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Figure 2 (Wilcox). Second route from gesture to language.

gesture: “Intonation is part of a gestural complex whose primitive
and still surviving function is the signaling of emotion” (p. 195).
Both intonation and gesture, according to Bolinger, are special-
ized, biologically built-in adaptations that allow us to read the vis-
ible and audible signals that are symptomatic of emotion.

As Falk points out, these instrumental signals may become in-
corporated into the linguistic system through a process of con-
ventionalization. Intonation is an especially telling case. Haiman
(1998a) noted that intonation lies on the border between paralin-
guistic and linguistic behavior, and that the stereotyping of into-
nation — motherese being an example — provides a glimpse into
the genesis of language. Both Haiman and Bolinger regard ritual-
ization as the driving force in language genesis, a process that
transforms “actions into gestures, gestures into words” (Haiman
1998b, p- 132).

Data from signed languages reveal how intonational aspects of
the gestural complex take on grammatical function. My colleagues
and I have identified two routes by which gesture is incorporated
in signed languages. In the first route (see Fig. 1), a quotable ges-
ture becomes alexical item; these lexical items then acquire gram-
matical function (Janzen & Shaffer 2002; Wilcox 2002).

The second route is more relevant for this discussion. Here, a
gestural element first exhibits primarily intonational function; it
then acquires grammatical function, and the language eventually
exhibits morphological patterns marked entirely by the erstwhile
gestural element. One example is modification to the manner of
articulating a sign’s movement. In data from several signed lan-
guages, we find that manner of movement serves functions rang-
ing from strictly expressive to purely grammatical. Other gestural
elements that follow this second route include facial and eye ges-
tures, which again range from signaling speaker expressivity or
emotional state to marking grammatical functions such as
speaker’s commitment to the truth of a proposition. In this second
route the path of development is from gesture to paralinguistic to
grammatical (see Fig. 2). It is intriguing to note that because this
route bypasses a lexical stage, it suggests a more direct path from
intonation to grammar, at least in signed languages.

These data are significant for several reasons. First, the devel-
opmental path from gesture to intonation to grammar provides
further evidence for Falk’s proposal that prosodic elements of
prelinguistic vocalizations may have played a vital role in the evo-
lution of language and for her adoption of a continuity model. Sec-
ond, since the data come from nonvocal languages, they demon-
strate cross-modal linguistic evidence for the gestural-complex
hypothesis. Finally, they suggest that the remarkable human abil-
ity to acquire and use language regardless of modality does not de-
pend on an abstract system of disembodied rules; rather, human
language is the highly specialized, evolutionary manifestation of a
multimodal gestural complex.

NOTE

1. T regard the issue of whether the signals are intentionally commu-
nicative to be a separate issue because unintentional signals may acquire
communicative import.
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Abstract: My responses to the observations and criticisms of 26
commentaries focus on the coregulated and affective nature of ini-
tial mother/infant interactions, the relationship between moth-
erese and emergent linguistic skills and its implication for hominin
evolution, the plausibility of the “putting the baby down” hypoth-
esis, and details about specific neurological substrates that may
have formed the basis for the evolution of prelinguistic behaviors
and, eventually, protolanguage.

Put a baby in my arms and I cannot refrain from producing
singsong streams of baby talk, punctuated by attention-get-
ting clicks and breathy intakes of air, all of which are ac-
companied by a barrage of gentle bouncing. From reading
the literature on language acquisition, I began to realize
that motherese occurs all over the world, that babies like it,
and that it is important for (among other things) their even-
tual acquisