but we are far from zero conflict. Our species' success seems to be due to our ability to cooperate in large numbers toward common goals, which undoubtedly requires language. It is unclear, however, whether cooperation drove the evolution of language or vice versa. It is difficult to see how one might determine which came first (but see Számadó, 2010), and they likely co-evolved. Darwin (1871) proposed that languages evolve like living organisms, and gene-culture co-evolutionary theory provides important insights into how language and cooperation can influence each other's evolution (e.g., Pinker and Bloom, 1990; Richerson and Boyd, 1999; Számadó and Szathmáry, 2012; see concise summary in Richerson et al., 2021). As language and cooperation evolved, they may have generated positive feedback with each other (e.g., Számadó, 2010). Language likely allowed our ancestors to cooperate, and helped to resolve conflicts by exchanging information, though this includes invented fictions, social constructions, and other imagined realities (Harari, 2014). Honest communication is corruptible, as long as there are conflicts of interest (Dawkins and Guilford, 1991). Yet, for language to function as it does, it need not be completely reliable (and clearly it is not) and conflicts need not be zero; it only needs to facilitate communication.
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INTRODUCTION

In the title of his paper, Beecher (2021) asks “Why Are No Animal Communication Systems Simple Languages?” In his answer to this question, he identifies two necessary conditions for developing a language-like communication system: “strong cognitive and signal production mechanisms” and a low level of conflict of interests between the communicators. Although this answer is not qualitatively novel, Michael Beecher makes a highly valuable point in stressing this latter condition over the former one: while many animal species have a level of cognitive sophistication that should predispose them to have at least rudimentary languages, such species do not meet the other criterion, that of sufficient alignment of interest. I agree with the essence of this argument, which is still underappreciated in the language evolution literature. However, I am critical of the two main steps of Beecher's proposal, that is the choice of Hockett's design features of language as a starting point, and the presentation of the argument related to the conflict of interests.



COGNITIVE PREREQUISITES FOR LANGUAGE ARE MORE IMPORTANT THAN DESIGN FEATURES

Beecher begins his argument by observing that the communication of birds displays a number of key features adapted from Charles Hockett's (1959) classic set of design features of language. Admittedly, Hockett's system is still the most widely used yardstick of comparing human and non-human communication systems, but after over 60 years it has become theoretically obsolete, and assuming it as a point of departure here is unfortunate for several reasons.

Most importantly, the relevance of the system of design features of language to the main thesis of the paper is only indirect. Beecher's main proposal is that what prevents non-human animals from developing a simple language is a lack of extreme social interdependence, even though many species may have the requisite cognitive abilities. Although I agree with this position, it entails that what truly matters is cognitive abilities rather than design features, which in turn makes Beecher's carefully argued interim conclusion—that many animal communication systems have many of the design features of language—orthogonal to his main argument. This is particularly so that Hockett's system concerns the structural and functional properties of the communicative code and is entirely non-cognitive (which, incidentally, is a strong reason to question its applicability to language evolution research, see in particular Wacewicz and Zywiczyński, 2015). In short, the construction of Beecher's argument calls for addressing cognition directly; instead it is only done via the roundabout route of design features, and the relevant cognitive capacities have not been discussed nor identified. This point is far from trivial, since several cognitive capacities considered as evolutionary preconditions for language have been argued to be uniquely human, such as advanced executive functions (e.g., Adornetti, 2016) or advanced intersubjectivity and triadic bodily mimesis (e.g., Zlatev, 2014).

It should also be noted that Hockett's system misses important features of language that make for the truly crucial differences from the communication of other animals, and while making up for these shortcomings is possible, it often results in terminological problems. As one example, a critically important feature of language is its open-ended semantics (cf. e.g., Arbib, 2012), which depends on the domain-generality of human communication—it is semantically universal in the sense of covering any thematic domain, in contrast to narrowly defined domains for many animals systems, such as food calls or alarm calls. Although Beecher does consider this property, he discusses it under “productivity,” which on his account unfortunately conflates three distinct properties of communicative systems: semantic universality, duality of patterning, and productivity in its prototypical meaning of the generative potential of language for structural novelty.



CONFLICT OF INTERESTS AND A PLATFORM OF TRUST

As a second, and central, condition for developing language, Beecher identifies “near-absent” or even “zero” conflict of interest between communicators. Beecher's focus on game-theoretic explanations, with conflict of interest as a key explanatory variable, is certainly valuable and productive; however—as pointed out in another commentary (Penn and Számadó, 2021)—the requirement that communicators have only minimal or zero conflict of interest is both too strong and unrealistic. Contra Beecher, the challenge for explaining language evolution is not how people have got to have near-absent conflict of interests, because they clearly have not: situations involving a different ordering of preferences between human agents are as ubiquitous now as they undoubtedly must have been in our evolutionary past. Rather, the challenge seems to lie in explaining how humans managed to evolve language in spite of non-zero conflict of interests, that is, under conditions that signaling theory predicts language-like systems of large-scale, cheap but honest information donation are not evolvable.

A promising direction is to openly admit this dissociation between general behavior and communicative behavior: while humans clearly do not have completely aligned interests, communicatively they behave as if they did. A proposal that captures this is a Platform of Trust, which is defined as “a social niche in which large-scale cheap but honest communication is possible because messages tend to be trusted as a default” (Wacewicz and Zywiczyński, 2018, p. 172), but in terms of the explanatory principle of alignment of interest it can be reformulated as “as-if alignment of interests between human communicators.” Importantly, “Platform of Trust” is neutral on how this communicative alignment of interests arose in human evolution. In other words, it is not an explanatory proposal but an explanatory target, in that it is not itself a scenario of language emergence but rather a necessary constraint for any such scenario. However, having well-defined explanatory targets is conducive to better scenarios, which—crucially—take seriously both the uniqueness of human language and the constraints that signaling theory imposes on all systems of communication. This is in line with Beecher's main point, which instead of the already almost universally appreciated cognitive preconditions for language prioritizes looking into the underappreciated factors relevant to the often divergent interests of the communicators. Explanations of the stability of honest communication in human societies in the face of a partial conflict of interests between the communicating humans are likely to refer to mechanisms such as epistemic vigilance (Sperber et al., 2010), gossip (Dunbar, 1996), or reputation formation through indirect reciprocity (Nowak and Sigmund, 2005).
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Many studies of primate vocalization have been undertaken to improve our understanding of the evolution of language. Perhaps, for this reason, investigators have focused on calls that were thought to carry symbolic information about the environment. Here I suggest that even if these calls were in fact symbolic, there were independent reasons to question this approach in the first place. I begin by asking what kind of communication system would satisfy a species’ biological needs. For example, where animals benefit from living in large groups, I ask how members would need to communicate to keep their groups from fragmenting. In this context, I discuss the role of social grooming and “close calls,” including lip-smacking and grunting. Parallels exist in human societies, where information is exchanged about all kinds of things, often less about the nominal topic than the communicants themselves. This sort of indexical (or personal) information is vital to group living, which presupposes the ability to tolerate, relate to, and interact constructively with other individuals. Making indexical communication the focus of comparative research encourages consideration of somatic and behavioral cues that facilitate relationships and social benefits, including cooperation and collaboration. There is ample room here for a different and potentially more fruitful approach to communication in humans and other primates, one that focuses on personal appraisals, based on cues originating with individuals, rather than signals excited by environmental events.

Keywords: cues, signals, alarm calls, close calls, grooming, lip-smacking, small talk


INTRODUCTION

“We do not really know what a man is saying until we know who he is and to whom he is speaking.”

F. G Bailey (1972), Gifts and Poison, 1972

In a book published in 1944, the physicist, Erwin Schrodinger, pointed out that the body of an organism survives by ingesting “negative entropy.” Few knew what that meant, but as the psychologist, George Miller would later write, there are mathematical similarities between entropy and information. If the mind “survives by ingesting information,” as he claimed, “all higher organisms are informavores” (Miller, 1983, p. 111).

Clearly, that designation includes humans. In the 1970s, sociologists began to use terms like “Information Age” and “Information Society” in reference to times and places where mediated communication systems were facilitating the flow of messages between individuals. But this information had an unusual property for humans and other mammals: neither the sender nor the receiver was physically present, nor did they necessarily know or care about each other. This arrangement may have reinforced a disembodied perspective on human communication.

Prior to the evolution of symbolic communication, humans would have regularly inferred each other’s states and traits, purely from observation, as the other primates do. But in our species there was a tilt from individuals to messages, which may have diminished aspects of personal information, including the identity and nature of the participants. Here I suggest that this cultural effect may have caused us to think that humans and other primates are less alike than they actually are.



INFORMATION

For many decades, theories of human communication reflected the ideas of two signal engineers, Claude Shannon and Warren Weaver, who famously declared that if speakers tell listeners something they already know, no information passes between them (Shannon and Weaver, 1948). In this stripped-down view of communication, little thought was given to the possibility that speakers might communicate something besides the nominal topic, e.g., a willingness to share the material that they’re expressing; a presumption that the listener doesn’t know the thing that they’re saying; or a belief that the listener would find it interesting.

Shannon and Weaver may have offered a reasonable interpretation of information theory, as formulated, but in real life people are often drawn to individuals with whom they share knowledge. It can be pleasurable, even exciting, to discover that friends know many of the same things that we do. Shared knowledge represents a form of inter-personal similarity which, like other instances of homophily, tends to promote affiliation (Launay and Dunbar, 2015).

In our lives, shared knowledge also lays the social and psychological groundwork for cooperation—an important issue to which we’ll return later—but in a corporate context, working groups are often set up such that each member has something unique to contribute. The expectation is that team members will naturally pool their information, but the expectation is often unfulfilled due to the fact that a stronger disposition—to discuss common knowledge—gets in the way (Wittenbaum, 2000).

If the transmission of information is an important function of speech, then this should be revealed in various kinds of behavioral tests. For example, we might expect to find that novel information is more carefully articulated than familiar information, or is less guessable in the presence of noise, or—perhaps the best test—that speakers go out of their way to avoid saying anything that listeners might find ambiguous.



AMBIGUITY

If the transmission of information was the primary purpose of speaking, ambiguity would pose a serious threat to communication, but it’s not clear that it does. Many of the things that people say are structurally ambiguous (e.g., Amy likes intelligent men and dogs), indicating that speakers rarely avoid this property, even when the possibilities for doing so are readily available (Ferreira and Dell, 2000; Ferreira et al., 2005; Haywood et al., 2005). Steven Pinker and his colleagues have pointed out that speakers not only tolerate ambiguity, they actively seek it. That’s also true of indirect speech, e.g., where one diner asks another, “Can you reach the salt?” but gets the salt instead of an answer. These kinds of formulations are “inefficient, vulnerable to misunderstanding, and seemingly unnecessary” but are used universally (Pinker et al., 2008).

What I will emphasize here is that there are social factors that qualify, even mitigate, the value of semantic precision. In the first part of this paper, I venture into an empirical arena that is familiar to most primatologists, the transmission of information about environmental opportunities and dangers—specifically predators—raising questions about the relevance of this issue to its stated or implied context: the evolution of language. Then, I turn my attention to what I think of as “first principles,” asking what kinds of communications would have been required in evolutionary history, given the social structure of humans and some primate species, and compare this to what actually exists. Here, I look at more promising areas of overlap among humans and other primates, specifically the socially functional but less semantically loaded communication registers related to “small talk” and, among the so-called “close calls,” grunts and the lip-smacking associated with social grooming. Finally, I examine a wholly different class of information, one that pertains to the nature of the individual. I call this information “indexical,” and suggest that human and non-human primates are remarkably similar when it comes to this class of inter-individual communication. Here I distinguish between information that is sent in the form of signals from information that is emitted in the form of cues. But first I will discuss something quite different, partly to make my point: the alarm calls of vervet monkeys.



ALARM CALLS

Some of the more exciting research on primate communication was done in East Africa on vervet monkeys, who were thought to issue a distinctive call in response to each of three classes of predators—snakes, eagles, and leopards. It was thought that these alarm calls warned other members of the group to take evasive action, and since vervet calls do not resemble the calls of the predators themselves, they were thought to be symbolic, much as words are.

If one were looking for informative uses of the voice in primates, these calls might seem to have qualified on several counts, and the initial reports were positive. The primary investigators, Robert Seyfarth and his colleagues, concluded that vervet monkeys “give different alarm calls to different predators. Recordings of the alarms played back when predators were absent caused the monkeys to run into trees for leopard alarms, look up for eagle alarms, and look down for snake alarms.” (Seyfarth et al., 1980, p. 801). They even found that predator classification improved with age and experience.

The excitement was palpable. “Here,” as several primatologists would later write, “there was evidence of language-like communication in a monkey, with the promise of similarly human-like cognitive complexity. The implications for language evolution were tantalizing.” (Rendall and Owren, 2013, p. 153) If any primate vocalizations could be construed as meaningful, these calls would seem to be the closest thing to human speech that had been discovered to date. For, even if they were issued under conditions of extreme agitation and fear, alarm calls seemed to inform others in ways that appeared to be verifiable, surely a desirable criterion if these calls were certifiably to qualify as meaningful. But this attribute comes at a price, one that I will suggest is unacceptable. For, in search of signals whose meaning could be ascertained, researchers tended to avoid social vocalizations, which produce important but less discrete or observable responses (see descriptions in Silk, 2002; Silk et al., 2013).

If alarm calls were ambiguous, that is, if a call, like a yell, only meant that others should look out for something, I doubt that they would have excited much empirical attention, and in the end that seems to have been the result. Julia Fischer and her colleagues concluded that little in the way of supporting evidence was actually obtained or reported (Fischer et al., 2015; Fischer, 2017; also see Price et al., 2015). Moreover, vervets also gave similar sounding calls in other aggressive contexts.

There’s irony here. While primatologists were trying to demonstrate that monkeys mean something with their calls, some linguists were demonstrating that many human utterances mean little—at least literally—given canned phrases such as biting the hand that feeds you, in a nutshell, at the end of his rope, in the nick of time, and quit cold turkey (Sidtis and Sidtis, 2018). So even if it was exciting to think that vervet monkeys might be using distinctive vocalizations to inform each other, there were issues to be considered if language was to be considered creative or generative as well as informative.



BUT, WHAT IF IT WERE TRUE?

The hypothesis of Seyfarth and his colleagues was ultimately disconfirmed, but what if agitated and frightened monkeys had verifiably transmitted predator-specific information? How would a handful of innate signals by individuals who were agitated or frightened, issued more or less reflexively, help us to understand language, a complex, unlearned medium that is used flexibly and socially, sometimes in jest? Fischer (2021) has suggested that vervet alarm calls may be innate. If that’s true, can we say that vervets do something in order to inform each other, or merely experience events by reacting in an audible way?

Receptive components of primate vocalizations might even be innately present in another class of primates: humans. Thirty years ago, a team in Finland asked naïve humans to classify the affective content of macaque vocalizations that had been recorded when the animals were in situations associated with aggression and fear, sexual excitement, dominance and several other emotions. The listeners were extremely accurate in classifying the affective qualities of these vocalizations that they had never heard before (Leinonen et al., 1991).

Before moving on, I should restate my reason for bringing up alarm calls. It was not to add my voice, superfluously, to the conclusion that they may not be truly symbolic. It’s to make a different sort of claim altogether: that studies of shrieking in a state of extreme agitation were never an appropriate way to find common ground with speech or language—cognitively, neurologically, or socially—whether the shrieks were precipitated by anything in the environment or not.



FIRST PRINCIPLES

When approaching the communication system of any species, it helps to begin by considering first principles, that is, the reasons why members of that species would need to communicate at all; and what kinds of information, and in what form, its members would benefit from exchanging. What kind of communications would have improved the lot of our evolutionary ancestors? If they needed to harmonize their interests, and to trust and cooperate with each other—which now seems obvious—they presumably required a means of communicating that would enable them to achieve these benefits. What kind of communication system would facilitate these objectives?

There are two simple questions here: what do members of a particular species do in order to communicate, or that happens to communicate, and what, given things we know about members of that species, would they be expected to do? Let’s begin by reviewing some social facts, ones that may have played a role in evolution. The first relates to the effect of group size on external vigilance and within-group attention. When primate groups were small, there was considerable risk of predation, and the voice was needed to warn other members of the group whenever predators were detected (Port et al., 2020). Our distant ancestors kept an eye on the periphery of their tiny camps, where predators lay waiting.

When groups enlarged, members spent less time looking for predators and more time looking at members of their own group, in search of individuals with whom they might cooperate and collaborate (Locke, 2005). Doing so would have been essential, for if larger groups increased competition for resources, as is widely assumed, members would have needed innate mechanisms or strategies to keep their groups from splitting up.

Work by Robin Dunbar suggests that evolutionary increases in the size of primate groups produced new levels of social complexity, challenging and ultimately enhancing the interpretive capacity of the social brain and the use of vocalization to service relationships (Dunbar, 1992, 1993, 1998, 2009; also see Gustison et al., 2012; Roberts and Roberts, 2019). These changes in neural and vocal complexity may have been as adaptive as alarm calls. For if enlargement of groups helped to foil or reduce predation, other adaptations would have been needed to ensure that groups retained their membership. One of these may have been tonic communication, a call-response tactic that, according to Wolfgang Schleidt (1973, 1977), helps to keep groups together. There may also have been pressures to ramp up the analytical and interpretive abilities of receivers.



CLOSE CALLS

Many animals live in stable social groups and their fitness, according to Joan Silk and her colleagues, “depends at least in part on the outcome of their interactions with other group members.” (Silk et al., 2013, p. 213). The success of these interactions is affected, in part, by the animals’ use of “close calls” (Harcourt et al., 1993). Several classes of close calls, including lip- or tongue-smacking, grunts, and girneys, have been identified. As their name implies, these sounds are used by familiar individuals at close range, and with significant social consequences.

Any boost in primate sociality presupposes neural commitments to a mode of communication that would facilitate the evaluation of individuals for a variety of short- and long-term relationships. In a study of socialization and vocal behavior, McComb and Semple (2005) analyzed reports on forty-two different primate species, finding strong relationships among the size of primate groups, the time devoted to grooming, and size of vocal repertoires. Based on these findings, McComb and Semple suggested that a greater number of different vocalizations may be needed for animals to navigate complex networks of social relationships in primate societies.



RELATING

Speech enables people to perform in a public way, a behavior that particularly appeals to adult males in their quest for power or status and mating opportunities (Locke, 2001, 2011). But is the primary purpose of speech to perform, to inform, or to relate? In The Tongues of Man, the English phonetician, John Rupert Firth, wrote at length about the organs of speaking, including the tongue, lips, and jaw, but then shifted his attention to the “organs of talking.” These, Firth said, “are at least two normally associated human beings.” (Firth, 1937, p. 152).

One senses that Firth was onto something with his use of the word, talking, for it—like chatting—implies something about the social applications of speech. But what did Firth mean by talking? He didn’t say. Nor did Darwin when he made a similar reference. He had heard naturalists remark that social animals who habitually use their vocal organs “as a means of intercommunication, use them on other occasions much more freely than other animals.” (Darwin, 1872, p. 84, italics mine) What he meant by “other occasions” is unclear but, as I will discuss shortly, primate vocalizations are not limited to calls, nor do they invariably convey information about the physical environment.

If we look at the way people express themselves when relating to friends, we are likely to see something that is grammatically-simple, colloquial, predictable, redundant, structurally incomplete, and semantically imprecise. In fact, as I suggested earlier, much of it is not all that linguistic. If one wanted to study recursion, which some linguists take to be the hallmark of grammar, it’s not clear that everyday conversational speech would be the best place to find it (Hauser et al., 2002). But if we were interested in comparing humans and other primates on the tendency to relate, the most suitable behavior would probably be manual grooming.



SOCIAL GROOMING

Manual grooming—sorting through the fur of an animal in search of parasites—may appear to be a nutritive process since groomers consume the yield, which contains protein. But grooming is primarily a social process. It tends to work upwardly, lower ranking animals being more likely to groom those of higher rank than the converse, and it acts like a favor (Cheney, 1977; Cheney and Seyfarth, 1990). de Waal (1997) has reported that animals are more likely to share food with another animal if they had previously groomed him than if they had not done so.

Grooming figures prominently into the formation and maintenance of social and cooperative relationships, but animals have other things to do besides groom. If grooming is performed dyadically, animals may be unable to maintain a satisfactory number of relationships. Dunbar (1993) proposed that polyadic conversations, which allow access to several social partners simultaneously, evolved as a form of social grooming to circumvent this time constraint. In non-human primates, it appears that polyadic grooming enables animals to maintain weak social relationships with many partners (Girrard-Buttoz et al., 2020).

Dunbar also suggested a second mechanism for the expansion of social relationships, what has come to be known as grooming-at-a-distance or, since that’s physically impossible, vocal grooming. Malgorzata Arlet and her colleagues compared the rate of contact call exchanges between the females in two captive groups of Japanese macaques. They found a positive relationship between the time devoted to grooming by two females and the frequency with which they exchanged calls. Their results were consistent with predictions of the social bonding hypothesis, which holds that vocal exchanges can be interpreted as grooming-at-a-distance (Arlet et al., 2015; also see Kulahci et al., 2015).



LIP-SMACKING AND GRUNTING

Nearly a century ago, English zoologist Solly Zuckerman observed a colony of baboons and noticed “rhythmical lip, tongue, and jaw movements that usually accompany friendly advances between two animals, and that continue throughout the process of grooming.” (Zuckerman, 1932, italics mine).

Forty years passed before anyone discussed the movements that were actually involved in lip-smacking. Then, one primatologist commented that “the actual smacking noise appears to be made by the tongue breaking contact with the roof of the mouth and/or upper lip or row of teeth, rather than by the lips themselves parting.” (Redican, 1975, italics mine). But, for some reason, this activity came to be known as lip-smacking. Later, others measured and commented on lip-smacking’s physical characteristics (e.g., Ghazanfar et al., 2012; Pereira et al., 2020), but it was the friendly advances that made lip-smacking interesting from a social standpoint.

The same goes for grunting, which is often used to signal peaceful intentions (Silk, 2002). In a study of wild Guinea baboons, Lauriane Faraut and her colleagues found that when approaching baboons grunted, they were more likely to interact in an affiliative fashion and less likely to displace the partner (Faraut et al., 2019). One could include other such studies here, but the point is that primates learn things about each other when they grunt and groom. “We are reasonably certain,” wrote Joan Silk, “that monkeys make use of information derived from their own interactions with other group members to regulate their social relationships.” (Silk, 2002, p. 153, my italics).

If there are classes of primate vocalization that convey information and mean, in effect, that an animal intends to be friendly—and on the basis of these vocalizations animals are able to form and maintain relationships—we are surely entitled to ask what is meant when we humans greet others (Laver, 1975).



WHAT DO “WE” MEAN?

When we hear a primate smack his lips, we don’t ask what the individual smacks mean. We’re aware that when it comes to semantics, it’s not this smack or that smack, it’s the act of smacking. “The medium,” we might say, reminiscent of the 1970s media guru, Marshall McLuhan, “is the message.” Since Austin (1962) and, before him, Peirce (1878), it has been clear that the medium—material that exposes the speaker’s intention, whether it is, e.g., to praise, accuse, or belittle—can be a more important feature of a conversation than any of the words that are used.

In Zuckerberg’s work, the animals that were advancing in a friendly way were Hamadryas baboons, but he could almost as easily have described a reunion, in our own species, of two friends who have just reconnected after a period of separation (Laver, 1975). It is that sort of friendly interaction that led social anthropologist, Bronislaw Malinowski, to propose the term, “phatic communion,” for a sense of connection achieved by familiar individuals when speaking. Phatic communion, he said “serves to establish bonds of personal union between people brought together by the mere need of companionship and does not serve any purpose of communicating ideas.” He added that “It is only in certain very special uses among a civilized community, and only in its highest uses that language is employed to frame and express thoughts” (Malinowski, 1923, p. 316).

Malinowski’s view was inspired by his work in a small-scale society, but it has been observed in analyses of ordinary speech in more progressive cultures. One example was supplied by an American couple that allowed themselves to be recorded while on holiday. An analysis of nearly two thousand messages spoken by the couple revealed that fully three-fourths of their utterances were comments that involved no facts or other concrete information (Soskin and John, 1963).

The search for information in primate calls was understandable, given the desire to see them as referential, but much of human speech doesn’t “mean” much, word for word, compared to the fact that the speaker has chosen to verbalize and has done so in a friendly manner, which may mean that he intends no harm, would like to interact, and is open to friendship. That’s a huge message, even if it might seem to be small.



“SMALL TALK”

A century ago, in a short essay called “Small-Talk,” an English writer described a semantically empty type of speech that is undertaken “not for the sake of saying something, but for the sake of saying anything” (Friedlaender, 1922). Forty-five years later, ethologist Desmond Morris offered a name for the sort of social speech the writer described. In The Naked Ape, he referred to “the meaningless, polite chatter of social occasions, the “nice weather we are having” or “have you read any good books lately” form of talking.” The purpose of this sort of chatter, he said, is “to reinforce the greeting smile and to maintain the social togetherness.” It “is not concerned with the exchange of important ideas or information.” (Morris, 1967, p. 204, italics mine). He called this “meaningless” chatter, “grooming talking.”

Reminiscent of Morris, philosopher Charles Taylor asked his readers to imagine that they were traveling with him on a train that is moving through a southern country. At some point, he says to a fellow passenger, “Whew, it’s hot.” This, he recognizes, “doesn’t tell you anything you didn’t know; neither that it is hot, nor that I find it so. Both these facts were plain to you before. Nor were they beyond your power to formulate; you probably already had formulated them.”

What, then, was accomplished by this exchange? What it did, Taylor said, was “to create a rapport between us, the kind of thing which comes about when we do what we call striking up a conversation. Previously I knew that you were hot, and you knew that I was hot, and I knew that you must know that I knew that. But now it is out there as a fact between us.” (Taylor, 1985, p. 273, italics mine).

Whether Taylor’s traveler knew it or not, he was laying the groundwork for something else: cooperation. Suppose, for example, he recognized at some point that he needed to leave his seat for a few minutes. If so, he might feel comfortable asking his seat-mate to keep an eye on his things while he was gone, something he might feel less comfortable doing if they had not yet “broken the ice.”

What few seem to have recognized is what might be occurring during small talk that is so cognitively undemanding that it can be processed by listeners while evaluating the speaker, which may be the primary purpose of the interaction, not the transmission of verbal information. Quiet conversation grants them the proximity and time required for the evaluation of weak somatic cues. A meta-analytic study by Balliet (2010) suggests that the mere act of communication enhances cooperation, especially in large groups of people. Which is interesting in light of primate work indicating that lip-smacking facilitates cooperation in wild chimpanzees (Fedurek et al., 2015).

There’s one final point to be added here, one that is no less important. When we hear a message that has little semantic content, it is likely that the message is not the information that the speaker intended to convey, but the speaker himself: what he is like at the moment and may continue to be like in the future.



INDEXICALITY

Information is conveyed by the traveler in Taylor’s anecdote, but it is about the traveler himself. From it, we may guess that he is, in the present situation, bored, lonely, open to interaction, feeling sociable, and a great many other things; and we may also infer that he is generally a friendly person. Given the length of the journey, one or more of these things may have been exactly what he needed to convey and his fellow passenger needed to know. The most important thing group-living individuals can know about others is who they are, that is, which of various individuals they happen to be, and what physical and behavioral characteristics they happen to possess.

In quiet conversations among familiars, what do utterances mean? Obviously, it depends on the topic, or does it? I suggest that what they mean, in the broadest and simplest sense is THE SPEAKER, as he was before and during the interaction. I suggest that the most basic and useful information that is orally communicated by humans (irrespective of culture) and other primates is personal, including information about behavioral dispositions in the moment, ones linked to transient physiological and emotional states, and reactions to observers, and stable tendencies to aggress, relate, or cooperate.

Which brings me to my main point: what would our group-living ancestors have needed to learn about each other? I will use the term indexical to represent characteristics of individuals who are emitting or sending information that is about them, whether it is in the form of transient physiological activity or emotion, or the expression of relatively stable features including temperament and personality. Fifty years ago, English phonetician David Abercrombie (1967, p. 9) used that term in reference to variations in a person’s speech that “come and go according to his physical or mental state” (also see Peirce, 1878). For Abercombie, examples of physical and emotional states included excitement and nervousness, which directly affect the operation of the vocal organs, therefore, the voice and speech of the individual, producing “affective indices.” “When a person speaks,” wrote another British phonetician, John Laver, “he reveals often very detailed indexical information about his personal characteristics of regional origin, social status, personality, age, sex, state of health, mood, and a good deal more.” (Laver, p. 221).

These phoneticians seized upon unintended variations of voice and speech precisely because they are unintended, therefore, like a nuisance variable, not properly considered a property of the language that was being described. Not being semantically critical, unintended material is likely to carry the most information about the speaker.

Whether speaking or not, Rendall and Owren (2013) have pointed out that we all communicate by way of a biological code which is neither arbitrary nor, necessarily, learned. This code carries information “about relevant social or physical characteristics of signalers such as their age, sex, body size, individual identity, emotional state or physical condition.” (Rendall and Owren, 2013, p. 162). What they chose not to discuss is their value in linguistic communication, which may be to amplify or even to negate the literal meaning of any words that are embedded in the same acoustic stream.

Research now indicates that human listeners—even those who have never studied primates—are able to discriminate individual monkeys from their coos and screams, naturally and without training, much as they discriminate between members of our own species from their speech, even if limited to isolated vowel sounds (Owren and Rendall, 2003).

Earlier, I asked if vervets provide others with information or were merely experiencing something in a way that excited vocal behaviors that are audible to nearby others. Years ago, sociologist Irving Goffman (1959) offered two simple labels for the kinds of information that people exchange in their interactions. Some of it, he wrote, is “given,” by which he meant material, typically in the form of words and gestures that we send to others deliberately. It is often self-serving and therefore may be unreliable. The donors are consciously aware that they are donating something and may even be able to anticipate its effect on recipients.

To describe the other kind of information that people communicate, Goffman used the term “given off.” This information becomes available to others merely because they happen to be close enough to absorb it. People in sensory range discover things about us whether we want them to or not. Some of the cues are expressed by glands that emit chemicals into the atmosphere, announcing changes in physiological and emotional states. Others are leaked earlier in life, often under genetic influence, inscribing on the face and body lasting messages about the occupant.



CUES AND SIGNALS

In the evolution of vocal communication, it is important to distinguish between cues, the information that is given off, and signals, the information that is given. A cue to some physical or behavioral feature that is informative may occur as an emission. Examples include a loud voice, which may imply health or physical strength (Sell et al., 2010). But cues that are emitted can evolve into signals that are sent if their reproductive value is actively displayed or exaggerated (Maynard Smith and Harper, 1995; Fitch and Reby, 2001).

The existence of these cues may have contributed to the development of appraisal mechanisms that enabled our ancestors to cooperate selectively with individuals that had something to offer. I will suggest here that some primate species evolved ways to interpret the cues to transient states and stable traits, enabling them to select suitable partners for cooperative relationships.

In the last 20 years, a great deal has been learned about the physical cues to various personal qualities in humans. While primatologists have wondered whether non-human primates were capable of symbolic behavior, social psychologists have been asking how much humans learn about each other from various cues, some auditory or visual, others, thanks to recent and ongoing research, olfactory. It is not clear, at the moment, what all or even most cues to personal qualities are in primates, though some in the acoustic, chemical, visual, and tactile modalities have been identified (Moreira et al., 2013).


States

There are two broad classes of information that are given, or given off, by the communicants. One is whatever the individuals are experiencing in the moment, given the situation in which they find themselves. Much of this information, naturally, is emotional and is properly regarded as “affective” (Rendall and Owren, 2013). The rest of it is physiological, including changing levels of stress or sexual readiness. Both kinds of information, emotional and physiological, qualify as transient states.



Traits

Traits include whatever physical cues enable others to identify the caller or speaker as the individual that he or she uniquely is and a second class of information that includes what these individuals are like, that is, how they are best described in terms of personality or temperament and, in humans, character. These relatively stable traits are unusually important, for they enable others to predict future behaviors, therefore to approach or avoid individuals for mating or other cooperative activities in the future.

If personal traits seem particularly relevant to humans, it is important to recognize that non-human primates also emit cues to a number of physical and behavioral characteristics, ones that, for example, predict dominance, aggressiveness, and other behavioral dispositions. Like humans, the other primates also have histories, reputations, and essential qualities that are associated with temperament and personality.

We all know that humans have personal qualities, including temperaments, that appear early in development and continue well into adult life (Tang et al., 2020). In our species, these enduring traits are particularly important, given the need to make social and reproductive choices that have long-term consequences. What is the equivalent, if there is one, in other primate species? Whether we use the word “personalities” or not, it is recognized that some chimpanzees are gregarious, others bold or aggressive; some are risk-takers, open to new experiences, others are more introverted or shy. Significantly, some primates are known to be socially tolerant, a prerequisite to life in large groups in general and to cooperation specifically (Hare et al., 2007; Cieri et al., 2014; also Melis et al., 2006).

In a meta-analysis, Freeman and Gosling (2010) discovered a set of personality variables that had been reported in several hundred studies of primates, mostly adult chimpanzees and macaques. The most frequently shared traits were fearfulness, dominance, and confidence or aggressiveness, along with irritability, sociability, playfulness, and activity. Patrick Tkaczynski and his colleagues have reported that multiple types of social behavior were repeatable over the long term—up to 19 years—in wild chimpanzees. They concluded that “chimpanzees living in natural ecological settings have relatively stable long-term social phenotypes over years that may be independent of life-history or reproductive strategies.” Their results, they said, “add to the growing body of the literature suggesting consistent individual differences in social tendencies are more likely the rule rather than the exception in group-living animals” (Tkaczynski et al., 2020, p. 1).



EMERGING POINTS OF AGREEMENT AND CONTINUITY

Though it has passed largely unrecognized, points of possible agreement between human and non-human primates have been quietly developing where indexical attributes are concerned. While primate research was exposing a gulf between human language and primate calls, a separate body of evidence was steadily exposing similarities between these species. For the fact is, when primatologists were looking for the seeds of speech, therefore language, evolutionary psychologists were looking for—and finding—a number of evolutionary antecedents to human communication.


Indexical Vocalization

Humans communicate a great deal of information about their states and traits. Some travels vocally. For example, there is evidence that men with low-pitched voices have more testosterone than other men, and are thought by female listeners to be more dominant and attractive (Collins, 2000; Feinberg et al., 2005; Puts et al., 2006), especially when their voice is heard in a courtship or mating context (Apicella and Feinberg, 2009; Little et al., 2011). This preference is stronger when women are in the fertile phase of their ovulatory cycle when estrogen levels are unusually high (Puts, 2005; Feinberg et al., 2006).

The human voice may be a reproductive cue when it varies with sex hormone levels, but it can also be appropriated for use as a reproductive signal. Lower vocal pitch predicts the mating success of males (Apicella et al., 2007). It has been reported that men lower their pitch, and that women may raise theirs, in a contrived mating context (Puts et al., 2006; Fraccaro et al., 2011). But, not everything is vocal.



The Indexical Face

In a reincarnation of classic physiognomy, it’s been found that some personal traits can be accurately inferred from the dimensions of one’s face—especially in men. Its the predictive value of a ratio—between bizygomatic width, that is, the lateral distance between left and right cheekbones (the zygions), and upper face height, that is, the vertical distance between the upper lip and the superior surface of the eyes. The typical ratios for adult females and males are about 1.80 and 1.86, respectively (Carré and McCormick, 2008). This difference is thought to reflect the fact that in adolescence, when the face usually elongates, a surge of testosterone tends to suppress this lengthening process in males (Ursi et al., 1993; Verdonck et al., 1999; Bulygina et al., 2006; Lefevre et al., 2013). The result is a face that is wider for its height than the average female face, with relatively larger cheekbones (Weston et al., 2004).

In humans, facial width and direct measures of testosterone predict many of the same things, including aggressiveness, in humans and several other primate species. In an interesting parallel, Carmen Lefevre and her colleagues observed a relationship in capuchin monkeys between facial width and alpha status (a proxy measure of aggressiveness) and a related measure of personality, assertiveness (Lefevre et al., 2014).



CONCLUDING REMARKS

Research on vocal signaling, undertaken in an evolutionary-linguistic context, implies the existence of a huge gulf between humans and other primates. That gulf narrows when one looks at vocal and other cues that are emitted in a social context. That is, humans and other primates are not as different as they have seemed. This conclusion rests not only on similarity at the level of function in social contexts but on the level of shared neural resources.

In this article I have called attention to the meaning or, better, the significance of social vocalizations in humans and other primates, vocalizations that carry personal information. If there is a lesson regarding speech, it is, as F. G. Bailey said, to understand what people are saying we must know who they are and who they are addressing, but much the same is true in the other primates. To understand their actions, we must know things about them, including their rank and reputation, and what they are experiencing at the moment. Without taking full account of these things, we also cannot interpret their behaviors, or them.

This forces us to consider an important question. If we are truly interested in communication, why limit studies of primate vocalization to signals that are broadcast, possibly in response to some attribute of the environment, when, in the case of personal cues, we are confronted with an embarrassment of riches, many in the form of personal information that is critical to a number of different social choices, including collaborators.

Whatever information we humans think we’re providing listeners when we speak, a great deal of what we say and do, while speaking, carries information about us, including our reactions to listeners. This sort of information enabled our group-living ancestors to relate, that is, to form relationships, remedy disputes, coordinate activities, and cooperate on important projects, and it continues to do these things today.

As important as information about the emotional and physiological states of others can be, knowing something about the personality and temperament of others enables prediction of their future behaviors, which are of vital significance to the formation of long-term relationships. When physical cues to states and traits are studied across the primate classes, we develop opportunities to witness inter-specific continuity between humans an other primates than is possible when studies are limited to referential functions.

Through cross-disciplinary research that has been carried out in the past two decades, it has become clear that humans communicate many of the things that others need to know about them, as do the other primates. It seems to be the right time for a program of comparative research.
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Laughter and smiles are often, but not always, associated with positive affect. These expressions of humans help to promote social relationships as well as the development of cognitive and socio-emotional skills and they may have a positive impact on health and well-being, hereby covering a selection of fitness-relevant benefits. Both laughter and smiles of positive affect also occur early in human development and across cultures, suggesting deep roots in human biology. The present work provides an evolutionary reconstruction of the evolution of human laughter and smiles of positive affect in form and function, based on the principle of maximum parsimony. According to the Complexity and Continuity Hypothesis, human laughter and smiles of positive affect must have evolved within the context of play from ancestral species. Furthermore, ancestral ape laughter and their open-mouth faces must already have been complex in form and function and changed over time via categorically different phylogenetic pathways to become characteristic, effective, and pervasive behaviors of everyday social interactions in humans.

Keywords: laughter, smiles, laughing faces, open-mouth faces, evolution, principle of maximum parsimony


INTRODUCTION

Laughter and smiles of humans have often been discussed in close association with each other. Both play an important role in a wide range of daily social interactions (Owren and Bachorowski, 2003; Dezecache and Dunbar, 2012). They promote social cohesion (Provine, 2000; Dunbar and Mehu, 2008) as well as the development of cognitive and socio-emotional skills (Fredrickson, 2001; Gervais and Wilson, 2005) and they may even affect a person's health and well-being (Keltner and Bonanno, 1997; cf. Martin, 2002; Dunbar et al., 2012), all in all covering a selection of fitness-relevant benefits. Although it is important to be generally cautious when identifying emotional states of individuals based on their behavioral actions (Fridlund and Russell, 2006; Fridlund, 2014; Waller et al., 2017), laughter and smiles are clearly strongly linked to positive emotions in many situations and their corresponding neurochemical changes (Wild et al., 2003; Dunbar et al., 2012; Manninen et al., 2017). It is perhaps best observable as outbursts of affect in solitary contexts and in young children's play. Whereas, laughter and smiles often represent behavioral indicators of positive emotions in humans, which may serve in multiple ways, they can also be products of other emotions as well as functions (e.g., fear grins: van Hooff, 1972; Schadenfreude laughter: Szameitat et al., 2009a; for critical discussions on expressions and their relationships to emotions and communication, see Fridlund and Russell, 2006; Dezecache et al., 2013).

These expressions of positive affect seem to be deeply grounded in human biology. They occur in the first months of human development and continue to stay then mainly within positive contexts (Sroufe and Wunsch, 1972; Nwokah et al., 1994; Oller et al., 2013). Typically sounding laughter is even produced by those with no or close to no auditory experience, such as in congenitally deaf college students (Makagon et al., 2008). Furthermore, laughter and smiles occur in positive contexts across cultures, for instance in rough-and-tumble play of children (Grammer and Eibl-Eibesfeldt, 1990; Provine, 2000), and they are overall detected as positive expressions, albeit with cross-cultural differences in how they are more specifically processed (Masuda et al., 2008; Sauter et al., 2010; Bryant et al., 2016). Consequently, these positive expressions might reflect the more rudimentary, evolutionarily older forms of laughter and smiles and require special attention in the search for potential homologs in non-human primates (“primates” from here onwards).

It has long been noted that human and primate expressions of emotions may be similar in both anatomy and context, especially with regard to human laughter and smiles and the playful situations in which they may occur (Darwin, 1872; Andrew, 1963; Chevalier-Skolnikoff, 1973; Redican, 1982; Preuschoft, 1992). For instance, chimpanzee mothers may tickle their infants, who then produce play vocalizations and open-mouth faces (play faces), expressions they would also show during solitary play as well as play with peers, such as rough and tumble, tug of war, or play chase. Play vocalizations and open-mouth faces can be found among primates early in their development (Tomonaga et al., 2004; Bard et al., 2014) and across their different populations (e.g., in chimpanzees: Matsusaka, 2004; Davila-Ross et al., 2011). Interestingly, the way playing great apes produce their multimodal and unimodal expressions of play strongly resembles the way playing children produce laughter and open-mouth smiles of positive affect (Rothbart, 1973; Addyman et al., 2018), respectively. Whereas, such basic observations might naturally lead to the notion of phylogenetic continuity from primordial play expressions to human laughter and smiles of positive affect (Darwin, 1872; Redican, 1982), other possible explanations are that laughter and smiles are human-unique behaviors or that they evolved from different primordial expressions (van Hooff, 1972; Preuschoft and van Hooff, 1995).

In the last two decades, numerous in-depth studies on the form and function of primate play expressions were conducted that urge us to revisit the evolution of laughter and smiles. The goal of the present work is, thus, to examine these findings in combination with pioneering works on this topic in order to develop an evolutionary model of laughter and smiles, situated within the phylogeny of great apes and humans. Our evolutionary reconstruction from ancestral apes toward humans is mainly based on predictions we can make about the last common ancestor of extant great apes and humans, a relationship extracted from a multiplex phylogenetic clade that also includes other extinct species, which existed prior to the origin of modern humans. Because laughter is a multimodal expression that is primarily defined by its vocalization (Cosentino et al., 2016), we distinguish, when necessary in this work, between the terms “laugh vocalization” and “laughing face” to refer to its vocal and facial components, respectively (Ruch and Ekman, 2001; Drack et al., 2009). Smiles, in contrast, are the facial expressions that are not produced together with laugh vocalizations (Ekman et al., 1990; Iwase et al., 2002). Our evolutionary reconstruction is based on the principle of maximum parsimony. According to this principle, the most likely of alternative explanations on evolutionary pathways should involve the least number of predicted evolutionary steps for a given set of data (Saitou and Imanishi, 1989). It can be applied for any hard-wired multivariate traits (for primate expressions, see Geissmann, 2002; Davila-Ross and Geissmann, 2007; Davila-Ross et al., 2009).



DISCUSSION


Play Vocalizations and Laughter

The play vocalizations of great apes, among the primates, have received much research attention because of the acoustic similarity with human laughter found in the closest evolutionary relatives of humans (Darwin, 1872; van Lawick-Goodall, 1968; Gervais and Wilson, 2005; Leavens, 2009). These ape vocalizations are often, but not always, occurring as a series of low-frequency staccato grunts, which can perhaps most readily be elicited by tickling (Vettin and Todt, 2005; Davila-Ross and Zimmermann, 2009; Provine, 2017). With the aim to test for such potential homologies and to situate the evolution of laugh vocalizations within the larger phylogenetic trajectory of the Hominidae, Davila-Ross et al. (2009, 2010) used raw acoustic data obtained from tickling-induced vocalizations of infant and juvenile great apes and human infants to conduct phylogenetic analyses. Their generated maximum-parsimony trees matched the phylogeny of extant great apes and humans that has been well-established by geneticists (Ruvolo et al., 1994; Wildman et al., 2002; McBrearty and Jablonski, 2005). This match and additional analyses, that revealed robustness of the tree topology, indicated a shared evolutionary origin (Davila-Ross et al., 2009). Because human infant laughter was included in this study, phylogenetic evidence was provided that human laughter evolved from ancestral apes within the context of play at least 10–16 million years ago (Davila-Ross et al., 2009, 2010).

These laugh vocalizations of great apes occur predominantly during their dyadic play (Davila-Ross and Zimmermann, 2009), where they seem to help prolong such playful encounters in chimpanzees (Matsusaka, 2004; Davila-Ross et al., 2011). Even when recorded laughter of conspecifics was played back in two previous studies, chimpanzees did not produce laughter outside of play (Berntson et al., 1989; Davila-Ross et al., 2014), suggesting a limitation in flexible use, in contrast to human laughter (see Provine, 1992). Pilot video playback tests involving orangutans, gorillas and chimpanzees provided no different results (Davila-Ross, personal observations).

Within the context of play, however, there seem to be notable differences in laughter among these primates that suggest a higher level of complexity in both form and function in the African great apes. Whereas, orangutans (the great apes evolutionarily most distanced from humans) produce spontaneous laughter during their playful encounters, it is rare (Davila-Ross and Zimmermann, 2009). Instead, they often emit play squeaks, another type of play vocalization (Davila-Ross et al., 2010). Compared to their Asian counterparts, African great apes (gorillas, chimpanzees, and bonobos) laugh frequently during social play (Vettin and Todt, 2005; Davila-Ross and Zimmermann, 2009), suggesting a higher level of signal relevance. In addition, chimpanzees may emit laugh responses to their playmates' laughter that are shorter than their spontaneously produced laughter (Davila-Ross et al., 2011).

Furthermore, orangutans produce laughter of an overall simpler spectral and temporal structure than the African apes. Orangutan laugh bouts are typically short in duration, with uniformly noisy calls of mostly consistently egressive airflow (Davila-Ross et al., 2009). The African apes, in contrast, produce laugh bouts that are longer in duration, with more calls that are produced quickly and with more vibration regime changes (Davila-Ross et al., 2009). They may laugh alternating between ingressive and egressive airflow (also described as play panting: Matsusaka, 2004) as well as with sustained, consistently egressive airflow (Davila-Ross et al., 2010), an ability that enables the continuous flow of speech in humans (Winkworth et al., 1995; MacLarnon and Hewitt, 1999). Some chimpanzees and bonobos were even heard to produce laugh bouts for minutes, which was possible via both airflow systems (Davila-Ross, personal observations).

Human and great ape laugh vocalizations seem to differ bioacoustically and perceptually primarily in regular voicing, airflow direction and vibration regimes (Davila-Ross et al., 2009). Voicing occurs when the vocal folds are vibrating with a high degree of regularity, leading to distinctive melodic sounds that mark human speech (Lieberman, 1975; cf. Owren et al., 1997). It is present in some human laugh episodes, for instance “Ha-ha” and “He-he” (Provine and Yong, 1991; Provine, 2000), but rarely in great apes (Vettin and Todt, 2005; Davila-Ross et al., 2009). Interestingly, unvoiced human laughter, which includes grunt-, snort- and song-like laugh episodes, is more common than voiced laughter (Bachorowski et al., 2001). Furthermore, human laughter shows primarily egressive airflow and a notably higher abundance of quickly produced vibration regimes than that of great apes, which contributes to their spectral complexity (Davila-Ross et al., 2009, 2010; for human laugh acoustics also see Bachorowski et al., 2001; Szameitat et al., 2009b).



Open-Mouth Faces, Laughing Faces, and Smiles

Open-mouth faces of primates often occur during solitary play as well as social play and play invitations (Chevalier-Skolnikoff, 1974; Flack et al., 2004; Petru et al., 2009). Like play faces of mammals, in general, these primate expressions seem to guide play activities among the playmates by prolonging play and avoiding escalations into fights (Bekoff, 1995; Waller and Dunbar, 2005; Davila-Ross et al., 2011; Mancini et al., 2013). They can be spontaneously produced behaviors as well as responses to open-mouth faces of their playmates, for instance via rapid facial mimicry (Davila-Ross et al., 2008, 2011; Mancini et al., 2013; Palagi et al., 2019b).

In great ape play, open-mouth faces may be produced with laugh vocalizations as well as without them. Furthermore, these facial expressions show morphological commonalities with human laughing faces (see Figure 1) and smiles. Primate coding approaches that are based on the Facial Action Coding System (FACS: Ekman et al., 2002) provide special insight (for OrangFACS: Caeiro et al., 2013; for ChimpFACS: Vick et al., 2007). Such non-invasive methodologies allow researchers to systematically measure single facial movements of the underlying musculature shared by primates and humans to test for homologies (Ekman et al., 2002; Vick et al., 2007). Specifically, the open-mouth faces of play are marked by the contraction of the muscle zygomaticus major, which pulls the corners of the lips back and upwards, as well as by the opening of the lips (Parr et al., 2007; Davila-Ross et al., 2015; Waller et al., 2015), facial movements that characterize both laughing faces and smiles of humans (Ekman et al., 1990; Ruch and Ekman, 2001; Drack et al., 2009).


[image: Figure 1]
FIGURE 1. Primate and human facial expressions: (a) orangutan and (b) chimpanzee open-mouth faces and (c) human laughing face; (d) open-mouth and (e) closed-mouth silent bared-teeth displays of chimpanzees (two silent bared-teeth display pictures, credit: Helene Chotard).


To test if human laughing faces and smiles emerged from pre-existing traits, Davila-Ross et al. (2015) measured with ChimpFACS the range of facial movements present in laughing chimpanzees during spontaneous play. The study revealed that laughing chimpanzees part their lips and pull them back as well as upwards while dropping their jaws; often they open their mouths further by raising their upper lips and sometimes they raise their cheeks, which causes crow's feet, besides showing other facial movements (Davila-Ross et al., 2015; see Figure 1). These movements matched those of laughing humans, which were identified by Drack et al. (2009) with FACS (also see Ekman et al., 1990; Ruch, 1993; Ruch and Ekman, 2001; Shiota et al., 2003). Moreover, the examined open-mouth faces of laughing chimpanzees included an almost identical set of facial configurations as the open-mouth faces without laughter (Davila-Ross et al., 2015), suggesting that they represent the same facial expressions. Therefore, based on the principle of maximum parsimony, the primordial open-mouth face of play represents the strongest candidate for a precursor of human laughing faces and smiles of positive affect—a phylogenetic reconstruction that involves no major evolutionary changes.

Indeed, the open-mouth face is the only primate expression that matches human laughing faces as well as human smiles in their close relationship to laughter, in addition to morphology and context. A different evolutionary model was provided by van Hooff (1972) in perhaps the most influential work on the evolution of human smiles over the past 50 years (see Lockard et al., 1977; Goldenthal et al., 1981; Preuschoft, 1992; Laidre and Yorzinski, 2005; Mehu and Dunbar, 2008), where he proposed another primate facial expression as the precursor of human smiles of positive affect, i.e., silent bared-teeth display (see Figure 1). According to van Hooff's (1972) Emancipation Hypothesis, the open-mouth variant of the silent bared-teeth display must have crossed contexts (from submissive to playful contexts) and morphologically converged with another facial display, i.e., open-mouth faces, as well as laugh vocalizations at a period following the last common ancestor of chimpanzees and humans in order to become smiles, emancipating then in function and crossing behavioral contexts in humans—a phylogenetic reconstruction which, like that of novel facial expressions, includes multiple major evolutionary changes.

It is important to note, however, that van Hooff (1972) also set the open-mouth face apart from other primate expressions as the most parsimonious explanation for a smile homolog, were it not for one then missing piece. Specifically, he pointed out that laughing children bare their upper tooth rows unlike the laughing chimpanzees he observed in Burgers' Zoo (van Hooff, 1972). Such open-mouth faces of chimpanzees and other primates are also referred to as relaxed open-mouth displays, a term that was used to indicate that during play the upper lip is relaxed, covering the upper teeth (van Hooff, 1972; Thierry et al., 1989). Over the last couple of decades, however, research demonstrated the exposure of upper teeth as part of the open-mouth face (also known as “relaxed open-mouth bared-teeth displays” and “full play faces”) in laughing great apes (Davila-Ross and Zimmermann, 2009; Davila-Ross et al., 2015; see Figure 1) and in playing primates in general (van Hooff and Preuschoft, 2003; Palagi, 2006; Waller and Cherry, 2012). This facial movement is primarily caused by the levator labii superioris muscle contraction which raises the upper lip toward the nose. Therefore, the rationale for silent bared-teeth displays does not seem to hold any longer when it comes to smile precursors of positive affect.

Clearly the facial variants of open-mouth faces of play are closely linked to each other. In chimpanzee social play, approximately half of the 17 identified open-mouth configurations of play seem to involve an exposure of the upper teeth, configurations that may change into one another within a single display event (Davila-Ross et al., 2015; Davila-Ross, personal observations). The open-mouth variants marked by the exposed and covered upper teeth are, thus, to some extent interchangeable behaviors and they regularly occur in both gentle play and rough-and-tumble (see Davila-Ross and Zimmermann, 2009), although the upper teeth tend to be exposed more often during the latter play type (Palagi, 2006; Waller and Cherry, 2012). Whereas, primates, in general, make use of both open-mouth variants during play (e.g., geladas: Mancini et al., 2013; Japanese macaques: Scopa and Palagi, 2016: orangutans: Davila-Ross and Zimmermann, 2009; gorillas: Waller and Cherry, 2012; bonobos: de Waal, 1988), some primate species differ in the predominant use of these variants (see Thierry et al., 1989; van Hooff and Preuschoft, 2003; Scopa and Palagi, 2016). According to the Power Asymmetry Hypothesis by Preuschoft and van Hooff (1997), it should be particularly important for primate species living in strict linear dominance hierarchies (e.g., pig-tailed macaques) to produce distinct signals that can be easily recognized by their conspecifics, consequently shrinking the chances of escalations into fights, compared to primate species of a notably more relaxed social system (e.g., Tonkean macaques). Consistent with this hypothesis, pig-tailed macaques, for example, often do not expose their upper tooth rows during play, making their play signals distinct from silent bared-teeth displays of other contexts, much in contrast to Tonkean macaques (Bobbitt et al., 1964; Thierry et al., 1989; see van Hooff and Preuschoft, 2003).

Without the upper teeth exposed, open-mouth faces have only been infrequently documented outside of play (Preuschoft, 1992; Waller and Dunbar, 2005). Interestingly, Jan van Hooff's observed such an open-mouth face by a chimpanzee named Mama, which occurred after a known researcher revealed himself behind a leopard mask (van Hooff and Preuschoft, 2003). We are also aware of a youtube video clip where a juvenile orangutan produced this display following a magic trick (accessed 1st of April 2021: https://www.youtube.com/watch?v=OLrYzY3jVPY&ab_channel=Hydrasound). A similarly unusual incident took place at the Serengeti Park Hodenhagen, where a juvenile female chimpanzee named Pia was play inviting her father by pulling his hair, a clearly incongruent but seemingly harmless event (Davila-Ross, personal observation). As her father would not budge, Pia left and went to a different island of the enclosure, laid down on the grass and seemed to relax for a while, until she all of a sudden started producing open-mouth faces (Davila-Ross, personal observation; see Supplementary Video). It seems reasonable to conclude that Pia's outburst was induced by a representation of the preceding incongruent playful encounter. Collectively, such rare incidents provide evidence that great apes are able to produce open-mouth faces outside of play after non-aggressive violations of expectations, similar to human infant smiles (Reddy, 1991; for a discussion on benign violations and humor, see McGraw and Warren, 2010; Eckert et al., 2020). With the upper teeth exposed, open-mouth faces of play and the silent-bared teeth displays show interesting similarities that are discussed in the next section.



Complexity and Continuity Hypothesis of Laughter and Smiles

Empirical research on primate play expressions and human laughter and smiles of positive affect brings us back to the natural conclusion of phylogenetic continuity. Furthermore, with primordial open-mouth faces of play having evolved into human laughing faces and open-mouth smiles of positive affect, we can conclude that a shared ancestry of these two human facial expressions exists. Additional support comes from research on human facial morphology and physiology. Interestingly, human laughing faces and smiles of positive affect are both identified by zygomaticus major and include an overall similar configuration of facial muscle movements, such as orbicularis oculi muscle contractions (see Ekman et al., 1990; Shiota et al., 2003; Drack et al., 2009). Activations of orbicularis oculi raise the cheeks, causing the wrinkling around the eye corners, i.e., crow's feet, which characterizes Duchenne laughter/smiles, expressions arguably associated with felt positive emotions (Surakka and Hietanen, 1998; Ruch and Ekman, 2001; cf. Gunnery and Hall, 2015). In addition, a positron emission tomography (PET) scan study indicated that spontaneous laughter and smiles of positive affect, when produced by participants who watched funny videos, showed similar neural activations, predominantly in the bilateral supplementary motor area (SMA) and left putamen (Iwase et al., 2002).

Human laughter and smiles are also similar in function. Both may range from simple positive outbursts (Rothbart, 1973; Ekman et al., 1990) to highly complex behaviors, such as responses to humorous incidents and integral components in conversations (Owren and Bachorowski, 2003; Wild et al., 2003; Vettin and Todt, 2004; Arias et al., 2018). They promote cognitive and socio-emotional development (Fredrickson, 2001; Gervais and Wilson, 2005) and help to form, maintain and strengthen social relationships (Mehu et al., 2007; Dezecache and Dunbar, 2012; Wood and Niedenthal, 2018). Their positive effects may be further amplified when these expressions are shared among social partners (Provine, 1992; Hess and Bourgeois, 2010; cf. Dezecache et al., 2015) and when volitionally producing them (Bryant and Aktipis, 2014; Scott et al., 2014). Previously, human laughter and smiles have been identified as graded behaviors of intensity within positive contexts (Ekman, 1982; Redican, 1982; Bachorowski and Owren, 2001). According to the Diminutive Hypothesis, smiles have a lower arousal mode than laughter (Redican, 1982), a relationship that is also present in several languages (e.g., rire and sourire in French; Lachen and Lächeln in German). This hypothesis further implies that these two often interchangeable behaviors of positive contexts emerged from the same phylogenetic root (cf. Andrew, 1963; Redican, 1982), but it is hereby necessary to consider that laughter is predominantly a multimodal expression, unlike smiles. While human laugh faces are likely to be homologs of human smiles, empirical findings on primates suggest categorically different periods of evolutionary change for laugh vocalizations and smiles of positive affect. For laugh vocalizations, two main periods of evolutionary change among the hominids have been identified (Davila-Ross et al., 2010).

The first period of change for laugh vocalizations took place within great ape phylogeny. Laughter of the last common ancestor of extant great apes involved most likely a spontaneous, unvoiced vocalization of noise produced during social play, a vocalization that may have resembled a loud breathing (Davila-Ross et al., 2009). Laughter must have then become an increasingly complex and socially important vocalization, which was exchanged among playing conspecifics, as found in extant African apes (Davila-Ross et al., 2009). The second and predominant period of change for laugh vocalizations occurred closer to humans, after the divergence from a common ancestor with chimpanzees and bonobos. It must have been marked by regular voicing as well as consistently egressive airflow, two attributes of speech production (Davila-Ross et al., 2009). The increased presence of voicing in laughter may have heightened its level of perceived valence and arousal, as voiced laughter is processed as more positive in listeners than unvoiced laughter (Bachorowski and Owren, 2001). Interestingly, the main periods of change indicate categorically different phylogenetic pathways in laughter and smiles.

Specifically, open-mouth faces seem to have gone through one main period of evolutionary change in the past 10–16 million years. This facial expression of the last common ancestor of extant great apes was most likely already a behavior of high social relevance in play, with a complexity in both form and function, expressions that must have been used more flexibly than laughter (Davila-Ross and Zimmermann, 2009; Davila-Ross et al., 2015; Waller et al., 2015). Such complexity of open-mouth faces seems to be similarly present in monkeys (Mancini et al., 2013; Clark et al., 2020; see Preuschoft and van Hooff, 1995), perhaps even beyond primates (Palagi et al., 2019a; Taylor et al., 2019). Closer to humans and after the divergence from a common ancestor with chimpanzees and bonobos, these expressions may have involved more often orbicularis oculi muscle activations, possibly resulting in an increase in perceived valence and arousal (Ekman et al., 1990; Messinger et al., 2001; Soussignan, 2002; Davila-Ross et al., 2015), a change that is unrelated to the increase in voicing of laughter.

As part of the Complexity and Continuity Hypothesis, we therefore argue that great ape laughter and their open-mouth faces of play are homologs of the two arguably strongest behavioral indicators of positive affect in humans, expressions that are both frequently and, to some extent, similarly found in young children's play (Rothbart, 1973; Addyman et al., 2018). Consequently, humans are not unique in producing laughter and smiles of positively grounded motivations. Whereas, humans are known for having highly sophisticated social-cognitive abilities closely linked to cooperation unlike any other extant species (see Moll and Tomasello, 2007; Tomasello and Herrmann, 2010), these two important everyday expressions of social cohesion (Provine, 2000; Dunbar and Mehu, 2008) must have already existed on a pre-human basis, possibly to help initiate and prolong playful interactions with familiar conspecifics (Matsusaka, 2004; Waller and Dunbar, 2005; Davila-Ross et al., 2011; Mancini et al., 2013). Thus, the Complexity and Continuity Hypothesis contrasts the notion that human smiles of positive affect evolved within fear-related situations of ancestral species (see Emancipation Hypothesis: van Hooff, 1972; also see Andrew, 1963).

With the primate homologs of human laughter and smiles of positive affect identified based on the maximum parsimony principle, it is now important to critically evaluate how laughter and smiles became expressions of other motivations and functions (e.g., Schadenfreude: Szameitat et al., 2009a; mocking: Provine, 2000; embarrassed and polite smile: Ambadar et al., 2009). Regarding laugh vocalizations, it seems reasonable to conclude that such emancipation took place only after the last common ancestor of extant great apes and humans existed, because ape laughter is bioacoustically distinct (Davila-Ross et al., 2009; Taylor et al., 2021) and closely linked to play (Matsusaka, 2004; Davila-Ross et al., 2011), so that there cannot be variants with similar acoustic properties in other behavioral contexts. Furthermore, human infants within their first year of life produce various speech-related vocal types (protophones) free from contexts, but not laughter (Oller et al., 2013; for a comparative approach, see Dezecache et al., 2020). Consequently, laughter must have been used more flexibly closer toward humans, occurring in a wide range of everyday social interactions with gradually modifying acoustic properties (Owren and Bachorowski, 2003; Davila-Ross et al., 2010), perhaps accompanying key changes in language evolution (for laughter in conversation, see Vettin and Todt, 2004; Flamson and Bryant, 2013), when it also became an expression of other motivations and functions.

Regarding smiles of different motivations and functions, it is important to note that primates also expose their upper teeth when widely opening their mouths (e.g., silent-bared teeth displays and open-mouth threat faces) in contexts outside of play, namely in reconciliation, appeasement, affiliation, copulation and agonistic contexts (see Andrew, 1963; van Hooff, 1972; Weigel, 1979; Redican, 1982; Preuschoft, 1992; Liebal et al., 2004, 2006; Waller and Dunbar, 2005). As already mentioned in Jan van Hooff's (1972) important work on smile evolution, the silent bared-teeth displays show interesting similarities with open-mouth faces of play. More recently, FACS-based studies revealed that monkeys as well as apes may activate the same facial muscles across the two displays, although they seem to differ in their overall facial configurations (Parr and Waller, 2006; Parr et al., 2007; Davila-Ross et al., 2015; Waller et al., 2015; Clark et al., 2020) and perhaps in the motion pattern of muscle units, with the open-mouth faces of play showing the more dynamic pattern. Furthermore, these displays seem to instigate affiliative behaviors among interacting conspecifics across the behavioral contexts (Preuschoft, 1992; Bout and Thierry, 2005; Waller and Dunbar, 2005; de Marco and Visalberghi, 2007; Davila-Ross et al., 2011; Mancini et al., 2013).

Therefore, the possibility that open-mouth faces of play and silent bared-teeth displays are variants of each other should not be ignored, which means that the latter display might after all have had a role in smile evolution. In such case, however, its phylogenetic pathway would have been notably different from how it was presented in the Emancipation Hypothesis (see van Hooff, 1972; Preuschoft and van Hooff, 1995). Based on the data currently available, it is plausible that primordial forms of both open-mouth faces of play and silent bared-teeth displays emancipated in function, flexibly crossing behavioral contexts prior to the origin of hominids. This is further supported by data on the flexible use of primate facial expressions (Preuschoft, 1992; Waller and Dunbar, 2005; Davila-Ross et al., 2015; Scheider et al., 2016). An alternative explanation is that open-mouth faces of play are not related with silent bared-teeth displays, in which case the precursor of smiles of positive affect must have been used more freely across contexts after the last common ancestor of apes and humans existed, like laughter, to become a pervasive tool of human communication (see Owren and Bachorowski, 2003). More research is needed to test these two possible explanations. Both explanations, however, contrast with the Emancipation Hypothesis (van Hooff, 1972), where it was argued that fear-related displays emancipated in function closer toward human evolution.

In sum, the Complexity and Continuity Hypothesis of this work presents an evolutionary reconstruction of laughter and smiles of positive affect that reveals phylogenetic continuity. As evolution conserves hard-wired behavioral traits and their underlying processes rather than abolishes and rebuilds them, human laughter and smiles of positive affect must have evolved within the context of play in ancestral species. The Complexity and Continuity Hypothesis further states that their primordial displays must have already been complex in form and function ~10–16 million years ago and further changed over time via categorically different phylogenetic pathways to become characteristic, effective and pervasive behaviors of everyday human social interactions.
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In 1980, Robert Seyfarth, Dorothy Cheney and Peter Marler published a landmark paper in Science claiming language-like semantic communication in the alarm calls of vervet monkeys. This article and the career research program it spawned for its authors catalyzed countless other studies searching for semantics, and then also syntax and other rarefied properties of language, in the communication systems of non-human primates and other animals. It also helped bolster a parallel tradition of teaching symbolism and syntax in artificial language systems to great apes. Although the search for language rudiments in the communications of primates long predates the vervet alarm call story, it is difficult to overstate the impact of the vervet research, for it fueled field and laboratory research programs for several generations of primatologists and kept busy an equal number of philosophers, linguists, and cognitive scientists debating possible implications for the origins and evolution of language and other vaunted elements of the human condition. Now 40-years on, the original vervet alarm call findings have been revised and claims of semanticity recanted; while other evidence for semantics and syntax in the natural communications of non-humans is sparse and weak. Ultimately, we are forced to conclude that there are simply few substantive precedents in the natural communications of animals for the high-level informational and representational properties of language, nor its complex syntax. This conclusion does not mean primates cannot be taught some version of these elements of language in artificial language systems – in fact, they can. Nor does it mean there is no continuity between the natural communications of animals and humans that could inform the evolution of language – in fact, there is such continuity. It just does not lie in the specialized semantic and syntactic properties of language. In reviewing these matters, I consider why it is that primates do not evince high-level properties of language in their natural communications but why we so readily accepted that they did or should; and what lessons we might draw from that experience. In the process, I also consider why accounts of human-like characteristics in animals can be so irresistibly appealing.
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THE VERVET ALARM CALL STORY AND ITS ENDURING LEGACY

Seyfarth et al. (1980a) published a landmark paper in Science, reporting what was interpreted to be evidence for language-like communication in vervet monkeys, a species of primate relatively distantly related to humans. The paper reported that vervet monkeys gave acoustically distinct alarm calls to different types of predator which prompted functionally distinct escape responses in listeners. It was argued that the calls were not simply emotively based and that contextual details were not needed in order for listeners to respond appropriately. Rather, the calls alone were sufficient to elicit the distinct escape responses. Hence, the calls appeared to function as symbolic labels for the predators, much like our human words for them, and were interpreted as the first evidence for semantic communication in a primate. Because the alarm vocalizations showed no iconic resemblance to the predators themselves, they were also claimed to exemplify the property of arbitrariness that the linguist Saussure had previously proposed to be a defining structural property of human words (de Saussure, 1971). Here then appeared to be evidence for language-like communication in a non-human primate with the potential also for some similar human-like cognitive abilities. The implications for the evolution of language and mind in humans – topics that had bedeviled scholars for ages – were tantalizing.

Indeed, the impact of the 1980 Science paper was profound. Although its findings were never replicated (until they couldn’t be: Price, 2013; Price et al., 2015), the paper nevertheless became the textbook example of language-like communication in animals and catalyzed a successful career research program for its primary authors, Seyfarth and Cheney focused on other evidence of human-like behavior and cognitive abilities in primates. Much of that research program was summarized for a wider audience in two successful popular books entitled, How Monkeys See the World: Inside the Mind of Another Species (1990a), and Baboon Metaphysics (2008), the latter title a nod to Darwin who suggested that philosophers of mind at the time, like Locke and others, would get more traction on the problem of human psychology (metaphysics) by studying baboons (as Seyfarth and Cheney indeed did: Cheney and Seyfarth, 2008).

The vervet alarm call story also catalyzed countless other studies searching for rudiments of semantics, and then also syntax and other rarefied properties of language, in the communication systems of other primates and a variety of non-primate species besides. And it served also to bolster a parallel historical tradition attempting to teach symbolism and syntax in artificial language systems to great apes.

In fact, it is difficult to overstate the impact of the original vervet alarm call story, for it helped to fuel field and laboratory research programs for several generations of primatologists, right up to the present, and kept busy a significant number of philosophers, linguists, and cognitive scientists debating possible implications for the origins and evolution of language and other vaunted elements of the human condition (e.g., Dennett, 1983; Premack, 1985; Bickerton, 1992; Pinker, 1994; Deacon, 1998; Hauser et al., 2002; Pinker and Jackendoff, 2005; Fitch, 2010; Berwick and Chomsky, 2016).

Now 40-years on, the original claims for semanticity in vervet alarm calls have recently been recanted (Price, 2013; Price et al., 2015; Seyfarth and Cheney, 2017) and additional evidence for symbolism, syntax, or other high-level intentional and informational properties of human language in the natural communications of non-humans is thin (Wheeler and Fischer, 2012; Scott-Phillips, 2015; Fischer and Price, 2017).

In hindsight, these outcomes might have been anticipated given other standard features of communication in non-human primates, including: that they have relatively small repertoires of different calls and use them in a wide range of contexts with little context-specific usage suggestive of discrete messages; that most calls are graded variants on a few basic structural themes of coos, grunts, barks and screams; that there is little cortical control of vocal production which is instead largely limbically driven and closely tied to emotions; that there is a conspicuous absence of social-cognitive intentionality in communication or other aspects of their behavior; and that there is little evidence of productive vocal learning; all of which are hallmarks of human speech and language (reviewed in Owren and Rendall, 2001; Penn and Povinelli, 2007; Hammerschmidt and Fischer, 2008; Jürgens, 2008; Hage, 2010; Owren et al., 2010; Rendall and Owren, 2013; Fischer and Price, 2017; Nieder and Mooney, 2020; Fischer, 2021).

Ultimately, we are forced to conclude that, although there may be some superficial resemblances, there are simply few substantive precedents in primates, or other species, for the high-level intentional, informational and representational properties of language, nor its complex syntax.

This conclusion was, in fact, reached by Cheney and Seyfarth (1998, 2005) themselves some time ago (1998, 2005) with their conclusion that primate communication is fundamentally not intentional the way language is: “non-human primates’ inability to represent the mental states of others makes their communication fundamentally different from human language” (Cheney and Seyfarth, 2005, p. 135). These conclusions have been echoed and extended by other prominent researchers in the field. For example, Marc Hauser, formerly a notable figure in this line of research, concluded that: “Although 40 years of research have been invested in the capacity of animals to produce or comprehend externalized symbols, the relevant evidence that they do so is, at best, weak” (Hauser, 2009, p. 194). In a subsequent review of the state of research on language evolution, Hauser et al. (2014) later concluded that, “Animal communication systems have thus far failed to demonstrate anything remotely like our systems of phonology, semantics, and syntax.” Michael Tomasello, in his book, Origins of Human Communication, concluded that: “Primate vocal displays are basically no different from those of other mammals. Vocal displays are mostly unlearned, genetically fixed, emotionally urgent, involuntary, inflexible responses… How could such mechanical reflexes be a direct precursor to any of the complexities of human communication and language…?” (Tomasello, 2008, p. 53).

Revealingly, these conclusions have done little to slow the pace of research in this area. To wit, at the close of 2020 (and according to Google Scholar), the original 1980 Science paper on vervet alarm calls had been cited almost 1,500 times, and a companion paper published the same year in the journal Animal Behavior, also under the banner of semantic communication (Seyfarth et al., 1980b), had been cited just over 1,000 times – with no sign that the rate of citation of either paper has slowed since most of the above-noted conclusions were reached. On the contrary, the rate of citation for both papers is actually higher post-2000 compared to before. The authors’ two popular books are even more widely cited. In early 2021, How Monkeys See the World had been cited 3,795 times and Baboon Metaphysics, published only in 2008, has already been cited 974 times. When one considers that the thousands of researchers who have cited these various works have themselves likely also been cited by hundreds, possibly thousands, of other researchers – a calculus of spread now familiar to us all in the midst of the global COVID-19 pandemic – it is obvious just how widely impactful the vervet alarm call story has been. Clearly, its appeal was and remains strong, and its influence has spread broadly and deeply, such that it could be some time before news of its revision reaches the diverse literatures where it has taken hold.

Note that although the weight of evidence now does not support the conclusions of the original Science paper, nor most other language properties it spurred the study of in other species, this outcome does not in any way represent a critique of the intelligence, achievements or inherent worth of any of the species studied in the process. This is a very important point that I’ll return to later. Likewise, the conclusion also does not mean that there is no constructive continuity between primate and human communication – in fact there is continuity and it includes: some similar elements of basic vocal anatomy and basic processes of vocal production and thus similarity in the resulting sounds produced; some similarity in the peripheral mechanisms of vocal perception; some flexibility in call production and usage; a role for feedback in shaping infants’ vocal production development; and a role for facial and other gestures in complementing vocal communication. Together these areas of overlap may point to some basic common building blocks of communication that could be part of the scaffolding for human communication, ultimately including speech and language, even if they do not yet illuminate much about the emergence of higher-level properties of language, such as its semantics and syntax. There are many constructive reviews of this evidence with suggestions for where future research could productively focus (e.g., Rendall et al., 1998, 2004, 2005; Fitch, 2000, 2020; Davila Ross et al., 2008, 2010; Ghazanfar and Rendall, 2008; Takahashi et al., 2015; Griebel et al., 2016; Boë et al., 2017; Nielsen and Rendall, 2018; Pomberger et al., 2018; Ghazanfar et al., 2019; Oller et al., 2019; Dezecache et al., 2020; Locke, 2021 this issue). Hence, I will not dwell further on that evidence here to rehearse what is well covered elsewhere.

Instead, I will focus in this article on two other broad and important questions that are prompted by the enduring legacy of the vervet alarm call story but that have never before been asked or addressed: First, why are core properties of language, in fact, not manifest in the natural communications of non-human primates? And second, why did we ever think they should be?



WHY ARE SEMANTICS AND SYNTAX NOT MANIFEST IN PRIMATE COMMUNICATION?


The Role of Intentionality

On the one hand, the answer to this question is quite straightforward, because there is a natural organizational hierarchy inherent in the semantic and syntactic properties of language that is grounded in its underlying intentionality. Thus, in human language, canonical speech acts are predicated on implicit (and sometimes explicit) mental state attributions about our audience, namely that they have thoughts or beliefs that are about the world that we want to engage by communicating with them (Grice, 1957). For example, they might think X, and we’d like to affirm for them our own understanding of X, or change theirs. Or we may think that they do NOT have any such knowledge about X but should. And so we tell them about X. Either way, our capacity for thoughts that are about things and for attributing the same capacity to others – to viewing them, like ourselves, as mental agents with internal states of knowledge or belief that are also about things – is referred to formally as intentionality (sensu Brentano, 1874). More prosaically, intentionality represents the cognitive impetus to inform others (or affirm, change, influence, or otherwise engage, their mental states). Of course, this informing function of language is only part of how language works. Nevertheless, it is the essential foundation for the canonical semantic and syntactic properties of language which have been the focus of parallel comparative research on animals, where semantics represents the conceptual content of all that informing, and syntax represents the higher-order organizational rules that emerge with a need to organize more complex semantics.

For most (possibly all) non-human primates, formal intentionality – mental state attribution – appears to be lacking (Cheney and Seyfarth, 1998, 2005; Penn and Povinelli, 2007; Call and Tomasello, 2008). Chimpanzees appear to understand the goal or purpose of another individual’s behavior in instrumental terms – at least in controlled settings interacting with human partners – but they do not appreciate the mental states that lie behind others’ behavior and how that affects what they will do, nor do they act deliberately to alter those mental states (Call and Tomasello, 2008). Studies of other primates have confirmed a similar lack of appreciation for others’ perspectives or mental states, including specifically in communication. For example, Cheney and Seyfarth (1990b) explained early on that, while a vervet monkey will produce alarm calls when it perceives itself to be in danger, that same individual fails to call on other occasions when it is not in danger itself even though other companions, including kin, are at risk. Cheney and Seyfarth (1990a) subsequently replicated this finding with Japanese and rhesus macaques in a series of controlled experiments in captivity designed specifically to systematically test intentionality in communication. In that work, they found that mothers likewise failed to warn their infants of an imminent danger if the situation did not also represent a threat to the mother herself, and they concluded that this was because mothers failed to appreciate the perspective and knowledge of their infants when it differed from their own. Similarly, in field experiments on baboons, Cheney et al. (1996) showed that adult females routinely produce very loud bark vocalizations – informally termed “lost calls” – when they get separated from companions during daily travels in an effort to re-establish contact with the group. However, those same females do not respond vocally to the “lost calls” of other group members who become separated and are trying to relocate the group if they themselves are now safely with the rest of the group at the time. This failure to vocalize to inform others of the group’s location held true even when the separated and calling group member was a female baboon’s own young infant (Rendall et al., 2000).

Taken together, the corpus of work on primate intentionality consistently shows that the animals often attend carefully to the behavior of others, but fail to appreciate what lies behind it. They fail to appreciate others as mental agents with perspectives and resulting states of belief or knowledge that can differ from their own and that in turn affect their behavior. Hence, they fail also then to appreciate how their own behavior, including their own vocalizations, might serve to inform others – i.e., to change their states of belief or knowledge, and thus also their behavior. Hence, they vocalize when they themselves encounter a predator, find food, or become lost but this calling is entirely self-centered, reflecting their own current situation and needs. It does not reflect the informational needs of receivers. In contrast, human language is fundamentally “other-centered” in being routinely tailored to the perceived informational needs of listeners (Owren and Rendall, 2001).

Ultimately then, where formal intentionality in communication is lacking, there is simply no need or capacity for semantics or syntax. In other words, lacking the fundamental underlying cognitive impetus to inform others based on an appreciation of their states of knowledge or belief about the world, there is no functional need in non-human primates for any conceptual informing content to begin with, and therefore also no need for a higher-order syntactic system to organize more complex messages.

It is worth noting here that, in view of the negative findings on primate intentionality, an alternative conception of primate semantics arose in the 1990’s that was referred to as “functional reference” and promoted continued work on the subject (Marler et al., 1992; Macedonia and Evans, 1993; Evans, 1997). The proposal was that, although primates were evidently not vocalizing intentionally to inform others about things in the world, as is the case for routine human language use, their vocalizations might nevertheless function “as if” they were. For example, while a vervet monkey producing an alarm call might do so with respect to its own circumstances and its own associated concern, fear or distress on encountering a predator, as is now accepted to be the case (Price et al., 2015; Seyfarth and Cheney, 2017), other group members hearing the call might still respond appropriately “as if” the call had conveyed semantic information about the predator type. In the original formulation of the framework, the threshold for assigning functional reference was that the vocalization elicited appropriate responses from listeners in the absence of supporting contextual information (Macedonia and Evans, 1993). By this criterion, vervet alarm calls would now not qualify even for this looser characterization of reference, given that listeners are now acknowledged to require additional contextual details to respond appropriately (Price, 2013; Price et al., 2015; Seyfarth and Cheney, 2017).

Latterly, however, this context-free criterion seems to have been relaxed further to allow signals, such as vervet alarm calls, to be labeled functionally referential if listeners can respond appropriately using additional information available from the immediate contextual details as well as what they have learned from past experience about the kinds of events that are associated with specific vocalizations from companions (Seyfarth and Cheney, 2017). In this way, what could be largely affective or motivationally driven vocalizations in signalers might nevertheless be interpreted to retain an element of external reference by virtue of additional inferences listeners make based on other information they glean from the current situation or past experience. On the surface of it, this is a perfectly sensible parsing of how the monkeys actually behave and respond. After all, primates are large-brained animals with significant inferential capacities. So, almost certainly, they routinely respond to vocalizations from companions based on a variety of inferences they make using a combination of immediate contextual details, their familiarity with group members and their individual behavioral proclivities, and their familiarity also with the circumstances that typically elicit different kinds of signals from them (cf. Smith, 1977; Owings and Morton, 1998).

At the same time, however, if vervet alarm calls function in this manner then they are effectively no different than any of the other vocalizations in their repertoire, or in the vocal repertoire of any other species, such as the common grunts, barks, squeals and screams that mediate quotidian activities. All of these calls too are largely affectively driven and reflect the current situation and needs of the signaler but could nevertheless similarly allow listeners to draw additional inferences about likely eliciting circumstances based on additional contextual information and familiarity with each other and their general proclivities.

Indeed, such a parsing of the function of vervet alarm calls simply aligns them with a wide range of other signaling phenomena not typically considered language-like at all, including, for example, human infant crying (and “crying” in other species). While the crying of human infants is definitively emotionally driven, parents can nevertheless often infer some general things about the eliciting circumstances, such as whether the cries reflect being overtired, or hungry, or in pain or general distress based on familiarity with their own infant, its crying patterns, and other contextual details including the time since last feeding, or the infant’s recent sleep history (reviewed in Zeifman, 2001; Soltis, 2004). As a result, there does not appear to be any explanatory value added by attaching the label “reference” to vervet alarm calls, or any of these other signals, in order to promote comparison to language if the label could be applied equally well to all of these other common signals that are so clearly not language-like at all.

These points were well appreciated by earlier key researchers (see Premack, 1972; Marler, 1977; Owings, 1994), who therefore recognized an important distinction between such signaler-centered, affectively based vocalizations (in animals or humans) and the truly referential or symbolic quality of human language. The key distinction, as noted earlier, is that linguistic reference hinges on the intentionality of language users. That is what moves language beyond being exclusively sender-centered to being also receiver-centered, because language acts are routinely conditioned not only by the immediate circumstances of the speaker but also, and specifically, the informational needs of listeners. It is also what confers the representational power of language, allowing it to move beyond contextually bound signals that can be interpreted only with additional details of the immediate circumstances, to the context-free and virtually unbounded representational universe of human language instantiated by words that have common representational value for signaler and receiver alike and are understood by both parties to have such representational value.

In short, without intentionality, communicative acts have no meaning in the formal linguistic sense, and cannot be scaffolded into more complex semantic constructs that create pressure for organizational systems (grammars) to organize them. So it is precisely the psychological characteristic of formal intentionality explained earlier that kicks off the complexity of linguistic reference and that an evolutionary account of language therefore needs to account for. It is, therefore, illusory to search among primates, or other animals, for vocalizations that are referential only indirectly in some functional and not intentional sense, maintaining that this will somehow provide any illumination on the evolution of linguistic reference (reviewed in Rendall et al., 2009; Owren et al., 2010; Rendall and Owren, 2013).

So, while understandable enough as a conceptual retreat regarding primate semantics in response to mounting evidence for a lack of language-like intentionality in their communication, the functional reference gambit actually muddies comparisons between language and primate communication and obfuscates more than it illuminates meaningful points of similarity and difference between them that could ultimately clarify our understanding of the course of language evolution. In a recent comprehensive review of the concept of functional reference, Wheeler and Fischer (2012) drew much the same conclusion, allowing that the functional reference framework was “a promising paradigm whose time has passed.”

In summary then, the straightforward answer to why non-human primates lack semantics and syntax is that they lack the functional prerequisites to each: they lack syntax because they lack the prerequisite complex semantics, and they lack semantics because they lack the prerequisite intentionality. There is a functional hierarchy to these properties of language, where, for non-human primates, the ground floor is missing.

It is very important to appreciate the contingent functional nature of these language properties, and why they are then absent in non-human primates. At the same time, however, this understanding seems just to push the matter back one step. Why would these canonical features of language not also be important to non-human primate communication?



The Natural Environment of Primate Communication

That’s a different and important question – the “other hand” of the issue as noted above. Currently, it’s impossible to say definitively why primates do not manifest semantics or syntax in their natural communications because the question has never been explicitly posed and studied in that way. However, traction on the question is likely to come from refocusing on the natural history, environment and behavior of the animals themselves – rather than seeing them as stand-ins for human ancestors – and assessing how their communication in fact serves the needs of their world, rather than ours. In this, there is a wealth of relevant literature to draw on from the significant bodies of research on primate behavior and ecology generally, and on general aspects of their communication unrelated to the question of language. And, while Primates are a large and diverse Order, there are some common elements that stand-out in these literatures and provide fertile ground for addressing the question (Smuts et al., 1988; Mitani et al., 2012).

Very briefly then, many primate species are highly social, even those that might typically be labeled as “solitary” because they do not live in permanent groups. There are important exceptions, of course, but to the extent broad generalization is possible, and despite many variations in other details of their behavior and ecology, primates are generally held to occupy a distinctly social niche. Many species live in stable groups, or looser communities, comprised of individuals of varying age, sex, social rank, and degrees of relatedness. And most species are also relatively long-lived. Hence, there is protracted opportunity for development of a complex web of differentiated social relationships among group members according to these various social distinctions. Indeed, the conclusion from many decades of research is that these different social relationships powerfully affect all manner of daily activities and have resulted in a highly developed “social acumen” (Jolly, 1966; Humphrey, 1976; Dunbar, 1998).

Many daily activities are also mediated by vocalizations, including soft coos and grunts that mediate relatively relaxed, affiliative social contexts; loud barks and screams that mediate aggressive conflict; and excited squeals and shrieks in the context of food discovery or predators. Many of these contexts have a particular immediacy to them and are strongly valanced, either positively or negatively, with variation in the intensity thereof. And, while innately given, the vocalizations produced in these contexts also reflect that variable valencing of events through marked grading in the amplitude, tempo and spectral structure of the calls in any particular circumstance. Vocalizations produced in some of these contexts also manifest structural differences attributable to a variety of indexical dimensions, namely differences in the age, sex, size and often also individual identity of the caller. Hence, the social attunement of the animals and their rich and differentiated social histories provides broad scope for inference and interpretation of such affectively laden signals – as noted earlier – according to the identity of the caller and their age, sex, rank, and kinship relative to listeners; further conditioned by the recent and longer-term nature of their relationships to one another; and by myriad elements of the immediate behavioral and environmental context associated with calling. Taken together, this mix of cues from available contextual details, the social identity of signalers, and the dynamic social history of participants describes a pretty rich platform for flexible and functional communication in support of a host of quotidian social and behavioral routines. But not one where there is an obvious selective need for anything like the semantic or syntactic properties of language.

This is a necessarily truncated parsing of primate communication for present purposes and is not intended to decide the question of why primates do not evince semantics or syntax but rather only to open it. Nevertheless, it is a parsing that aligns with many earlier proposals (Smith, 1977; Krebs and Dawkins, 1984; Premack, 1985; Leger, 1993; Owings, 1994; Owings and Morton, 1998; Owren and Rendall, 2001; Wheeler and Fischer, 2012) and also with very recent and comprehensive reviews of the subject (Fischer and Price, 2017; Fischer, 2021). Notably, it is a conclusion endorsed recently also by Seyfarth and Cheney (2017). In revisiting the original vervet alarm call work in the light of their own recent revised findings, they conclude together with colleagues that: “We suggest that both cognitive appraisal of the situation and internal state contribute to the variation in call usage and structure. While the semantic properties of vervet alarm calls bear little resemblance to human words, the existing acoustic variation, possibly together with additional contextual information, allows listeners to select appropriate responses” (Price et al., 2015, page 1). And in a more recent broader review of the topic, Seyfarth and Cheney (2017) now emphasize the constrained nature of call production in primates that is largely innately given and tied importantly to affective motivations, making contextual details important to listeners in interpreting and responding to the vocalizations of others in any given situation. These recent acknowledgments represent a pretty significant reversal of perspective from having originally and explicitly discounted the importance of affect and contextual details in vervet alarm calls in favor of the semantic quality of the calls alone based on categorically distinct acoustic structures and specific contexts of usage (Seyfarth et al., 1980a). Notably now, however, they reinterpret the above-noted characteristics of primate communication under the banner of linguistic pragmatics rather than semantics. So, with this revised perspective, they continue to attempt concrete connections to language even while acknowledging that the previous focus on semantics was misplaced. Which prompts again the question, why we ever expected primate communication to evince semantic or syntactic properties similar to human language to begin with?



WHY DID WE EVER THINK NON-HUMAN PRIMATE COMMUNICATION SHOULD SHOW LANGUAGE-LIKE SEMANTICS OR SYNTAX TO BEGIN WITH?

On the one hand, it is a perfectly sensible intuition that primates might manifest some of the rudiments of human communication, possibly including language. They are, after all, our closest living relatives. Hence, it is entirely reasonable to study primate communication for elements of it that might inform our understanding of the origins and evolution of language. On the other hand, it might feel a backward, or at least a bit strained, to search first specifically for evidence of the high-level intentional and representational properties of language, such as its semantics and syntax, if these are at all likely to be relatively recent, derived and specialized properties of communication in humans. In which case, it might feel strained to expect meaningful precursors of such specialized language properties in species so far removed from modern humans. It may even feel logically backward to effectively project such derived properties of modern language backward in time to the communication systems of living species as stand-ins for human ancestors assuming these properties of language must also be present and functional for them as well, even if in more rudimentary form (Premack, 1985; Pinker, 1994; Rendall et al., 2009).

Whatever one’s stance, it should be noted that scholarly and popular interest in the possible evolutionary precursors to language in primate communication long predates the vervet alarm call story. Up until that time, however, research on the subject was relatively spotty and fragmented. So, the pertinent issue for present purposes is really why the vervet alarm story was so especially impactful and how it served to consolidate a much more focused and enduring research agenda?

This is an important and potentially multi-faceted question. Part of the answer may lie in effects attributable to the historical, intellectual climate of the time – and a paradigm shift in that – as well as to the specific intellectual commitments of key players involved in that paradigm shift. Another part may involve broader influences on the wider audience that affected their reception to, and uptake of, the original findings.



WHAT MOTIVATED THE FOCUSED SEARCH FOR SEMANTICS AND SYNTAX THAT ACCOMPANIED THE VERVET ALARM CALL STORY?


The Rise of Cognitivism

One can trace the roots of this focused search to a couple of parallel scientific developments of the mid-20th century. The first of these was the rise of cognitivism in Psychology which involved shedding the shackles of Behaviorism. Importantly, this paradigm shift included a specific focus on language and also included a very public showdown between Chomsky and Skinner concerning the extent to which behaviorism or cognitivism represented the better approach for understanding human language (and behavior more broadly). Chomsky was the decided winner and, while certainly not alone in this, was a central figure in helping to usher in a cognitive revolution that took hold in Psychology and ultimately transformed many disciplines, and even invented some entirely new ones (e.g., Cognitive Science) all with a fresh focus on human mental experience. Many researchers in animal behavior were also quick to embrace cognitivism. After decades of the strictures of Behaviorism in the study of animals as well, they too were poised to think again about animal mental life. This focus ultimately led to a reorientation and rebranding of a whole branch of animal behavior research under the banner of Cognitive Ethology.

A second important and complementary development involved research at about the same time specifically on animal communication. A key early figure in this development was Donald Griffin at Rockefeller University who, together with others, was responsible for solving the mystery of how bats navigate in the dark – namely through production of a continuous stream of high-frequency (ultrasonic) clicks and detection of their reflected echoes off objects in the environment, a process dubbed echolocation. This was an exciting finding that helped to illuminate (for us) the dark world of the bat. For Griffin, it also captured how communication, among all behaviors, could be a privileged source of insight into animal mental experience – a “window into their minds” as he put it (Griffin, 1995). He promulgated this notion for a wider audience in a popular book entitled The Question of Animal Awareness (1976), and another titled, Animal Thinking (1985), in which he wholly re-popularized the formerly taboo subjects of animal mental experience and animal consciousness under the new banner of Cognitive Ethology. In the first of these books, he also explicitly forged the connection to language in a way that would help frame the subsequent conceptual agenda for much comparative research on primates, writing that:


“In so far as linguists and philosophers have been correct in linking human thinking so closely to language, the communication behavior of other species is bound to suggest conscious thought to roughly the extent it shares essential features with human speech” (Griffin, 1976: p. 39).





The Rockefeller Effect

These various threads were tied together by Peter Marler, who was by then a colleague of Griffin’s at Rockefeller, having relocated earlier from Berkeley. Marler’s career research program – prior to this and following – was focused primarily on birdsong, though with an abiding interest in comparisons to language. Significantly at the time, though, he had recently supervised a stand-out graduate student named Tom Struhsaker at Berkeley. Struhsaker had conducted a comprehensive field study of vervet monkeys and published a monograph on his research (Struhsaker, 1967). It focused primarily on the natural history of the monkeys, general dimensions of their behavior and ecology, but it also included a section on communication. Importantly, that section contained preliminary descriptions of a small repertoire of alarm calls produced in reaction to different kinds of predators. Struhsaker did not pursue the matter in detail. However, for Marler, the combination of Griffin’s local influence at Rockefeller and the specific research challenge Griffin had laid down connecting animal language to conscious thought, assuredly left Struhsaker’s brief descriptions of the vervet alarm calls pregnant with possibility.

At Rockefeller then, Marler recruited as postdocs Robert Seyfarth and Dorothy Cheney fresh from completing PhDs on the social behavior of baboons in South Africa, and he dispatched them to Kenya to followup Struhsaker’s preliminary descriptions of vervet alarms. Marler also recruited two other teams to conduct similar studies on other primate species, one of them another husband and wife couple, Harold and Sally Gouzoules, and the other, Steven Green. Notably, all three teams returned reports of categorically distinct vocalizations interpreted to manifest parallels to the semantic properties of language, the first ever such reports from the natural communications of primates.

Seyfarth and Cheney returned the now familiar vervet alarm call story (Seyfarth et al., 1980a). Further details of their fieldwork and how they came to their conclusions is treated thoroughly in an engaging book by the historian of science, Gregory Radick (Radick, 2007). The Gouzoules’ studied loud scream vocalizations given by many primate species when physically attacked by social companions. They returned evidence of distinct variants of scream in rhesus monkeys that were proposed to convey a host of representational information to listeners about the severity of the aggression involved, the social rank of the attacker, and the degree of kinship between attacker and victim (Gouzoules et al., 1984). And Steven Green studied “coo” vocalizations produced by Japanese monkeys in a variety of social contexts and provided a typology of different kinds of coo which were reported to be perceived and interpreted categorically much like the sounds of human speech (Green, 1975; Zoloth and Green, 1979). Neither of the latter two studies garnered quite the same attention as the vervet alarm call story, nor were they ever replicated, but collectively they helped catalyze an enduring tradition of language parallels research in primates and beyond.

Much of this enduring tradition of language parallels research, particularly that focused on primates, continued to be closely connected to Marler’s trainees, such as Seyfarth and Cheney, and then their trainees, and the trainees of those trainees in turn, each focused on additional evidence of semantics, and then also syntax, in the vocalizations of primates (e.g., Gouzoules et al., 1984; Evans et al., 1993; Macedonia and Evans, 1993; Hauser, 1998; Zuberbühler et al., 1999; Manser et al., 2002; Slocombe and Zuberbühler, 2007; Arnold and Zuberbühler, 2008; Crockford et al., 2015; Zuberbühler, 2019). So, there is a very close connection of this research tradition to a family of researchers emanating from Marler and Rockefeller University.

At the same time, the research tradition forged by this group has also spread much more widely and ultimately taken in a wide range of other researchers and a broad array of animal species from chickens and chickadees, to meerkats and marmosets, to prairie dogs and squirrels (e.g., Evans et al., 1993; Greene and Meagher, 1998; Manser et al., 2002; Templeton et al., 2005; Kitzmann and Caine, 2009; Slobodchikoff et al., 2009). It is important to ask then what accounts for this wider appeal? How did this line of research captivate such a broad audience?



WHY WAS THE WIDER AUDIENCE SO RECEPTIVE TO THE VERVET ALARM CALL STORY?

The citation statistics for the vervet alarm call story noted earlier are striking, particularly when one appreciates that those citations represent only the record of formal published works explicitly influenced by the original study. The more informal influence of the original story on scholarly thought and research programs must be far more extensive.

This broad influence is the more remarkable when one considers that the original work was only a single, unreplicated study. And more remarkable still when one appreciates that the original evidence was also quite mixed. As reported in the original papers, the alarm calls were not, in fact, given exclusively to predators but were used also in other contexts characterized by high arousal such as within group aggression; there were acoustic gradations among the various calls; and the monkeys’ responses to hearing different alarm variants were also mixed. Indeed, only some of the main effects tested experimentally in the original Science paper were statistically significant and then only very few using a conservative alpha level of 0.01. The other effects interpreted as significant were subject to relaxed alpha levels between 0.05 and 0.10. So, the production and response patterns for the different alarm calls were never either definitive nor exclusive.

This mixed pattern of call usage in both alarm and non-alarm contexts, and the overlap in call structures between the proposed alarm variants, has been quantified and confirmed much more thoroughly in a recent study deliberately revisiting the original vervet study (Price, 2013; Price et al., 2015) leading to the revised characterization of the alarm calls quoted earlier:


“We suggest that both cognitive appraisal of the situation and internal state contribute to the variation in call usage and structure. While the semantic properties of vervet alarm calls bear little resemblance to human words, the existing acoustic variation, possibly together with additional contextual information, allows listeners to select appropriate responses” (Price et al., 2015, page 1).



However, this variability and interpretation was not emphasized nor widely appreciated at the time of the original study, nor since. Somehow the subtleties got lost in the re-telling of the work which came to emphasize the discrete, categorical nature of the calls to pick out different types of predator and thus their apparent language-like semantic properties. In fact, given that citations of the authors’ two popular books exceed those of the original primary publications by a factor of 3:1, it is possible that many scholars who have cited the vervet work are not actually familiar with the original paper and its findings.

This is all the more remarkable given that the implicit, if not explicit, scholarly code in science is that – extraordinary claims require extraordinary evidence. This well-known prescription is originally attributed to the French polymath, Laplace, and was popularized in contemporary times by the cosmologist, Carl Sagan (Gillispie, 2000). It is a scholarly code well-known to researchers in evolutionary-oriented disciplines from the writings of George C. Williams, a luminary in evolutionary biology in the 20th century. Williams invoked the prescription in reference to claims of adaptation (e.g., Williams, 1966). He regarded adaptation as a weighty construct and indeed one that had to be if it were to have any real value in evolutionary theory (cf. S. J. Gould). Hence, he argued that claims of adaptation cannot be made lightly, nor accepted uncritically by others. Instead, claims of adaptation bear a heavy burden of proof. Researchers advancing claims of adaptation and readers evaluating them must be equally circumspect and dually committed to high standards of evidence.

Although Williams helped to codify this notion in evolutionary biology in the mid-20th century, it was appreciated by evolutionists well before that. Darwin himself might be the paradigm example. He had to be literally cajoled to publish his theory of evolution by natural selection and he took the better part of 30-years to muse on it and to amass the requisite evidence before releasing it in print. Darwin knew his “dangerous idea” (cf. Dennett, 1995) would seem an extraordinary claim; hence, it needed extraordinary evidence, and he took 30-years to carefully and comprehensively accumulate it. Darwin’s diligence delivered significant dividends. Most of his core insights, some very far-reaching, have stood the test of time.

There feels like a lesson here for contemporary science, now conducted at break-neck pace by comparison and increasingly handmaiden to a host of additional factors quite peripheral to the science itself, including grant funding and prestigious awards, impact factors, citation statistics, media coverage, popular attention, and ultimately career advancement.

In another example from the vervet research, Seyfarth and Cheney reported an additional landmark finding in 1984 shortly after the alarm call study was published, this time in the journal Nature (Seyfarth and Cheney, 1984). The Nature paper reported evidence of tit-for-tat reciprocal altruism in the vervets, a form of cooperation virtually undocumented in animals at that time but thought to be central to the complexity of human social behavior and cooperation. The vervet reciprocity study was based on a sample of nine subjects, which is the minimum sample size required to achieve a significant effect by the non-parametric Wilcoxon test when one of the subjects responds counter to the hypothesis, as was the case. Another extraordinary claim based on thin evidence, now cited more than 600 times. This additional example might appear to be focusing on the vervet research, in particular, but that is not the point. There are likely myriad other similar examples in this and other fields. No doubt any reader of this can point to one or more similar studies in their own particular area of research. And that is the point, that some findings have a powerful appeal, absent the usual standard of evidence expected. So what accounts for that? Why, despite the cautionary prescription about standards of evidence echoed across time by leaders like Laplace, Williams and Sagan, are we so credulous of certain findings? In particular, why are we so credulous of reports of human-like characteristics in animals, such as reports of semantic communication or reciprocal altruism?


Our Anthropomorphic Instinct

Possibly because they appeal to our anthropomorphic instinct, our habit of attributing human-like qualities to animals and even to non-material entities (e.g., gods, spirits, the weather, Mother nature, etc.). Non-human primates certainly look like us in many ways, and they can also move and act a lot like us, as well. So, it’s natural to assume that they communicate and think like us, too. Of course, the latter assumption is fraught, particularly when continuity of mental experience serves then as both the a priori assumption guiding scientific enquiry as well its conclusion. Nevertheless, the prospect that vervet monkeys, and other species besides, might be a lot more like us than previously known may have been, and continue to be, irresistibly appealing.

Anthropomorphism is a long-standing and possibly universal human practice. Popular and scholarly stance on it has varied. In the middle ages, it was apparently common to put barn-yard animals on trial for bad conduct based on attribution to them of a moral sense (i.e., they should know better). Cartesian dualism subsequently swung the pendulum, proposing that humans were uniquely endowed with the ability to reason and reflect (to cogitate), while animals were driven by emotion and instinct. Animals were likened to mechanical automata, a stance that comfortably distanced us from their instinctual and seemingly brutish habits. And that was part of the cause for distress to Darwin in publishing his major treatise on natural selection: because his theory of evolutionary descent, that would have explicitly connected humans to a shared ancestry with apes and other primates, would surely offend Victorian sensibilities. To wit, the quote often attributed to the wife of the Bishop of Worcester speaking to her husband on hearing Darwin’s idea: “My dear, descended from the apes? Let us hope it is not true. But if it is, let us pray, that it will not become generally known” (Leakey and Lewin, 1977, p. 21).

However, as Darwin’s views did become more widely known and the thinking around evolution and biological continuity became more broadly established in the late 1800’s, the pendulum swung again, back to attributing to animals more sophisticated, human-like forms of reasoning and consciousness, as epitomized in the work of George Romanes. Romanes was a friend and champion of Darwin and enthusiastically extended the biological continuity inherent in Darwinian descent to include continuity of psychological experience as well, in his founding of the new discipline of Comparative Psychology. Romanes was at pains to legitimize study of animal psychology, as a bona fide science, which he argued had too long been the purview only of amateurs. In his major treatise (Romanes, 1882: Animal Intelligence), he covered a wide range of mental and emotional phenomena across all major animal groups, from invertebrates to primates, inferring mental experience in animals using a combination of personal introspection and analogy. Specifically, he argued that, where the behavior or activity of animals was similar to that of humans, we can infer that the underlying mental operations are also equivalent and are specifically those revealed to us by our own introspection. He was quite explicit in championing this anthropomorphic method. Some of the work involved empirical study, but a lot of it was quite speculative and based on anecdote. And the excesses of this period in comparative study were part of what motivated Lloyd Morgan’s eponymous canon, appealing to the principle of parsimony in application to psychology (i.e., never attribute to the action of a higher mental faculty behavior that can be adequately accommodated by a lower one), and motivated the broader subsequent behavioristic paradigm in comparative psychology in the early 20th Century.

With Thorndike, Watson, Skinner, and others, Behaviorism swung the pendulum once again to a focus explicitly and only on what was concretely observable and measurable – namely behavior – eschewing all reference to internal mental states. The backlash of Behaviorism marked significant progress in empirical methods and techniques for the study of behavior but was quite stultifying in its proscription of all things mental. And, so, by the mid-20th century, in another swing of the pendulum, there was an almost palpable release as the Cognitive Revolution prompted a spirited revival of interest in, and research on, human and animal mental life.

This cognitive revival was closely connected to a growing appreciation of Darwinian evolutionary principles and much greater acknowledgment, both popularly and in scholarly circles, of the connectedness of all living things. The idea of behavioral and cognitive continuity was no longer so threatening as it was in Victorian England when the notion of continuity created considerable dissonance by connecting us to what was assumed to be a brutish animal past. In fact, with attribution of much more human-like characteristics to primates and other animals, Darwinian evolutionary continuity may now be much more flattering in thereby also bequeathing us a more auspicious ancestry. Indeed, modern findings in genetics that reveal clear traces of Neanderthal ancestry in many contemporary human populations (Sankararaman et al., 2014), and evidence for Neanderthals’ more sophisticated material culture (Hardy et al., 2020), have fundamentally changed and improved the popular image of these hominin representatives that were formerly held in very low regard.

Debate about the power versus pitfalls of anthropomorphism is longstanding (Kennedy, 1992; Eddy et al., 1993; Budiansky, 1998; Sober, 1998; de Waal, 1999, 2018; Povinelli et al., 2000; Wynne, 2004; Klopfer, 2005; Barrett et al., 2007; Rendall et al., 2007; Urquiza-Haas and Kotrschal, 2015). Those who support it see tremendous heuristic value and propose that it might even represent an adaptive form of human reasoning – an adaptive human instinct (Barrett, 2005; Urquiza-Haas and Kotrschal, 2015). Attributing human-like traits to fellow humans is obviously wholly natural. It might also be truly adaptive if, as seems plausible, there are fitness advantages to projecting one’s own internal experience onto other humans as a way of “reading their minds” to better understand, anticipate, and influence their motivations and behaviors. Generalizing that strategy of “human projection and mind reading” to other species is also certainly habitual, at least in contemporary western society (cf. Gray, 2020). We routinely talk to our pets and think we understand them, and that they in turn understand us. We also talk to gods and other spirits in the hope that they are listening and will humor us. We see faces in the clouds, and we revel in cartoon animals that are made to talk, act and dress like humans. Indeed, there are whole genres of children’s books, movies and television programs based on deliberately humanized animal characters (e.g., Winnie-the-Pooh; Yogi Bear; Smokey the Bear; Big Bird; Barney; Bagheera and Baloo, Tom and Jerry, O’Malley Cat, Wile E. Coyote, and any of a hundred other Disney and Hanna-Barbera characters). Hence, children in many western cultures, at the least, are enculturated into anthropomorphism, if the habit is not already instinctual. And so whether as adaptive human instinct, or as enculturated habit (or both), attributing human-like characteristics to animals, particularly those most similar to us in other respects such as primates, is common and possibly quite difficult to resist. It is also probably low cost, even if wrong, at least in most of these circumstances … except possibly in scholarly endeavor.

Hence, those who caution against anthropomorphism warn that it is risky to assume commonality of mental experience with other species, the moreso as the phylogenetic distance from humans increases, even where there might be obvious similarity otherwise in external appearance and behavior (Eddy et al., 1993; Povinelli et al., 2000; Wynne, 2004; Barrett et al., 2007). A simple contemporary analogy makes the point: while the Tesla and the gas-powered Jaguar may look a lot alike, have a lot of the same peripheral hardware, and basically do the same functional things (both provide a fast, comfy ride), when you look under the hood, the way they get things done is fundamentally different (a combustion engine versus a really big battery … which isn’t even located under the hood). Critics of anthropomorphism, at least as a scientific methodology, see the same problem viz a viz the internal mental engines “under the hood” that drive our behavior versus that of other species: they might be similar or they could be quite different.

Indeed, extending psychological continuity across broad taxonomic distances glosses a fundamental element of Darwin’s evolutionary insight, namely that the so-called “tree of life” is truly a tree and not a ladder. The latter, ladder-like view of evolution was formerly quite popular, captured in the classic Scala Naturae, which envisioned evolution as a linear and progressive process culminating in humans (just short of God). However, that view was rightly abandoned with the Darwinian revolution that emphasized the diversifying effects of the evolutionary process and thus the diversified products it yields. Hence, we now understand species not as rungs on a ladder leading to humans, but rather as the tips of branches of a vast evolutionary tree, where each branch, including ours, describes a distinct path with potentially very distinct evolutionary challenges and solutions. So, it is dangerous to gloss that deep and diversifying evolutionary history and to treat contemporary species – the tips of many different branches – as stand-ins for human ancestors and so as scaled-down versions of ourselves (Hodos and Campbell, 1969, 1990).

This point is well understood by most evolutionary researchers, particularly those who study structure and form (e.g., anatomy) which leaves a fossil record that is tangible and concretely measurable. Here it is possible to trace the distinct evolutionary paths taken by different species through the tangible, measurable evidence of their ancestors. Admittedly, it’s more difficult for researchers interested in mental experience, because mental activity does not fossilize so directly and it is also not so easily accessed or measured even in living descendants (at least not yet). Everything has to be inferred. So, what choice does one have other than to use extant species for comparison to humans? And then how does one go about studying their mental experience? On what do you base your hypotheses of how and what they think? Where is your objective, unbiased point of entry into their mental lives? It’s hard enough to get inside the head of other human beings to truly appreciate their perspectives, thoughts, and feelings; it’s much harder still to get inside the head of another species when their “Umwelt” and resulting “Innenwelt” (von Uexkuüll, 1909) may be so different. Therefore, making the anthropomorphic gambit – projecting our own internal experience onto that of other species – is risky. But what’s the alternative? And so anthropomorphism, a natural human instinct or enculturated habit, practiced routinely and informally in everyday life, elides into a common research strategy in science as well it seems. This elision may often be unconscious or possibly tacit, however, because most scientists would probably deny that they ascribe to anthropomorphism formally and may not even be aware when they are, nevertheless, practicing it.

So, the appeal of the vervet alarm call story, and the broader research program it galvanized, may in part reflect our increasing comfort now with, and indeed the general appeal of, explanations of animals that emphasize their continuity with humans, whether or not we are even aware of our sympathy and appetite for this.



Conservation and Animal Rights

It’s also possible that some of the appeal of the vervet monkey story, and other work in the genre, reflects the growing movement to engender greater understanding and compassion for other species, an outgrowth of the ever-increasing sense of eco-awareness and conservation that began in the mid-1900’s and has grown steadily since (if too slowly, still), based on a broader understanding of, and commitment to, the inherent connectedness of global ecosystems and their inhabitants.

This sentiment, in more explicit and exaggerated form, finds expression in some of the research conducted on great apes that seeks parallels to language. One of the most celebrated of these concerns the long-running research program by Sue Savage-Rumbaugh with Kanzi, a bonobo (which is a species of chimpanzee, formerly but no longer referred to as the pygmy chimpanzee). Kanzi was reared from birth in a language research environment and was regularly immersed in human routines such as cooking meals and camping out in the forest. Ultimately, he learned a large number of artificial symbols. The work also garnered a lot of public attention and press, some good and some bad. It was popularized for a wide audience in a book co-written with the science writer, Roger Lewin, titled, Kanzi: The Ape at the Brink of the Human Mind (Savage-Rumbaugh and Lewin, 1994). Here and elsewhere, his tutor and advocate, Sue Savage-Rumbaugh, proposed that Kanzi be extended human rights. She even took the step of adding Kanzi as a co-author on research publications, apparently as ipso facto proof of his humanity (Savage-Rumbaugh et al., 2007).

Here, the effort to persuade others to extend human rights to Kanzi effectively turns on his mastery of language skills, the logic being that any creature possessed of sophisticated language abilities must be sentient in a very human-like way and thus must be accorded some of the same rights and privileges (an extension of Don Griffin’s argument connecting language-like communication in animals with conscious thought). Put simply: If language, then human. To be sure, the objective here is laudable – but it might not be objective. Certainly, it must put added pressure on the research program, and Kanzi as pupil, to demonstrate facility in language. It’s also a high-stakes gambit. Because the obvious but unfortunate corollary is that if the case for real language skill is not persuasive, then the case for humane treatment fails with it, an outcome doubly tragic for Kanzi who spent his entire life in captivity to help decide the matter.

Whatever one’s stance here on Kanzi, it clearly illustrates the elision of science and ethics. It highlights the appeal but also the challenges and potential risks associated with moving from descriptive science to normative science, from concerning ourselves with “how things are” to concerning ourselves also with “how things ought to be.” The danger, of course, is that our commitment to how we think things ought to be is likely to color how we then think things truly are: our ability to study and describe reality distorted by how we wish it were. Whatever the potential value of anthropomorphism, this is a serious potential pitfall.

It’s important to be clear that, in cautioning against normative science and the logic in it that might put Kanzi’s case for more compassionate and humane treatment on the block, or the same case for any other animal, there is absolutely no critique of their abilities, intelligence or inherent worth. On the contrary, we should celebrate the abilities of other species and accord them due compassion and protection – however, we should do that without requiring that their abilities also be our particular brand of ability. We should respect, support, protect and conserve them for their own sake and not for how much they remind us of ourselves, which is both anthropocentric and conceited, as though ours was the only kind of life worth valuing.

In fact, surely it is the more remarkable that bats navigate in the dark in the way that they do, with a sensory ability entirely foreign to us. Surely, it is awe-inspiring to think that they can see things much as we do – for they can also see – but that they can also effectively “see” acoustically, meaning that they also form auditory profiles of shapes and obstacles in the world around them. In essence, then, they know both what the landscapes they inhabit look like and also what they sound like, which is frankly a bit hard even to fathom. And surely that is the better part of the “grandeur in this view of life” to which Darwin so famously alluded.



CONCLUSION

Seyfarth et al. (1980a) published a landmark paper in Science, reporting evidence interpreted as language-like semantic communication in a primate. It had a profound impact. It represented the best case for semantic communication in animals and became the textbook example for it, catalyzing an enduring quest for semantics, syntax and other high-level features of human language in the communication of primates and other species. Ultimately, the original findings were revised, the case for vervet semantics disproven, and with it also support for the notion even of functional referentiality as the much diluted version of representation to which the primate semantics agenda had previously retreated (Wheeler and Fischer, 2012). Nevertheless, the broader research program engendered by the vervet story continues apace (Searcy, 2019). Why and how the vervet research had such impact warrants sober reflection.

There are a host of possible reasons why the vervet alarm story may have been so impactful originally, and why its legacy remains so enduring, a few of which have been considered here. They include the role of a contemporaneous paradigm shift in research on human and animal behavior and psychology in the middle 20th century and the role of key influencers in that shift. Chomsky was one key influencer in the Cognitive Revolution, following his mini-revolution in linguistics with bold proposals about Universal Grammar and an innate cognitive module dedicated to language acquisition [the so-called Language Acquisition Device (LAD)], both posited as necessary to overcome what he took to be the fundamental unlearnability of language by children. Griffin and Marler were key influencers carrying the cognitivist baton in the field of animal communication, where they followed Chomsky’s lead in foregrounding human language as the benchmark for sophisticated cognition in animals and so used explicit comparisons to human language to frame comparative study of communication in other species.

The resulting cognitivist movement proved tremendously productive generally, including in comparative psychology and in research on animal communication. However, it has over time also confronted some of its own limits, as many of its founding findings and propositions have been eclipsed: Chomskyan Universal Grammar has been successively diluted and ultimately, largely abandoned; the need for an innate language acquisition module has been similarly obviated by research now demonstrating the fundamental learnability of language by children; modern cognitivism recapitulates core elements of behaviorism in associationist processes undergirding the contemporary focus on neural networks, connectionism, and deep learning; and recent reviews of primate communication now acknowledge it is not semantic nor meaningfully language-like. The disruptive influence of paradigm shifts can be extremely productive. However, invariably they also sow the seeds of their own succession. Paradigms change, that reality is built into the paradigm concept. The long history of reversals in variously embracing versus eschewing mentalistic constructs in scholarly discourse over the last few centuries should make us especially wary that the current cycle in this fashion is either the best or the last.

The original vervet alarm call story appealed during a particular cycle that spawned a thriving mentalist, cognitivist paradigm. That paradigm provided a welcoming intellectual climate prepared to receive the vervet findings. The work also had broader popular appeal, tapping an anthropomorphic instinct or habit, effectively pre-prepared to receive and reward reports of human-like traits in animals. Some researchers will bristle at the latter suggestion. They will reject the possibility that anthropomorphism ever influenced their own work, being acutely aware of its checkered reputation in scholarly circles if not aware of its possible unconscious influence on them nevertheless. After all, instinct and habit are difficult to control. That’s the point. They are habitual and instinctual precisely because they are not under explicit and reflective control: like other common biases we continue to wrestle with – gender bias, racial bias – that operate widely, unconsciously, unwittingly. We are often not even aware of their influence. And even when we are aware, they can remain (maddeningly) immune to our formal, conscious and explicit attempts to mitigate and eliminate their influence.

For some, this history and its outcomes will give pause. That the original claims of semanticity in vervets have been recanted, and with them also broader claims of semantic communication in primates, may be troubling, possibly creating doubts about much else besides. Others may not be so affected, confident in the value of the much wider program of research on language parallels in animals that the vervet work helped to catalyze. There are many possible conclusions that could be drawn, and no doubt many possible opinions about the importance of other factors at play – formal intellectual paradigm shifts, spurred by key influencers, intersecting other universal human biases. But whatever one’s predilection on these matters, perhaps there can, at the least, be common commitment to the impartial and timeless prescription of Laplace, Williams and Sagan that our production and reception of research maintain a healthy circumspection; that we value and expect high standards of evidence, perhaps particularly for claims of an extraordinary nature.
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Deciphering nonhuman communication – particularly nonhuman vocal communication – has been a longstanding human quest. We are, for example, fascinated by the songs of birds and whales, the grunts of apes, the barks of dogs, and the croaks of frogs; we wonder about their potential meaning and their relationship to human language. Do these utterances express little more than emotional states, or do they convey actual bits and bytes of concrete information? Humans’ numerous attempts to decipher nonhuman systems have, however, progressed slowly. We still wonder why only a small number of species are capable of vocal learning, a trait that, because it allows for innovation and adaptation, would seem to be a prerequisite for most language-like abilities. Humans have also attempted to teach nonhumans elements of our system, using both vocal and nonvocal systems. The rationale for such training is that the extent of success in instilling symbolic reference provides some evidence for, at the very least, the cognitive underpinnings of parallels between human and nonhuman communication systems. However, separating acquisition of reference from simple object-label association is not a simple matter, as reference begins with such associations, and the point at which true reference emerges is not always obvious. I begin by discussing these points and questions, predominantly from the viewpoint of someone studying avian abilities. I end by examining the question posed by Premack: do nonhumans that have achieved some level of symbolic reference then process information differently from those that have not? I suggest the answer is likely “yes,” giving examples from my research on Grey parrots (Psittacus erithacus).
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INTRODUCTION

The songs of whales and birds, the roars of lions and bellows of elephants, the pant-hoots and grunts of apes, the squeaks of mice and croaks of frogs – humans have long been fascinated by the meanings of nonhuman communications systems. And those examples involve only the auditory mode – what about the flashes of lightning bugs or the scent systems that make dogs stop and sniff every few feet on their daily walk? Lest any doubt exist about the longstanding and widespread nature of such interest amongst even nonscientists, one need only cite examples such as the legend of King Solomon’s ring, which purportedly enabled him to communicate at will with all the birds and beasts in his realm (Lorenz, 1952); the historic lore of Native Americans, who supposedly could change into various animals and thus share their lives (Rasmussen, 1972), or the many children’s books on the subject (e.g., the Dr. Doolittle series; Lofting, 1920). Darwin (1871) in particular wrote at length about the similarities between human and nonhuman communication systems but provided scant guidance for deciphering the latter. Realistically, in his era little experimental research was possible that could have discovered potential meaning in nonhuman systems or their relationship to human language: no one yet had the appropriate tools to determine whether nonhuman signals expressed anything more than emotional states or conveyed actual bits and bytes of concrete information.

Such research began in earnest in the first half of the 1900s but was extremely limited in scope, as the methodology was hardly more advanced than in Darwin’s day. Nice (1943) and Saunders (1951), for example, were among the first to quantify and contextualize birdsong in a scientific manner and demonstrate the inherent complexity in various species’ systems. They employed musical notation and detailed field notes to describe the vocalizations of birds and various contexts in which such vocalizations were used in species such as song sparrows. Researchers, such as Marler (1956) and Thorpe (1958), continued this work with a variety of species, and pioneered use of the Sonagraph©, which gave plots of time vs. frequency (kHz) that enabled these songs to be analyzed in a myriad of ways. However, these researchers were a small minority among scientists who were, particularly in the early half of the 20th century, more interested in collecting skins and categorizing species than in studying behavior – especially communication.

Not until the latter half of that century would tools and techniques be designed that allowed humans to engage in the detailed analyses and formal experiments that would provide the first real insights into the realm of animal communication systems, primarily with respect to birdsong. High-quality microphones and tape recorders (“portable” only in the sense that they could be transported into the field!) allowed researchers to acquire recordings of actual songs as they were sung in nature; the Sonagraph© and these recorders also enabled researchers to choose and play specific songs back to the birds to see what effects hearing these had on behavior. And, thus began the study of nonhuman communication systems in earnest…



BIRDSONG, PRIMATE CALLS, AND VOCAL LEARNING

The second half of the 20th century was an especially exciting time for the study of nonhuman behavior. In 1973, for the first time ever, three ethologists (Nikolaas Tinbergen, Konrad Lorenz, and Karl von Frisch) won the Nobel Prize in Physiology or Medicine, a solid recognition of the validity of the field. Notably, the work of each of them involved, to greater or lesser degrees, nonhuman communication. From the standpoint of someone like myself, interested in vocal interactions (particularly in birds), the wealth of new information that was beginning to accrue was almost overwhelming. Although earlier researchers (e.g., Howard, 1920) had proposed that song had specific purposes – territorial defense and mate attraction – they lacked clear evidence to support these claims. Now researchers were able to acquire data about the actual meaning and function of avian signals (Pepperberg, 2020c): Dilger (1956) showed that thrushes used song to distinguish subspecies from one another as well as to defend their territories from competitors. Marler (1952) discovered local dialects in the songs of chaffinches, which steered Thorpe (1958) to the study of their song acquisition and led both scientists to the investigation of vocal learning – if song was innately specified, all birds of the same species should sound almost exactly the same; thus, the existence of dialects suggested that differences were acquired. (I will discuss song learning in detail later.). Weeden and Falls (1959) revealed that ovenbirds used their songs for individual recognition; Konishi (1964), for example, found that the trill part of the song served that purpose in Oregon juncos. Many researchers (e.g., Krebs et al., 1978; Yasukawa, 1981) used playbacks to determine how individual recognition was used to discriminate neighboring males (those birds who had pretty much defined their abutting territories and who used countersinging to keep the status quo) from stranger males (those who were not local and posed a serious disruptive threat to the status quo). Marler (1960) provided some of the earliest evidence that songs were also used for mate attraction and was supported by somewhat later studies such as those by Kroodsma (1976) and Krebs (1977) on multiple uses of song, and how different songs could be used for different purposes (e.g., see Catchpole, 1983; later Kroodsma et al., 1989). Marler (1961) and Smith (1963) separately systematized the analyses of nonhuman communication systems, drawing heavily on avian studies. Studies in some non-songbirds – parrots – showed that these birds also exhibited individual vocal recognition and alarm calling, suggestive of sentinel behavior, that alerted the flock to various flying predators (Lawson and Lanning, 1980; Levinson, 1980).

Note that many of the same techniques were being used to study vocal behavior in nonhuman primates (e.g., Struhsaker, 1967; Seyfarth et al., 1980a,b), which led to the claim that vervet monkeys had referential, vocal signaling – different calls for different types of predators (i.e., their argument was that each signal denoted – referred to – a specific entity; I will discuss the meaning of “reference” and various levels of referential behavior more fully in a separate section). The vervet study stirred up considerable controversy as to the extent or level of the referentiality exhibited (Pepperberg, 2020c): Nay-sayers argued that, unlike humans, vervets could not “discuss” predators outside of alarm calling in their presence (see Bickerton, 1990), and even Marler (1974) noted that the calls could simply be context-dependent (i.e., merely indicating “danger above” vs. “danger below” instead of referring to specific predators). Note that the controversy continues (see Fischer, 2011; Wheeler and Fischer, 2012; Townsend and Manser, 2013), even Seyfarth and Cheney eventually backed off somewhat in the strength of their claims (see Price et al., 2014). Whatever the level of reference, however, the calls of both birds and primates did contain content – warning signals. Referentiality, as I will discuss later, is an especially fraught topic.

Despite advances in the realm of nonhuman primate communication, the study of birdsong retained a very special status in the research community for one interesting reason: Marler (1970a) and Thorpe (1974), based on pioneering studies by researchers like Nottebohm (1966, 1970), had found that many avian species – like humans and unlike nonhuman primates – were vocal learners and, like humans, have lateralized brain areas responsible for such acquisition. These researchers therefore suggested that birds could be better models than nonhuman primates for studying the evolution of language, despite being more evolutionarily distant from humans than nonhuman primates. Specifically, vocal learning allows for innovation and adaptation, characteristics that release communication from rigid, innately specified responses to stimuli. Although no one then (or even now) could claim that birds’ songs have the kind of syntactical and semantic complexity of human language, researchers did demonstrate numerous parallels between song and language (a brief summary follows; for full reviews see, for example, Doupe and Kuhl, 1999; Peters and Nowicki, 2017; also, see Beecher, in this collection of papers).

Starting with the earliest stages of acquisition, both birds (Marler, 1970a) and humans (e.g., Oller et al., 1976) engage in a period in which they “babble” – that is, they experiment with the sounds that will ultimately become the building blocks of their repertoire. Moreover, in both cases, the babbling itself consists of stages, such that progress toward the adult behavior can be monitored (e.g., Marler, 1970b; Oller, 1978; de Boysson-Bardies et al., 1989). Of particular interest is that both birds and humans initially produce an extremely wide variety of sounds – formally termed overproduction – of which only a subset will eventually be used in their communication systems. This initial overproduction enables the possibility, respectively, of producing many songs/dialects and all human languages. Over the course of maturation, a winnowing occurs, based on cultural input, to focus learning on the most relevant sounds in their communicative environment (e.g., Rice and Thompson, 1968; Doupe and Kuhl, 1999).

Another common aspect involves the issue of what were initially called “critical periods” for acquisition – limited, tightly time-specified windows during which exposure to the adult system was considered necessary if learning was to occur (e.g., Lenneberg, 1967; Marler, 1970a). Such windows are now considered to be much less time-constrained, given that subsequent research has demonstrated how, for example, exposure to intense, live, social interactions rather than auditory tapes can greatly extend the period for acquisition (e.g., Fromkin et al., 1974; Baptista and Petrinovich, 1984, 1986; Grimshaw et al., 1998; Beecher and Brenowitz, 2005). Thus, the preferred phrase to describe these intervals is now “sensitive phases.” Nevertheless, for both humans and birds, early exposure allows the most facile development. Of note, however, are those avian species such as canaries, starlings, and parrots that are considered “open-ended learners” (Adret-Hausberger et al., 1990; Nottebohm, 2006); these birds have the capacity to acquire new vocalizations throughout their lives. A related aspect involves the issue of bilingualism – in humans, the acquisition of a second language; in birds, the acquisition of a second dialect or even the song of another species (allospecific song). Early studies on birds, again using only auditory tapes (Marler, 1970a), argued that allospecific song acquisition was prevented by an innate template, and also argued that the same template likely prevented acquisition of multiple dialects; early studies on humans argued that bilingualism was limited by the same critical period that was thought to constrain first language (Johnson and Newport, 1989). Again, subsequent studies demonstrated that, depending upon the type and extent of input, later acquisition can indeed occur – that the length of the sensitive phase can be extended, quite significantly, in both birds and humans (e.g., Baptista and Petrinovich, 1984, 1986; Hartshorne et al., 2018).

The use of birds as models for language evolution was made even stronger by the studies on the neurobiology and neuroanatomy of the vocal learning system in birds and humans. For a detailed but still concise review, see Jarvis (2019). Briefly, although the capacity for vocal learning most likely arose independently in birds (parrots, songbirds, and hummingbirds) and mammals (which include bats, elephants, and marine mammals as well as humans), specific analogous brain areas and connections that are responsible for that ability have been found in humans and avian vocal learners (note Colquitt et al., 2021) and particularly in vocal open-ended learners; these areas and connections are lacking in closely-related species that are not vocal learners. According to Jarvis (2019, p. 4):


“the common ancestor of vertebrates had a brainstem pathway for production of innate vocalizations with limited vocal plasticity… In some species, the forebrain motor learning pathway then duplicated and formed a vocal motor learning pathway with weak direct projections to the brainstem vocal motor neurons. Thereafter, this forebrain vocal motor learning pathway expanded in neuron numbers causing greater density of neurons in the forebrain, moved outside of the motor learning pathway, and gained dense direct projections to brainstem vocal motor neurons. Finally, the vocal learning pathway then duplicated one or more times and took on additional specialized gene regulation and connections, resulting in the advanced vocal learning pathways we find in parrots and in humans.”
 

Although none of this detailed neurobiological information was known in the 1970s, enough about the avian brain had been learned (e.g., Nottebohm, 1970) to serve as the basis for the extensive research on avian vocalizations that led to these discoveries. The main points, of course, are that (a) for three avian lineages, there exist hundreds (parrots and hummingbirds) to thousands (oscines) of species in which vocalizations are learned, (b) learning is possible because of specific neuroanatomical areas and their functions, and (c) for those and many more species, vocalizations do contain information that (based on the actions of the receiver) appears to be processed in meaningful ways, even if humans have so far been unable to decipher much beyond those related to territorial defense, threats, mating and, in later studies, how the use of different songs or singing patterns in different contexts relates to degrees of aggressive behavior (see, for example, Smith, 1996; Beecher et al., 2000). I will henceforth use the term “meaningful” to define the vocalizations described in (c) above. I am not arguing that the behavior of the receiver is simply (possibly in a stimulus–response manner) triggered by the signal or manipulated by the signaler, but rather that the receiver processes (i.e., actively decodes and then integrates into prior and current knowledge) the information in the signal (plus possible other relevant input) and then decides on an appropriate course of action (note Seyfarth et al., 2010 for a discussion of this point).



AVIAN-HUMAN DIFFERENCES

Despite all these exciting parallels, some striking differences were found to exist between avian and human communication systems. Bird vocalizations demonstrate levels of functional reference (i.e., alarm calls, songs for mate attraction vs. territorial defense all encode relatively specific information about eliciting events, but must be processed with respect to the full context in which they are emitted); however, they apparently lack the kind of semanticity and syntax found in human speech. Specifically, Marler (1977) has characterized birdsong as having only a “phonological syntax”; that is, as a system in which the acoustic elements are arranged according to set rules in order to attract mates, deter rivals, and defend territory. One can argue that such is also true of combinations of physical and vocal displays used to extend the meaning of songs in a repertoire, especially when a bird has only a single song (e.g., Smith, 1996). However, the content of any specific element (for example, a note or syllable) does not (at least to our current knowledge) appear meaningful (i.e., in the sense of a human word; see below for additional information). Furthermore, such ordering is not a requisite for all avian species: For some vocal learners, note and syllable order is crucial for meaning and function; for other species it is not (see review in Weisman and Ratcliffe, 1987). Note that a more appropriate characterization of the latter might be that of phonetic patterning (Collier et al., 2014). However, for species in the former group (e.g., chestnut-sided warblers, Dendroica pensylvanica, Byers, 1995), particular songs – which consist of the same, but re-ordered, acoustic elements – do have different functions. Such distinctions may also be the case for certain bird calls – in particular instances, when the order of the elements is altered, birds fail to respond in playback tests (Suzuki et al., 2019). These data suggest that some sorts of rules for the production and comprehension of vocalizations may exist for some avian species, even though they are separated from humans by over 300 million years of evolution (Hedges et al., 1996). Human language, however, depends on the semantic meaning of each element of each sentence, as well as its hierarchical structure (e.g., Berwick et al., 2012). Moreover, elements of birdsong or calls are not (again, as far as humans have been able to determine at present!) routinely combined to form novel meanings for novel situations, as are human utterances. The only evidence for such avian combinations involves single behavioral instances and not specific individual vocal elements; for example, a Florida scrub jay (Aphelocoma coerulescens) once combined alarm calls associated with, respectively, hawks and snakes in the presence of a perched owl (Hailman and Elowson, 1984).

Thus, despite all these parallels between human language and birdsong, and arguments about nonhuman primate calls, researchers still were unable to determine the extent to which nonhuman communication was meaningful. To reiterate, experiments had shown that nonhuman signals did convey a certain amount of content – upon hearing certain signals, receivers knew what species was vocalizing, whether they should take evasive action from a predator and often what kind of action, whether another individual was trying to take over their territory or simply maintain a mutual boundary, whether a male was still searching for a mate – but this content involved basic behavioral states and concrete information. What seemed to be lacking was the type of abstract meaning that characterized human signals; for example, the ability to describe or comment upon something that was not physically present or is imaginary or the ability to combine signals in novel ways to describe novel situations.



INTERSPECIES COMMUNICATION

It was in the latter half of the 1960s through the 1970s – somewhat congruent with the period described above – that parallel sets of experiments involving both human language and nonhumans were begun. Here, researchers’ goals were not to crack the code that nonhumans were using among themselves, but instead were to try to teach a variety of species, through multiple modalities, to communicate directly with humans, with the idea that such interspecies communication would be “a possible window on the minds of animals” (Griffin, 1976, ch. 7). The intent was to demonstrate that, given such training, the various species would develop true symbolic reference and at least some level of rule-governed performance (a basic form of syntax); the underlying premise was that such behavior could not be instilled de novo, but that it could be taught only if it were based on some already existent abilities (or even predispositions). Specifically, the extent of success in instilling symbolic reference would provide some evidence for, at the very least, some cognitive underpinnings of referential nonhuman communication systems: even if humans could not find ways to unequivocally demonstrate aspects of human language in nonhumans’ native communication systems, absence of evidence might not necessarily prove evidence of absence, and with training, maybe latent abilities could be brought to light. Thus, by using interspecies communication, humans would begin to explore the cognitive and linguistic capacities of nonhumans.

Not surprisingly, such studies began with the great apes – creatures with a close phylogenetic relationship to humans (reviewed in Marks, 2005), and cetaceans – creatures with large brains relative to their body sizes (reviewed in Ridgeway, 1990). First came several failed attempts to train nonhumans to speak English (e.g., Lilly, 1967; Kellogg, 1968; Hayes and Nissen, 1971). Later, more successful experiments followed: The ape studies involved chimpanzees (Pan troglodytes) trained with American Sign Language (ASL; Gardner and Gardner, 1969), magnetized plastic chips (Premack, 1971), and a computer-based system (Rumbaugh, 1977). A gorilla (Gorilla gorilla, Patterson, 1978) and an orangutan (Pongo pygmaeus, Miles, 1978) were also trained with ASL and Signed English. The early dolphin (Tursiops truncatus) studies involved vocal whistle imitation and responses to arm signals (Herman, 1980).

Intrigued by all these studies and armed with knowledge of the birdsong research plus the clear mimetic ability of parrots, I decided, in 1977, to determine whether a Grey parrot could also engage in a related form of interspecies communication (Pepperberg, 1999) – one using the sounds of English speech. The odds were not in my favor: Parrots, as noted above, are separated from primates by over 300 million years of evolution (Hedges et al., 1996); they were thought to be mindless mimics (Lenneberg, 1967); at the time were presumed to lack anything like a cortical area (the earliest confirmation of such a functionally homologous area was not published until Reiner et al., 2004; Jarvis et al., 2005, although some glimmerings did already exist: see Cobb, 1960; Portman and Stinglin, 1961; Nauta and Karten, 1971); and previous studies using the standard conditioning techniques of the time had failed to instill communicative competence in a variety of mimetic avian species (e.g., Mowrer, 1950, 1952, 1954; Grosslight and Zaynor, 1967). A subsequent study (Todt, 1975), however, recognized the importance of social interaction in training techniques (specifically, use of a modeling procedure called the model/rival or M/R technique, in which two humans demonstrated the types of interactive vocal behavior that the subject is to learn) and eschewed conditioning. Todt (1975) demonstrated some level of success in that his Grey parrot subject engaged in a limited number of dialogues with its human trainer. Such findings suggested that the psychologists’ previous failures to achieve meaningful communication with their birds (or to find any level of complex cognitive processing) might be a consequence of inappropriate training techniques, rather than any inherent lack of ability in their psittacine subjects, and that vocal human-parrot communication might be possible. Specifically, I argued that by using additional, fairly new information on social learning (e.g., Bandura, 1971; Todt, 1975) and what little was known about parrot communication at the time (e.g., Power, 1966a,b; Nottebohm, 1970; Busnel and Mebes, 1975; Wickler, 1976; for a detailed review, see Pepperberg, 1999), I could adapt this M/R technique and achieve some level of referential acquisition.

Interestingly, all attempts at interspecies communication using human-based systems succeeded to some extent. Results from the different laboratories were divergent, but complementary (Pepperberg, 2017). The studies using variants of sign language (Gardner and Gardner, 1969; Miles, 1978; Patterson, 1978) allowed the apes to exhibit flexibility and innovation; because their system was also used with humans, it allowed direct comparisons of communicative acquisition between child and ape. Alternatively, the use of an original no-fault training procedure that rewarded associations of plastic chips with physical objects and enabled sophisticated tests of both trained and untrained chimpanzees (Premack, 1971) provided less information about communication skills than the ASL-based studies but began to elucidate how acquisition of symbolic reference could affect cognitive processing. A computer-controlled system, using a chimpanzee-sized version of a Skinner box and an artificial “language” (Rumbaugh, 1977), provided information about which basic concepts could be acquired via associative learning and how such learning could still allow for innovation. Herman (1980) began to show that dolphins could respond to specific cues with specific actions that demonstrated referential comprehension. My parrot started to use the sounds of English speech to identify objects, materials, colors, and shapes (Pepperberg, 1981). We believed that we were gaining valuable insights into the origins of referential communication: if creatures separated by so many years of evolution and with remarkably different-looking brains could all acquire some level of symbolic reference and regular ordering of those symbols, would not that imply the existence of some common origin or convergence?

Our resulting publications triggered approbation and condemnation in equal amounts, including from each other (Pepperberg, 2017). Unlike most controversies in science, however, discussions that began in scholarly journals (e.g., Bronowski and Bellugi, 1970; Lachman and Mister-Lachman, 1974; Terrace et al., 1979) were soon abandoned. Arguments and counter-arguments were prominently portrayed in the media, culminating in a chaotic meeting at the New York Academy of Science in the Spring of 1980 (Marx, 1980; Wade, 1980; Sebeok and Rosenthal, 1981). Important issues got lost in the resulting brouhaha, specifically questions as to, for example (Pepperberg, 2017, p. 182):


“…what were the actual hallmarks of language, what might the apes’, dolphins’ and parrot’s abilities tell us about language evolution and cognitive processing, what stages did children go through en route to full language, how did codes such as ASL differ from spoken language and were these differences important? (Note that at one point some scientists questioned if ASL was even a real human language; a full analysis hadn’t been published until Stokoe, 1978).”
 

The result was that most (although not all) of us lost our funding and abandoned our emphasis on the extent to which nonhumans could acquire the elements of human language; we focused instead on using whatever levels of interspecies communication that we had instilled in our subjects to examine various forms of cognitive processing that could be specifically examined via symbolic reference – a single feature of human language. Thus, despite our abandonment of studies of how much and how many aspects of human-based language a nonhuman could acquire, the issue of reference remained basic to our findings.



REFERENTIAL COMMUNICATION


Deacon (1997, p. 44), in his influential book The Symbolic Species, argues that symbolic reference is “the central riddle in the problem of language origins” and claims that, except for those few nonhumans trained in interspecies communication, it is what separates human and nonhuman minds. Whether or not one agrees with his overall thesis, his assertions with respect to the importance of reference cannot easily be ignored. His point is that “reference” is not present when a label (or a sign) is simply associated with something (e.g., as is a red button that, when hit, delivers food whereas a green one does not) but is present if the label actually stands for something in a unique manner that is independent of context (e.g., “blue” describes the color of a pansy, a berry, a certain wavelength of light, as well as the skin color of a well-known but fictional entity). Once an individual understands symbolic reference at this level, the information content of symbols can be manipulated independently of their physical instantiation. Thus, finding the extent to which nonhumans’ communication systems – whether natural or acquired – involve reference can be central to (i.e., affect) how they process information, and thus to their cognitive abilities (Premack, 1983). This point is one that I will discuss at length below; for now, the discussion concerns how to determine reference (i.e., and levels thereof) in a nonhuman system.

Separating reference from association is not a trivial task. Initially, biologists and linguists formulated “design features” of human language (e.g., Hockett and Altmann, 1968), in which issues, such as arbitrariness, interchangeability, displacement, and semanticity, play a role in designating what constitutes signals that are referential – rather than simple associations. Arbitrariness eliminates signals that cannot be separated from the referent, such as the meowing of a cat to designate a cat, unlike “c-a-t” in English, or “c-h-a-t” in French – if you do not know the language, you do not know the meaning. Interchangeability eliminated signals that travel only from sender to receiver, or vice-versa, like a pheromone that signals sexual receptivity; one sex emits it, the other attends, and that is the extent of its use. Displacement eliminates signals that are used only to indicate something that is physically present, that is, signals that cannot be used to describe something in the past or future, or that one would wish to be present; a food grunt does not describe the antelope that was consumed yesterday. Semanticity eliminates signals that do not designate something specific; in a Piercian sense (see Pierce, 1978), smoke indicates the presence of fire, and can be seen to “represent” fire, but can also imply many things related to fire, such as a type of meat being grilled, and thus “smoke” is not considered to be the label for fire. As noted above, researchers initially claimed reference for vervet alarm calls (Seyfarth et al., 1980a,b); after examining the issues of reference, however, these calls seem to be more indexical, in that they indicate the immediate presence of something and the type of response that one must take. It would seem, however, that such level of use is completely sufficient for the vervets; the issue for humans who are trying to establish exact levels of reference (see below) is the difficulty of, for example, designing experiments to determine whether nonhuman communication involves material such as telling one another to avoid the drinking hole near the anthill today because somebody saw a leopard there this morning. The few attempted experiments to examine possibilities of that nature (e.g., Cheney and Seyfarth, 1985) have multiple alternative explanations for the resulting data: should a vervet produce an alarm call at the sight of a gazelle carcass that humans have deceptively cached in a leopard-like manner? Although the presence of the dead animal may mean that a leopard is nearby and thus that a call is appropriate, the carcass also likely means that the leopard would already have plenty of food and will not be hunting a monkey anytime soon, such that a call is not appropriate. Again, such is not to argue that the vervet calls, or, for example, those of Diana monkeys in which the severity of an alarm call can be tempered by its use in combination with another call (Candiotti et al., 2012) are lacking informational content – the existence of content has unequivocally been established. Such communication, however, would not appear to have the highest level of symbolic reference. But what exactly is meant by “symbolic reference”?


Deacon (1997) devotes a large part of his book to examining what separates reference – in his words, “the symbolic threshold” – from other levels of meaning, and does so much more elegantly than I can summarize here, particularly as my main objective is not to define reference but rather to discuss how the acquisition of symbolic, referential communication in nonhumans may affect the ways in which they process information. For the sake of readers of this paper, my interpretation of “symbolic reference” is that it involves semantic and pragmatic use of noniconic symbols – be they auditory/ vocal, manual, or lexical – to stand for (but not be limited to) items such as physical objects and their attributes, various concepts, relations among these items and concepts, actions that can be done to or with these items, and comments about these items (e.g., relating to past/future/hypothetical issues). The use of the term “level of reference” is, again, my interpretation, and follows the above order, where the simplest level involves symbols for objects and attributes, the next level involves symbols for concepts, etc. I expand upon a few of Deacon’s points that bear repeating.

As noted above, distinctions must be made between associations and reference, and such distinctions are made even more difficult given that all reference begins with associations – not in the sense that reference is built up from many associations, but that the earliest stage of learning about reference begins with learning associations: repeated correlations between the presence of the object or action x and hearing the sound “x.” Thus, early label acquisition in children is likely more involved with associations than with actual referential meaning – hence the use of holophrases (use of a single word to indicate a variety of situations) as well as over- and under-generalizations of individual words (e.g., calling all four-legged creatures “doggie”). The very first label acquired by some nonhumans that are trained by humans probably is simply the association of sound or other symbol with obtaining a reward (a generalized “gimme”) rather than something containing reference. Even the first few labels are still likely simply associations between some signal and item or particular actions with particular situations. In very young children, such associative learning also occurs and generally persists through about the first 10 months, when production is minimal (e.g., Fenson et al., 1994). That is, during this period, if shown two objects – one perceptually salient and one less so – in the presence of a caretaker who focuses on and labels the less interesting object, children ignore that focus and attach/associate the label they hear to what they find most salient (Pruden et al., 2006). As more and more labels are acquired, and more and more associations are made, around 12months something changes, and referential acquisition begins to occur. Social cues – the actions and focus of the person doing the labeling – start to take precedence over temporal contiguity (of label and object) and perceptual salience during acquisition; the child engages in joint attention where the adult and child both focus on the object the adult is labeling (see Tomasello and Farrar, 1986), sharing their experience – a communicative, referential act – and, by 24months, children will ignore a more attractive item that may also be present (Hollich et al., 2000). Such behavior would not be observed if learning was, as it is at 10months, purely associative (Golinkoff and Hirsch-Pasek, 2006). Too, for children, for example, the connection between an object (a food) and its label (“cookie”) does not become extinguished when use of the label does not frequently result in obtaining the referent, as any caretaker of a toddler will attest. If the connection were mere association, extinguished use would indeed be the case (again, see Deacon, 1997; and, yes, one might argue that intermittent reinforcement might strengthen the association, but generally the intervals involved in such human communication – e.g., up to days – are considerably longer than those used in intermittent reinforcement experiments). Once reference is established, use of the label expands; for example, the label is no longer confined to referring to a specific object (“my red round bouncy thing”) or even a small class of objects (“that which I use to play catch”), but can be used to identify novel instances of the item or material (e.g., a golf ball and a basketball are both recognized as “ball”; “wool” can refer to a scarf, a sweater, or even yarn) – or even used in similes and metaphors (“the moon is a balloon” – with a nod to e.e. cummings). Subjects, be they nonhuman or human, can begin to use symbols to ask for labels for novel items (“What’s this?”), demonstrating an understanding of how symbols relate to one another; furthermore, hierarchical categorical labels are then learned, such that a subject knows from which particular, appropriate subset of labels to respond when asked “What color?” vs. “What shape?” (Pepperberg, 1983, 1990a), and after learning a new hue label, immediately understand its relation to the category “color” (and likewise for shapes, materials, numbers, etc.). Capacities for comprehension and production now become equivalent (e.g., Pepperberg, 1987b, 1990a,b; Pepperberg and Gordon, 2005). Once reference is established, subjects can use symbols to answer symbolic questions about characteristics of objects that are not immediately present, and can use symbols to request absent items (Pepperberg, 1988a, 1999). So far, although several studies in birds and apes demonstrate their ability to plan for the future (e.g., Kabadayi and Osvath, 2017 and references therein), no evidence yet exists for any capacity to use symbols to refer to the future. Thus, differences clearly exist in human vs. nonhuman levels of symbolic reference. Nevertheless, unlike nonhuman communication in the wild, for which humans have, as yet, been unable to unequivocally establish symbolic reference, nonhumans who have been taught human systems have demonstrated such reference. For me, the critical issue is one raised by Premack (1983): the extent to which such reference may affect the cognitive processes of those subjects. In the following sections, I will concentrate on my own research and leave reviews of nonhuman primate and cetacean work to researchers in those fields.



SYMBOLIC REFERENCE AND COGNITIVE PROCESSING, MOSTLY WITH RESPECT TO GREY PARROTS

Symbolic reference does not guarantee, but enables, abstract thought. Thus, an individual that can represent an object, an action, an attribute, etc., by a symbol can mentally manipulate that symbol, releasing thought processes from the here-and-now [note that an example of nonsymbolic reference would be the approximate number system (ANS) that provides a sense of quantity; the ANS allows distinguishing, e.g., between “more” vs. “less,” but does not enable representation of exact quantity and thus does not enable actions such as multiplication or division). As noted above, simile and metaphor are possible; actions can be planned, tested, and altered without being physically embodied. Premack (1983) thus argued that nonhumans who learned symbolic reference have an enhanced ability to perform tasks that require abstract thinking. He buttressed these claims with data demonstrating that those of his apes that had acquired such symbolic reference outperformed those that did not. And, it was not only apes that could acquire symbolic reference – as noted above, my Grey parrots not only labeled objects, materials, attributes and requested actions, but one parrot, Alex, also used his labels to request new labels and used sound play to devise new labels (Pepperberg, 1990b; additional data reviewed in Pepperberg, 1999). He understood concepts of relative size, number, and of category (i.e., had categorical labels of “color,” “shape,” and “material” and understood what labels were appropriately subsumed under each; Pepperberg, 1999). Other Grey parrots, particularly one named Griffin, have also acquired symbolic reference and succeeded on various cognitive tasks (see below; e.g., Pepperberg and Nakayama, 2016; Clements et al., 2018), often outperforming subjects lacking symbolic reference. I have previously discussed several experiments from my laboratory that give additional credence to Premack (e.g., reviewed in Pepperberg, 2020a,b, 2021, in press). I summarize the importance of symbolic reference for studying cognitive processes and then briefly review some of these studies here.

In some instances, symbolic reference allows the subject to demonstrate cognitive abilities more easily (e.g., may enable them to acquire certain concepts because it allows them to think abstractly; see below) or simply makes it less difficult for humans to interpret the data. In either case, parrots’ vocal plasticity allows us to evaluate their abilities because they can be tested via symbolic interspecies communication (Pepperberg, 1981). Interspecies communication (a) directly states the precise content of questions to be asked – animals need not determine the nature of a question through hundreds (if not thousands) of instances of trial-and-error learning, thus making the task efficient; (b) incorporates research showing that social animals may respond more readily and accurately within an ecologically valid social context (Menzel and Juno, 1985); (c) allows facile data comparisons among species, including humans; (d) is an open, arbitrary, creative code with enormous signal variety, enabling an animal to respond in novel, possibly innovative ways that demonstrate greater competence than required responses of operant paradigms, and allows researchers to examine the exact nature and extent of information an animal perceives; (e) allows rigorous testing that avoids expectation cuing: Subjects can be made to choose responses from their entire repertoire rather than from a subset relevant only to a particular topic. Interspecies communication via symbolic reference may thus more facilely demonstrate nonhumans’ inherent capacities or enables their learning of more complex tasks. I now describe a few of several instances in which symbolic reference has been crucial in determining the extent of cognitive abilities in my Grey parrots. Additional studies have been performed for which symbolic reference has allowed testing and demonstration of competence at a level that would not otherwise have been possible (e.g., Piagetian probabilistic reasoning; Clements et al., 2018; reviewed in Pepperberg, in press), likely because such studies involve the use of symbols as abstract place-markers to assist in tasks requiring memory (note Pailian et al., 2020).



CONCEPTS OF SAME-DIFFERENT

A review of this entire topic is the basis for a separate paper (Pepperberg, 2021), but the central issue is as follows (Pepperberg, 1987a): Same-different is more than identity vs. non-identity or the difference in entropy – that is, in overall randomness – between stimuli sets (e.g., Young and Wasserman, 2001). Rather, it is a task that, according to the stringent criteria of Premack (1983), requires a feature analysis of the objects being compared, recognition that objects can simultaneously exhibit attributes that involve both similarity and difference, and the ability to understand which attributes are being targeted based on questions of either similarity or difference. Because an appropriate response requires that a subject (a) attend to multiple aspects of two different objects; (b) determine, from a verbal question, whether the response is to be based on sameness or difference; (c) determine, from the exemplars, exactly what is same or different (i.e., what are their colors/shapes/materials?); and then (d) produce, verbally, the label for the hierarchical category of the appropriate attribute, the task is a clear instance in which symbolic reference is likely critical for success – and one that is failed by subjects lacking such abilities (Premack, 1983). Alex succeeded in this task: he could view any two objects, even if he could not label any of their specific attributes, and produce the labels “color,” “shape” or “mah-mah” (his label for matter) in response to questions of “What’s same?” or “What’s different?”; notably, unlike other subjects, he was not limited merely to choosing between symbols representing same or different or choosing physically between only two objects that were similar to or different from a sample (Premack, 1983) but had to produce the hierarchical category labels from a repertoire of ~70 labels. He eventually learned to respond “none” appropriately to queries about sets that were identical or completely different but only after succeeding on the initial task (Pepperberg, 1988b). By learning symbols – “same”-“different” – to represent the relations of categorical commonality – or lack thereof – for specific object pairs, Alex, when experiencing a novel instantiation, could likewise understand its relationship to the abstract representation of same-different relationships – as when, queried for the first time “What color bigger?” for two equally-sized items, he asked “What’s same?” (see below, Pepperberg and Brezinsky, 1991). Such fluid response ability requires symbolic, referential, and interspecies communication.



RELATIONAL CONCEPTS: BIGGER/SMALLER

Understanding relative concepts (darker than, bigger than, etc.) is a more complex task than learning to respond to an absolute concept (e.g., redness; see discussions in Schusterman and Krieger, 1986; Pepperberg and Brezinsky, 1991); it requires a subject to compare stimulus choices and then derive and use an underlying, more abstract (and thus general) concept. For example, learning an absolute stimulus value requires a subject to form only a single association (e.g., choose gray; Thomas, 1980), whereas in a task such as “lighter than,” the subject must recognize that what is correct in one trial (“gray” in a task pitting black against gray) may be the incorrect in the next (pitting white against gray). In many tasks, subjects can acquire both absolute and relative knowledge, and because absolute knowledge is acquired more easily, the challenge to an experimenter is to demonstrate whether relative knowledge has also been acquired. Even more difficult is the simultaneous demonstration of both dimensions of relational knowledge – e.g., lighter and darker, bigger and smaller, same and different. A subject that uses symbolic reference, however, can simultaneously be taught labels for both concepts being tested (note Rattermann and Gentner, 1998), rather than having to derive one concept over large numbers of trials (i.e., by being rewarded for choosing only the larger) and then the other through large numbers of reversals (i.e., now being rewarded for choosing only the smaller – in this paradigm, however, both concepts may actually never be acquired, in that a subject without symbolic reference may simply learn “choose X” vs. “avoid X”; see Hochmann et al., 2016, 2018 for a discussion). Alex, after learning to respond to “What color bigger/smaller?” for three sets of items, transferred, without additional training, to a large number of sets involving sizes outside the training paradigm and to totally novel objects with respect to shape, color, and material; he also spontaneously transferred to “What matter bigger/smaller?” and, when the two objects were equal in size, spontaneously responded “none,” transferring his understanding of that label from the aforementioned study on a lack of same/difference (Pepperberg, 1987a, 1988b; Pepperberg and Brezinsky, 1991). He not only responded to the largest or the smallest item present but also recognized that on any trial, either bigger or smaller could be queried. Such abilities are thus most clearly tested through interspecies communication systems.



NUMBER CONCEPTS

Almost every living creature that has been studied has demonstrated some sense of number – exact quantification for sets up to 3; approximate quantification for larger sets, for example, “more” vs. “less.” In nonhumans, such abilities have been shown in creatures from fish (Petrazzini et al., 2015) to bears (Vonk and Beran, 2012); in humans, such abilities are found even in preverbal children (Wynn, 1990) and preliterate hunter-gatherer societies (e.g., Frank et al., 2008). However, subjects that understand symbolic reference can go far beyond approximation. They know that a set of x elements has precisely x, not “about x, ±1 or 2.” That is, they can learn that individual symbols represent exact, specific quantities, whatever the items involved: a group of six ants or six elephants or six grapes have different sizes, shapes, masses, etc., but have the same number of elements. Such abilities were once thought to be limited only to humans (reviewed in Pepperberg and Carey, 2012), but a very few nonhumans have demonstrated such exact symbolic number representation, at least for quantities ≤9: two apes, Matsuzawa’s Ai (Matsuzawa, 1985) and Boysen’s Sheba (Boysen and Berntson, 1989), and my subject, the Grey parrot, Alex (Pepperberg, 1987b, 1994).

As I will argue in this section, symbolic reference, importantly, is a prerequisite for advanced number abilities. Although no nonhuman has, as far as we know, invented symbolic numerical representation, those that have acquired such understanding are capable of true counting and simple arithmetic capacities; they can deduce or, at the very least, learn cardinality and ordinality and match abilities of ~5-year-old children. I discuss Alex’s abilities in detail with some references to the nonhuman primate research; a full review of the ape studies is beyond the scope of this paper and can be found in papers by Boysen, Matsuzawa, and their students.

True counting, as defined by the several counting principles (“CP,” Gallistel and Gelman, 1992) is not easily acquired. CP state that numerals must be applied in order to items in a set to be enumerated and in a 1–1 correspondence, that the last numeral in a count represents a set’s cardinal value, and that the successor function (that each numeral is known to be exactly one more than the one before it and exactly one less than the one after it; e.g., Carey, 2009) must be understood. This last induction allows for a “bootstrapping” process initially seen only in children. Specifically, the process by which children learn their first few numbers (1–4) is extremely slow (i.e., proceeds over the course of several years), during which time they also simultaneously learn a number line – they learn to state their numerals in a specific order – even though initially the line may make little sense and the order in which they recite their numerals can be variable (Siegel, 1982; Fuson, 1988). Eventually, the ordering of their numerals stabilizes as they learn the symbolic meaning of the smaller numerals and they acquire the successor function – and then the bootstrapping process engages: without any further instruction they can now immediately encode the cardinal value expressed by any numeral in their now stable count list; the long process used for acquiring the earlier numbers is no longer necessary. In contrast, no nonhuman had shown savings in learning as the successive numerals 5, 6, 7, etc., were added to their repertoire – that is, none had apparently induced the successor function, until Alex (see below). Interestingly, however, Alex did not learn his numerals in order (Pepperberg, 1987b), and all his labels were vocal – meaning that he had to learn not simply to point to a numeral as did the other nonhumans, but rather learn to configure his vocal tract to produce novel utterances (e.g., imagine trying to produce the /v/ sound without lips; see Patterson and Pepperberg, 1998).

Alex nevertheless acquired the ability to use his vocal English labels to quantify sets of one through six objects exactly (i.e., his accuracy did not decrease as the size of the set increased as in the case of the ANS) and was equally accurate when asked to examine novel sets and sets placed in random arrays (Pepperberg, 1987b, 1994). Such behavior is not possible without the use of symbolic reference (Pepperberg, 2020a). Furthermore, Alex, without training, was also able to quantify subsets in a heterogeneous array: given four groups of items that varied in two colors and two object categories (e.g., blue and red keys and trucks), he was able to label the number of items uniquely defined by the conjunction of one color and one object category (e.g., “How many blue key?”) with an accuracy >80% (Pepperberg, 1994).

Interestingly, production and comprehension of number labels may proceed independently. Even young children who are quite proficient at producing the correct number label when asked to quantify a set often fail tests to determine how well they comprehend those labels – if given a bowl of marbles and asked to “Take four,” they often grab a handful rather than the correct amount (Wynn, 1990, 1992). Unlike the other nonhuman subjects, Alex was never trained on number comprehension; nevertheless, when tested, his comprehension accuracy was somewhat superior to that of production (Pepperberg and Gordon, 2005). Again, such abilities are based on symbolic reference.

Alex also acquired other numerical capacities based on symbolic reference. After being trained to identify colored plastic Arabic numerals (1 through 6) – in the absence of any sets of items – with the appropriate vocal labels used for the corresponding numerical sets, he inferred their ordinality by responding to questions of “What color (is the) number (that is) bigger/smaller?” (Pepperberg, 2006b). He again differed from nonhuman primates, who required hundreds of training trials to demonstrate this ability. He acquired a zero-like concept; however, unlike the nonhuman primates (again), he was not trained on the concept but developed it spontaneously, using the previously acquired label “none” (Pepperberg and Gordon, 2005). Like the nonhuman primates, he also spontaneously demonstrated the ability to sum sets of small quantities and label those sets, as well as the ability to provide the label for the sum represented by the combination of Arabic numerals (i.e., recognizing the quantities these abstract symbols represented, combining those quantities, and then representing their sum as a vocal label; Pepperberg, 2006a, 2012). Moreover, after learning the labels for two additional Arabic numerals (7 and 8) in the absence of any sets of items, and their ordinal relationship to previously acquired numerals he, unlike any other nonhuman but like young children, demonstrated the ability to infer their exact cardinality (Pepperberg and Carey, 2012; for a review, see also Pepperberg, 2020b).



OPTICAL ILLUSIONS

How do nonhumans actually see the world? Visual systems of most nonhumans, other than those of nonhuman primates, differ considerably from that of humans – for example, nonhumans may have much less or significantly greater color vision, or have much less or greater visual acuity, than humans; they may lack binocular overlap; their neurological architecture may be strikingly different. What exactly are the perceptual processes that are shared across species? We expect that similar evolutionary demands – visual environments, survival needs – may have led to analogous, if not necessarily homologous, solutions concerning some forms of visual processing. Parrots with a repertoire of multiple vocal responses can be rigorously tested for visual competencies, an option yet to be tried in other experimental animals (Pepperberg et al., 2008; Pepperberg and Nakayama, 2016). Specifically, the types of tasks typically used for evaluating human abilities – direct questioning about exactly what is seen – are often unsuited for research with nonverbal species, and thus direct comparisons of nonhumans with humans are not possible. Intensive training procedures were generally necessary to enable nonhumans to discriminate the initial stimulus used in visual tasks, and subjects were then tested on their recognition of similar patterns. Results thus often depended on, for example, statistical averaging over hundreds of trials of pecking/touching behavior to a very limited set of choices, and as a consequence was often highly variable and dependent upon details of the experimental design (Pepperberg et al., 2008). Nonhumans that understand symbolic reference, however, are the exception: those such as Alex and Griffin, who directly communicate with humans and can respond to the exact same stimuli as humans with the exact same responses, thus provide a unique opportunity to state exactly what they see in exactly the same way as do humans.

Given that the avian visual system is notably anatomically and neurobiologically distinct from that of humans (see review in Shimizu et al., 2010 for both similarities and differences), how might a parrot respond to common optical illusions and related visual tasks? These tasks employ early and mid-level vision, and despite neuroanatomical differences, we might expect birds and humans to respond similarly. However, data from experiments using standard operant techniques on some avian subjects were sometimes contradictory and often subject to a variety of alternative interpretations (reviewed in Regolin and Vallortigara, 1995; Pepperberg et al., 2008; Pepperberg and Nakayama, 2016). For example, subjects in these studies may have responded with respect to local cues, mass/number, or stimulus generalization (e.g., Nagasaka et al., 2007).

Interestingly, when Alex was tested on the Brentano version of the Müller-Lyer illusion and Griffin tested on amodal and modal completion (respectively, the identity of occluded and illusory Kanizsa figures), by asking them directly what they saw, they responded as did humans. The two horizontal lines in the Brentano figure were of differing colors, and Alex was asked “What color bigger/smaller?”; Griffin was shown standard colored polygons with a black circle covering one corner for amodal completion and shown black pac-men on a colored ground for illusory figures (modal completion) and in both cases asked “What shape is color-X?” (see Figure 1).

[image: Figure 1]

FIGURE 1. Left to right: Brentano version of ML illusion, occluded figure, Kanizsa figure.


For the Müller-Lyer illusion, symbolic reference may merely have allowed facile testing, but for the modal and amodal tests, symbolic reference was likely a necessary factor in Griffin’s ability to respond appropriately. A parrot that understands that a vocal label can represent an item, object, or action is likely to understand the representative relationship between two- and three-dimensional situations. Griffin had learned labels for shapes, and thus that a vocal label could represent an object; he could then understand how two symbols (e.g., one vocal and one visual), which separately represent the same object, can then represent each other (a form of equivalence; Pepperberg, 2006b) and thus how, for example, a three-dimensional entity can be represented by a two-dimensional drawing. That is, he could in turn deduce that the two-dimensional figures represented three-dimensional objects – one item superimposed on another (amodal) or on multiple (modal) items – so that he could appropriately identify pictures of occluded objects and Kanizsa figures (Pepperberg and Nakayama, 2016). The results of these studies (Pepperberg et al., 2008; Pepperberg and Nakayama, 2016) demonstrate how testing nonhumans that understand and appropriately use symbolic reference allows the closest possible comparison with human data, an examination of exactly how nonhumans perceive their world, and of how this perceived information is processed.



CONCLUSION

It would seem that each species has its own system for communication, each with its own unique elements and structures, that is, sufficient for its needs in nature. The human system is summarily called “language,” although it, too, consists of a large number of disparate entities, each again having unique elements and structures, including those, for example, based on sign (American Sign Language, British Sign Language, etc.). One can find differences and draw parallels among the various human and nonhuman systems; doing so helps to delineate their various characteristics. The problem with doing so is that humans – despite all of our detailed work in the field for decades – are still fairly incompetent in their ability to perform complete analyses of any systems other than their own, so that additional complexities in nonhumans’ systems – and thus possible additional differences and parallels with the human system – currently remain undiscovered, particularly with respect to reference (see Prat, 2019). For example, when birdsongs that are recorded at normal speed are played back at much slower speeds, many small structural differences can be observed among supposedly identical elements, emitted from different songsters or even from the same individual. Are these differences that are indistinguishable to the human ear just a bit of random noise in the system or might they carry important information to an avian listener? Humans do not yet know.

A different, although also only partially successful, tactic in examining nonhuman abilities has been to examine the extent to which nonhumans can acquire the elements of human systems – ASL, vocal labels, artificial systems built on plastic symbols or computer-based lexigrams. As noted above, the underlying premise was that such behavior could not be instilled de novo, but that it could be taught only if it were based on some already existent abilities (or even predispositions), such that the extent of success in instilling symbolic reference would provide some evidence for, at least, some cognitive underpinnings of referential nonhuman communication systems. At the time these studies were abruptly ended or their focus shifted (Pepperberg, 2017), no nonhuman had acquired levels of communication equivalent to those of adult humans. However, many of the nonhumans in these studies had acquired symbolic reference and, in many cases, some understanding of very simple combinatory rules for the use of these symbols. The issue of whether nonhumans understand and use such combinations – i.e., can acquire something resembling syntax – is also central for comparing human and nonhuman communication systems. However, what actually constitutes human syntax is another thorny issue, and what some researchers claim are required aspects have been shown to be lacking in some human languages (e.g., Everett, 2005). Thus, I have focused here on the symbols themselves, rather than any hierarchical organization. For a brief review of the importance of combinatorial rules in nature and those acquired by trained nonhumans, as well as their relationship to human syntax, see references cited earlier as well as additional studies and reviews such as ten Cate and Okanoya (2012), Jiang et al. (2018), and Pepperberg (in press).

The point I am trying to make is that the process of understanding that an abstract symbol can represent a concrete item may allow a subject to take the next step in understanding that such a symbol can also represent a concept, and thereby enable the subject to transfer its knowledge more easily between and among various domains. Once a subject understands that a symbol can represent a concept, the subject can mentally manipulate that symbol, releasing thought processes from the here-and-now. The subject understands how the symbols – and the concepts – are interrelated, such that they immediately understand how to use novel symbols. For example, understanding that some symbols refer to places and others to objects (i.e., representing some conceptual understanding rather than simple associations with concrete items), and that other (even somewhat similar) symbols, such as “want” vs. “wanna go” represent different classes of actions, subjects like Alex know how to use novel combinations appropriately (“I want cracker,” “Wanna go shoulder”) and which to avoid (“Wanna go cracker”) without overt practice (note Leijnen, 2012). Subjects, such as Alex, can also apply the concept across domains, understanding, for example, that same-different, even though taught with respect to color/shape/material, will apply to size. Clearly, a few nonhumans, appropriately trained, have demonstrated such abilities; according to Premack (1983), these abilities are exclusively limited to those subjects receiving such training. Of course, in many instances, administering the tasks that demonstrate such abilities would be exceptionally difficult without the use of interspecies symbolic communication; thus, the extent to which such symbolic understanding is the critical factor enabling success is possibly still a matter for further study. However, some fairly recent studies comparing adults, young children, and nonhumans suggest that acquisition of symbolic reference – here, the labels “same” and “different” – appears to be a crucial step for being able to solve relational match-to-sample tasks (Hochmann et al., 2017). For example, some studies on same/different used single arrays having various mixtures of same/different icons: In some, all objects were identical; in some, all different; but for many, ratios of identical to nonidentical objects varied (e.g., Set A: 10 exemplars of one type, three of another, two of a third, and one of a fourth; Set B: four each of four different items). Unlike adult humans, who mostly responded “different” if at least one object differed from all the others – that is, by recognizing same–different relations among individual items within sets – nonhumans and 3-year-old children responded based on ratios of differing elements – on entropy, the array’s overall randomness. Only when children reached about 4years of age and began to use labels “same” and “different” appropriately did they start to respond more like adults on these types of tasks – that is, when they could rely on representations of relations among the various elements in the array; even 5-year olds were below ceiling (Hochmann et al., 2017). Thus, symbolic representation appears necessary for some forms of conceptual knowledge.

Interestingly, the comparative studies of Premack (1983) on the effects of symbolic reference solely involved chimpanzees, a species that lacks vocal learning. Might the absence of that capacity somehow be important with respect to the extent to which symbolic representation affects cognitive processing? Or might the capacity not simply for vocal learning but also for allospecific vocal learning be a crucial factor, because allospecific learning implies the ability to transfer concepts across systems and rapidly expand the repertoire (see Deacon, 2012)? We now know that parrots have cortical-like areas that are exceptionally large and more densely packed with neurons than those of nonhuman primates of comparable size (e.g., Jarvis et al., 2013; Olkowicz et al., 2016); that they have specific brain areas and neural connections that support extensive vocal learning – areas that appear less developed in other avian species (including parrots such as keas) that do not engage in allospecific vocal learning, and that are nonexistent in nonhuman species that lack any significant vocal learning – and that these areas also purportedly can be used to expand their intelligence (Chakraborty et al., 2015; Gutiérrez-Ibáñez et al., 2018; again, note Deacon, 2012), particularly with respect to executive function (Herculano-Houzel, 2020). Executive function involves cognitive flexibility, creative problem-solving, reasoning, and mentally representing/relating ideas and facts. Might it thus be possible that some level of reference exists in the communication systems of specific parrot species in nature? So far, evidence is lacking in other vocal learners such as songbirds for anything more than the same form of indexical reference as seen in nonhuman primates (see Beecher, this collection); in parrots, however, a possible system of individual “naming” has been discovered (Berg et al., 2012). Detailed examination of parrot repertoires is still in its infancy compared to the level of examination to which those of nonhuman primates and songbirds have been subjected; most such studies so far have done little other than describe and categorize aggressive, affiliative, and contact calls (e.g., May, 2004; Negrão de Moura et al., 2011).

Clearly, much remains to be studied about nonhuman communication systems, both in the laboratory and in the wild. Might Premack (1983) be correct about the need for symbolic reference in order to succeed on specific cognitive tasks? Or might some level of symbolic reference exist even in untrained nonhumans, providing some evolutionary communicative precursors to human language? If so, the human-nonhuman divide may not be as great as is currently imagined.
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Symbolic communication is not obvious in the natural communicative repertoires of our closest living relatives, the great apes. However, great apes do show symbolic competencies in laboratory studies. This includes the understanding and the use of human-provided abstract symbols. Given this evidence for the underlying ability, the apparent failure to make use of it in the wild is puzzling. We provide a theoretical framework for identifying basic forms of symbolic signal use in chimpanzee natural communication. In line with the laboratory findings, we concentrate on the most promising domain to investigate, namely gesture, and we provide a case study in this area. We suggest that evidence for basic symbolic signal use would consist of the presence of two key characteristics of symbolic communication, namely arbitrariness and conventionalization. Arbitrariness means that the linkage between the form of the gesture and its meaning shows no obvious logical or otherwise motivated connection. Conventionalization means that the gesture is shared at the group-level and is thus socially learned, not innate. Further, we discuss the emergence and transmission of these gestures. Demonstrating this basic form of symbolic signal use would indicate that the symbolic capacities revealed by laboratory studies also find their expression in the natural gestural communication of our closest living relatives, even if only to a limited extent. This theoretical article thus aims to contribute to our understanding of the developmental origins of great ape gestures, and hence, arguably, of human symbolic communication. It also has a very practical aim in that by providing clear criteria and by pointing out potential candidates for symbolic communication, we give fieldworkers useful prerequisites for identifying and analyzing signals which may demonstrate the use of great apes’ symbolic capacities in the wild.
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INTRODUCTION

Symbolic communication is still regarded as a capacity that separates humans from other animals (e.g., Deacon, 2012), thus making us the “symbolic species” (Deacon, 1997). And it is true that language, which is a highly complex, multi-level system of symbolic communication (Deacon, 1997; Webster, 2017), can be found only in humans.

One should not conclude from this, however, that symbolic signal use is absent in other animals’ natural communicative repertoires. In order to detect cases of symbolic signal use in other species, we propose avoiding a language-centered approach and concentrating instead on the basic characteristic of symbolic communication: the arbitrary and conventionalized linkage between the symbol’s form (e.g., sound shape) and its meaning (concept). This follows Saussure’s arbitrariness of the sign, that is, the distinction between le signifiant (the signifier) and le signifié (the signified; de Saussure, 1916). Arbitrariness is also one of Hockett’s design features of language (Hockett, 1960).

The form-meaning linkage of the symbol is “arbitrary,” because there is no logical or otherwise motivated connection between form and meaning. Thus, the word book (in its spoken or written form) does not resemble the object that it denotes. Importantly, this arbitrary linkage is not genetically determined, but is transmitted socially and is thus “conventionalized” among the members of a group (e.g., Chandler, 2017; Crystal, 2019), in this case a language community. Thus, to stay with the example, different languages use different words (for instance, book, livre, and книга) for the same object. The presence of communicative signals with these two characteristics, namely arbitrary form-meaning linkage and conventionalization, in non-human animals’ natural communication would thus provide evidence for the existence of basic symbolic signal use. In the section “Criteria for basic symbolic signal use” we describe the application of these two characteristics to chimpanzee natural gestural communication. We emphasize the very basic nature of these criteria compared to Deacon’s definition of human symbolic representation.

Intriguingly, studies in laboratory settings have revealed symbolic capacities in our closest living relatives, the great apes (e.g., Patterson, 1978; Savage-Rumbaugh et al., 1986; Greenfield and Savage-Rumbaugh, 1990; Miles, 1990), as well as in marine mammals (e.g., Schusterman and Krieger, 1984; Herman, 1987), dogs (e.g., Kaminski et al., 2004), and parrots (e.g., Pepperberg and Nakayama, 2016). For a general review, see Pepperberg (2017). The bonobos, chimpanzees, gorillas, and orangutans participating in these studies were able to acquire human-provided conventionalized arbitrary signs like lexigrams and gestures from American Sign Language (ASL). They learned both to understand them and to communicate with them. This included the combination of signs to form short utterances. Moreover, they showed cognitive abilities such as categorization (the mental grouping of objects, subjects etc. according to specific properties and for specific purposes) and decontextualization (the isolation and generalization of a mental representation from the original context). It should be said that not all specialists are convinced that the published literature demonstrates that captive apes are capable of symbolic communication; for examples of this critique and for a balanced review, see Pepperberg (2017). While in our view, the evidence from the studies of great apes in captivity points to the presence of symbolic competencies, these competencies are not obvious in the apes’ communicative repertoires in their natural environment.

Here, we focus on great apes’ symbolic capacities. Given the laboratory findings outside the vocal domain, we will concentrate on their natural gestural communication, as we search for evidence of symbolic signal use, and specifically in chimpanzees. Note that while symbolic communication may exist in the chimpanzees’ natural gestural repertoire, the number of potential candidates reported in this paper is rather small and largely confined to two contexts (playing and mating). Note further that in laboratory studies the concepts in the human-provided abstract symbols can be narrowed down considerably. This is not possible to the same extent in the concepts underlying the potentially symbolic gestures mentioned in this paper. Nevertheless, it is not obligatory for these gestures to be associated with very narrow concepts to qualify as arbitrary and conventionalized signals. The important criterion is that the users share these concepts as a result of group-specific conventionalization.1

We now turn to the natural gestural repertoires of the great apes and to the criteria for defining a basic form of symbolic communication.


Great Ape Gestures

Gestures are an important element of great ape communication. They can be defined as intentional movements of body parts like hands, limbs, or the head, and body postures that are directed toward another individual, are goal-directed, motorically ineffective (toward the recipient), and receive a voluntary response (Tomasello and Call, 2007). Gestures are used by great apes in the wild (MacKinnon, 1974; Goodall, 1986; Genty et al., 2009; Graham et al., 2017) and in captive settings (e.g., Tomasello et al., 1989; Pika et al., 2003, 2005; Liebal et al., 2006). Examples of gestures in chimpanzees would be PRESENT BODY PART2 (visual modality), TOUCH (tactile modality), and STOMP (auditory modality).

Gestures in great apes are used flexibly and in accordance with the attentional state of the recipient (e.g., Liebal et al., 2004). That is, gestures of the visual modality are more likely to be employed when the recipient is attending to the sender, and tactile gestures when the recipient is not attending; the sender may visually check the attentional state of the recipient and exhibit response-waiting. The same gesture may be used in different contexts, and a single context may elicit several different gestures (e.g., Tomasello and Call, 2007).

Interestingly, great ape gestures may involve objects in the physical environment. An example for such object-associated gestures is the auditory gesture of KNUCKLE-KNOCKING found in chimpanzees of the North group of Taï National Park (Côte d’Ivoire), which consists of the knocking of knuckles on a hard surface, for instance on tree branches (Boesch, 1995). The auditory gesture of LEAF-CLIPPING that can be observed, for instance, in the chimpanzees of Mahale (Tanzania) consists of taking off parts of leaves with the mouth or fingers, thereby causing a distinctive sound (Nishida, 1980). Both auditory gestures are used for sexual solicitation in the respective group.

At the ontogenetic level, Tomasello and Call (2007, 2019) divide great ape gestures into attention getters and intention movements. Attention getters (e.g., GROUND SLAP) draw the attention of the audience to the sender without carrying information about the specific meaning. The recipient needs to infer this meaning from the behavior accompanying the attention getter. Intention movements are truncated forms of social behaviors (e.g., ARM RAISE as a ritualization of play hitting) and therefore do not exhibit a truly arbitrary form-meaning linkage. Intention movements are used in the context of the underlying social behavior and their meaningfulness normally is ensured from the context. Thus, neither attention getters nor intention movements as defined by Tomasello and Call qualify as learned arbitrary gestures.



Criteria for Basic Symbolic Signal Use – and Some Potential Candidates

In our search for symbolic signal use in our closest living relatives, we propose to identify great ape gestures that fulfill the basic criteria of arbitrariness of form-meaning linkage and conventionalization among the members of a group, as outlined in the Introduction.

By arbitrariness of form-meaning linkage, we mean the absence of any logical or otherwise motivated connection between the form and the meaning of a gesture. Arbitrary linkage is thus different from iconic linkage (where the form resembles the meaning) and also from indexical linkage (where the link to the referent can be observed or inferred; this includes pointing). Note that for arbitrariness it is not necessary that the form of the gesture is abstract in the sense of, for example, Arabic numbers. Rather, it would be sufficient for the form not to resemble or not be otherwise connected to the meaning of the gesture. We will see later what the possibilities might be in the case of chimpanzee gestures.

Evidence for conventionalization,3 that is, the sharing of form-meaning linkages among individuals, should be sought in gestures that are learned, for instance, at the group level. These group-specific gestures, that is, gestures that are shared by some or most individuals in a group but are absent in other groups of the same species, strongly suggest social transmission (e.g., Bonnie and de Waal, 2006) rather than innateness. For a contrary view, see, for instance, Byrne et al. (2017). Group-specific gestures can be found in great apes in the wild (e.g., Whiten et al., 1999, 2001) and in captivity (e.g., Pika et al., 2003, 2005; Bonnie and de Waal, 2006; Liebal et al., 2006).4 Examples of group-specific gestures in wild chimpanzees include the above-mentioned auditory gestures of KNUCKLE-KNOCKING and LEAF-CLIPPING. Group-specific gestures are used in particular contexts and in some cases only by defined age groups or sexes. For instance, KNUCKLE-KNOCKING is found only in males in the North group of Taï National Park and used only in the mating context (Boesch, 2012a,b).

We now turn to potential candidates for basic symbolic signal use in natural great ape communication, concentrating on chimpanzee gestures. We present them here to inspire future research and to help illustrate the theoretical framework in the section “Possible pathways to basic symbolic communication.” Note that our suggestions are not based on large data sets but on the observations of long-term field researchers who observed these behaviors during their targeted data collection. There are mentions in the literature, but no systematic accounts, except for LEAF-CLIPPING (Nishida, 1980). Systematic research is needed to confirm the symbolic nature of these candidates.

Potential candidates for an arbitrary and conventionalized form-meaning linkage can, in our opinion, be observed in several group-specific gestures described for three neighboring chimpanzee groups in Taї National Park (Côte d’Ivoire): the North group, the East group, and the South group. For a map and more detailed information, see the section “NEST-BUILDING: a case study.” The use of gestures differs significantly from group to group (see Table 1). A male chimpanzee in the Taï South group may bend together a few branches or saplings when he wants to mate with a female, while in the North group, just a few kilometers away, a male would knuckle-knock for the same purpose (e.g., Boesch, 2003, 2012a). And a young chimpanzee of the East group or the South group builds a nest to invite peers to play, while in the North group holding a leaf in the mouth would be the appropriate signal (Boesch, 2012a; Luncz and Boesch, 2015). For an overview, see Table 1.



TABLE 1. Group-specific gestures in the three Taï groups.
[image: Table1]

The microcosm of these three habituated groups comprises no more than a few square kilometers. It is characterized by ecological similarity (Luncz et al., 2012) and by genetic relatedness between groups, which is due to migrating females5 and extra-group paternity (Schubert et al., 2011). And yet, different group-specific gestures have evolved (Boesch, 2003, 2012a,b). Table 2 draws out the apparently arbitrary linkage between form and meaning in these gestures.



TABLE 2. Arbitrary relation between form and meaning in Taï group-specific gestures.
[image: Table2]

Note first that in these group-specific gestures, different forms are used to express one and the same meaning in different groups. For example, the meaning “invitation to mate” is conveyed by the form of knuckle-knocking in the North group but by bending together branches in the South group. And second, the same form is used to express different meanings within one group or within different groups. For example, the form of bending together a few branches conveys the meaning “invitation to mate” in the South group but “invitation to play” in the East group and in the South group. Because these gestures are not species-specific but group-specific, the arbitrary form-meaning linkage cannot be genetically determined; rather it must be socially transmitted at the group level (Boesch, 1991, 2012a). A detailed case study of NEST-BUILDING is provided below. Because there are comparatively little data concerning the LEAF-IN-MOUTH gesture, we will not include it in further analysis.

Another possible candidate for conventionalized and arbitrary form-meaning linkage would be, in our view, the auditory gesture of LEAF-CLIPPING. This gesture consists of removing parts of leaves with the mouth or fingers, thereby causing a distinctive sound (as mentioned in the Introduction). Nishida (1980) thought it likely that the gesture emerged from the preparation of fishing rods from leaves to catch tree-living ants, a non-social behavior.

LEAF-CLIPPING can be found in several wild chimpanzee communities where it is used in different contexts (see Table 3 for an overview). Thus, in Mahale (Tanzania) both males and females LEAF-CLIP for sexual solicitation (Nishida, 1980). This also holds for Budongo (Uganda; Hobaiter and Byrne, 2014) and Ngogo (Uganda; Watts, 2008). In Bossou (Guinea), female chimpanzees LEAF-CLIP in varied contexts (Sugiyama, 1981). In Taï (Côte d’Ivoire), males of the South group use this auditory gesture in the context of displaying; remarkably, it reappeared during an alpha-male takeover, after a gap of 2 years (Kalan and Boesch, 2018).



TABLE 3. LEAF-CLIPPING in different chimpanzee communities.
[image: Table3]

Note that in the case of Bossou the gesture is used in varied contexts. The recipients need to discern the meaning from the accompanying behaviors. The gesture there seems to serve as a general attention getter that is conventionalized only in the sense that it is used by females exclusively. It draws the attention to the sender without in itself conveying context-specific meaning. Therefore, in this case, it cannot be considered as a potential candidate for symbolic signal use.

Contrary to that, LEAF-CLIPPING (except for Bossou) and KNUCKLE-KNOCKING do not seem to serve merely as general attention getters to direct the recipient’s attention to the sender. Rather, in addition to the attention getting component that (one could argue) is inherent to all auditory gestures, LEAF-CLIPPING and KNUCKLE-KNOCKING in themselves appear to convey information about the specific context/meaning in the respective groups. This group-specific meaning (e.g., sexual solicitation) would make further context-specific signals or clues superfluous.

Thus, these gestures would go beyond the characterization of attention getters given by Tomasello and Call (2007, 2019), according to which attention getters direct the recipient’s attention to the signaler; the recipient then has to discern the intended meaning from the accompanying behavior. We take this up in the section “Semantic shifts: a new perspective on the semantics of attention getters.”

Furthermore, LEAF-CLIPPING and KNUCKLE-KNOCKING do not seem to be learned individually but socially. While it cannot be excluded that, e.g., KNUCKLE-KNOCKING happens to be discovered and used by an individual to draw the general attention of conspecifics to him/herself, reports by fieldworkers confirm that in the Taï North group KNUCKLE-KNOCKING is used exclusively by young adult males, only for sexual solicitation, and has been observed across generations (e.g., Boesch, 2003, 2012a; Luncz and Boesch, 2015).

The form thus seems to be linked arbitrarily to one group-specific meaning. This linkage then would be conventionalized within the community and used and understood accordingly, even without further signals.

Boesch (2003) reports that young males in the North group use KNUCKLE-KNOCKING discreetly and repeatedly to attract females, who respond by presenting sexually. There are even instances when a different female presents to the sender although he was not looking in her direction. And significantly, sexually immature females may sexually present to the sender. That is to say, the meaning of the gesture is clearly understood by itself and this is not dependent on the sexual state of the recipient nor on the visual orientation of the sender.

In summary, we have proposed several candidates for learned arbitrary form-meaning linkage that appear to exhibit the criteria of arbitrariness and conventionalization. These signals thus, in our view, could be considered as potential candidates for a basic form of symbolic communication. Systematic field research is needed to confirm this view.

In the following section, we discuss possible pathways for the emergence of basic symbolic signal use in wild chimpanzee gestural communication. We propose that conventionalized arbitrary gestures can arise ontogenetically by borrowing the form of an existing gesture or the form of a non-social behavior that acquires communicative meaning. In both cases, the resulting (group-specific) gesture is used in a different context from that of the underlying gesture or non-social behavior, thus resulting in an arbitrary form-meaning linkage.

In the section “NEST-BUILDING: a case study,” we illustrate how a basic symbolic signal could emerge and operate. The visual gesture of NEST-BUILDING in chimpanzee natural gestural communication has not been described in detail in the literature so far. It can be observed in two chimpanzee groups in Taï National Park (Côte d’Ivoire). The gesture consists of bending together a few branches or saplings, and the possible contexts are mating and/or playing, depending on the group that uses it.




POSSIBLE PATHWAYS TO BASIC SYMBOLIC COMMUNICATION

We now explore how an arbitrary form-meaning linkage in the natural gestural communication of chimpanzees could come about, and how it could be conventionalized at the group level. First, we propose two routes for the emergence of arbitrary gestures within an ontogenetic time frame. We do so from a linguistic perspective.


Two Routes to Arbitrariness


Emergence of Semanticity: A New Perspective on Non-social Behaviors in Gestural Ontogeny

We suggest that learned arbitrary gestures can emerge from non-social behaviors that acquire communicative functions. As described in the section “NEST-BUILDING: a case study,” the way that the “play nests” and the “mating nests” are built suggests that PLAY-NEST BUILDING and MATING-NEST BUILDING are based on the non-social behavior of nest building for resting. By non-social behaviors, we mean functional behaviors that are displayed outside social interactions and without a communicative purpose. That is, a non-social behavior (nest building for resting) may have developed into a social behavior and – by acquiring communicative meaning – passed to the gestural level. Note that the resulting gestures would exhibit an arbitrary form-meaning linkage, because the gestures are used in different contexts (playing/mating) from that of the underlying non-social behavior (resting). The same seems to hold for LEAF-CLIPPING, as summarized in Table 4 and described in the section “Criteria for basic symbolic signal use – and some potential candidates.”



TABLE 4. Group-specific gestures potentially based on non-social behaviors.
[image: Table4]

This development needs to be distinguished from phylogenetic ritualization (Darwin, 1872; van Hooff, 1972, 2012; Krebs and Dawkins, 1984), where the form of non-social behaviors can be “borrowed” to serve a communicative function (principle of derived activities, Tinbergen, 1952). Over evolutionary time, phylogenetic ritualization results in species-specific gestures (gestural phylogeny). An example could be the dominance signal of MOUNTING in monkeys that may have evolved from mating behavior (Liebal and Call, 2012).

In contrast to this, we propose the emergence of new gestures from non-social behaviors within a much shorter time frame (gestural ontogeny). We call this development emergence of semanticity; here semanticity denotes the meaningfulness of communicative signals, one of the universal design features of human language as identified by Hockett (1960). This means that every communicative signal consists of a form and an associated meaning (de Saussure, 1916). The resulting gestures would be shared not at the species level (as in phylogenetic ritualization) but at the group level.

Theories of great ape gestural ontogeny so far heavily concentrate on the ritualization of social behaviors into gestures in social interaction (for instance, ontogenetic ritualization as proposed by Tomasello (1996) that results in intention movements, see below). Non-social behaviors are under-represented in these approaches. We now turn to the mechanism which may underlie this intriguing phenomenon.

The emergence of semanticity, as shown in Figure 1, comprises, in a first step, the recombination of the form of a non-social behavior B (formB: e.g., nest-building) with the meaning of a context-specific signal S (meaningS: e.g., sexual solicitation/play invitation) on the sender’s side. These context-specific signals carry a message about a communicative interaction. For chimpanzees, for instance, in the play context this might be a play face and/or play gait (van Hooff, 2012; see Wilson, 1975 for other species). In the mating context, the presenting of an erect penis defines the communicative context and thus determines the meaning of any other signals used in combination by the male, for instance, BRANCH SHAKING and STOMPING.6

[image: Figure 1]

FIGURE 1. Emergence of a dyad-specific gesture from a non-social behavior.


Thus, one could argue that the meaning of these context-stressing signals is imposed onto all signals sent at the time. However, signaling normally does not happen in a vacuum. It is not separate from other processes going on simultaneously in the environment of the sender and the recipient. Therefore, non-social behaviors exhibited by the sender that have nothing to do with the current communicative context may be drawn into the contextual field and become “colored” with context-specific meaning. Of course, it is partly a matter of chance which of the myriad of potential behaviors happening in parallel with communicative interactions (or temporarily close enough to them) are associated with the communicative context, so that the behavioral form is recombined with the meaning of the communicative signals being used.

At first, the sender may include the behavior just “because,” that is, because it happened to be part of a successful interaction, even if it was not meant to be communicative. Repeated successful use of the behavior in connection with other context-specific signals may then result in a recombination of formB (provided by the nest-building behavior of the sender) and meaningS (provided by one or more context-specific signals) on the sender’s side.

The new formB-meaningS combination would result from a contextual shift. In the cases of PLAY-NEST BUILDING and MATING-NEST BUILDING, this means a shift from the context of resting to the context of playing/mating. In the case of LEAF-CLIPPING, the context of the underlying non-social behavior (fishing for ants) is foraging, while the resulting gesture is used, for instance, in the mating context, as illustrated in Table 4. The formB-meaningS combination can be regarded as a social behavior (that is, socially directed by the sender toward a recipient) although in its form being based on a non-social behavior.

In a second step, this social behavior is then ritualized into a dyad-specific gesture. By dyad-specific gesture, we mean a gesture that arises within a particular dyad and is used by one or by both individuals. This ritualization is a social process that takes place within an ontogenetic time frame. During the ritualization process, the behavior may get abbreviated/truncated as proposed for intention movements that are based on social behaviors.

The ritualization process in the emergence of semanticity differs from ontogenetic ritualization sensu Tomasello (1996). Ontogenetic ritualization results in intention movements whose forms still represent part of the underlying (social) behaviors. Thus, the form and the meaning of gestures resulting from ontogenetic ritualization are connected logically and not arbitrarily. The emergence of semanticity, in contrast, results in gestures that do not exhibit a logical but rather an arbitrary connection between the form and the meaning of the gestures. As explained above, the reason for this phenomenon lies in the fact that the resulting gesture is used in a different context from that of the underlying non-social behavior (contextual shift).

In all examples listed above, a non-social behavior may have acquired communicative meaning. The resulting gestures would disappear with the individuals that use them, or even at some point within the individuals’ lifetime. To survive, they need to be copied by other group members and thus develop into group-specific gestures. We analyze this next step in the following section “Conventionalization.”

In summary, we suggest that ontogenetically arising chimpanzee gestures can be based on non-social behaviors. In this process, the form of non-social behaviors is recombined with the meaning of co-occurring context-specific signals, resulting in arbitrary form-meaning linkage. Note that in the case of NEST-BUILDING, the form of the underlying non-social behavior would have been truncated. One could thus argue that it resulted in an intention movement – but with arbitrary form-meaning linkage. The mechanism of emergence of semanticity hence would take further the concept of intention movement defined by Tomasello and Call (2007, 2019) by giving it an arbitrary form-meaning linkage.



Semantic Shifts: A New Perspective on the Semantics of Attention Getters

As Cissewski and Boesch (2016) have proposed, great apes may use semantic shifts to express new meanings without creating new forms. That is, within a community the meaning of an existing gesture would change without the form of the gesture being modified. This mechanism may underlie the group-specific usage of auditory gestures such as LEAF-CLIPPING (changing from a general attention-getter to a context-specific gesture). Importantly, the original meaning (general attention getter) of the gesture disappears, see Figure 2.
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FIGURE 2. Group-specific semantic shift.


The reason for an existing group-specific gesture undergoing a semantic shift may be a gap in the communicative repertoire that needs to be filled, for instance, in communication under time pressure or in environments with restricted visibility. Using the gesture with the new (more specific) meaning under these circumstances would provide the sender and the recipient with adaptive benefits (for an example, see the section “Conventionalization”). A communicative gap thus can act like a vacuum that pulls existing elements into a different position in the communicative repertoire.7

Cissewski and Boesch (2016) argued that this phenomenon can be observed especially in auditory gestures (for instance, LEAF-CLIPPING and KNUCKLE-KNOCKING), as in this gestural modality form and meaning are less closely linked than in visual or tactile gestures that may result from ontogenetic ritualization. However, if a gesture of the visual or the tactile modality already exhibits arbitrary form-meaning linkage, then a semantic shift might become more feasible/likely. This could have been the case for NEST-BUILDING (see the case study below).


Excursus

The case of NEST-BUILDING is even more interesting, because in the South group the gesture is used in two different contexts (see Table 5), each specific to an age group. So far, we assumed that the ground-nest gestures used in the play context and in the mating context in the Taï South group emerged independently. However, it is also possible that one is based on the other. This would mean that either the ground-nest gesture used by adults in the mating context was copied by infants for the play context, or vice versa. Thus, the meaning of an existing group-specific gesture would have been modified – within an age-group. However, the original meaning is kept in the adults (or the infants, respectively), see Figure 3 below.8 This would mean that the semantic shift is age-group specific and that it is only partial. Both meanings exist in parallel.9



TABLE 5. Properties and distribution of NEST-BUILDING.
[image: Table5]
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FIGURE 3. Partial group-specific semantic shift.


Note that the mechanism of group-specific semantic shifts takes further the concept of attention getters defined by Tomasello and Call (2007, 2019), by adding context-specific meaning. The gesture thus does not only draw the recipient’s attention to the sender, but at the same time also includes the information as to why the attention is sought (e.g., sexual solicitation), without additional behavioral cues. The resulting gesture is not an intention movement either, but a gesture with arbitrary form-meaning linkage. Systematic field research is needed to establish that context-specific meaning is communicated by these gestures themselves, without any other context-specific signals being present (or discernable to the recipient).

In summary, we suggest that in some cases it is possible that attention getters undergo further development, by acquiring context-specific meaning. This would result in an arbitrary form-meaning linkage that is conventionalized first at the dyadic level and then at the group level (as discussed in the following section).





Conventionalization

The second criterion for basic symbolic signal use is conventionalization. True symbols cannot be innate but must be learned, in order to be shared by the members of the group. Phylogenetic ritualization (Darwin, 1872; van Hooff, 1972, 2012; Krebs and Dawkins, 1984), as described above in the section on the emergence of semanticity, results in species-specific gestures and thus would not provide an explanation for the existence of group-specific gestures. Ontogenetic ritualization (e.g., Tomasello, 1996), as also described in the section on the emergence of semanticity, results in gestures shared within dyads; it may take place in parallel in different dyads of a group, based on the same functional actions. The hypothesis of ontogenetic ritualization has been challenged, for instance by Genty et al. (2009) and Hobaiter and Byrne (2011). However, there is recent evidence in support of ontogenetic ritualization in bonobos (Halina et al., 2013). For ontogenetic ritualization to result in stable group-specific gestures across generations, gestures would need to be ritualized over and over again (see Genty et al., 2009). Cartmill and Hobaiter (2019) thus suggest experiments for testing whether gestures resulting from ontogenetic ritualization would be transferable to a new partner, that is, outside the original dyad. Byrne et al. (2017) propose the innateness of the majority of great ape gestures; this includes group-specific gesture as being the result of different developmental environments.

Another possibility for the rise of group-specific gestures would be social transmission. Unfortunately, little is known about the precise mechanisms of the spreading of new gestures within groups of great apes (for a review, see Liebal et al., 2019). In view of the richness of social learning mechanisms (e.g., Hoppitt and Laland, 2008, 2013), the precise process of the conventionalization of a gesture at the group level cannot be determined retrospectively.

One could argue that the mechanism underlying the spread of NEST-BUILDING, LEAF-CLIPPING, and other group-specific gestures is observational learning, given the evidence of observational learning in captive apes (e.g., Whiten et al., 2004). Moreover, as pointed out in footnote 5, migrating females normally adjust to the cultural givens of their new group (Luncz et al., 2012; Luncz and Boesch, 2014). This includes gestures. We suggest that observational learning is a worthwhile hypothesis for field researchers to investigate further.

In practice, in the mating context, seeing the demonstrator being successful with a mating partner, should be sufficient motivation for the observer to learn the gesture. There are two variants here. The observer male might adopt the behavior specifically to attract the same female who reacted to it with the demonstrator, and this could be successful. Or the male might adopt the behavior with a different female, who has not seen it previously in this context. However, this is still a strategy which may work, since context specific-signals accompanying the new gesture would define the context. Through usage in repeated interaction, the gesture would be associated with mating in an increasing number of individuals and eventually become group-specific. In the play context, if the demonstrator successfully attracts playmates, the observer is likely to be motivated to adopt this behavior.

Note that we are not dealing with response facilitation, that is, NEST-BUILDING, LEAF-CLIPPING, and KNUCKLE-KNOCKING do not need the presence of a demonstrator to be displayed in the appropriate context in every-day social interaction. And we are not dealing with program-level imitation, because there is no novel organization of several preexisting components happening. Further note that, intriguingly, in gestures resulting from the emergence of semanticity or from semantic shifts, the form of the gesture would already have been part of the behavioral repertoire, either belonging to a non-social behavior or to a gesture. The form thus would not need to be learned.

Why then would group members adopt new gestures? As we have already mentioned, gestures may spread within a group because they provide the sender and/or recipient with adaptive benefits under specific social and ecological circumstances. Thus, to stay with the visual gesture of NEST-BUILDING, the building of mating nests enlarges the number of gestures available for sexual solicitation and thus can increase the level of persistence. Using and understanding the gesture might therefore provide an adaptive benefit in the mating context.

As proposed by Cissewski and Boesch (2016), in habitats where visibility is restricted, group-specific semantic shifts in auditory gestures may result in more effective communication. For instance, when signaling under time pressure, the rapid communication of meaning via the auditory modality provides an adaptive benefit for the signaler and/or the recipient. This could be relevant in the mating context, when mating access for males is mainly controlled by dominants while female choice is limited by male coercion. Conventionalized inconspicuous KNUCKLE-KNOCKING lets subordinate males gain mating opportunities and females gain female choice. These are strong adaptive reasons for conventionalization. Moreover, according to anecdotal evidence from Taï (Deschner, personal communication), the audience moves away from the sender when hearing LEAF-CLIPPING, because they expect an upcoming display. This reduces the risk of confrontation for the audience – and the sender.

Crucially, the effect of adaptive benefits is not strong enough to ensure that all communities with similar material and social environments converge on the same group-specific gestures. Great apes and other nonhuman primates live in complex material and social environments (e.g., Milton, 1981; Russon and Begun, 2004; Cheney and Seyfarth, 2007). The forest is no laboratory with controlled conditions. It is complex with many factors acting and interacting.

Therefore, in addition to gaining/providing adaptive benefits, we should allow for the possibility that new gestures or other behaviors may get copied without an obvious adaptive benefit, but simply because this is “how it is done.” This might be the case for the generalization of PLAY-NEST BUILDING in the Taï South and East groups. Comparable scenarios have already been reported in the literature. Thus, van Leeuwen et al. (2014) report on the spontaneously emerged tradition of “grass-in-ear behavior” in one chimpanzee group of the Chimfunshi Wildlife Orphanage (Zambia). A female repeatedly put a piece of grass in her ear and left it there. Soon, other group members copied this behavior which does not have any apparent adaptive value. Another instance would be the copying of the individual-specific manner of back scratching performed by a chimpanzee with snare-damaged hands in the Ngogo community of Kibale National Park (Uganda); the copying by group members without the injury did not seem to be adaptive (Hobaiter and Byrne, 2010).

In such cases, the copying of the new behavior seems to result from a general predisposition to copy. This predisposition might have been selected for, because in itself it provides an adaptive benefit because it allows for useful behaviors to be acquired. However, the specific behaviors copied may not in every case provide an adaptive benefit. Thus, we propose that the emergence of a particular group-specific behavior, including gestures, does not need to be driven directly by adaptive benefits.




NEST-BUILDING: A CASE STUDY

We now discuss in detail one of the potential candidates for basic symbolic signal use: NEST-BUILDING. This intriguing phenomenon is found in two of the three study groups in Taï National Park (see Figure 4) and has not been observed in other wild chimpanzee communities. So far it has not been studied systematically nor been described in detail in the relevant literature (for mentions in the literature, see, for instance, Boesch, 2012a and Luncz and Boesch, 2015). We therefore strongly encourage fieldworkers to undertake systematic data collection and analysis to test our hypotheses.

[image: Figure 4]

FIGURE 4. The three habituated chimpanzee communities in Taï National Park, Côte d’Ivoire (N-G = North group; S-G = South group; and E-G = East group). Polygons indicate the home ranges of the chimpanzee groups at time of observation (2007–2009).


These groups are fully habituated to the presence of humans and have been continuously observed since 1983 (Boesch and Boesch-Achermann, 2000). They engage in frequent violent intergroup encounters (Samuni et al., 2017), which do not allow them the opportunity to observe the daily behavior of members of the other groups (Boesch et al., 2008).

The gesture of NEST-BUILDING consists of bending together a few branches or tree saplings. Note that NEST-BUILDING is not to be confused with the purely functional and non-social behavior of nest-building for resting, although it is possible that the gesture borrowed its form from this non-social behavior (as proposed for the emergence of semanticity). Further note that the very simple constructions resulting from the gesture of NEST-BUILDING do not resemble real nests like those constructed for resting. This is clear in the video material provided for illustration. To emphasize this important distinction and to avoid misunderstandings, we first briefly describe the non-social behavior of nest building for resting and then we discuss in detail the actual gesture of NEST-BUILDING.


Nest-Building for Resting: A Non-social Behavior

Wild chimpanzees build nests, for sleeping during the night, and for resting during the day (for reviews, see Fruth and Hohmann, 1996 as well as Hicks, 2010). Day nests for resting are normally simpler than the more elaborate night nests. The chimpanzee communities of the Taї National Park follow this pattern, and day nests are commonly constructed for resting (Boesch, 1995). Although simpler than the night nests, these day nests are built by bending branches and/or saplings together, interweaving them and adding torn twigs and branches. Day nests are usually built on the ground, though sometimes also in the trees. The resting nests are normally used by one chimpanzee at a time, unless a mother has a dependent offspring. They are not used as sites for play or mating.

Video 1 illustrates the building of a day nest in a tree for resting (note that the individual briefly interrupts the building process in order to retrieve food that has been accidentally dropped).


Video 1: https://share.eva.mpg.de/index.php/s/noTsjAJCmrRs6cm(Copyright: Liran Samuni, Taï Chimpanzee Project).
 

Again we emphasize that the building of day nests in the resting context is a non-social behavior. That is, it is a functional behavior that is not directed at other individuals and thus lacks communicative intent. It takes place without monitoring the attention of others, without waiting for a response and without receiving a response from other individuals.



Nest-Building in Communicative Interaction

As we have seen, chimpanzees build nests for resting, which is a merely functional and non-social behavior. In addition, in the Taï East group and the Taï South group they may exhibit the activity of bending together vegetation with communicative intent.

The resulting gesture is called NEST-BUILDING, because the form of the gesture resembles the motorics of the act of nest-building for resting. However, the gesture does not result in a full nest but in something much simpler (see Videos 2 and 3). Note also that it is not the resulting “play nests” and “mating nests” themselves but the actual process of bending together the small number of branches/saplings that has acquired communicative meaning. Similarly, the auditory gesture LEAF-CLIPPING, described above, consists precisely in the act of taking off parts of leaves and not in the bare mid-ribs that result.

In the Taï South group, NEST-BUILDING occurs in the mating context and in the play context (MATING-NEST BUILDING and PLAY-NEST BUILDING), and in the Taï East group in occurs in the play context (PLAY-NEST BUILDING; Boesch, 2012a; Luncz and Boesch, 2015). See Table 5 for an overview. A detailed description is provided in the following.

Note that the building of nests does not serve any function in the play or in the mating contexts in the Taï South and East groups (e.g., Luncz, personal observation) outside the communicative interactions described in the following. This is important with regard to the arbitrariness of the form-meaning linkage of these gestures. Outside communicative interactions, the form (bending together a few branches or saplings) is not linked to the mating or the playing context. Thus, the nest is not linked in form to the response of the recipient or to the subsequent behavior of the signaler. The form-meaning linkage in MATING-NEST BUILDING and PLAY-NEST BUILDING would thus be truly arbitrary.


PLAY-NEST BUILDING

In order to initiate play, juvenile and adolescent chimpanzees in the East group and the South group are frequently seen bending a few surrounding saplings or branches together (e.g., Boesch, 2012a; Luncz and Boesch, 2015; e.g., Crockford et al., personal communications). Even though this behavior is observed frequently by different field researchers, there are as yet no systematic data on the use of PLAY-NEST BUILDING.

However, from September 2007 to November 2009 data were collected opportunistically by Luncz during focal follows of adult individuals, resulting in 44 independent observations of PLAY-NEST BUILDING in the East and the South groups10; there were, in addition, many more instances of PLAY-NEST BUILDING which were not recorded, because the researcher was focusing on adult individuals. The gesture was observed in juveniles and adolescents, both male and female, aged from 2 up to 12 years to initiate play. Both sexes responded to such play invitations. PLAY-NEST BUILDING was most frequently observed during the resting times of adult group members, a period when offspring play time is increased. Unlike resting nests, these “play nests” do normally not leave any physical evidence after play as the saplings generally regain their original structure. The saplings usually only get bent and not broken.

The sender bends together a few branches or saplings in proximity to a potential play partner (at a clear visual distance of approximately 1–5 m), taking into account the recipient’s attentional state. The builder may exhibit visual checking toward the potential recipient. During or immediately after construction, which in general takes only a few seconds, the selected play partner may join the builder by interrupting him/her and play begins. Hence, the sender receives a voluntary response, that is, the potential recipient is not pulled into the nest. The building is mechanically ineffective toward the recipient. If the play partner does not react to the invitation during construction or immediately after, the builder usually sits down on the bent-over branches and looks at the potential play partner, thus exhibiting response waiting. If still nothing happens, a second round may be started or a different strategy be applied (e.g., pulling the other’s leg). Note that due to the usually almost immediate reaction of the play partner, markers of intentionality like persistence or elaboration on the sender’s side (e.g., by adding a second round) are hardly ever needed. Importantly, the bent-over branches clearly do not serve the purpose of resting as young chimpanzees were never observed to lie down on them. Thus, the construction resulting from PLAY-NEST BUILDING is not perceived as a nest and is not occupied by both.

Video 2 shows an example of PLAY-NEST BUILDING. Two infants play in an old resting nest in a tree. One stops and leaves the nest. The other reacts with PLAY-NEST BUILDING, and the first individual accepts the invitation and play is resumed.


Video 2: https://share.eva.mpg.de/index.php/s/tRWWbbLHAAzYcjR(Copyright: Liran Samuni, Taï Chimpanzee Project).
 

The reduced building process emphasizes the communicative intent, being clearly distinguishable from the original underlying behavior (nest building for resting, as shown in Video 1), especially given that it is carried out while the adult individuals are resting.

Importantly, PLAY-NEST BUILDING is interpreted as play invitation also in the absence of play-context specific signals like the play face (Luncz, personal observation; Christophe Boesch, personal communication). The gesture thus does not need any pragmatic support and serves as play invitation in its own right. PLAY-NEST BUILDING as a gesture for play invitation thus seems to be truly referential. Of course, it needs systematic data collection, ideally through video recordings, to provide firmer empirical evidence for the independent use of the gesture.

The points listed above clearly differentiate PLAY-NEST BUILDING from the building of nests in the resting context; the latter takes place without monitoring the attention of other individuals, does not include response waiting, and is finished without receiving a response from other individuals. As detailed above, nest-building serves no function in the play context outside the communicative interactions described here. This suggests that the form of the gesture (bending a few saplings or branches together) and its meaning (play invitation) are linked arbitrarily; that is, there would be no logical connection between the two. This arbitrary linkage would be shared and thus conventionalized at the group level. Note that PLAY-NEST BUILDING has been observed for about two decades, showing its sustained use over generations and in this way providing evidence for acquisition via social learning. Thus, PLAY-NEST BUILDING, in our view, can be regarded as a potential candidate for investigating symbolic signal use.



MATING-NEST BUILDING

In addition to being used to initiate play by juveniles and adolescents, in the Taï South group (but not in the East group), the bending together of a few branches is used communicatively by adult males for sexual solicitation (e.g., Boesch, 2009, 2012b). Thus, the gesture in the South group is used in two contexts (each by one age-group) with two different meanings (invitation to play and sexual solicitation, see Table 5). It is unclear whether they evolved independently or whether one is based on the other. The latter would indicate a semantic shift as defined by Cissewski and Boesch (2016) and as described in the above section on semantic shifts, in this case limited to an age group. This would entail that the meaning of the gesture changed when the gesture was adopted by a different age group. This is visualized in Figure 5.

[image: Figure 5]

FIGURE 5. Three scenarios for the emergence of PLAY-NEST BUILDING and MATING-NEST BUILDING in the Taï South group.


There are no systematic data on the use of MATING-NEST BUILDING. But as in the case of PLAY-NEST BUILDING, fieldworkers agree that the bent-over branches or saplings do not serve the original purpose of resting and that they exhibit communicative intent (e.g., Luncz, personal observation; Boesch, personal communication; Boesch, 2012a). MATING-NEST BUILDING is observed less frequently than PLAY-NEST BUILDING, because mating occurs less frequently than play and because MATING-NEST BUILDING (unlike PLAY-NEST BUILDING) is used only by male individuals.

MATING-NEST BUILDING consists of the quick bending together of a small number of branches or saplings, in close proximity to the female recipient and thus clearly audible and at least partly visible to her; it is done taking into account the potential mating partner’s attentional state. The form of the resulting nests is usually simpler than that of day nests for resting, but they can get more elaborate if the recipient does not react quickly. The sender (the male) does not lie down on the branches after construction, he visually checks the attention of the recipient, and he exhibits response waiting. The sender receives a voluntary response, that is, the potential recipient (the female) is not pulled toward the sender. MATING-NEST BUILDING is thus mechanically ineffective toward the recipient. Due to reluctance of the potential mating partner, persistence or elaboration on the sender’s side (e.g., by adding other context-specific signals) is often needed.

Thus, while PLAY-NEST BUILDING can often be observed as a “stand alone” gesture, MATING-NEST BUILDING typically occurs in connection with other context-specific signals like, for instance, the presenting of an erect penis. It also often becomes part of sequences of gestures with equivalent meaning (that is, sexual solicitation).

Video 3 shows a young chimpanzee male trying to convince a female (in the front with her back toward the camera) to mate with him. Due to her reluctance, the male uses a series of gestures, including MATING-NEST BUILDING at the beginning and, very rudimentary, in the middle of the sequence. The communicative intent of MATING-NEST BUILDING is nicely evident in the clip (e.g., monitoring the attention of the recipient, awaiting recipient’s response).


Video 3: https://share.eva.mpg.de/index.php/s/AKH27jnrbLFy3Kp(Copyright: Liran Samuni, Taï Chimpanzee Project).
 

It is especially younger males who use this gesture (Luncz, personal observation), probably because more persuasion is necessary for an adult female to mate with them. The gesture here often seems to serve the purposes of persistence and elaboration, to persuade a female to accept the male’s invitation. MATING-NEST BUILDING thus enlarges the number of gestures available for sexual solicitation and provides an additional means of persuading a female (especially an older female) to accept the male’s invitation.11

In addition, MATING-NEST BUILDING is an inconspicuous means of signaling. In environments, where visibility is restricted and there is time pressure on signaling, it can be advantageous to have an inconspicuous signal that can attract the attention of a female situated within several meters, but not the attention of a dominant male further away. Moreover, the sender cannot be identified acoustically by distant group members. The lower-ranking males generally pay attention to not display the behavior in the vicinity of the alpha male so as to not be detected. Thus, by adopting the gesture, subordinate males may gain mating opportunities, and by reacting to it, females may gain choice of partners.

Crucially, as stated above, there is no logical connection between the building of proper nests and mating in the Taï South group. Real nests are not used for mating. Note further that the rudimentary construction that results from MATING-NEST BUILDING has no role in actual mating, because the attracted female approaches the sender and sexually presents outside the area of the construction. Thus, the form of the gesture (bending a few saplings or branches together) and its meaning (sexual solicitation) would be linked arbitrarily (without a logical connection between the two) and the linkage would be conventionalized at the group-level. Note that MATING-NEST BUILDING (like PLAY-NEST BUILDING) has been observed for about two decades, showing its sustained use over generations and in this way providing evidence for acquisition via social learning. The reduced form of the resulting constructions further emphasizes the communicative intent of MATING-NEST BUILDING by making it distinguishable from the original underlying behavior (nest-building for resting). Given the points made above as well as the fact that MATING-NEST BUILDING can be used on a par in sequences with other established gestures (BRANCH SHAKING, PRESENTING PENIS), we propose that MATING-NEST BUILDING can be considered as a potential candidate for symbolic signal use for sexual solicitation in the Taï South group. However, more observational data are needed to establish whether MATING-NEST BUILDING is truly referential, that is, whether it is reliably understood by itself as a gesture for sexual solicitation. In contrast, PLAY-NEST BUILDING is reliably understood without further cues.

In summary, given that PLAY-NEST BUILDING and MATING-NEST BUILDING are group-specific gestures and thus cannot be found in other groups across the species, nor on the sub-species level, we would assume emergence and social transmission within an ontogenetic time frame, instead of innateness. The apparent arbitrary linkage between the gesture’s form (bending together a small number of branches or saplings) and its meaning (play invitation/sexual solicitation) thus would be learned and in our opinion might constitute evidence for basic symbolic communication. However, systematic data collection is needed for the case to be conclusive.




Three Scenarios for the Emergence of the Ground-Nest Gesture in the Taï South Group

Based on the two processes of emergence of semanticity and partial semantic shifts, in this case study, we now apply these processes to the emergence of PLAY-NEST BUILDING and MATING-NEST BUILDING in the South group. We distinguish between two types of emergence: Independent emergence of PLAY-NEST BUILDING and MATING-NEST BUILDING in the two different age groups (scenario 1), and successive emergence, with MATING-NEST BUILDING (or PLAY-NEST BUILDING, respectively) being used first and then undergoing a partial semantic shift (scenarios 2–3) as suggested above and illustrated in Figure 3. An overview of the scenarios is provided in Figure 5.




CONCLUSION

Our aim is to contribute to our understanding of the developmental origins of great ape gestures and to inspire researchers studying wild primates (and other species) to systematically investigate group-specific gestures, and other learned communicative elements, against the background of potential symbolic signal use.

For identifying a basic form of symbolic signal use in great ape natural communication, we have provided a theoretical framework based on the key criteria of arbitrariness and conventionalization. The form-meaning linkage of a gesture thus would be arbitrary if there is no obvious logical or otherwise motivated connection between the form and the meaning. And the linkage would be conventionalized if the gesture is not innate but learned by the members of the respective groups.

For the rise of conventionalized arbitrary gestures, we have proposed two routes: semantic shifts (a change of meaning in an existing gesture) and the emergence of semanticity (the creation of new gestures on the basis of non-social behaviors). In both cases, the resulting gesture would exhibit an arbitrary linkage of form and meaning, because the form of the gesture was borrowed from a behavior outside the context in which the resulting gesture is used. This arbitrary linkage would be conventionalized at the group-level, resulting in a group-specific basic symbolic gesture.

Furthermore, we have suggested potential candidates for basic symbolism in chimpanzee natural gestural communication. These candidates seem to exhibit the key characteristics of symbolic signal use in our framework: an arbitrary and conventionalized form-meaning linkage. Compared with the symbolic capacities demonstrated by great apes in laboratory environments, these candidates suggest symbolic signal use in chimpanzee natural gestural communication to be rather limited both with regard to the number of possible candidates and with regard to the number of contexts. However, future systematic field research and analysis may reveal a richer picture both in number of examples and in their variety.

Our focus on the basic characteristics of symbolic signal use together with the suggestive data from the field shed new light on the existence, nature, and origin of chimpanzee symbolic gestural communication. By making the case for arbitrary and conventionalized signals to be accepted as a sufficient characteristic for the presence of basic symbolic signal use, we hope to widen the scientific perspective on symbolic communication across species boundaries and to contribute to a more complete assessment of the presence of symbolic gestures in our closest living relatives, the great apes.
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FOOTNOTES

1The same is true of human language, where we have very broad and very narrow concepts. Furthermore, in human language the degree of overlap between the speaker’s intention and the hearer’s understanding also varies dramatically.

2From here on gestures are set in SMALL CAPITALS.

3Since the term “conventionalization” is used in linguistics to describe the spreading of a vocabulary item among members of a speech community, we adopt it here in our theoretical framework.

4Group-specific vocalizations in the wild have been reported for chimpanzees (Crockford et al., 2004) and for orangutans (Wich et al., 2012), as well as for chimpanzees in captivity (Watson et al., 2015).

5Chimpanzee females are the dispersing sex, which means that with the onset of puberty females leave their native group and integrate into a new (possibly neighboring) group. The migrating females normally adjust to the cultural givens of their new group (Luncz et al., 2012; Luncz and Boesch, 2014). In this way, the behavioral repertoires of the neighboring groups are preserved over time and cultural differences can be observed for several behaviors (Luncz et al., 2012). This includes the acquisition of group-specific gestures. This could mean that the acquisition of gestures is a flexible behavior throughout the lifetime.

6Note that BRANCH SHAKING and STOMPING under these circumstances only initially serve to get the attention of the female. Further on, after the female has noted the erect penis, these signals express the male’s insistence and his motivation to trigger the female into mating with him. The term "attention getter" often used for these signals therefore is misleading, which is also pointed out by Liebal and Call (2012).

7In language, whole chains of shifts can emerge in this way. Thus, some changes in the phonological inventories and lexicons of languages are commonly interpreted in this manner (e.g., the Great Vowel Shift for English).

8Here, we illustrate one of the two possible scenarios just mentioned.

9In the East group there is no evidence for the ground-nest gesture being used in the mating context. Given the lack of diachronic data, it is impossible to find out retroactively why this is the case. Either the ground-nest gesture never emerged in the mating context. Or it emerged and subsequently was lost, similar to the use of cushion-making by a limited number of male chimpanzees in the mating context in Mahale (Tanzania; Nishida, 1987; Boesch, 1995), which was used over several months, but never became fully established, and eventually vanished.

10Data collection in the Taï National Park was non-invasive and was carried out in compliance with the requirements and guidelines of the “Ministère de l’enseignement supérieure et de la recherche scientifique” and it adhered to the legal requirements of the Côte d’Ivoire. Furthermore, the regulations of the Deutsches Tierschutzgesetz (German Animal Welfare Act) and the American Society of Primatologists (ASP) principles for the ethical treatment of non-human primates were strictly adhered to.

11Note that also in human communication the use of additional signals and multimodality go on all the time. When agreeing, for instance, instead of simply saying “Yes.” we often add other linguistic material, for instance “yes, that would be great.” In addition, we may combine these words with affirmative gestures in different modalities like nodding (visual) or touching (tactile), or even stomping/clapping (auditory) to show extreme enthusiasm. In doing so intentionally or unintentionally, we provide the recipient(s) with information about our attitude and commitment.
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Communication, when defined as an act intended to affect the psychological state of another individual, demands the use of inference. Either the signaler, the recipient, or both must make leaps of understanding which surpass the semantic information available and draw from pragmatic clues to fully imbue and interpret meaning. While research into human communication and the evolution of language has long been comfortable with mentalistic interpretations of communicative exchanges, including rich attributions of mental state, research into animal communication has balked at theoretical models which describe mentalized cognitive mechanisms. We submit a new theoretical perspective on animal communication: the model of inferential communication. For use when existing proximate models of animal communication are not sufficient to fully explain the complex, flexible, and intentional communication documented in certain species, specifically non-human primates, we present our model as a bridge between shallower, less cognitive descriptions of communicative behavior and the perhaps otherwise inaccessible mentalistic interpretations of communication found in theoretical considerations of human language. Inferential communication is a framework that builds on existing evidence of referentiality, intentionality, and social inference in primates. It allows that they might be capable of applying social inferences to a communicative setting, which could explain some of the cognitive processes that enable the complexity and flexibility of primate communication systems. While historical models of animal communication focus on the means-ends process of behavior and apparent cognitive outcomes, inferential communication invites consideration of the mentalistic processes that must underlie those outcomes. We propose a mentalized approach to questions, investigations, and interpretations of non-human primate communication. We include an overview of both ultimate and proximate models of animal communication, which contextualize the role and utility of our inferential communication model, and provide a detailed breakdown of the possible levels of cognitive complexity which could be investigated using this framework. Finally, we present some possible applications of inferential communication in the field of non-human primate communication and highlight the role it could play in advancing progress toward an increasingly precise understanding of the cognitive capabilities of our closest living relatives.
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INTRODUCTION

Communication modifies the behavior of others by altering the psychological state of the recipient. Unlike instrumental actions, which bypass the recipient’s psychological states and act directly on their behavior, communicative acts affect the perception, attention and/or cognition of recipients, and, if successful, subsequently provoke the desired behavior. Consider, for example, an infant chimpanzee who, while clinging to their mother, begins to nurse. The infant is engaged in an instrumental action with a direct effect on the mother’s body, without engagement with the mother’s psychological state. Although the mother could choose to disrupt the infant’s feeding behavior if she did not desire that interaction, the feeding interaction itself is instrumental, not communicative. Conversely, an infant chimpanzee who reaches their hand toward their mother’s back, a ritualized gesture which requests carrying (Hobaiter and Byrne, 2014), is altering the mental state of the mother, who may react to her perception and cognitive processing of this event by lifting the infant onto her back and performing the desired carrying behavior. Although the ultimate outcomes of the two interactions are similar – the infant’s physical needs are met – the proximate mechanisms that permitted these outcomes are fundamentally different. The proximate mechanisms of communication, the alteration of psychological states to influence behavior, are an exceptional lens through which we can probe the levels of cognitive engagement involved in different communication systems.

Psychological states play a central role in all forms of communication, from the wing spots of a butterfly to the courtship display of a gull to linguistic exchanges between humans. These systems of communication differ, however, in their origins and, more importantly for our purposes here, in fixedness of the signals and in how likely they trigger certain responses in the audience that receive them. In cases where invariable signals precede invariable responses, there is little room for cognition. Therefore, dispensing of the cognitive ‘waystation’ in such cases does not represent a substantial loss, and communication can be viewed as signals or actions used to alter behavior. The breadth of communicative behavior, however, cannot be fully encompassed by fixed signals with involuntary responses.

Bypassing cognition becomes more difficult when the signals and responses are not fixed, but rather show some degree of variability. Flexibility in communication was first recognized by zoosemioticians studying the meaning of animal signals (e.g., Marler, 1961; Plooij and Lock, 1978), and later by researchers interested in intentional and goal-directed communication (e.g., Tomasello et al., 1985; Byrne et al., 2017). Both the early “signal meaning” approaches and the later intentional/goal-directed approaches to communication address cognitive aspects, but we will argue that neither of them are sufficient to fully explore how animals might use psychological states, and particularly some forms of inference about mental states, to communicate. In fact, some recent contributions that have embraced cognitive models of communication (e.g., Townsend et al., 2017) have flatly rejected mentalizing at any level and instead focus on superficial features of communication that denote flexible cognition. We think that this is a regressive mistake. The Gricean approach (Grice, 1957, 1969), which theorizes a high level of cognitive complexity, including pragmatic meaning, in communicative exchanges, is difficult to implement in investigations and interpretations of animal communication. The central idea that mentalizing plays a role in animal communication, however, deserves careful consideration.

One problem with completely rejecting mentalizing in animal communication, particularly if one is interested in the flexibility of a communicative system, is that mentalizing unlocks an unprecedented level of flexibility in human communication. Since many cognitive approaches to animal communication have used human communication as a point of comparison, particularly in considerations of the evolutionary origins of human language (e.g., Hewes et al., 1973; Zuberbühler, 2005; Scott-Phillips, 2015), it is at the very least questionable to a priori discard mentalizing. Although documenting flexibility in animal communication by means of behavioral indicators such as means-ends dissociations, contextual variation in signal use, and audience effects is a necessary first step (e.g., Tomasello and Zuberbühler, 2002; Tomasello, 2009 for review), such indicators explain neither the origin nor the psychological underpinnings of flexible responses. Producing a descriptive list of behavioral indicators of flexibility (goal-directedness) without digging deeper into the psychological process that give rise to those responses seems a missed opportunity. The problem is further compounded by the fact that referential and intentional communication are often used to explain language evolution (e.g., Arbib et al., 2008), but language is a system with mentalizing at its core (Grice, 1957, 1969; Wilson and Sperber, 2002). Without postulating some ability to make inferences about mental state to some forms of animal communication, the leap from animal to human communication, and language in particular, might be too great to be realistic. If the cognitive complexity of human communication is the measuring stick against which animal systems of communication are compared, at least in investigations of the evolutionary origins of language, then there exists a gap between the complexity of communicative behavior explained by the intentional model of communication and the ostensive-inferential models of human communication whose potential application has been discussed in certain animals, such as non-human primates (hereafter, “primates”).

In this article we propose a solution to this gap in current models’ explanatory power, for use in situations where the communicative behavior of a species or taxa involves an apparent level of flexibility and pragmatism not fully explained by existing models. We would like to introduce a model of communication – “inferential communication” – which we will distinguish from the model of intentional communication (e.g., Woodruff and Premack, 1979) and differentiate from other descriptions of inferential communication discussed by Fischer (2013); Fitch (2015) as well as those posited in developmental literature and studies of linguistics (e.g., Sperber and Wilson, 1986; Scott-Phillips, 2015; Moore, 2016). Our model is not intended encompass the same scope as global models of animal communication with ultimate explanations for communicative behavior. We submit inferential communication as a proximate model of communication which elaborates on ultimate explanations of communicative behavior by outlining some of the cognitive mechanisms that may operate within these ultimate models.

As we hope will become apparent, our proposal differs from cognitive models of animal communication that incorporate inferential processes on the one hand, and human ostensive communication on the other, along three main dimensions: the nature of the inference, the type of pragmatics involved and the role of informative intentions. We will combine the comparative research that has been accumulated in the last three decades on referential and intentional communication with data on social cognition and inferential reasoning to establish the theoretical foundations for our perspective on inferential communication. Thus, one of our key proposals is that mental state attribution, rather than being a problem, it is part of the solution. Together with inferential reasoning, it constitutes the cognitive substrate of flexible communication.

Our paper is organized as follows. First, we will summarize the traditional approaches to animal communication, in order of increasing engagement with cognition, and provide the theoretical background to contextualize the model we now propose. Second, we will outline the model of inferential communication, specifically with respect to primates, distinguishing our proposal from previous characterizations of inference in communication. Third, we will delineate the cognitive skills and mechanisms required for each increasingly mentalized level of complexity within our model. Fourth, we will shed light on the applications of inferential communication, from both a theoretical and experimental perspective, and explain the breadth of taxa to which it could potentially be applied. Finally, we will place inferential communication into the broader field of theoretical approaches to primate communication.



FROM SIGNALS TO INTENTIONAL GESTURES


Manipulation Model

To appreciate the theoretical justification for inferential communication, it is critical to review both the tenets of ultimate approaches to animal communication and the questions they leave unanswered. The earliest ethological models of animal communication, including non-human primate communication, were founded in behavior, not cognition (see Table 1). Building on the work of Tinbergen (1952), Lorenz (1966), who created the foundation for phylogenetic preservation of evolutionarily successful behaviors, Dawkins and Krebs (1978), Krebs and Dawkins (1984) asserted that animal systems of communication are the result of repeated, non-communicative instrumental actions that become phylogenetically ritualized to prompt certain behavioral responses in others. Just as instrumental actions affect the environment to produce a certain result, communicative signals act on others to induce certain behaviors. If successful, the signaler will have incurred benefit as a result of the exchange, and thus the signal persists as a function of evolutionary fitness. This non-mentalized, behavior-centric approach is upheld in some modern work (e.g., Owren et al., 2010), where animal communication is described as an effort to influence the behavior of another and is placed in the shared evolutionary timeline of living primate species, including humans, as a necessary but distant step in the evolution of human language.


TABLE 1. Ethological models of communication including the origin and signal-referent relation as well as their key cognitive concepts.

[image: Table 1]
If we apply this model to an example of a communicative interaction between two primates, the ritualized format of the exchange becomes clearer. In this example, one primate, Cindy wishes to be groomed by another primate, Louis. Accordingly, Cindy moves toward Louis and presents her shoulder, a behavioral pattern known to culminate in the receipt of grooming (Hobaiter and Byrne, 2014). Louis grooms Cindy’s shoulder, and Cindy therefore receives fitness benefits associated with grooming. Viewing this exchange through the lens of communication as manipulation, Cindy has engaged in a ritualized action which likely developed from the necessary instrumental actions associated with grooming, i.e., moving the body part close enough to allow grooming to occur. This action manipulated a response from Louis, the outcome of which benefited Cindy, who is therefore likely to repeat the gesture in the future, and the gesture is maintained, over evolutionary time, in this primate gestural repertoire. Notably, the ritualization of gestures here is from a phylogenetical perspective, not an individual one, and thus does not ascribe an individual representation or any cognitive process underlying the behavior to either party.

This model of communication offers an ultimate explanation of communication with broad taxonomic applicability; the same principles of manipulation and evolutionary fitness that explain the phylogenetic preservation of primate gestures explain the mating display of a bower bird or the aposematism of a toxic insect. This model does not, however, offer proximate explanations for the behavioral patterns of communication; it allows for situations where the induced response of the recipient is the result of understanding the manipulation and situations where the induced response is merely a reaction to the manipulation, the latter of which requires no cognitive engagement with, or even awareness of, the signaler’s desired outcome. There is an opportunity, therefore, for proximate models of communication to elaborate on the means-ends process of communication-as-manipulation by positing the mechanisms that might underlie the communicative behaviors.



Information Model

Following Shannon and Weaver (1949), Marler (1961) proposed the theory of animal communication as information. This model characterizes information as the reduction of uncertainty on the part of the recipient, where the signaler encodes signals with informational meaning, and the recipient can decode these signals to access information. Although the informative signals are not necessarily under the intentional control of the signaler, they are still adaptive, just as in the manipulation model in the sense that they facilitate the desired outcome from the recipient. As a complement to the manipulation model, which more readily explains the fitness benefit of the signaler, the information model explains the adaptive benefit to the recipient more clearly – the recipient can achieve greater fitness by properly decoding the signal, gaining easier access to cooperative, affiliative exchanges, as well as easier interpretation of fearful, aggressive, or competitive displays.

Although the information model, which predates the manipulation model (see Dawkins and Krebs, 1978; Krebs and Dawkins, 1984), is still mainly centered on an ultimate perspective on communication, its principles eventually facilitated research on the cognitive mechanisms underlying communication. The process of giving and receiving informative signals can involve cognitive skills, including semantic encoding/decoding and functional reference (see Table 1). Furthermore, within this informational model, signals cannot necessarily be mapped 1-1 onto meanings, but may demand the use of contextual cues for accurate decoding (Smith, 1977).

Following our earlier example of an exchange between primates, the informational model of communication would interpret the actions via the route of informational transmission. Cindy wants to be groomed, and she encodes this information in a signal – a big, loud scratch across her own chest (Hobaiter and Byrne, 2014). As the scratching behavior is a non-instrumental signal, meaning that it does not act directly on the body of the recipient, Louis must decode this signal based on contextual cues and existing knowledge of the signal, and in doing so, receives the information that Cindy wants to be groomed. Louis may produce the desired behavior, or not, depending on the context and the fitness benefit to himself. Not only does this informational perspective address the success of the exchange from the perspective of both the signaler and the recipient, it also opens the door for an element of cognition: encoding and decoding of non-instrumental signals. Although not all informative signals require encoding and decoding – it is equally possible to inadvertently signal information and induce an innate reaction to that information – encoding and decoding become possible under this model of communication, which permits questions relating to cognitive engagement with the act of communication.

The informational perspective, though more robust in its mechanistic considerations, is more a behavioral model of communication than a cognitive one, and thus has theoretical limitations in its ability to fully characterize the cognitive abilities of certain species within communication. It describes cognitive engagement on the level of signal decoding and introduces the concept of flexible interpretation (i.e., varied interpretation of the same signal based on context). It does not, however, address the question of referentiality, at least, not in its earlier iterations (Seyfarth et al., 1980). Vocalizations or gestures encoded with information could be produced voluntarily or involuntarily, while still consisting of a non-instrumental signal encoded with valuable information for the recipient. Modern work within this paradigm (e.g., Tomasello and Zuberbühler, 2002; Leavens et al., 2004), asks this question of intentionality and referentiality, but does not conclusively conclude that the signaler or the recipient have an internal representation of the information, and rather, could be exhibiting “functional referentiality,” characterized by signals provoked directly by the external stimuli about which they contain information (Slocombe and Zuberbühler, 2005). Without an ability to account for internal representation of intention and meaning, the informational model of communication is inherently limited to basic, practicable cognitive mechanisms – encoding and decoding – which do not encompass the rich breadth of possible mentalizing in primate communication.




INTENTIONAL COMMUNICATION

Intentional communication, also known as goal-directed communication, the third and final historical model of communication, can be considered the first of three fully cognitive models (see Table 2). It introduced two critical cognitive skills – intentionality and goal-directed signals. Plooij and Lock (1978), Woodruff and Premack (1979) were among the first to thoroughly address the question of intentionality in animal communication, specifically in the communication system of primates. They characterized intentional communication as transmission of information between a signaler and a recipient adhering to three main criteria: first, the signaler must be aware the transmission of information will result from the signal; second, the signaler expects that the recipient will similarly be aware of the transmission of information; and finally, the signaler must be able to selectively control their own signals in order to transmit the desired information. Later work (e.g., Tomasello et al., 1985, 1989; Hopkins et al., 2007; Byrne et al., 2017) on intentional communication follows several core criteria for intentionality, first defined by Bretherton and Bates (1979) for use in developmental psychology. These core hallmarks of intentionality include attentional monitoring, gaze-alternation, persistence, and elaboration.


TABLE 2. Psychological models of animal communication including the signal origins, the signaler’s intention, the recipient’s decoding, and the cumulative requisite cognitive skills (later models include those of previous ones).
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While at least a subset of these criteria are necessary to indicate intentionality, they alone are not sufficient to conclusively demonstrate it. Townsend et al. (2017) note that, although there is no specific combination of criteria that would absolutely indicate intentionality, more indicators for any particular species or experiment serve as stronger evidence that the intentionality is genuine. Furthermore, we argue that intentionality is most likely to be at work when it is robust in the face of experimental perturbation. If flexible, apparently intentional communication cannot be transferred to a new situation where the old conditions of the successful communicative exchanges do not apply, and exchanges are unsuccessful in this new setting, then the communicative system may be more rigid than initially indicated by successful demonstration of the above criteria. Vail et al. (2013) demonstrated several attributes of intentional communication in coral reef fish (Plectropomus pessuliferus marisrubri), theoretically suggesting that intentionality may be more widespread than the complexity of the behavior might suggest. It is unknown, however, whether the apparently referential signals in fish would stand up under multiple, varied circumstances, which would be stronger evidence of flexible, goal-directed, intentional communication. If it was indeed the case that coral reef fish could successfully transfer this behavior to a new situation, then there would be no reason to deny the potential for intentional communication in their species. Each of the criteria for intentionality, including flexible transference of the intentionality to new circumstances, has been demonstrated, experimentally or observationally, in primates, particularly great apes (Leavens et al., 2005 for review; Graham et al., 2020).

Carrying our primate grooming example forward, we now apply the intentional model of communication to these actions. Cindy, the signaler, must first open an attentional channel with Louis, the recipient, ensuring that she has his attention either through the use of an auditory or tactile “attention-getter” signal (Leavens et al., 2005), or by checking for existing visual contact. Cindy must have an internal representation of what she wants – grooming – and an awareness that she needs to transmit information about her goal – her desire for grooming – to Louis. She produces the signal, the big loud scratch from earlier, intentionally, and monitors Louis’ response, to determine whether the communication was sufficient to meet her internally represented goal. Louis, the recipient, must attend to Cindy, and must be aware that information is encoded in the signal, thus prompting him to decode it. As before, Louis can provide the desired grooming behavior, or not, at which point Cindy may persist and produce the gesture again, or she may elaborate, by producing a different signal which can also be decoded to request grooming (see Figure 1).
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FIGURE 1. Illustration of two primates engaged in a communicative exchange depicting the recipient’s (lack of) inference under the intentional communication model. Illustration by Sadie Tenpas.


Cindy, in this example, is displaying new cognitive skills compared to those demanded by the previous models of communication. She is engaging in goal-directed communication, where she is internally motivated by her own goal and is using communication as a means of achieving it. She is displaying intentionality, wherein her actions are under her voluntary control, and, at this stage, she is communicating referentially, in that she is making direct, intentional reference to what she wants. Notably, the same cognitive mechanisms are not necessarily required of Louis, other than conscious awareness of the transmission of information. Although, according to this model of communication, he must be aware that there is information to decode, his response to that information does not necessarily need to be voluntary, for the communication to be successful. As in above examples, his response to the information he has decoded could be innate, or externally motivated by the stimulus of the information, rather than motivated by his own internal representation of Cindy’s goal.

Research using the framework of intentional communication has amassed a substantial body of evidence to support flexibility in primate communication (Liebal et al., 2014, for review). Regarding referentiality in primates, several studies have found evidence to support functional referentiality in the vocal domain (e.g., Slocombe and Zuberbühler, 2005, but see Fischer and Price, 2017 for an opposing view), and in the gestural domain (Call and Tomasello, 2007 for review). These are crucial findings for intentional models of communication, and they provide a framework within which to describe some of the flexible and behaviorally complex communication observed in primates from a cognitive standpoint. In our view, however, they still fall short of fully explaining the mechanisms at play in production and interpretation of communicative behavior in species with complex cognitive engagement during communicative acts. Intentional communication, as a model, invokes a means-ends dissociation, in that it describes observed behaviors in the context of their relevant psychological effects, but does not delve into the actual cognitive processes that permit these cognitive outcomes. It is clear that intentionality and flexibility place cognitive demands on both the signaler and the recipient, but the exact psychological processes are not illuminated. In fact, when we thought that the field was ripe to explore the psychological processes in greater detail, researchers have hesitated to take what we see as the next necessary step in unraveling the complexity of primate communication. In order to further advance our understanding of the cognitive mechanisms underpinning communication, we need to look beyond intentionality and toward psychological states. We propose the model of inferential communication as a means of explaining and investigating the cognitive, mentalistic aspects of communication, and to form a bridge between existing models of primate communication and the ostensive, language-oriented models found in the human developmental literature.



THE MODEL OF INFERENTIAL COMMUNICATION

As a theoretical model, inferential communication can be viewed as a system of conveying messages which operates outside the confines of codified, semantic gestures or vocalizations (Wilson, 1998), and which requires the integration of known information and context to interpret informational meaning. While we do not assert that inferential communication is engaged during all communicative interactions in any species, including humans, we submit this model as an explanatory and heuristic tool to investigate communicative behavior where inferential leaps of understanding, for both signalers and recipients, are required for successful transmission of information. When alternative explanations of apparently successful communicative behavior are ruled out, it allows for the investigation of higher-order cognitive mechanisms, such as mental state interpretation, prosociality, and, most crucially, rational inference. Crucially, in our model, inferential thinking is required of both the signaler, who must account for the leaps of understanding the recipient may make when deciding on the level of ambiguity in the signal, and the recipient, who must infer the meaning of the information being conveyed.

Many authors have noted there is ample evidence that recipients infer meaning from signals (Fischer, 2013; Fitch, 2015; Fischer and Price, 2017; Seyfarth and Cheney, 2017). However, the kind of inferred meaning that we endeavor to investigate differs from other proposals in terms of the type of inference that supports the communication and the type of pragmatics involved. First, we use inference more narrowly than other authors, to distinguish it from other processes. In a broad sense, when a baboon hears the call of his consort behind some bushes, he may infer that she is located behind those bushes (Fischer, 2013). But it is also possible that the individual has learned over time that when that call is produced, a particular female will appear behind those bushes – so an association rather than an inference might be doing the work of deciphering the signal. Another interpretation of “inference” refers the integration of information from multiple sources to make a decision (Fitch, 2015; Fischer and Price, 2017). There is no doubt that integration – putting together disparate pieces of information - is a fundamental aspect of inference (Tolman, 1932; Premack and Premack, 1994). But integration can also be achieved by processes such as conditional discrimination. When a baboon hears a specific female’s call, but he also sees that her juvenile offspring are nearby, he may respond differently to her call than if they were absent, not because he has inferred different meaning from her signal, but because he has learned over repeated exposure to similar situations that the appropriate response differs from a situation in which he is alone with the female. In this case, he is not exhibiting inference, but merely learned different responses to different contexts. We agree that inference requires the integration and assimilation of multiple pieces of information to guess at outcomes (i.e., “contextual pragmatics” in Fischer and Price, 2017). But additionally, inference requires that this integration occur in a novel situation, not one that has been encountered before (see section “Practical Applications of Inferential Communication” for an example of how to study this form of inference). Furthermore, our definition of inference affords inferential thinking to the signaler, which allows a greater depth of cognitive engagement, including intended meaning from the signaler.

Second, there is no question that contextual pragmatics play a crucial role in the inferences recipients make in communicative exchanges. For instance, baboons may use the time of the day, the location, the activity or even the reproductive state of their groupmates to derive meaning from signals (Fischer, 2013; Fischer and Price, 2017). In our model of inferential communication, however, we open the door to mental state attribution and even the notion of common ground. We do not ascribe the most elaborate forms of mental state attribution and common ground to the inferences made in our model but propose that more basic levels of mental state attribution, such as knowledge state and past shared experiences, may be taken into account by both parties. This constitutes at least an entry point into a dimension that escapes contextual pragmatics, thus potentially bringing communicative exchanges closer to linguistic pragmatics. Note that our goal is not to downplay the importance of context in deriving meaning. On the contrary, contextual pragmatics play a fundamental role in the communicative exchanges of humans and primates (and possibly other animals), but we argue that there might be more to inference within animal communication than just contextual pragmatics, at least in certain interactions.

We also differentiate our model of inferential communication from the models of ostensive communication (Scott-Phillips, 2015; Moore, 2017; Heintz and Scott-Phillips, 2022), particularly with respect to the nature of inference and the depth of mental state attribution. Models of ostensive communication highlight the importance of inference in communicative exchanges, but they use inference in a much broader sense than we do in our model. Ostensive models also emphasize the role of complex mental state attribution, often articulated as informative and communicative intentions. We discuss and contrast these models with our own proposal in greater detail in Section “Beyond Inferential Communication: Ostensive Communication.” For now suffice to say that we conceive inferential communication as the vital missing link between models of intentional and ostensive communication.

One of the main virtues of intentional communication is that it places flexibility and individual use of signals center-stage. However, the flexibility afforded by this model is rather limited. The origin of signals in intentional communication is either phylogenetic or ontogenetic ritualization. Phylogenetic ritualization produces species-specific signals potentially shared by all members of a species (and other closely related species). Signals per se are rather fixed, although their usage can show some flexibility, particularly in the gestural domain, in terms of when individuals choose to produce them, and whether they repeat them or replace with other signals in their repertoire when they fail (Liebal et al., 2014; Tomasello and Call, 2019 for review). This certainly shows some voluntary control over signals, but phylogenetic ritualization cannot produce new signals within an individual’s lifetime. This is mainly the task of ontogenetic ritualization whereby two individual shape each other’s behavior over repeated interactions so that they transform instrumental into communicative actions (Pika et al., 2005).

The production of novel signals is an important achievement, but ontogenetic ritualization is a slow process likely governed by associative learning. This means that new signals invariably require repeated interactions before they become fully functional. Attempts to document other forms of learning, most notably imitative learning, have failed to produce convincing evidence this form of learning is responsible for gesture acquisition in chimpanzees (Tomasello et al., 1997; Tennie et al., 2012). Inferential processes offer an alternative to ontogenetic ritualization and associative learning so that individuals can spontaneously invent gestures that others might be able to comprehend. Inference has been documented in numerous studies of physical cognition in primates (e.g., Hill et al., 2011; Petit et al., 2015; Völter and Call, 2017). Whether primates can also use inference in communicative situations is unclear but worth investigating. Table 3 presents the types of inference that could be involved in primate communication. Each of these types requires increasing levels of cognitive sophistication. In the subsequent sections, we develop our proposal for inferential communication starting with situations involving social inferences in the absence of communication.


TABLE 3. Social inference (non-communicative) and three types of inferential communication presented in ascending order of complexity in terms of the signal production and comprehension.

[image: Table 3]

Social Inference

Of all the cognitive skills included in the model of inferential communication, the capacity for inference is both the most obvious and the most critical. Inferential communication is a system which demands a certain flexibility in interpretation of social interactions, where individuals must make leaps of understanding regarding the social behavior of another actor. One might call this “social inference,” defined here as a situational understanding of another’s actions beyond the available semantic information. Not restricted to communication, this ability includes successful interpretation of another’s goals, intentions, or desires, in both cooperative and competitive contexts. Although social inference is not necessarily within the realm of communication, it is a vital prerequisite to inferential interpretation of another’s communicative behavior. Social inference asks, “What does she want to do?” an open-ended question that relies on behavior, context, and inference in order to successfully attribute the ultimate goal to a set of actions performed by another.

Take, for example, our grooming primates. Now, rather than describing a communicative exchange, we can use their behavior to illustrate social inference. In this situation, Cindy grooms herself, producing species-typical grooming behaviors, such as plucking and licking certain areas of the body. She does not specifically intend to produce any particular signal, but she is observed by Louis, who makes inferences about her goals. Louis, observing her plucking behavior, could mentally represent her goal, which might be to alleviate an itch, clean a wound, or even to self-soothe after a tense encounter. Louis’ inferential interpretation could be based on contextual cues (e.g., a visible wound, having witnessed a fight between Cindy and another individual, etc.), and/or past experience (Louis has groomed himself in the past and is aware of the benefits). Louis’ capacity for inference, demonstrated here in his differential interpretation of Cindy’s actions based on context, invokes the cognitive skill of goal attribution, which is not a requirement for the recipient in any of the previous models of communication. Additionally, Louis shows evidence of addressee awareness, in the sense that he is aware that he is not being addressed, which invites a different interpretation of Cindy’s goal than if the behavior had been communicative and directed at him.

There is ample evidence for social inference in primates, including rational imitation, where great apes were less likely than human children to perform extraneous actions to complete a task, even when those actions had been demonstrated by a human actor (Call and Tomasello, 1998; Buttelmann et al., 2007, 2008). The apes appeared to infer the ultimate goal of the experimenter’s actions and were able to produce a different, streamlined set of actions toward the same goal, rather than copying the experimenter’s exact movements, indicating that they were able to use the experimenter’s behavior to form a representation of their intentions. While perhaps reflecting less of an inclination toward social learning than human children, who readily imitated both the necessary and extraneous actions of the experimenter, these studies demonstrated that apes were able to infer the ultimate goal of the human’s task, and thus eliminate unnecessary steps, suggesting a successful leap in understanding regarding the human’s ultimate intention. Great apes also flexibly interpreted an experimenter’s behavior in differing contexts, although the experimenter’s actions were identical in both situations. Subjects were more likely to select one of two boxes when the experimenter “intentionally” dropped a marker on it versus when they “accidentally” dropped a marker on it (Call and Tomasello, 1998), which required inferences about the experimenter’s goal when dropping the marker. Similarly, apes differentially adjusted their waiting behavior when experimenters were performing necessary actions on a puzzle box to retrieve food, compared with contexts where those same actions were superfluous, suggesting that they made inferences about the goal of those actions based on different contexts (Buttelmann et al., 2012). In each of these examples, despite identical semantic information, apes flexibly adjusted their responses (e.g., selection behaviors, waiting behaviors, begging behaviors) in response to different perceived goals from the experimenter. This evidence suggests that great apes have the ability to make pragmatic inferences about social behavior based on clues from context alone.

Evidence of social inference in primates is not limited to the interpretation side of social interactions. When it comes to production, both apes and monkeys show flexible adjustment of vocal signals based on the identity of the recipient (Cheney and Seyfarth, 2018). For example, chimpanzees produce food grunts toward “friends” more often than “non-friends” (Schel et al., 2013), and female baboons have been shown to selectively produce conciliatory grunts, mediated by the likelihood that the recipient will view their behavior as affiliative, where immediate past experience and long-term dominance dynamics appear to be the moderating factor (Cheney and Seyfarth, 2008). Audience effects such as these have been noted as evidence in reviews of intentional communication in primates (Liebal et al., 2006; Byrne et al., 2017), but they also present a potential case for inferential cognition, if and when these signals are voluntarily produced or withheld. While changes to vocal signals according to varying situational context (Seyfarth and Cheney, 2010 for review) are not enough to suggest social inference, variation in communication behavior regulated by social context, combined with voluntary control of these signals, allows that signalers may have an awareness that the intended message may be received differently by different individuals, depending on the existing social relationship with the specific partner. The possibility that primates can flexibly adjust communication behavior based on the varying potential outcomes from different recipients suggests that they have may be able to base these decisions on inferences from past social experiences, which goes beyond the realm of mere intentionality.



Inferences Using Communicative Signals


Ambiguous Signals

In the case of fixed, semantic, unambiguous signals, advanced cognitive mechanisms are not necessarily required. In the case of flexible, ambiguous signals – those which are used in multiple contexts to mean different things – inference is a necessary component of interpretation. In order to apply social inference to the realm of communication, we must first consider the mentalized question at hand, for both the signaler and the recipient. The signaler asks, “What do I want him to do?” This question involves both an informative intention (that which she wants him to do), and a prosocial desire (the fact that she wants or needs him to do it, at no immediate benefit to himself). The recipient, on the other hand, asks, “What does she want me to do?” This question has an inherently prosocial component, which denotes a new cognitive skill, not explicitly required by past models, on the part of the recipient.

This arrangement requires the signaler to transmit a message which relies on the recipient’s capacity for inference in order to be fully interpreted. She must establish attentional contact with the recipient to open a channel of communication between them, and must request help, providing instructions as to the nature of the help required. If she uses an ambiguous signal to provide instructions, however, the recipient must use inference to successfully interpret the message. For example, returning to Cindy and Louis, we now imagine a situation in which Cindy wishes to be groomed by Louis. She faces Louis, ensuring that he observes her, which opens the channel of communication. She taps her knuckles against the ground and bobs her body up and down, a gesture which is commonly used to initiate play, but has also been observed preceding grooming (Tomasello et al., 1997). In this gesture, she has both requested help from Louis, and provided instructions – she wants help in the form of grooming. She has, however, relied on her knowledge of the contextual inferences Louis is most likely to make, as well as the belief that Louis will be sufficiently motivated to help her. Louis, for his part, must attend to Cindy, be motivated to help, and understand the instructions, using context to disambiguate her gesture. If the communication is successful, then Louis will use contextual cues (for example, past experience with Cindy, in which they have rarely engaged in play) to interpret her instructions, and he will infer that she wants to be groomed (see Figure 2).
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FIGURE 2. Illustration of two primates engaged in a communicative exchange using ambiguous signals, depicting the recipient’s inference under the inferential communication model. Illustration by Sadie Tenpas.


Regarding flexible interpretation of ambiguous behavior, there is evidence that primates are capable of such inferences. For example, great apes successfully differentiated between the same action from a human experimenter, producing more begging and impatience behaviors when the experimenter’s action could be interpreted as “unwilling” to provide food versus “unable” to provide food (Call et al., 2004). From the production side, apes were able to modify the shape and location of their pointing behavior when their options were arranged such that a simple forward point would be ambiguous, suggesting that they recognized the need to disambiguate their pointing for the experimenter’s successful comprehension and that they were able to apply that understanding to their actual gestures (Tauzin et al., 2020). Furthermore, great apes will monitor the success of a relatively ambiguous signal (e.g., begging), and elaborate with different, additional gestures (e.g., pointing at the desired option), if the desired outcome is not achieved (Leavens et al., 2005). This demonstrates a willingness to produce ambiguous signals, suggesting that the apes have some expectation that the signals will be successfully disambiguated by the experimenter, and also the capacity to choose whether or not to be more specific, at potentially higher cognitive cost to the signaler, if the ambiguous signal fails.



Re-purposed Signals

In situations where an ambiguous signal made unambiguous through inferential interpretation is not sufficient to thoroughly instruct the recipient, the signaler may turn to other resources to produce an instructive signal. One possible approach is to use an existing signal within the communicative repertoire, but in a brand-new context, relying on the inferential capability of the recipient to interpret the familiar signal in a new way. The situational question remains the same for both the signaler and the recipient – “What do I want him to do?/What does she want me to do?” – but new cognitive skills are required at this level of complexity. In addition to the required capacity for inference and prosocial behavior, the signaler and the recipient must both take a creative leap and rationalize the otherwise nonsensical use of the signal in the current situation, giving it new meaning.

If we follow primates Cindy and Louis into a new situation, an experimental setting in which they must work together to open a puzzle box, we can hypothesize an interaction using this form of inferential communication. Cindy wants Louis to help her open a locked puzzle box, which can be achieved by turning two wheels, simultaneously, at opposite ends of the box. As neither can reach both wheels, they must coordinate to solve this problem. As before, Cindy must establish a communicative channel with Louis, by looking at him and ensuring that he sees her. As no fixed, semantic gesture exists in their shared repertoire to communicate “help me open this box,” Cindy produces a gesture more typically used to beg for food, a mouth stroke (Tomasello et al., 1997). The gesture is nonsensical in this context, as Louis has no food to offer her. Instead, Cindy has engaged in creative use of this gesture to encourage Louis to open the box with her. If this exchange were to be successful, Louis would correctly infer that Cindy does not want to share food, rather, he would rationalize the otherwise pointless gesture to a new meaning, and if sufficiently motivated, help Cindy open the box (see Figure 3).
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FIGURE 3. Illustration of two primates engaged in a communicative exchange using re-purposed signals, depicting the recipient’s inference under the inferential communication model. Illustration by Sadie Tenpas.


This exchange relies on creative re-purposing of existing gestures, a capacity which has not been conclusively demonstrated in primates, but which can be hypothetically proposed in the model of inferential communication. Armed with this framework, it is possible to design experiments which more specifically demand this ability, to explore the cognitive skill and its presence or absence in primates.



New Signals

In its final possible level of cognitive complexity, inferential communication provides a platform for two actors to create an entirely new signal, rationalized and understood by both purely based on the context and their own capacity for inference. Still adhering to the question, “What do I want him to do?” the signaler instructs the recipient using an iconic gesture – one that does not exist in the known repertoire of the individual, and which pantomimes the action she is requesting that the recipient perform. This iteration of inferential communication adds two specific cognitive skills not required for earlier levels: iconicity and pantomime, which are necessary for both the signaler and recipient.

If we return to Cindy, Louis, and the puzzle box, we can imagine a situation in which Cindy establishes that she has Louis’ attention, and then turns her hand in the air, miming the turning of the wheels on the puzzle box. Louis, observing this pantomime, interprets the gesture as an iconic representation of the desired action, understands Cindy’s request for help and the instructions she has given, and helps her open the box (see Figure 4).
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FIGURE 4. Illustration of two primates engaged in a communicative exchange using newly invented signals, depicting the recipient’s inference under the inferential communication model. Illustration by Sadie Tenpas.


While this type of interaction has not been systematically documented in primates, and it is unlikely that this type of interaction is common, preferred, or cognitively efficient for non-human animals, the question remains as to whether primates could exhibit these cognitive abilities if there were no other way to solve the problem. There is some anecdotal evidence that primates are capable of the two new cognitive skills seen here – iconicity and pantomime. Grosse et al. (2015) found that one chimpanzee, who had been partially reared by humans, engaged in an iconic gesture when a human experimenter required instruction to operate an apparatus. Additionally, great apes have been anecdotally observed engaging in pretend play, with or without the assistance of objects, suggesting some possibility of iconic representation of objects (Gómez, 2005). On the comprehension side of these abilities, great apes have been shown to learn locations associated with iconic gestures faster than locations associated with arbitrary gestures, suggesting that they have some ability to link the iconic nature of those gestures to their representational meaning (Bohn et al., 2016a). It is noteworthy that production of iconic signals, iconic play, and imitation of pantomimed gestures can be scaffolded with the support of physical objects, removing the requirement of intransitivity that is intrinsic to true pantomime (e.g., Call, 2001; Gómez, 2005; Tennie et al., 2012). This suggests that iconicity and pantomime are challenging cognitive skills for great apes and would require substantial prosocial motivation or necessity in order to be a cognitively efficient mechanism. Whether these anecdotal cases could be transformed into robust evidence of these cognitive skills in primates, especially in the absence of scaffolding, is unknown, but the question itself presents an exciting example of the investigations and experiments that become possible on the tails of inferential communication. It also invites the question of prosociality in primates, given that prosocial action is a critical component of the success of any inferential communication exchange, but especially those with increasingly difficult cognitive demands.




Prosocial Motivation

One of the basic tenets of human communication is that it is a prosocial and cooperative enterprise (Hare, 2017). Although prosocial motivation can foster communicative exchanges, and it may be needed for language acquisition, we argue that it is not necessary for inferential communication because effective exchanges can occur even in the absence truly prosocial (i.e., altruistic) behavior. Apparently prosocial actions, required of both actors in inferential communication exchanges, can be understood with several different motivations in mind. On the surface, prosociality is defined as any action, whether requested or performed, that one actor completes for the benefit of another, with either no benefit or actual cost to themselves (Cronin, 2012). In practice, however, apparently prosocial actions, those performed at cost of one individual and benefit of another, may have motivations other than pure altruism. An individual could be motivated to behave in a prosocial manner due to a cost-benefit analysis, in which the continuing annoyance or harassment from the requesting individual is a greater cost than performing the action, and the actor is therefore sufficiently prosocially, if not altruistically, motivated. Alternatively, the actor could incur hidden ultimate benefits, such as augmented reputation, hopes for reciprocation, or, in humans, a proximate benefit of internal moral good feeling, which offset the apparent cost of the prosocial action. Thus, when we argue that prosociality is a requirement for successful inferential communication, we refer to the broad spectrum of motivations that could lead to apparently prosocial action. Apparently prosocial actions, whether altruistic or otherwise, have been observed in several species of primate, from tamarins (Cronin et al., 2010) to macaques (Massen et al., 2010), and to great apes (Pelé et al., 2009).

Altruistic prosocial motivation and willingness to engage in the inherently cooperative act of communication become more imperative as the cognitive load of the exchange increases. For the both the signaler and the recipient in a communicative exchange, the cost-benefit analysis of the effort to produce or interpret a communicative signal changes depending on the difficulty associated with interpreting the message. For fixed signals and ambiguous but commonly used signals, the cognitive effort may not override the beneficial outcome of the signaler and the potential hidden benefits for the recipient. When the more demanding cognitive skills mentioned above – creativity, rationalizing re-purposed signals, iconicity, and pantomime – are necessary for the exchange, the outcome must be more beneficial for both parties. Particularly for the recipient, it may be that this type of cognitive load is only worth the effort if the individual is truly altruistically motivated, a phenomenon which remains debated in primates (Cronin, 2012). Perhaps prosocial motivation is crucial to decode opaque messages that otherwise are simply not understood and consequently, ignored. It is possible, therefore, that lack of existing evidence for these later levels of inferential communication is caused by twofold limitations. First, the necessity for truly altruistic motivations, which appear to occur sparsely, if at all, in primates, and second, the difficulty of the cognitive mechanisms at play. It is possible, however, that in the presence of sufficient prosocial motivation, primates could produce and interpret these types of cognitively complex signals.




BEYOND INFERENTIAL COMMUNICATION: OSTENSIVE COMMUNICATION

Although our focus is on inferential communication, it is critical to discuss ostensive communication for the sake of contrast and completion. Ostensive communication makes the leap from social inferences to communicative inferences – specifically, inferences about communicative intention (see Table 2). Communicative intention is traditionally understood as a mental state function, in which the communicator not only knows the mental state of the recipient, but consciously intends to manipulate that mental state by making their own informative intention manifest. This is combined with the recipient’s recognition that the communicator has an informative intention, which prompts the recipient via the presumption of relevance to make inferences about the meaning of the message based on contextual cues and mental states (Scott-Phillips, 2015). The capacity of primates to produce and comprehend communicative intention under this mentalistic definition is not clearly understood – it has yet to be conclusively observed or experimentally demonstrated in great apes, and it is seldom investigated in monkeys and prosimians (Moore, 2016). Some researchers assert that this cognitive capacity is unlikely to exist in primates, given the sufficiency of a sparser, more goal-directed and intentional model of communication to explain most communicative exchanges primates (Fischer and Price, 2017), and given that primates frequently fail tasks which require production or comprehension of communicative intention (Tomasello, 2008). This mentalistic definition of communicative intention requires recursive mental state attribution, including fourth-order theory of mind (Scott-Phillips, 2014), which many regard as too complex for primates.

Ostensive communication asks the question, “What does she want to tell me to do?” where not only the informative intention, but also the communicative intention, is manifest to the recipient. In our hypothetical primate example, Cindy wishes to be groomed by Louis. In order to accomplish this, Cindy makes inferences about Louis’ current mental state – his willingness to groom her, his awareness that she wants to be groomed, and their existing shared knowledge – and knowingly and intentionally sets out to alter his mental state with her message, such that he becomes aware that she wants to be groomed and is motivated to do so. Louis, likewise, as the recipient, must be aware that Cindy is attempting to alter his mental state, and uses that knowledge to make inferences about what she wants, based on the situation context.

Our model of inferential communication shares two key aspects with the model of ostensive communication: inference and mental state attribution. However, it differs in the type of inferences that it uses, and it lacks the most complex forms of mental attribution, particularly communicative intentions. Models of ostensive communication use inference with two meanings, one very broad (all communication involves some form of inference) and one rather narrow. For instance, Scott-Phillips (2015) describes inference as the interpretation of meaning based on evidence of informative and communicative intentions of the signaler. In our model of inferential communication, we do not ascribe expression or interpretation of communicative intention to either actor, but rather suggest that the signaler is relying on the recipient to make inferences about their goals (i.e., informative intention), rather than their communicative act itself. Thus, although we agree with Scott-Phillips (2015), Heintz and Scott-Phillips (2022) that communicative intentions may be beyond the capabilities of non-human animals, we argue that informative intentions might not be – signalers can express their goals informatively, but do not make their intentions manifest and recipients do not necessarily use presumption of relevance to infer meaning.

Recently, Heintz and Scott-Phillips (2022) distinguished between ‘intentional expression’ defined as the expression of mental states (e.g., a signaler may indicate what she wants to a recipient) and ostensive communication that requires making informative intentions manifest. We view intentional expression as similar (if not equivalent) to what we are calling inferential communication, except that we argue that informative intentions (perhaps in a more rudimentary form) are conveyed by signalers, but communicative intentions are not. Other authors have argued that non-human animals may even exhibit some forms of communicative intention. Moore (2017) argues that primates may indeed exhibit a form of Gricean, ostensive-inferential communication, but emphasizes the role of awareness of address on the part of the recipient to provide the context for interpretation, which is followed by inferences about the goal of the signaler.

The complexity of mental state attribution required by full-blown (human) ostensive communication is not yet evidenced in primates. Like the more complex levels of inferential communication, it is possible that both the cognitive and the prosocial demands are too great for the majority of communicative exchanges between primates. Perhaps, with evidence taken from an inferential communication framework, it might be possible, in the near future, to design experiments which better establish the limits of primate mental state attribution, to further bridge the gap between language-oriented developmental literature, with rich, Gricean interpretations of communication, and comparative literature, where interpretations are currently limited to description and suggestion of cognitive engagement. The model of inferential communication, when applied to observations and experiments in non-human animal behavior, presents the opportunity to ask theoretical questions about flexible communicative problem solving, theory of mind, and communicative intention.



PRACTICAL APPLICATIONS OF INFERENTIAL COMMUNICATION

Any newly proposed theoretical framework to study animal communication, has to consider its practical applications: what can this model offer, how can it be examined empirically, and which species are more likely to display it? In this section, we highlight some of the specific applications of inferential communication and propose some examples of experimental designs to test whether recipients, but also signalers, use inference in their communicative exchanges. To do so, we present three tasks, one using vocal communication and focused on inferred meaning, and the two others using gestures and focused on intended meaning. We intentionally provide methods examining both vocal and gestural communication in order to illustrate the complementary roles played by vocal and gestural communication in elucidating the intended and inferred meaning of ambiguous, re-purposed and novel signals. We close this section by outlining our criteria for determining whether a species might be a good candidate to investigate inferential communication.

A key application of inferential communication is to explain the origins of some gestures. It is recognized that gestures can arise via phylogenetic or ontogenetic ritualization (Cartmill and Hobaiter, 2019). Another mainly discarded form is third-person imitation (Tomasello et al., 1997; Tennie et al., 2009), although language trained apes have been reported to learn some signs by imitation (Fouts, 1972; Gardner et al., 1989). We propose that inference could serve as a fourth form of gesture acquisition; creating a new gesture to indicate old or new meaning, or less demanding, re-purposing a gesture, and here the work is in using it with a different meaning and especially interpreting it. Different from phylogenetic ritualization, where a successful gesture is preserved and inherited in the innate repertoire, and ontogenetic ritualization, where a gesture develops from repeated use of action-oriented movements, inferential development could explain gestures which originate as iconic or re-purposed movements and are practiced and used until they are semantically established between two or more individuals. Notably, this understanding of the origin of gestures would differentiate between ritualized gestures which iconically evoke the requested action, but evolve from the actual occurrence of the action, and inferred gestures, which originate from an iconic, pantomimed representation of the action.

It is crucial that inferential communication, as an origin of gestures and as a cognitive process, be explored experimentally. Novelty is an essential part of the development of new gestures; if two individuals use a gesture repeatedly, there is no need to invoke inference. Inference need not necessarily be applied in all communicative exchanges, but when the system is perturbed (new conditions or old conditions no longer apply) it can play a crucial role in the success of communication. Once invented by inference, a gesture may be used repeatedly, which can quickly mask its origins. Thus, experiments are critical in order to observe the emergence of new forms of communication.

In designing experiments to test inferential communication, it is essential to ensure that the task requires true inference – the integration of known information to understand a new scenario. Likewise, the experiment should require the use of pragmatic information on the part of both parties, not just on the order of situational context clues, but on the mentalized level of knowledge state, private interaction history, or individual preferences. Our first proposed experiment applies these two criteria to interpreting ambiguous vocal signals. We imagine an experimental setting in which the recipient of the communication knows two established pieces of information, which may have been learned by past inference, association, or simply occurred as a result of the individual’s maturation. The point is that the origin of the two pieces of information is not so relevant in our example. First, the recipient, a primate in this example, must be familiar with the species-specific vocalizations that individuals produce when they discover a cache of highly preferred food. Second, the recipient must be familiar with the individual food preferences of a particular groupmate. For instance, Cindy, our recipient, knows that Louis likes bananas but does not like grapes. This is something that she could have learned by observing Louis’ feeding patterns: always eating bananas with gusto but ignoring grapes, when both are available, and even when bananas are gone, Louis shows no interest in grapes still available. Cindy is also familiar with their species-specific food calls, which are associated not with a particular type of food, but with the discovery, prior to, but not during eating, of a cache of food.

In the test condition, Cindy is shown that one of two foods is hidden behind a bush, but she is not shown which type of food. Louis then appears and produces a food call upon encountering the food cache. If Cindy is indeed capable of integrating multiple pieces of known information to infer meaning in this new situation, we predict that she should infer that there are bananas behind the bush. Moreover, she should be surprised, in this instance, to search and discover grapes behind the bush, and this response pattern should be reversed if the caller was an individual who likes grapes and does not like bananas. Notably, experiments like this allows examination of the first exposure to this novel situation, which is important for evaluating inference. Associative processes require at least one event for learning to occur, which means the recipient’s reaction on initial exposure in the proposed experiment is a measure of true inference. As far as we know, this proposed experiment has not been done (but see Shorland, 2018 for a similar experimental paradigm), but we already know that chimpanzees integrate the food preferences of others and their visual access when choosing between two experiments – selecting the one which will give them the most favorable outcome (Eckert et al., 2018). This experiment would test whether they could extend this ability to integrate information to inference in communicative exchanges.

Compared to the work investigating recipient comprehension, much less has been done examining the inferential abilities of signalers, with some authors arguing that primate signalers do not intend meaning, recipients just infer it (e.g., Fischer, 2013; Fischer and Price, 2017). This is a sensible proposition given that primate vocal signals are fixed, apart from variation in the timing and context of their use. Such inflexibility in vocal production may not permit primate signalers much opportunity to imbue meaning to their signals. Gestures, on the other hand, are quite different in terms of their production. Gestures are grounded in bodily action; they are much more flexible than vocalizations, which opens the door for flexible variation that changes the potential interpretation of the signal. This flexibility also permits the creation of novel signals or the re-purposing of old signals to a novel use. Therefore, we challenge the idea that primate signalers in general do not ever intend meaning and argue that this conclusion may have resulted from asking this question from the perspective of vocal communication only.

The literature already contains some studies illustrating this point – examples we would argue indicate that signalers communicate intended meaning. For instance, Bohn et al. (2016b) found that great apes used a pointing gesture in an unusual way (pointing to an empty dish) to request food that was no longer in that dish. Pointing to an empty dish is atypical for apes, especially given that another dish containing food that was less preferred, but otherwise perfectly acceptable (they always ate this food in control trials), was present. Special care was taken to avoid training the apes to point to an empty container in the pre-test, where they witnessed that the experimenter got up as soon as the food was depleted, left the room, and brought in more food, without giving the subject a chance to point to the empty container. Importantly, apes only used this unusual gesture with an experimenter who had brought food in the past as soon as food had been depleted but not with an experimenter who had given them food but not brought it in the first place.

When we analyze the key features of this case, we conclude that pointing to an empty container qualifies as re-purposing a familiar gesture to communicate about an absent referent. First, pointing with extended fingers, unlike vocalizations, is not a species-specific gesture, but one that is acquired in contact with humans, thus showing some degree of flexibility in gestural acquisition. Second, the pointing gesture is directed at referents (e.g., food item) that are present (even when they are hidden), not to empty dishes, which suggests that the apes in the experiment were using the gesture in a novel way. Third, apes used the pointing to the empty container only with the experimenter that they had experienced bringing food, and not with others, suggesting that they accounted for the private interaction history between themselves and the experimenters in order to inform their knowledge of whether the gesture to the absent entity would be meaningful. There are other examples in which apes communicated what they wanted by re-purposing an action to request help from an experimenter. The bonobo Kanzi pounded on a nut to request that an experimenter to crack it open (Savage-Rumbaugh et al., 1986). In anecdotal observations, juvenile gorillas physically guided human researchers toward locked doors, using gaze-alternation throughout the movements, presumably to indicate to human observers what needed to be done (Gómez, 1990). The fact that in these instances apes established eye contact with the human experimenter when performing their actions toward the door and reduced their rate of these door-approaching actions when the experimenter left the room strongly suggests that the apes were using those acts to communicate with the experimenter, and not purely as a goal-oriented mechanism.

Intended meaning could also theoretically occur in more complex forms of communication, whereby apes invent a new gesture by, for example, pantomiming an action to indicate the tool that they require to obtain food. Yamamoto et al. (2012) reported that chimpanzees transferred tools to their partners following requests. Signalers used a hand begging gesture and recipients, who could see the kind of tasks that signalers were facing, selected the correct tool from an assortment of various tools and gave them to the signaler. When the recipient’s view of the signaler’s task was blocked, however, they handed tools randomly. This means that the begging gesture itself did not carry meaning about the type of tool. Context provided that information because the recipient could see the tool that was needed. Thus, the burden of decoding the message fell on the recipient who used contextual cues (the type of apparatus present) to infer meaning. This level of inference is based on contextual pragmatics, not mental states, but it begs the question: would the signaler become more specific in her request, and perhaps even invent a novel gesture by pantomiming the use of a specific tool, if the lack of contextual information persisted over time? We think that this might be asking too much from signalers, who seem to have trouble producing intransitive actions in imitation studies (Tennie et al., 2012). Thus, a pounding action to indicate a stone hammer might be outside of the spontaneous repertoire of primates, but if the intransitive action could be scaffolded with transitive elements, it might be possible that primates could gesture with intended meaning using novel signals.

In this potential experimental arrangement, with the possibility of scaffolded novel gestures, it is possible to examine whether signalers would take the context into account when producing their signals, which would suggest an awareness of the inferences they can reasonably expect the recipient to make. If the context already provides enough information about their intended meaning, would their signals become less specific, particularly when more specific signals are costlier to produce? Conversely, if contextual cues are ambiguous, would signals become more specific? There exists some experimental evidence that apes use pointing variations to disambiguate between two food items when the higher-value food was placed behind a lower value food and subjects were asked to select their preferred food, via pointing (Tauzin et al., 2020). A similar paradigm could investigate whether apes use modified pointing gestures to disambiguate between choices where the context is identical, but their knowledge of the recipients’ past experiences or preferences is varied. For example, if one experimenter is known to always provide the higher-value food regardless of the spatial arrangement of the plates, but another experimenter is new to the situation and has no expected pattern of behavior, will the subject use modified pointing gestures to disambiguate their choice with the new experimenter, but not the familiar one?

We now turn our attention to criteria for determining which taxa and which species might be more likely to display inferential communication. Based on the examples that we have given, primates, and particularly great apes seem suitable candidates to investigate the existence of inferential communication. While the communicative behavior of many species is sufficiently captured by explanations found in the foundational models of communication, it is possible that other species, apart from primates, may also be capable of inferential communication provided they possess the required cognitive prerequisites. We propose three such prerequisites: goal-directed communication, general inferential reasoning abilities, and non-communicative social inference. If evidence of these abilities is found in any species, regardless of taxa, it is possible that inferential communication may be within their capacity as well. For example, there is a body of evidence that canines exhibit intentional communication (e.g., Rossi and Ades, 2008) and social inference (e.g., Bräuer et al., 2006). African gray parrots have been shown to exhibit general inferential abilities (e.g., Schloegl et al., 2012; Pepperberg et al., 2013, 2018), and there is some evidence to suggest that they possess the capacity for intentional communication as well (e.g., Pepperberg, 2004). These groups may, therefore, be promising candidates for inferential communication, but rigorous testing of the above pre-requisites would be necessary before investigations of inferential communication could be practically conducted in any of these groups. We do not suggest that any species meeting these criteria is de facto likely to use inferential communication, we merely suggest that possession of these prerequisites may serve to determine whether that species is worth closer investigation.

In sum, we have proposed several ways by which inferential communication can be used to investigate inferred meaning by recipients using true inference – the integration of information to be applied to a new scenario – as well as contextual clues based not only on situational factors, but also on the mental state of the signaler. Furthermore, we have highlighted some tasks already present in the literature that we believe test for intended meaning on the part of a signaler, and proposed ways that they could be modified to new tasks to investigate whether primates can integrate simple theory of mind into their accounting of context, and whether signalers can account for such context while producing more complex (in terms of iconicity) forms of communication. We also indicated that a species possessing goal-directed communication, general inferential reasoning abilities, and/or non-communicative social inference (with all three abilities constituting the strongest foundation) would be a good starting point to investigate inferential communication.



CONCLUDING REMARKS

The field of animal communication has made considerable progress since the appearance of the early ethological models purely based on behavior. Much of this progress has occurred as a consequence of the development of cognitive models of animal communication. In what has otherwise been a progressive increase in cognitive sophistication aimed at explaining flexible communication, we think that the field now runs a risk of stagnation due to the rejection of any form of mental state attribution in communication (Townsend et al., 2017). In this paper we have argued that we need a more thorough and detailed understanding of mentalizing in communication, particularly for species that are flexible communicators, and especially when those data are subsequently used to make inferences about the evolution of language. Without mentalizing in models of animal communication, the gap between animal and human communication might be too wide to bridge.

We submit the model of inferential communication as a way forward – a way to progress from descriptions of potential cognitive outcomes to considerations of the actual cognitive mechanisms driving them. Evidence of cognitive forms of communication in primates, especially intentional and referential exchanges, combined with evidence of social inference such as goal attribution, leads us to propose that primates (and perhaps other species too) may have the capacity to make inferences within communicative exchanges. The idea of inference playing a role in animal communication is not new, but we argue that its potential importance and scope has not been fully realized because inference has often been conflated with other mechanisms. Moreover, we propose that investigation of inferences involving the integration of disparate pieces of information, some not based on contextual cues, may provide new insights into the mechanisms underlying the complexity and flexibility of primate communication. Our model invites a rich interpretation of the cognitive mechanisms surrounding communication by challenging the idea that meaning is drawn exclusively from a set of rules or semantics, or from conditional discrimination between situations, which might otherwise suggest simplistic associative learning or hardwired signal-response connections. We also decouple informative intention from communicative intention and suggest that it is possible for actors in a communicative exchange to engage with simple mental state attribution and expression of goals, absent the recursive levels of theory of mind found in ostensive models of communication.

The model of inferential communication is a multi-level framework, beginning with social inferences regarding non-communicative behavior and extending to communicative inferences regarding how signals are used and interpreted, including consideration of the motivation underlying communicative exchanges. With regard to signals, we have illustrated the inferential approach to interpreting ambiguous signals, re-purposing old signals, and creating new ones. Each level shares the fundamental requirement that both individuals, the signaler and the recipient, must make leaps of interpretation for successful communication. For some of these levels, there is already some evidence suggesting that primates might be capable of communicative inferences, but for other levels there is only anecdotal or even negative evidence. Furthermore we have proposed ways in which these ideas could be tested using new tasks or by modifying existing ones. With regard to motivation we have argued that a prosocial motivation is not strictly necessary for this form of communication to arise because it can hijack other motivational systems for the same successful outcome, but if present, it may facilitate successful communication involving the production of novel and initially opaque signals.

Our proposal extends beyond current approaches to referential and intentional communication but stops short of ostensive communication. Although we do not rule out a priori the possibility that ostensive communication could occur in primates, we suggest that before tackling this issue, is important to explore the possibility of inferential communication, which is in some ways a pre-requisite for ostensive communication. Our proposal therefore does not qualify as mentalistic communication in the Gricean sense (Grice, 1957, 1969, 1989) but unlike Townsend et al. (2017) it does not flatly reject the importance of some forms of mentalizing, which we incorporate to our model. Namely, we argue that goal attribution, visual perspective taking, and knowledge attribution may play an important role in the inferences that individuals make in their communicative exchanges.

Finally, our endorsement of inferential communication should not be taken as an indication that we believe primates engage in inferential communication in every communicative exchange. Instead, we propose that individuals mainly engage inferential communication when routine conditions change, and new solutions are required. In this sense, engaging inferential communication is analogous to engaging cognitive control and monitoring mechanisms in problem solving following the perturbation of a previously stable system. We believe that inferential communication is ideally placed to bridge the gap between the intentional and the ostensive model of communication, something that it is particularly important for those wishing to make inferences regarding the evolution of language. It is a framework that we hope will contribute to more precise descriptions of phenomena we have already witnessed in primates and promote new insights into the complexity of animal communication. It is a toolkit – a perspective that we hope will empower researchers to take a more productive approach to animal communication, both in design and interpretation.
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The quest for the origins of language is a diverse enterprise, where research from a variety of disciplines brings area-specific ideas and area-specific terminology to bear. This variety often results in misunderstandings and misconceptions about communication in various species. In the present paper, we argue for focus on emotional systems as the primary motivators for social signals in animals in general. This focus can help resolve discrepancies of interpretation among different areas of inquiry and can illuminate distinctions among different social signals as well as their phylogenetic origins in animals and especially in humans. We advocate, following Jaak Panksepp, a view wherein the Seeking System, the endogenous tendency to search and explore, is the most fundamental emotional motivation. The Seeking System forms the basis for flexible, voluntary, and exploratory control of motor systems and makes much of learning possible. The relative lack of vocal learning and expression in nonhuman primates contrasted with extensive vocal learning and expression in humans began, we propose, with the evolution in ancient hominins of a necessary foundation for the many subsequent capabilities required for language. That foundation was, according to the reasoning, naturally selected in the form of neurological connections between the Seeking System and mechanisms of glottal/phonatory control. The new connections allowed ancient hominins to develop flexible, endogenous vocal fitness signals produced at very high rates and including large numbers of discrete syllables, recombinable to form syllable combinations with many prosodic variations. The increasing sociality of hominins supported evolution of massive expansion in the utilization of these flexible vocal forms to allow development of words and sentences.
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Introduction


Emotions as functional motivational states: the seeking system as a foundation

Emotions are assumed by many to apply only to humans or only to animals that have highly developed brains. We advocate a view introduced by Jaak Panksepp, where at least some emotions as well as other affective states, such as hunger or the sensation of cold, are thought to apply at least to most vertebrates (Panksepp, 1998). Others have sought recently to characterize biochemical and genetic foundations of emotions in invertebrates such as the fruit fly (Anderson and Adolphs, 2014; Gibson et al., 2015; Anderson, 2022). Even in unicellular animals such foundations have been proposed to include conserved biochemical processes that generate exploratory foraging activity (Hills, 2006). Panksepp hypothesized that such primitive, apparently endogenous actions formed a basis for the evolution of more elaborate emotions in mammals and birds, implemented in specific neurotransmitters and largely subcortical neural circuitry.

In the present paper, we focus mostly on communication in humans and nonhuman primates (NHP), applying Panksepp’s theory of affect as a basis for understanding primate vocalizations as expressions of emotion. But in other species, especially birds, calls and songs also provide evidence of emotional expression (Marler and Evans, 1996; Papini et al., 2018). For those who may object to the use of the term emotion in this way, it is possible to substitute “motivation” or “affect” for emotion. The focus is on internal states that underly certain behaviors. Our paper proposes that Panksepp’s theory may provide a critical missing piece in the attempt to explain how ancient hominins broke away from the primate communication background through evolution of a powerful motivation to vocalize exploratorily, thus forming a foundation for the evolution of vocal symbology and thus, for language.

In this view, emotions and other affective states orchestrate all kinds of behavior. Emotions stimulate animals to do what is advantageous, reflecting action strategies honed over eons (Damasio, 1999). For example, when encountering danger, emotions such as rage or fear prepare mammals to take measures of attack, retreat, or freezing. Emotions also motivate mammals to reveal their emotional states vocally, providing information about what they may be likely to do, a fact that has been recognized since Darwin’s characterization of emotional expression (Darwin, 1872).

Prior publications have also pointed to emotional foundations for communication and for language (Turner, 1996; Jablonka et al., 2012). These works have even emphasized “special” emotions of humans that appear to have emerged as a consequence of the extreme sociality of human groups. Panksepp also has acknowledged special human emotions that emerge from interactions of the basic emotions with cognitive capabilities and cultural adaptations that seem unique to humans.

Our paper focuses primarily on vocalization, because it is vocal language we wish to account for in evolution and development. This focus is not intended to discount the multimodality of communication in humans and other animals. Communication in primates includes facial expressions, body postures, and gestures as well as many intensity cues that modulate interpretation, which is also heavily modulated by the perceived context of communicative actions (Iverson, 2010; Taglialatela et al., 2011; Fröhlich et al., 2019). Emotions and other affective states, in accord with our proposal, are at the root of communication in all its modalities. It is also important to recognize that a dichotomous view of gesture as intentional and vocalization as emotional in NHP is not justifiable (Heesen et al., 2022b). The flexibility of usage of both gesture and vocalization in the great apes makes clear that their emotional nature does not negate their intentional and flexible usage, topics that have been richly explored in recent research (Scheider et al., 2016; Liebal and Oña, 2018; Oña et al., 2019; Heesen et al., 2022a). Research has also reported that the great apes can vocalize intentionally based on what is known by the receiver and that there is considerable contextual flexibility in how and when vocal signals are given (Crockford and Boesch, 2003; Schel et al., 2013; Clay et al., 2015; Crockford et al., 2018).

Panksepp (1998, 2005) viewed affective states, including emotions, as intrinsic motivations rather than merely as action patterns in response to environmental events. Emotions motivate flexible, targeted action in diverse external conditions, often triggered by subtle internal or external cues and often lasting over considerable periods, during which emotional states may remain activated even though the arousing event has passed. Consider how fear can last for many minutes after being triggered by an odd sound occurring in an unfamiliar place. The persistence of affective states long after the stimulus that instigates them is demonstrable in humans (Heller et al., 2015; Ivanov et al., 2020) and even in the fruit fly (Anderson, 2022).

This paper is an exploration of how emotions and other affective states such as hunger or pain motivate vocal communication, and further, how and why human vocal communication has properties that are in some ways held in common with other primates but in other ways contrast dramatically with communication in any other species. We share much of this viewpoint with other investigators (Owings and Morton, 1998; Owren et al., 2011). In some cases the connections between particular emotional states and corresponding vocal acts seem straightforward, as in aggressive sounds that can occur before or during physical conflicts. But natural selection has produced ways that animal vocal signals can be adjusted flexibly for context. Recent research has overturned previous assumptions that primate vocalization was limited to inflexible signals of emotions. For example, chimpanzees produce alarm calls in ways that are tuned to the awareness of others (Crockford et al., 2012) and are more likely to announce the presence of food if a friend is arriving than if some other individual is arriving (Schel et al., 2013). Other animals, for example, chickens have also been shown to modify alarm calls based on whether other chickens are nearby (Evans et al., 1993; Evans and Evans, 1999).

We propose that human vocalization has been naturally selected to be connected with an emotion that is typically not even treated as an emotion, the “Seeking System.” Panksepp and his colleagues proposed that the Seeking System is the “granddaddy” of the emotions (Panksepp and Biven, 2012), motivating organisms, even in the absence of immediate conditions requiring action, to search and explore their environments. Seeking sometimes resembles foraging in unicellular animals (Hills, 2006), but things are more diverse in multicellular animals such as mammals, where search and exploration can produce not only a wide variety of experiences potentially beneficial to survival and reproduction but also a sense of pleasure to keep animals seeking even when they do not seem to need to, a point that is illustrated as fundamental in the research of Panksepp and his colleagues (Panksepp et al., 1984; Ikemoto and Panksepp, 1999; Panksepp, 2005, 2011; Burgdorf and Panksepp, 2006).

Panksepp and others have shown that laboratory rats, for example, repeatedly explore every nook and cranny of an empty box (Olds and Milner, 1954; Panksepp, 1998). They seem to enjoy this exploration, and the activity generates neuro-chemical pleasure signatures (especially dopamine). Rats with an implanted electrode in a Seeking System tract, the medial forebrain bundle of the lateral hypothalamic area, have been found to repeatedly self-stimulate by a lever press and explore until they are exhausted. Seeking System activity is described as including “…intense and enthusiastic exploration and appetitive anticipatory excitement …” (Panksepp, 2010, p. 537).

Mammals show a deep motivation to understand the world, to watch, touch, listen, taste and smell, being motivated by curiosity and interest, a condition that regularly occurs while they are awake, looking for novelty as illustrated in the research of Panksepp and colleagues (e.g., Panksepp and Biven, 2012). Seeking can also be thought of as driving planning, strategizing, and imagining. Humans appear to seek information through travel and reading, and the search for entertainment can also be viewed as motivated by the Seeking System, although we know of no experimental work with humans to illustrate this apparent tendency. The neurological and neuro-chemical foundations of the Seeking System were described in a variety of animals through extensive research reviewed by Panksepp (1998, 2005, 2011) and Panksepp and Biven (2012).

The Seeking System is not present in traditional emotion categorization schemes, perhaps because behavioral research has often been limited to consideration of “stimulus and response.” The endogenous, active organism in Panksepp’s (1998) theory constitutes a dramatic departure from strict behaviorism, because so much of what animals do is not seen in his emotion-centric conception as reactive to the external environment, but as the internally-generated behavior of an organism motivated to explore. Panksepp (1998) and Panksepp and Biven (2012) acknowledged repeatedly that behavior is responsive to the external environment, but they argued that animals seek information regardless of external circumstances. They referred to the work of Olds and Milner (1954), who had concluded that electrical stimulation of the septal area “is rewarding in the sense that the experimental animal will stimulate itself in these places frequently and regularly for long periods of time if permitted to do so (p. 419).”

We contend that vocal communication in most primates is predominantly motivated by emotions that are tied to immediate needs and triggering events. This interpretation is consistent with the original Darwinian description of emotional expression (Darwin, 1872). It does not appear that NHP vocalizations generally require involvement of the Seeking System, although the Seeking System does, in accord with Panksepp’s (1998) theory, motivate NHP to develop intelligent, forward-looking strategies for foraging, hunting cooperatively, warfare with neighboring troops, alliance formation to overthrow tyrannical alphas, and so on (de Waal, 2016, 2019). Vocal communication instead appears to be motivated in NHP by emotions of the here and now, such as fear or rage and others to be considered below in fuller discussion of Panksepp’s theory.

Human vocalizations are sometimes also motivated by immediate emotional triggering events, for example, by fear or rage, but the great majority of adult human vocalizations do not require such triggering. Human vocalizations regularly merely require, in accord with Panksepp’s model, motivation through the Seeking System. We propose the Seeking System motivates human infants in the first months of life to produce ~3,500 speech-like vocalizations or “protophones” per day (Oller et al., 2019, 2021), the vast majority of which are directed to nobody (Long et al., 2020), but seem to constitute endogenous exploration of the vocal capacity (Oller and Griebel, 2021). We propose further that the connection of vocal control to the Seeking System in hominins established first in ancient hominin infants.

In accord with Panksepp’s theory, we propose that because of the connection of the Seeking System to human vocalization, we can explore vocalization and at other times vocally express any emotional state flexibly with those same sounds, and in maturity, with an indefinitely large set of words and sentences. The Seeking System, in our interpretation, allows human vocalization to require no targeting of immediate benefits, and thus frees the human vocal capacity for expressions that can bear any social function or “illocutionary force” (Austin, 1962; Oller, 2000), a concept elaborated below. Ultimately human vocal expressions become symbols that can refer not only to entities in the here and now, but to entities in the past, the future, or the imagination. Our proposal is that the connection of human vocalization to the Seeking System makes these advances beyond NHP communication possible.



How is language possible, and indeed how is nonhuman animal communication possible?

Biologists have often wondered how communication signals could have evolved at all, since so much of communication appears to be about conflict, competition, and deception (Zahavi, 1975; Krebs and Dawkins, 1978; Knight, 2016). Wouldn’t signals deteriorate before they could stabilize because of conflicting interests? Maynard Smith and Harper (2003) argued that signals stabilize because in general they benefit both the sender and the receiver, conveying useful information about the sender’s affective state. If a baby communicates distress because of hunger or fear, it is in the interest of the mother to react by giving care, since the promotion of her genes is at stake. The benefits of this type of communication can be extended to relatives in general (Hamilton, 1963) as well as to unrelated group members who might return the favor later in a tit-for-tat arrangement (Trivers, 1971).

One might expect aggressive signaling to give the sender the edge over the receiver, but aggressive signaling is also important for the receiver, who can benefit from knowing how motivated the sender is. The receiver might wisely choose to back off after perceiving a highly motivated aggressor. Protection of home often wins over threatened attack because the home protector may have more to lose and have higher motivation to fight (Hoefler, 2002). In general it is to the advantage of both parties in aggressive exchanges to display their motivation regarding a possible fight and to assess the motivation of the opponent.

Much research has addressed cheating and manipulation in such communicative acts as reviewed by Oller and Griebel (2021, this Frontiers Topic). We propose that communication systems are evolutionarily stable in part because animals display and assess each other’s affective states and benefit from the interchanges in guiding their actions. The existence of deception does not contradict this view. In stable communication systems, deception has to be rare, because otherwise signals would disintegrate—they have to be generally reliable indicators of emotional states and the related intentions. Experience in social groups can also play a major role in maintaining stability of shared signals. Group members tend to learn whose emotional signals and communicative intentions to take seriously. For example, inexperienced youngsters’ alarm calls may be ignored (Cheney and Seyfarth, 1988). Thus, vocal signals must be recognized by animal receivers as revealing affective states, but their responses can be intelligent and flexible based on what they know about the sender, the sender’s perceived intentions, or the situation.

NHP vocal signaling appears generally to elicit responses presumably consistent with innately determined purposes of the sounds, such as maternal caregiving in response to infant distress calls. The same is true in the human case during early infancy, but across development the producer’s intended function and the listener’s interpretation of crying can change because human infants learn to cry manipulatively rather than only as an expression of distress (Green et al., 2011; Chóliz et al., 2012). By human adulthood, crying and laughter can even be expressed in ways that are contrary to their innate purposes. Think of derisive laughter or crying in relief. We propose that this flexibility and the seemingly unlimited emotional flexibility of linguistic expression are possible in humans because all vocalizations in humans can be motivated through the Seeking System, which allows vocal flexibility to an extraordinary degree.

Understanding the relation between the Seeking System and human vocalization may provide a key to clarifying both similarities and differences between human and NHP vocalization. If we focus on the Seeking System, we may be able to sort out many prior difficulties of interpretation that have led animal communication research down unproductive paths, directing attention away from fundamental differences between vocal communication in humans and nonhuman animals, while also failing to address the most salient similarities. We propose that the relations between vocal communication in humans and nonhuman animals need to be restructured in both conceptual foundations and terminology, taking account of a role for the Seeking System. The suggestion that the Seeking System may have come to be connected to a far greater extent with vocalization in humans than in NHP is consistent with the fact that humans have extensive neural connections between laryngeal motor cortex (LMC, located in area 4 of the primary motor cortex) and laryngeal motoneurons, while NHP have been shown to possess little if any such connection (Jürgens, 1995; Kumar et al., 2016; Simonyan et al., 2016). Laryngeal motor neurons in monkeys appear to have indirect connections from area 6 of the premotor area, but their destruction does not appear to impact species-specific calls (Simonyan et al., 2016). Consequently it seems possible that the Seeking System in humans (perhaps from its lateral hypothalamic site) may be shown to have strong connections with LMC.




Explaining discrepancies in the comparative literature on vocal communication


Interpretive and terminological misunderstandings about signaling repertoires

One vexing issue in description of signaling systems is that the numbers of communication signals in species repertoires have been reported to be vastly different. For example, in a broad review of primate communication literature, chimpanzees were reported to possess from 7 to 27 different vocal types across studies, and similar discrepancies were found for other primate species (Sutton, 1979). Obviously, the criteria for counting differed across the studies reviewed.

Perhaps the main reason for such discrepancies is that signals along a particular dimension of emotional expression grade from low to high intensity, and they can show regime shifts of sound quality along each such dimension. Squirrel monkey vocalizations, for example, have been reported to pertain to five functional dimensions (protest, challenge, social contact, group action, and alarm), with gradations on each one corresponding to apparent regime shifts, yielding the misleading impression of many more than five distinct functional categories (Jürgens and Ploog, 1976; Ploog, 1992). Interestingly, at very high intensity, all the emotional dimensions of squirrel monkeys tended to collapse acoustically, yielding a single loud, dysphonated sound. At very low intensity, all the dimensions seemed to collapse to a single very quiet sound, so that middle range intensities yielded best discriminability (Jürgens, personal communication; and see Oller, 2000, pp. 339–355).

Especially in very social animals such as primates, it is important for receivers to assess the intensity of the emotions driving signals. This intensity is reflected in graded vocalizations, with seemingly categorical shifts, especially with sudden changes from periodic phonation at low intensity to noisy dysphonation at higher intensity (Owren and Linker, 1995; Owren and Rendall, 2001; Rendall and Owren, 2013). The sender’s degree of motivation can also be reflected in the number of repetitions of vocalizations.

Failure to take emotional motivation into account appears to have contributed to the narrative in much animal communication literature portraying animal vocalizations with linguistic terms. The foundational research on this topic was based on observations of vervet monkeys, Chlorocebus pygerythrus (Seyfarth et al., 1980). The research inspired the widespread claim that various animals have “semantic” vocalizations in the form of predator-specific alarm calls (Seyfarth et al., 1980). The term was misleading, as will be seen below, having been largely rejected by more recent investigators (Owren et al., 2010; Rendall, 2021) and having been substantially weakened in more recent time even by the originators of the claim (Cheney and Seyfarth, 1996). Even so, additional researchers have interpreted distributional differences in the acoustic characteristics of alarm calls of a variety of species in the presence of different predators as indicating “referentiality,” “functional referentiality” or “representation” (Gozoules et al., 1995; Hollén and Manser, 2007; Furrer and Manser, 2009; Rogers et al., 2018, and see a variety of papers in a volume by Stegmann, 2013).

Yet the term “predator-specific alarm calls” of vervets, which lay at the basis of the semanticity claim, was misleading all along, since it has been widely acknowledged that the relevant calls are not specific to predators. They are also commonly used in intra-specific aggression, that is, the same calls occur during fighting and threats by one vervet in conflict with another (Price et al., 2015). This fact was even noted briefly in the article that first presented the claim about semantics in vervet monkey calls (Seyfarth et al., 1980). The confusions about alarm calls are placed in historical perspective in two additional articles in this Frontiers Topic (Locke, 2021; Rendall, 2021).

The tendency for calls associated with predator danger to segregate into acoustically different groupings can easily be interpreted in a way that requires no appeal to semantics. Instead, the segregation can be interpreted as relying on emotional expressions occurring differentially because of the different intensities of fear or anger that can occur at typical sighting of particular predators (Oller and Griebel, 2014). Different degrees of fear and anger can mix in ways that are appropriate for particular situations and may yield different sounds in response to a predator that may typically be seen crouching on the ground as opposed to one that may be soaring in the air or slithering in the grass. The extent of the alarm-caller’s emotional reaction may segregate probabilistically so that one type of predator tends to cause more alarm than another simply because they may tend to be nearer when detected or may tend to be approaching faster when detected. Given the existence of regime shifts in graded vocalizations, it seems possible that typical alarm calls to one type of predator might misleadingly seem categorically different from those to another, only owing to probabilistic differences in the typical intensity of the reaction.

It has not even been proven that the producer of a so-called alarm call intends the vocalization to constitute an alarm. A human observer may think of the sound as an alarm, and conspecifics of the caller may respond with alarm, but we know of no evidence indicating that the animal produces an alarm call based on anything other than fear and/or anger. An increased tendency to produce alarm calls when kin are nearby could be interpreted as simply indicating the sender feels more fear or anger knowing their kin might be in danger. Of course it is an empirical question what is in the mind of an animal signaler (long-term plans and thoughts could indeed be involved), but an alarm call itself does not include semantic information about the mind of the signaler. For the receiver, it only supplies emotional/illocutionary information, reflecting the caller’s state and immediate intentions. Other concerns about interpretation of alarm calls were expressed by Kaplan (2008) based particularly on evidence from the Australian magpie. Her conclusion was that the various calls that have been termed “referential” appear to be generated principally in the midbrain, offering little support for any interpretation of complex cognition being involved. Still, while an animal signal itself may reflect only the type and intensity of the sender’s emotion/illocution, the listener may bring to bear contextual information and prior experience in determining how to react.

Different distributions of animal food calls in the presence of different edibles have also been interpreted as referential or functionally referential (Evans, 1997; Evans and Evans, 1999; Rogers et al., 2018), but in our opinion this interpretation is subject to the same concerns as the interpretation of animal alarm calls. The empirical evidence does not appear to prove that the calls themselves contain reference. As in the case of alarm calls, the possibility remains that the differences among the calls in the presence of different kinds of food are the products of different emotional reactions of the vocalizers to the different food types. This does not mean, however, that the food calls have no flexibility since, for example, their production has been shown in some instances to reflect audience effects (Hauser and Marler, 1993; Evans and Evans, 1999; Schel et al., 2013). Nor does the possible lack of reference contained within the calls themselves rule out conspecific listeners’ reactions being differentiated based on possible learning by the community of listeners about the likelihood that different foods may have stimulated the senders’ differentiated vocal reactions.

Our conclusion is that neither food calls nor alarm calls in animals have thus far offered evidence of semantics. For any vocal act to be semantic it is required that it be motivated by a wide variety of states and intentions, for example to involve simple naming in the absence of alarm or in the absence of any kind of food and in the absence of any particular emotional state. Human linguistic reference is never limited to specific circumstances of physical context or emotional state. The failure so far to produce convincing evidence of semanticity in animal communication in the wild does not appear to be a failure of methodology or of investigator persistence. It appears instead to be a failure due to inappropriate goal-setting—researchers have sought to show advanced features of human language (especially semanticity) in wild animals without first taking stock of the fundamental principles of cognition and behavior that are required by such language features. The same researchers have largely left aside the investigation of fundamental differences between human and nonhuman animal communication.

There are, however, ways to compare human and nonhuman animal communication profitably. To find both similarities and differences between them, we can look to non-linguistic human communication modes that have much in common with nonhuman animal vocalization, such as the human non-verbal vocal repertoire, facial expressions, and non-symbolic gestures that are clearly associated with emotions or other affective conditions. Human infant crying (which continues intermittently in maturity in modified and much more flexible form), for example, has much in common with the calls of other mammals, since crying expresses distress caused by pain, fear, or isolation (Owings and Zeifman, 2004). Similarly, laughter has been interpreted as occurring across many primates, and although the acoustic form of laughter differs across species, it seems clear there is homology involved (Davila Ross et al., 2010). As with crying or screaming, the cross-species similarity in laughter is grounded emotionally—laughter’s central function is always the emotional expression of social connectedness or joy, which in NHP tends to occur in response to tickling or rough and tumble play (Panksepp, 2000).

Laughter and crying have sometimes been referred to as “fixed signals” (Lorenz, 1951; Tinbergen, 1951), but this is an overly restrictive term, because these sounds can show substantial gradations of intensity. Laughter and crying are indeed relatively fixed in that they each have a limited range of variability regarding their functions, either the expression of a positive social emotion or the expression of distress. In this way human and nonhuman animal vocalizations have something fundamental in common.

In contrast, even the precursors to language seen in human infancy are not constrained to expression of particular functions the way crying and laughter are. On the contrary, from the first months of life, human infants express the full range of affective valences from positive to neutral to negative with each of the phonatory vocal types (e.g., squeals, vowel-like sounds, growls) known to be precursors of speech (Oller et al., 2013; Jhang and Oller, 2017). Infants can shift in just a few moments between emotional states, and they can use any one of their vocal types to express any emotional valence. Thus one may observe an infant to produce a squeal with a smiling, happy face, then later a squeal with a neutral face, suggesting neutral emotional valence, and later yet with an obvious frown indicating discomfort or annoyance. Human observers make consistent judgments about the differing emotional states accompanying the very same vocal types on different occasions (Oller et al., 2013). All elements of mature human languages require this kind of functional/illocutionary flexibility—every syllable, word or sentence must be possible to produce in any emotional state. In fact, each element of language must be possible to produce merely based on interest in the sound itself. Infant protophones produced this way are judged consistently by human observers to constitute exploration (Long et al., 2020; Oller et al., 2021), and we propose this exploration depends on connection to the Seeking System.

The endogenous nature of human infant vocal exploration is indicated partly by the facts that (1) the great majority of protophones are directed to nobody (Long et al., 2020), (2) they express a variety of emotional states (Stark, 1981; Shimada, 2012), (3) much of the infant vocalization occurs when infants are alone in a room (Delack and Fowlow, 1978; Oller et al., 2019), and (4) even profoundly deaf infants produce massive numbers of protophones (Iyer and Oller, 2008). Most protophones seem to constitute a kind of vocal play (Stark, 1980), a fact that is supported by observations from human coders of hundreds of randomly-sampled segments from all-day recordings across the first year of life as well as from extensive longitudinal research with laboratory-based audio-video samples (Oller et al., 2021; Long et al., 2022). Similarly, adult humans produce speech commonly (often muttering to themselves) for no immediate social purpose, perhaps as a sort of anticipatory practice, expressing interest in both the speech itself and the semantic content it could at some point transmit to an imagined listener. Yet even recent efforts to explore the possibility of vocal functional flexibility in nonhuman animals (Clay et al., 2015; Dezecache et al., 2020; Taylor et al., 2022, 2023) have not reported nonhuman apes producing any vocalization exploratorily. So far neither vocal exploration nor semantic communication has been found in NHP vocal communication, and it would be more fruitful to focus on similarities and differences between signal types that, like crying and laughter, are in general based on similarly constrained functions.

The inappropriate attempt to shoehorn the vocal communications of nonhuman animals into categories of human language is exacerbated by failure in much animal communication research to draw the critical distinction between situational context and function of communication signals. Some research has considered only situational context in categorizing signals, ignoring social functions entirely. For example, the term “food calls” or “food associated calls” (Hauser and Marler, 1993; Clay and Zuberbühler, 2009) suggests that calls produced near food or in anticipation of eating are about food. It is much more plausible that they may be expressions of positive excitement or of some other emotional state that can be expressed in the absence of food. Other research by some of the same authors makes clear that vocalization in the presence of food by mammals and birds does not provide referential information (Clay et al., 2012).

The same behavioristic approach can lead to aggressive or fear expressions being categorized as predator-specific alarm calls, because they can occur in the context of sighting a predator, although they also occur in intra-specific aggression. NHP signals can be used in a variety of different contexts, because communicative functions, such as aggression, appeasement, courtship, play, and fear, are transmitted in contexts as different as resting, traveling, and feeding. Categorizing signals by situational context alone, instead of also addressing social function, creates confusion in comparative communicative research. Social functions/illocutions of the vast majority of NHP vocalizations can be best explained as being driven by emotions that were naturally selected to serve particular social functions in the immediate present. It has not been proven that NHP vocalizations ever express any kind of semantic content, which requires by definition flexible control and learning of conventional symbols.



Roots of confusion about language and nonhuman animal communication in radical behaviorism

The confusions associated with trying to categorize animal vocal communications in terms of human language categories have also been exacerbated by a longstanding tendency in the study of animal behavior to focus on and only on observable, countable events, and to ignore explicitly the internal states of animals and motivations that drive behavior (Watson, 1913; Skinner, 1957). Situational context has been at center stage in radical behaviorism. Internal states of organisms have been treated as irrelevant. But there is no accounting for how and why behavior occurs without addressing the states within animals that are the immediate and necessary drivers of behavior. Situational context can help us to infer internal states, but to explicitly ignore internal states is to abrogate the ultimate responsibility of ethological science (Lorenz, 1971), which is to explain behavior and its evolution.

One of the results of the tendency to confine behavioral science to observables is that scientists have often seemed to take deeply contradictory stands on whether animals possess emotions at all (see commentary in Panksepp, 2005; Panksepp and Biven, 2012). Biologists who have actually wanted to study emotions during the century of the behaviorist paradigm have sometimes complained that animals are treated as simple stimulus–response machines without any emotions or minds, while psychologists trying to explain human behavior may complain that humans struggle with their emotional heritage, their lowly “animal” side, which is thought to run afoul of the humans’ highly evolved rational cognitive abilities. We tend to agree with Panksepp (1998) that there can be no cognition without affect, that there can be no learning without emotional motivation, and that emotions are modulated by learning and memory in both humans and many other animals. In this view, emotion and adaptation by learning had to evolve together, like two sides of a coin.

While visual and chemical signals are also used to communicate emotional states, the vocal mode is naturally connected to the breathing apparatus in vertebrates, and consequently to arousal, which can reflect levels of emotions through respiratory pressures, volumes and rates. Phonatory mechanisms rely on respiration as the force to drive vibratory patterns of larynx, syrinx, pharyngeal pouches, air sacs, etc. (Conrad and Schönle, 1979; Kent, 1998; Suthers, 1999; Farmer, 2006; Schusterman, 2008). Vocalization can thus occur to some extent accidentally in circumstances of high arousal and intense emotion. Consequently we surmise that vocalizations, being naturally associated with affective states through breathing, have been particularly sensitive to selection pressures that could have differentiated vocalizations to express individual affective types and for elaborating them into graded signals.

Visual systems of communication can be flexible and can include relatively large repertoires, as in the case of the chromatophore system in cephalopods (Messenger, 2001; Byrne et al., 2003) or gestural communication in NHP (Call and Tomasello, 2007; Call, 2008). But with the exception of human sign languages (Stokoe, 1960), only vocal sound production has produced massively complex categorical signal types, and these have occurred only in human languages and in certain species of birds and marine mammals showing elaborate songs with an amazing variety of “syllable” types (Helweg et al., 1992; Marler and Slabbekorn, 2004).




Emotions at center stage


Panksepp’s view of emotions

While widely recognized models of emotional systems (Ekman, 1994; LeDoux, 1998; Damasio, 1999; de Waal, 2019) show substantial overlap with Panksepp’s (1998) model, they also differ importantly. LeDoux (1998), for example, has resisted even acknowledging that emotions exist in nonhuman animals, and in general other models do not provide a basis for characterizing the origins of vocal emotional expressions in either humans or nonhuman animals. Panksepp pioneered characterization of emotions and other affective states (including hunger, thirst, pain) both theoretically and in neurobiological research.

While all of the other basic emotions of Panksepp’s model to be considered below are commonly recognized in some form, the Seeking System is an essentially new concept. There has been mention of an exploratory “drive” that causes animals to investigate their environments, but the description of this “drive” prior to Panksepp was vague and largely undefined neurologically (Montgomery, 1954; Glanzer, 1958). Recent modern computational modeling research includes much interest in curiosity and exploratory behavior (e.g., Oudeyer and Smith, 2016), but Panksepp (1998) and Panksepp and Biven (2012) have supplied the most extensive characterization of the Seeking System.

Panksepp described the Seeking System as the most fundamental emotional system, motivating all animals to explore. The Seeking System presumably also plays a crucial role in innovative behaviors such as tool use, and we have proposed specifically that it has been crucial in the evolution of symbolic communication/language, since exploration of vocalization is one of the fundamental foundations for language. Without it, other prerequisites of language could not have emerged. The argument about additional stages of evolution and development that require the foundational stage of vocal exploratory flexibility can be found in our previous writings (Oller, 2000; Oller et al., 2016), but for the present, we simply note that the following list of four capacities appear in human infants in the following order across the first year:

(1) exploratory production of vocal types that are not part of the innate repertoire (e.g., cry or laughter) along with production of those vocal types in any condition of affect; vocal types occurring in exploration, presumably motivated by the Seeking System, can be said to be decoupled from any of the traditionally recognized emotions;

(2) flexible, sustained, affectively positive vocal interaction with others, forming a foundation for understanding others’ affective states and minds;

(3) vocal imitative learning of new sounds not in the innate or exploratorily developed vocal repertoire; and

(4) associative learning of the production of acquired sounds in association with arbitrary circumstances or entities, i.e., primitive word learning.

All four of these prerequisites to symbolic word learning (Sinha, 2004) regularly appear developmentally in the order given in humans, where #2 depends on #1, #3 and on #2, and #4 on #3. There are a number of additional steps specified in the more elaborate version of our model (Oller et al., 2016). Our key contention is that when the Seeking System was naturally selected to be connected to the human vocal system, and thus exploratory vocalization began in ancient hominins, a door was opened to evolution of many subsequent language-necessary capacities. Similarly, modern human development begins with exploratory vocalization from the first day of life, driven, according to our proposal, by the Seeking System.

Panksepp has described the neural circuitry and neurotransmitters active in seven basic emotions (Panksepp, 1998, 2005, 2011). All are portrayed as largely subcortical in vertebrates, although all can be modulated by cortical influences and by interactions across the different emotions. It is important to keep in mind, though, that to date science has produced minimal knowledge about a large number of only recently recognized neurotransmitters found in the neuronal synapses (Grant, 2015; Zhu et al., 2018). While major types have been identified (oxytocin, serotonin, dopamine, estrogen, testosterone, and so on), we know very little about how they interact with each other and with all the other neurotransmitters about which virtually nothing is known. The picture is getting more complex as research shows that the effects of a single neurotransmitter can be diverse and highly time-and area specific (see, e.g., Young, 2012). Nevertheless, there is reason for optimism since neurophysiologists have begun to characterize emotion-like systems in model organisms such as fruit flies and mice, starting from behavior and continuing to neurotransmitters and genes involved in the expression of primitive emotional states (Tsien et al., 1996; Adolphs and Anderson, 2018; Jung et al., 2020). Panksepp postulated that together with sensory/perceptual input, seven basic emotions create a primary process consciousness in mammals, which can be elaborated into states of secondary and tertiary consciousness, at least in humans, by reflections about experiences and reflections about reflections (Panksepp and Biven, 2012).



Summary of the seven emotions proposed by Panksepp

The first emotion in Panksepp’s (1998) theory may apply even to unicellular animals, but at least to multicellular animals:

1. Seeking: Panksepp described this addition to the traditionally recognized emotions as an affective state of exploration, a dopamine-driven seeking/expectancy/wanting system that energizes activities such as foraging or object exploration/play (not social play, which belongs to the Play emotion, below) and mediates anticipatory states. Seeking stimulates a positive reward system (demonstrated especially in rats, where his research was most extensive) different from rewards associated with other emotions. There are no specific vocalizations associated with seeking, but if the Seeking System is connected to the vocal capacity, as we propose it is in humans and in other vocal learning species such as some song birds and some marine mammals, then an indefinitely large range of sound types and gradations of each type can emerge as a result of seeking/exploration.

Three emotions are common to both social and non-social vertebrates and perhaps also invertebrates:

2. Rage: a state of anger often expressed vocally by growling, roaring, barking, or hissing, depending on the species.

3. Fear: a state of negative agitation, yielding responses of freezing or flight, often accompanied by whimpering or screaming.

4. Lust: a state of sexual interest, yielding mating behaviors, with vocal expressions sometimes including sighing, moaning, or other sounds suggesting positive arousal.

The third group of emotions is unique to social animals:

5. Panic/Grief: a state of sadness or terror based on isolation often leading to frantic search or, after extended periods, depression. A vocal expression is isolation calling, but after a longer period of isolation, vocalizations can include sobbing or wailing.

6. Care: a state inducing enjoyment in investing in the well-being of others, usually offspring, but also sexual partners, and allies. Behaviors include nurturing, cuddling, helping, teaching, and so on. Vocal expressions can be soothing sounds at relatively low intensity or celebration sounds of positive arousal.

7. Play: a state of pleasurable social connection in seemingly (i.e., momentarily) unproductive behaviors such as, tickling, chasing, and rough and tumble play, often accompanied by laughter.

These seven are the emotional affects. Bodily regulatory urges/states such as hunger, thirst, the need to defecate, and so on, are categorized as “homeostatic” affects in Panksepp (1998, 2010) work, and the pleasures and pains of externally provoked sensations such as sweetness, bitterness, heat, coldness, or physical injury, are treated as “sensory” affects. These non-emotional affective states can also yield vocal expressions, such as infant crying with hunger or pain or sighing in response to a pleasurable taste.

Panksepp (1998) described various inhibitory and excitatory interactions among the basic emotions. Behavioral evidence from mammals (including humans) in addition to introspection show that we can experience mixed emotions (de Waal, 2011; Larsen and McGraw, 2014; Hoemann et al., 2017). We can be torn between fight or flight, love or hate, and we often seek rational solutions to emotional conflicts, a state that Panksepp reasoned to often invoke the Seeking System in order to acquire information needed to create a balancing strategy for action. Seeking can recruit memories of prior experience acquired during prior seeking and can support informed strategic action in response to conflicting emotions. Panksepp also contended that the Seeking System can be recruited to serve the goals of other basic emotions such as Fear (seeking an escape route, a means of defense, etc.), Lust (seeking ways to impress a potential sexual partner), Rage/aggression (seeking ways to impress an opponent, to get the upper hand in a physical fight), and so on. Thus emotional states are not completely isolated from each other, although they all, according to his research, have isolable subcortical components and biochemical signatures in mammals. Interactions are obviously necessary since, for example, Fear has to interact with other emotional systems to produce reaction strategies. Everyone knows the feeling of being torn between fight or flight, and we recognize the fierce and seemingly fearless aggression of a mother with pups (in this case Fear is suppressed, presumably by Rage), the balance of Fear and Lust in courting, and the tabling of behaviors based on prior emotions in the face of imminent danger. In the case of danger, Fear may dominate every other emotion. Since vocalizations are motivated by affect/emotion, the occurrence of mixed emotions suggests that the apparent range and number of possible vocalizations may be increased substantially beyond that which would be expected if each vocalization type corresponded one-to-one to a single emotion/illocutionary type.



Reward systems in communicative behavior

Just as adaptive behaviors like reproductive acts, parental care, social bonding, play, and exploration often produce pleasure, communicative acts also have a pleasurable component. They appear to release endorphins and boost our immune functions, e.g., via opioids (Benson, 2019). While pleasure is obvious in most cases of laughter during social play (Manninen et al., 2017) in humans and our primate relatives (Davila Ross et al., 2010) and in some other more distantly related species (Panksepp, 2000), it seems likely that courtship displays such as mating songs or territorial or social group choruses in, for example, canids and primates induce pleasure as well. It has been shown that singing in a choir releases endorphins in humans (Launay and Pearce, 2020).

Panksepp’s (1998) extensive review of evidence that seeking is pleasurable suggests exploratory vocalization could yield pleasurable sensations, just as exploration by smell or by touch in a variety of animals could yield pleasure. Indeed, we propose that one of the proximal mechanisms sustaining exploratory vocalization, occurring at massive rates in human infants and presumably continuing as solitary muttering in adults, is that, at least in part, it is fun, with endorphins being main ingredients of the sensations.




From emotional signal to emotional language


Differentiating features of language from features of nonhuman animal vocalization

A key difference between NHP vocal communication and an act of language is that a NHP vocal signal is coupled to a specific function or class of functions for which it was evolved. We know of no report of a NHP using a specific aggressive signal (e.g., a growl) in any non-aggressive state, except in play, where many behaviors can be used to “pretend.” Similarly, courtship signals require a state of Lust, and a call for help appears to require a state of Fear.

Language, on the other hand, in its mature form, consists of conventional and learned symbols, and these symbols can signify entities (objects, actions, states, and so on) abstractly, with no necessary connection to a social function. A language act or “Illocution” (Austin, 1962) is motivated by emotions, of course, but we can use any symbol or symbol sequence of language to express any emotional state and thus also a seemingly unlimited variety of illocutions. For example, we can use the word “mouse” in various emotional states, and thus we can transmit various illocutionary forces with the word. Someone might, based on Fear, jump onto a chair and exclaim in an illocution of alarm, “a mouse!.” A child opening a birthday present, being delighted to find a live mouse, might express an illocution of celebration, saying excitedly “a mouse!” A teacher pointing to a chart displaying rodents might produce a labeling illocution, saying “a mouse.” “Little mouse” (Mäuschen) is used in Austria as a popular illocution of endearment spoken to both children and lovers. We have used “mouse” in this paragraph as an example, with the motivation to exemplify/share information about the illocutionary flexibility of words in languages. Importantly, the word “mouse” does not change its meaning (the class of animals it makes reference to) in these different illocutionary implementations and in the different emotional states that might have motivated them; the word always refers to a special kind of rodent that we are all familiar with and that we agree implicitly to call “mouse” in the English language.

This distinction between illocutionary function and meaning (or semantics) is critical to the understanding of a fundamental difference between language and the natural communication systems of NHP and other nonhuman animals. Wild NHP transmit illocutionary forces when they vocalize or gesture, but there has been no demonstration that they transmit semantic content. Humans can communicate in some cases with illocution alone, especially with their non-verbal repertoire (grunts, screams, cries, squeals, moans, and so on), and illocutions provide the only form of communication in the human infant. But at later stages of development, linguistic utterances appear, and these utterances include semantic content, in the form of words, generally referring to entities that need not be present. Yet every use of a word can bear any one of a large number of illocutionary forces. As in the example above, “mouse” always refers to a class of animals, but in any individual speech act, the word can constitute an alarm, an insult, a threat, an endearment, an act of labeling, or merely a pronunciation of the word.

In the first year of protophone usage in infancy, humans produce a narrow range of possible illocutions, limited to expression of just a few emotional/affective states, for example anger, distress, delight, fear, comfort, and sound exploration (vocal play) (Papaeliou et al., 2002; Scheiner et al., 2006; Oller et al., 2016). Similarly, we see no reason to believe that the range of possible illocutionary forces in NHP having grown up without human training in communication is much different from the human infant range. The list of possible illocutions appears to be confined more or less to expressions of anger (threat), fear, distress, delight (celebration), contact, submission, and perhaps a very few more (Griebel and Oller, 2008). The list should be expanded to include expressions of mixed emotions/illocutions. Saliently absent in the list, however, is vocal exploration, which to our knowledge has never been reported to occur in any of our ape relatives.

The human list of possible illocutions expands vastly as language expands through syntactic constructions that combine words into sentences. Thus we become able to express illocutions that are impossible even to imagine in nonhuman animal communication systems. These illocutions include labeling, requesting, thanking, welcoming, description, criticism, praise, denial, affirmation, argument, explanation, stipulation, and many more. Illocutionary types tend to be restricted to expressing particular emotions in nonhuman animal communication (for example, threat goes with Rage, alarm goes with Fear), but in humans there are illocutions that can be motivated by any emotion. Consider an explanation. A person can give an explanation: (a) out of mere interest in exploring an idea with someone (Seeking); (b) to counter an insulting accusation made by someone (Rage); (c) to prevent someone from striking out based on a misunderstanding (Fear); (d) to provide a rational basis that someone might like to engage in courtship behavior (Lust); (e) to provide a basis for forming a friendship (Care); (f) to justify a playful wrestling activity (Play); or (g) to evaluate irrational fears or feelings of isolation (Panic/Grief). In this way the connection of vocalization to the Seeking System in humans makes it possible not only to form a vast number of signal types, but also to use those signal types with a seemingly unrestricted variety of social intentions (illocutions), motivated by any emotional or affective state.

It may be important to emphasize that NHP appear also to transmit some illocutions on the basis of different emotions on different occasions. In gesture, for example, an invitation can be made to play or to groom (Fröhlich et al., 2016; Heesen et al., 2021). In terms of Panksepp’s (1998) scheme, it would seem that a play invitation would be motivated by the Play emotion, and a grooming invitation by the Care emotion.

Humans can, by recombination of illocutionary types expressed in complex syntax, produce a large number of illocutions in a single sentence. For example, a mature language user can form a sentence constituting a request for an affirmation of an explanation of a request. Because we can, in this way, embed various illocutions in complex sentences, there is no obvious limit to how many complex illocutions are possible in human language.

The (theoretically) indefinite size of the repertoire of human illocutions reflects the similar indefinite size of the class of possible sentences that can be composed over any human vocabulary by recombination and structural embedding of phrases consisting of words (Chomsky, 1965). In fact, without complex syntax, expression of complex illocutions is not possible. And the words of which sentences are composed are themselves sequences of syllables that can be recombined to form an indefinitely large vocabulary of words (Pinker, 1994).

The recombination of discrete units at all these levels (illocution, syntax, vocabulary) is based on a digital rather than analog system that has been related to the “particulate principle” in the organization of both inorganic and organic systems. Importantly, the particulate principle in human language (Studdert-Kennedy, 2000, 2005), operating according to our reasoning on the basis of the Seeking System, makes the repertoires of language at every level vastly different from the comparatively tiny set of vocal communication types available to NHP. A key difference is that NHP vocal types seem to be obligatorily analog, offering gradations along a few dimensions of illocution but with no particulate digitization necessary for recombination that would allow indefinitely large sets of communication units.

Figure 1 portrays perhaps the most fundamental difference between human and NHP vocal communication and corresponds to the first item on the list above of 4 ordered steps in human development. NHP signals tend to present couplings between individual action types (signals themselves) and individual social functions (or illocutions) motivated by particular emotions (or complex illocutions motivated by mixed emotions). Recent research suggests there is some, but quite limited, flexibility in these couplings in bonobos and chimpanzees (Clay et al., 2015; Taylor et al., 2023). In the human case, on the other hand, the flexibility is extreme. Every language signal type and even each type of protophone precursor to human language has no necessary coupling with any particular illocution or with any particular emotion. Because of the extremely flexible control of the vocal apparatus in humans as manifest in exploratory vocalization, humans can create new categories of sound not provided in their innate repertoire (e.g., cry or laughter). These new sounds can be graded, but they also develop into discrete syllable types by the second half year of life in canonical babbling (Oller, 1980; Stark, 1981). These discrete syllable types form the foundation for unlimited recombinations of syllables and thus the basis for an indefinitely large vocabulary. No NHP has ever been shown to develop such discrete, recombinable syllable types, although many songbirds seem to produce recombinable syllable-like elements.

Considerable research has been devoted to demonstrating that voluntary vocalization may be possible in NHP as manifest in vocal learning of, for example, either a very small number of sounds after extensive training/experience, or modifications in usage of innately available sounds after similarly long periods of experience (Hopkins and Savage-Rumbaugh, 1986; Fischer, 2003; Hopkins et al., 2007; Taglialatela et al., 2012; Hage et al., 2016). But such research has not, to our knowledge, even attempted to quantitatively compare vocal learning in NHP with that which occurs even in a young human child, who can learn a large array of new sounds or sound sequences on single trials. The very weak vocal production learning in NHP contrasts sharply with the considerable vocal learning ability of humans and with the ability of NHP to learn how to interpret sounds they hear (Seyfarth and Cheney, 2010) or to produce non-vocal (non-phonatory) sounds imitatively (Hopkins et al., 2007).

A second difference, also presented in the list of four, is that humans interact vocally with positive affect, often with eye contact. Of course eye contact does occur communicatively in NHP (Bard et al., 2005; Kano et al., 2015; Heesen et al., 2021) although it appears usually to be brief and sometimes to be avoided (Kaplan and Rogers, 2002), perhaps as threatening. In contrast, a combination of directed gaze and non-aggressive vocalization exchange in human infancy is widely recognized as beginning in the first months of life and appears to produce bonding and a growing understanding in the infant of the possibility of sharing affect and recognizing the emotions and minds of others (Trevarthen, 1974, 1979; Terrace et al., 2022). This sort of sustained, affectively positive vocal exchange has never to our knowledge been observed in apes other than humans, although it may occur to some extent in singing birds (Fehér et al., 2017; Rivera-Cáceres et al., 2018) and in the New World callitrichid monkeys (Takahashi et al., 2013, 2015).
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FIGURE 1
 In vocal communication of nonhuman animals, each signal type (“call”) tends to be coupled with a social function or class of functions, motivated by emotion (for example, growling motivated by Rage in dogs). In language, the signal (“mouse”) and the illocutionary function, for example, expression of joy, play, fear, anger, or desire to share information, are not coupled. Linguistic signals can be used flexibly for any social function, that is, in the expression of any conceivable illocutionary force. And most importantly they can be produced purely as exploration, devoid of any social motive, proving their status of being decoupled from any immediate need and thus available for expression in any state and with any illocutionary purpose.


The third item on the list of four is vocal imitation of new sounds or sound sequences not previously occurring in the repertoire of the imitator. Humans learn to imitate particular syllable sequences that later become the most primitive words. No NHP has ever succeeded in producing more than an extremely limited variety of syllables, and that limited repertoire is uncertain (Kellogg and Kellogg, 1933; Gardner and Gardner, 1969; Gardner and Gardner, 1985). In general it appears NHP learn scarcely, if at all, to produce phonatory sounds not in their innate repertoires. Among the best examples is that Hopkins et al. (2007) claimed captive chimpanzees learned an “extended grunt” (with grunts already being in the innate repertoire), which the chimps used in attention getting with human caretakers. While interesting, this is hardly a demonstration of extensive phonatory learning. In contrast, many birds, e.g., blackbirds, corvids, and parrots have learned to imitate very large numbers of human syllables and more importantly very large repertoires of other sounds not in their innate repertoires.

Human infants by the second year learn to produce words that can be decoupled from any particular social function—each word production can occur with any one of a wide variety of functions. These words constitute semantic entities, that is, vocal symbols. No NHP has ever been shown to produce words in this way, although sign language learning and other visual domain learning in nonhuman apes has clearly produced cases of some non-vocal acquisition of word-like symbolic units with at least some functional flexibility (Fouts, 1987, 1991; Griebel et al., 2016). Many birds can imitate an extreme variety of sounds (Tchernichovski et al., 2001; Dalziell and Magrath, 2012; Lipkind et al., 2013). It appears the gray parrot Alex and his parrot colleagues could be the only animals ever to have been shown to produce imitative vocal words with illocutionary flexibility; still, even with Alex, the number of learned words was extremely small compared with word repertoires of even three-year-old humans (Pepperberg, 2010).

Because the list of four presents sequential steps of development in humans with each subsequent step being apparently dependent on the previous ones, it should be no surprise that apes other than humans have never reached a real word vocal symbolism stage, that is, step #4. Since they have never been shown to pass the first step, there is no logical basis to expect that they could pass the more advanced steps that are also required for language. Even though great apes have been shown to possess the cognitive requirements to learn gestural symbols when taught by humans, they have not independently evolved sign language either.

But why did humans, in some distant past, ever achieve the first step? This “ultimate” question (Tinbergen, 1963; Mayr, 1993) about the evolutionary conditions required for language foundations has rarely been considered explicitly. We have proposed there is solid logical reason to believe ancient hominins could not have gone further toward language without that first step (Oller et al., 2016). What evolutionary scenario could plausibly have presented circumstances where natural selection could have driven ancient hominins to produce sounds that were decoupled from any particular emotional state or social function? And why have animals such as song birds never gone on to language, even though many of them seem to have achieved the first step, and in some cases even step #2 or #3? Some bird species are able to imitate many sounds in their environment, whether they are made by other bird species or by human contraptions. Yet even in such cases, language has not emerged. One likely reason is a lower degree of sociality in birds than in humans, but there are other possibilities such as lesser brain complexity or size, the shorter time available for development, and the number of generations required for the evolutionary steps to occur.



Transition from emotional signal to symbol: the Fitness Signaling Theory

How was it possible for hominins to go from functionally fixed signals to functionally completely decoupled signals? Our answer has already been partially revealed, and we will suggest it also supplies a hint about how singing birds, who produce subsong (babble) prior to maturity (Ter Haar et al., 2021), may also have evolved to produce decoupled signals.

According to our proposal, the mechanisms of vocal control in ancient hominins had to be connected through natural selection to the Seeking System. We presume that the result was a much increased ability as well as an inclination on the part of ancient hominins to produce vocalizations that were decoupled from particular illocutionary functions and were often produced just for the pleasure of vocalizing. The decoupling presumably occurred first in infants, and those infants would have carried the decoupling capability into adulthood. Sounds thus produced through the Seeking System would have been possible to produce as endogenous exploration and in a wide variety of emotional/affective conditions both in infancy and later in life.

Why was this connection of the Seeking System to vocal production evolved in ancient hominins but not in other primates? We, along with Locke (2006, 2009) independently, have proposed that when ancient hominins became bipedal, and the hominin pelvis was necessarily changed (Washburn, 1960; Wells et al., 2012; Haeusler et al., 2021), selection pressure caused adaptations of development in the hominin infant in order to accommodate passage through the pelvis at birth (Bogin and Smith, 1996; Locke and Bogin, 2006). The combination of requirements is believed to have resulted in higher death rates in ancient hominin mothers, due to an “obstetrical dilemma” at the point of birth, and the problem persists; higher death rates clearly occur in modern human mothers at birth (Haeusler et al., 2021). More importantly for our reasoning, the accommodation is posited to have required a slowing of fetal development, resulting in a premature, altricial (helpless) newborn (Locke and Bogin, 2006; Hrdy, 2009). Furthermore, the slowing of development also yielded a longer period of relative helplessness, meaning hominin infants required (and modern human infants require) provisioning and protection for longer than their nonhuman ape relatives. That longer period was accompanied, in our reasoning, by heightened selection pressure on fitness signaling to elicit long-term investment from caregivers (Oller and Griebel, 2005, 2008; Locke, 2006, 2009).

Hominin infants thus competed against each other for care by vocalizing, since their helplessness greatly reduced their means of demonstrating wellness with physical movement (Oller and Griebel, 2014, 2021). Thus, we contend, the pressure to make vocalization more conspicuous and an increasingly more potent indicator of wellness resulted in increasing connection between the Seeking System and the vocal inclination of hominins. In this way our ancient ancestors came to use vocalization for the pleasure of Seeking and as a fitness signal, first in infancy as an advertisement that yielded caregiving, and later at all stages of maturation as an advertisement that yielded investment in the signaler in the form of mating, alliance formation, and cooperative activity. All this happened, according to our hypothesis, before language existed in the form of words and recombination of words in sentences.

This Fitness Signaling Theory (FST) is the only attempt we know of to explain the ultimate origin of exploratory vocalization in humans. The notion that exploratory vocalization could have been evolved directly as a prerequisite for language makes no sense, because natural selection cannot see into the future (Dawkins, 1996). If the capacity for exploratory vocalization had to evolve before language, there had to be an advantage to exploratory vocalization independent of language. The advantage of securing long-term caregiver investment through fitness signaling by altricial hominin infants suggests the solution.

We also contend that the value of fitness signaling provides a primary basis for maintaining massive vocal activity in human infants in modern times. We have plans to seek empirical support for the FST in the near future through experimentation, including monitoring physiological responses of caregivers and potential caregivers, who will listen to infant protophones in a variety of circumstances and to other kinds of sounds in the same circumstances.

Are there other reasons that vocalization evolved to become so important in human communication? Consider a property that makes vocalization particularly available for selection as a modality of communication. The vocal system in NHP is not often necessary for doing things beyond communicating (Oller and Griebel, 2021). The hands, for example, are used for manipulating objects, carrying things, climbing, and so on, and consequently hand gestures are often not available as communicative vehicles. But the vocal system, aside from its occasional functions in respiration (coughing, sneezing) and digestion (burping, hiccoughing) is available to be exploited as a signaling system because it is not required for many other functions. Perhaps all mammals have vocal signals partly because the vocal modality is almost always available to be targeted by natural selection for signaling. Thus the vocal capacity was surely open to extensive developments in ancient hominins.

Another property of vocalization that affords it an advantage over other kinds of possible fitness signaling is that receivers do not have to be looking in order to notice vocal signals. Vocal signals are effective even in the dark. These facts illustrate major advantages to vocal signaling over gestural or other visual forms of communication.

In addition, there were other conditions of life among ancient hominins favoring vocal fitness signaling in the infant. One was relatively large group sizes (Dunbar, 1996), affording protection from predators and reducing the pressure on silence to keep from alerting predators. Yet another factor was the growing tendency across hominin evolution for individuals to be cooperative breeders (Snowdon, 2004; Burkart et al., 2018), that is, many group members participated in caregiving for infants. As a result, there were many potential caregivers who might notice infant vocal fitness signals and invest more heavily in infants who produced especially effective signals.

Finally, we contend that there was an adaptation in hominins for conscious control of the glottis, owing to the same factor in hominin living that may have led to bipedalism, namely significant periods of waterside living (Hardy, 1960; Morgan, 1997; Tobias, 2002; Wrangham et al., 2009; Verhaegen et al., 2011; Joordens et al., 2019). Foraging for food by wading in water would have placed pressure on upright posture and bipedalism (Kuliukas et al., 2009), which is the apparent source of our altriciality at birth, and for the ability to consciously close off the glottis for foraging underwater in diving. The ability to consciously control glottal closure must have been accompanied by higher ability to control adduction of the vocal folds along with enhanced control of subglottal pressure required for phonation. Thus we reason that ancient hominins may have been more sensitive than other primates to natural selection pressures on fitness signaling by vocalization at the same point at which obligate bipedalism was making them more altricial.

The suggestion that diving may be not only associated with heightened conscious control of the glottis but with vocal learning in general seems plausible since many diving marine mammals are known to be vocal learners (Schusterman, 2008; Vernes et al., 2021). Of potentially similar interest is the fact that flight may also be associated with heightened conscious control of respiration and consequently with vocal learning capacities in thousands of bird species (Berg et al., 2019).

The Fitness Signaling Theory as a basis for vocal learning in humans is consistent with vocal learning in many species. The largest vocal repertoires, along with greatest variability and sources of vocal novelty are found regularly to be used for fitness advertising. Approximately 4,000 species of songbirds are believed to use their songs as signals of fitness to potential mates and as signals of their capability to protect their territories against invaders (Hausberger and Snowdon, 1997). So there is nothing that should be viewed as unusual in our proposing that human vocalization involves fitness signaling as perhaps its most fundamental motivation (Miller, 1996, 2000).



Additional features of vocal fitness signaling

Many types of vocalizations, not merely those motivated by the Seeking System, can serve as fitness signals. For example, mating songs produced by male birds are motivated by the Lust system as portrayed by Panksepp (1998), and are selected for by females for precision, variability, creativity, and perhaps for beauty to the ear of the beholder. Thus the form of courtship song is shaped by sensory biases of female birds. Birdsong is perhaps the most widely recognized type of vocal fitness signaling in the animal kingdom (Nottebohm, 1981; Baptista and Petrinovich, 1986; Hausberger and Snowdon, 1997; Kroodsma, 1999; Catchpole and Slater, 2003). There is good reason to think of much of birdsong and subsong in fledglings as being playful, and presumably motivated by the Seeking System. It seems clear that the Seeking System is involved in cases where males need to impress their audience with novel sound types (as in the case of humpback whales) and where males need to find new and exciting sounds in their environments to imitate so they can exceed the repertoires of their rivals. The Australian lyre bird can copy anything from a chain saw to a camera shutter sound with impressive accuracy (Dalziell and Magrath, 2012).

Territorial songs and choruses may be motivated by aggression and are demonstrations of vigor, stamina, and endurance to impress either single opponents in neighboring territories or to give competing groups living in nearby territories reason to stay away. In group-living social species, territorial songs may also reinforce group cohesion. Even sounds motivated by Rage can function as fitness signals in addition to their function in intimidating the individuals targeted by the aggressive act.

Securing caregiver investment may also be a general basis for selection of fitness signaling capabilities. Many animal infants (including most birds) face competition with siblings for caregiver investment through food and protection. This is not only true for siblings in the current litter/brood/clutch but also for consecutive single offspring births over the lifespan of the caregivers. Animals invest more in healthy offspring that in sickly ones, which they often abandon. Human infant mortality is still near 50% in some places in the world, where it is known that sickly infants are often abandoned. Even in the more prosperous modern world, neglect and abandonment are still focused on infants who fail to thrive (Locke, 2011).

Infant fitness advertisement has scarcely been investigated in other species, for example in birds, where song in adulthood is critically important, and where it has been reported on the basis of a broad survey that birds who sing in adulthood have a sort of bird “babbling” (subsong) in the fledgling stage (Ter Haar et al., 2021). Could subsong have been naturally selected long ago as fitness signaling before mature bird song existed? We know that the offspring of many animals beg for food vocally, and this has been attributed mostly to hunger, but we suspect that they may also be advertising their fitness (Rodríguez-Gironés et al., 1996). This question needs to be investigated.

Vocal creativity and high volubility might be useful for the caregivers of other species to determine offspring viability. Interestingly, the only other primates known to show “babbling” in the young are apparently the New World callitrichids (Elowson et al., 1998; Ghazanfar, 2013), including the marmosets and tamarins, which share the social system of cooperative breeding with humans. Perhaps cooperative breeding encourages fitness signaling in infant callitrichids. Nevertheless, these infants do not appear to use novel sounds in their “babbling.” Rather they appear to use the sounds of the adult (inert) repertoire.

Human infants produce protophones from the first day of life and, if they are born prematurely, as soon as they can breathe independently (Oller et al., 2019). Protophones occur voluminously, much more frequently than any other vocalization type, thousands daily. But only a small proportion occur in interaction with caregivers (Long et al., 2020, 2022), revealing that protophones are predominantly motivated endogenously, presumably as seeking behaviors that result in parental investment even though infant protophones do not usually seem to be consciously noticed by parents. The rate of protophone production seems undiminished even when infants are alone in a room or no one is attending to them vocally (Delack, 1976; Iyer et al., 2016). According to our hypothesis, ancient hominin caregivers supplied the selection force on vocal fitness signaling in infants, but infants were capable of transmitting fitness information even when not directing the vast majority of their vocalizations to any caregiver. Ancient hominin infants broadcasted their fitness signals to anyone who might be listening. The same pattern of fitness signaling appears to be operative in the present, and modern human caregivers clearly show interest in the sounds their infants produce, trying to elicit them in face-to-face interaction and imitating infant sounds they have come to recognize (Stern, 1974; Trevarthen, 1979; Bornstein et al., 1992; Gratier and Devouche, 2011; Bornstein et al., 2015; Gratier et al., 2015).

Another line of reasoning that seems compatible with our proposal has been advanced by Levinson and colleagues, who have written of “cuteness selection” (Levinson, 2006a,b, 2022). They propose that human infants and ancient hominin infants may have used both protophones and other features of infancy to tap into caregiver tendencies to select infants based on emotional reactions to their lovability, which may have been, according to their reasoning, subject to runaway selection (Fisher, 1915). The idea of runaway selection incorporates integrally the notion that fitness signaling requires a real association between the signal that comes under selection pressure and wellness.

In many species, especially many species of birds, fitness signaling is seen to involve a learned and highly variable sound repertoire designed to impress potential sexual partners. It seems plausible that a learned and variable repertoire in infancy may also be used in birds, as in human infants, as fitness signals that elicit care.



Additional steps toward language after the emergence of exploratory vocalization

The claims of the Fitness Signaling Theory differ from those of other widespread attempts to account for the evolution of language, because our proposal aims to account for a very early step, a beginning without which subsequent steps toward language would not have been possible. A great deal of publication about the evolution of language (Chomsky, 1986; Bickerton, 1990; Pinker, 1994; Harnad, 1996; Deacon, 1997; Christiansen and Kirby, 2003; Niyogi, 2006; Chater et al., 2008; Berwick and Chomsky, 2016) addresses advanced features of language such as syntax and complex vocabulary, often without even a mention of the early adaptations we have proposed in the present paper, adaptations that seem to have broken hominins away from the primate background long before there was language.

But we need a more elaborate theory of how, after the evolution of vocal fitness signaling in early hominins, the next steps toward language could have been instantiated by natural selection pressures. The necessary pressures appear not to have applied to other species with massive vocal repertoires—otherwise many birds would surely have evolved language. So there must be adaptive advantages to evolving a wide variety of additional features necessary to language (beyond exploratory, fitness signaling vocalization) that occurred in hominins but no other vocal learning species.

Consider the conventionalization of syllables and syllable sequences to create words. Many suggestions have been made about advantages of evolving words. For example, words make possible the naming of group members in order to keep track of social contacts and alliances; cooperative hunting has been thought to require words to coordinate actions; naming objects has been thought to facilitate tool use and trading objects; and there have been many other suggestions as cited in Christiansen and Kirby (2003). There have also been intriguing suggestions about how prosociality of hominins and their presumably cooperative tendencies may have supported evolution in the direction of language (Tomasello, 1996, 2008; Tomasello et al., 2005; Nowak and Highfield, 2011; Kaplan, 2014, 2023). Note that all these suggestions appear to be dependent on highly social conditions. Indeed, the advantages of vocabulary and later syntax are obviously increased with increasing complexity of culture.

Hominin groups appear to have increased in size across evolution (Dunbar, 1993, 1996), and consequently their cultures must have been complex, with complex communicative needs. One special need in primates is grooming, and as hominin groups increased in size, Dunbar (1993), argued they may have come under pressure to use vocalization as a substitute for grooming, since friendly social vocalization could be transmitted to multiple individuals simultaneously. The argument reinstates an earlier notion of “grooming talking” in ancient hominins (Morris, 1967). After vocal fitness signaling was evolved, and flexible vocal repertoires were available, it appears increasing needs for more powerful communicative capabilities made ancient hominins sensitive to natural selection pressures that promoted the expansion of their vocal repertoires and the building of vocabulary and syntax from them, which would have served both fitness signaling and “grooming” needs.

It seems likely that one reason birds have not evolved language is that their lifestyles never had the range of social interrelations and consequent advantages of coordinated action that occurred in ancient hominins. Interestingly, the largest vocal repertoires in nonhuman animals do not coincide with a high degree of sociality. Some of the most elaborate known mating songs occur in species where potential mating partners see each other only once a year. For example, among marine mammals, mating songs have evolved in some solitary living baleen whales (Simon et al., 2010; Stafford et al., 2018) as well as in seals (Bjørgesæter et al., 2004) and walruses (Sjare et al., 2003), but not in the extremely socially-living dolphins. The same is true for the socially living parrots, which have elaborate social vocal repertoires. But their vocalizations in mating are not generally treated as “mating songs” although they are used to coordinate mating (Spoon, 2006). We suspect that very socially living animals do not require mating songs since potential mates know each other so well they can assess fitness of individuals based on long-term experience with them (personal communication, Drew Rendall). In contrast, if animals meet their potential mates only once a year, an elaborate song and/or dance may be necessary to provide the fitness information for mate selection.

A comment is called for regarding “signature whistles,” vocalizations that appear to be indicators of the identity of individual bottle-nosed dolphins, which are highly social and strong vocal learners (Caldwell and Caldwell, 1965; Quick and Janik, 2012; Janik and Sayigh, 2013; Fearey et al., 2019). Each individual is claimed to invent a signature whistle by modification of other whistles. Signature whistles constitute around half the whistles produced by free-ranging dolphins and a much larger proportion in captive dolphins isolated from conspecifics. The whistles produced by dolphins in isolation have been interpreted as attempts to make contact with the prior group. Other members of the group are reported to use a slightly modified “copied” version of the individual’s whistle perhaps to call the individual (Janik and Sayigh, 2013). The copying has been interpreted as “reference” to the individual and thus has been taken as a limited indication of semantics in wild dolphins. It should be noted that there have been empirical challenges to the very existence of signature whistles (McCowan and Reiss, 1995, 1997), but the claim of their existence remains a suggestion of semi-semantic evolution in nonhuman animals. There is also evidence that bottlenose dolphins can learn to associate other specific whistles as well as visual symbols with specific objects through operant conditioning (Herman and Forestell, 1985), an achievement that suggests parallels to the learning of visual symbols in chimpanzees, bonobos, and gorillas; see review in Tomasello (2017). Killer whales have family group repertoires of discrete whistles that partially overlap with those of closely related groups, but not with those of strangers (Ford, 1991). In social dolphins, all group members use all the whistles of the group as well. Thus for scientists to discriminate between usage as individual signature whistles or group marking repertoires, a whistle discrimination experiment in dolphins would be useful. If it could be shown that dolphins do use certain calls as signatures, this would be indeed a limited case for “naming” in the wild.

Apes other than humans are, like dolphins, extremely social and intelligent. But they appear never to have evolved a basis for complex vocal communication because, we contend, they never evolved a large vocal fitness signaling repertoire. Perhaps because they were less altricial at birth than hominins, because their group sizes were smaller, and because they showed less cooperative breeding, there was not sufficient pressure to evolve creative vocal fitness advertising. Even more important, as far as we know, no NHP evolved an extensive adaptation for voluntary control of the glottis.



Vocalizations integrated across a wide range of emotions

Through the connectivity of the Seeking System to vocal control, humans are motivated not only to explore sounds they essentially invent in vocal exploration, but also to explore the originally innate sounds associated with emotions such as Fear or Rage. Mature humans (especially actors) can toy with gradations between such sounds at will, can combine them in alternating patterns and use any of them in any emotional state. All of us can pretend to be crying or laughing at a chosen level of intensity (some more convincingly than others), and we can perform these vocal acrobatics even while we are talking.

Thus humans can add emotional flavoring in the form of prosodic contours or variations in pitch or amplitude when producing any kind of sound, including speech or otherwise innate signals such as shrieks, moans, or laughter. Humans also conventionalize various sounds drawn from the innate repertoire when, for example, saying “ha” (suggesting laughter) but invoking some special intended meaning, for example triumph, as in “I got you!.” Or we can growl in rough and tumble play, or vocalize with pleasure during a massage, copulation, or in the anticipation of tickling. Everyday prosody often reflects the emotional state, the motivation and often the intended illocution of the sender in speech, a pattern that in some cases results in language-specific “pitch accents” (Pierrehumbert, 1979; Pierrehumbert and Hirschberg, 1990; Gussenhoven and Jacobs, 1998).

No other mammal appears to have such vocal flexibility. No other primate has a large repertoire of discrete syllable types nor an indefinitely large repertoire of syllable sequences, decoupled from any particular function. Instead, other primates have small repertoires of vocal types, each of which is graded to serve a relatively narrow class of possible functions. Human signals can also be graded, and the possibility of gradedness applies, not just to specifically emotional signals such as crying or laughter, but to every syllable, every word, every sentence of any language, all of which are, in accord with our proposal, possible to modulate through the Seeking System.




Conclusion


Summary

Much misunderstanding in the attempt to understand nonhuman animal and human communication has been caused by terminological missteps. Nonhuman animal signals are overwhelmingly about emotional states and illocutions, rather than constituting symbolic/semantic elements that must be detachable from emotional states and their accompanying illocutionary forces. Linguistic terms such as “reference” or “syntax” that have often been used in describing nonhuman animal vocalization are confusing rather than clarifying. Furthermore, research that restricts interpretation of vocal behavior to external observable actions occurring in particular situational contexts represents a failure to even address the primary goals of evolutionary science. We must develop understanding of the functions and motivations underlying vocal behavior if we are ever to develop a workable theory of the evolution of communication.

We have proposed that each call type is coupled to particular emotional/motivational states in nonhuman animals. Such vocal signals must be flexible enough to express, for example, gradations of intensity, to allow for audience effects, and to allow expressions that reflect mixed emotions. Humans also possess vocal signals, such as cry and laughter, that are commonly coupled to particular functions, and these signals have very similar properties to those of NHP. But even cry and laughter become very flexible in humans beyond early infancy. How did this occur in evolution?

We hypothesize that hominin vocal communication first diverged from the vocal communication of our competitor primates through the evolution of fitness signaling in primarily exploratory vocalizations. We have proposed that this divergence required a naturally-selected connection between the Seeking System proposed by Panksepp (1998) and the vocal control system of ancient hominins, making it possible for hominins to produce a wide variety of sounds that were decoupled from any particular emotional state or illocutionary intent. This decoupling allowed hominins to evolve further flexibility of vocalization, making possible learned vocalizations that could be used in any emotional state. The beginning of the break with the primate background appears to have occurred in the altricial hominin infant, who was selected to vocalize exploratorily and plentifully, thus maximizing the likelihood of long-term investment from caregivers, who noticed the vocal expression of well-being in the infant sounds.

Hominin infant development of vocal fitness signaling constituted the first step in producing a flexible learned and large vocal repertoire, according to the Fitness Signaling Theory. Subsequent steps were necessary because a large vocal repertoire does not by itself yield language. Additional steps were presumably naturally selected because of advantages of complex communication in the highly social, cooperatively-breeding hominins. A wide variety of social functions, such as group protection, hunting, foraging, tool use, vocal grooming, and trading were promoted by vocal signals that were possible to create once exploratory vocalization was established deeply enough to allow the evolution of words and sentences.



Looking forward

The Fitness Signaling Theory, largely in agreement with a similar proposal by Locke (2006), represents a departure from the predominant trend in research on primate communication, a trend that utilizes the misleading terminology critiqued in our article. The trend seems to apply blinders to its proponents by encouraging attention only to communicative similarities between humans and other animals to the practical exclusion of addressing the important differences. The approach suggests there is something unseemly about investigating human uniqueness, as if to do so would require us to go back to thinking in ways that were common two centuries ago. The current predominant trend thus becomes, in our view, hidebound, rejecting one of the most fundamental goals of biological research, which is to account, whenever possible, for species differences in terms of adaptation. Language is a massive adaptation, treated by some biological theorists as one of the major transitions since the origin of life (Maynard Smith and Szathmáry, 1997; Maynard Smith and Szathmáry, 2000; Szathmáry, 2015), and we are trying to account for the most fundamental adaptive changes that laid groundwork for the evolution of the whole range of language capabilities.

Consider an analogy: ancestral saurischians (reptile-hipped dinosaurs) did not fly, yet the only surviving descendants of dinosaurs are believed to be thousands of species of birds (Padian and Chiappe, 1998). Flying in vertebrates is a major adaptive change, worthy of major scientific attention. The current account suggests feathers were first evolved for functions such as thermoregulation. The reasoning that goes into this account invokes symmetry of feathers in the first saurischians that had them and descent by modification to yield additional adaptive steps toward feathers with asymmetrical features compatible with flight (Prum, 1999; Benton et al., 2019). We suggest language deserves a similar scientific effort, and the Fitness Signaling Theory represents a proposal for how adaptations necessary for language were first selected.

It is as if advocates of the predominant trend of research on primate communication deny that language is a major adaptation, because they seek to show that nonhuman primates possess all the fundamental features of language. Thus the advocates deny the importance of developing a strategy that might lead to evolutionary explanation as has occurred in evolutionary research on avian flight. The denial is not explicit but is instead implemented in a research strategy where attention is not focused on the nature of language as an adaptation that goes vastly beyond the communicative capabilities of NHP or any other animal.

A workable account of the human language adaptation requires recognition and detailed portrayal of the nature of the differences as well as the similarities between language and vocal communication in our closest relatives. We see hopeful signs in research on primate communication, because a few recent articles (Clay et al., 2015; Dezecache et al., 2020; Taylor et al., 2022, 2023) have begun to address the possibility of vocal functional (or illocutionary) flexibility in our ape relatives. We hope that beginning will soon lead to a more concerted effort to develop a truly comparative enterprise where the origins of language are assessed in a broader evolutionary perspective and through direct empirical studies of vocal communication of both our ape relatives and ourselves.
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“One party. . . emits a signal, while the other party. .. responds in such a way that the welfare of the species is
promoted.”

In “true communication. . . both parties seek to maximize the efficiency of information transfer.”

Signals: “behavioral, physiological, or morphological characteristics fashioned or maintained by natural selection
because they convey information to other organisms”

“Communication is said to occur when an animal, the actor, does something which appears to be the result of selection
to influence the sense organs of another animal, the reactor, so that the reactor’s behavior changes to the advantage of
the actor.”

“Communication consists of the transmission of information from one animal to another.”

They call the sender role the ‘manipulator’ and the receiver role the ‘mind-reader.’ “The manipulator role is selected to
alter the behavior of others to its advantage, the mind-reader role to anticipate the future behavior of others.”

Communication: “any sharing of information between entities—in social animals, between individual animals”

True communication: “information exchange from which both sender and receiver benefit.”

A signal is “any act or structure that alters the behavior of other organisms, which evolved because of that effect, and
which is effective because the receiver’s response has also evolved.”

Animal Signaling: “the use of specialized, species-typical morphology or behavior to influence the current or future
behavior of another individual.”
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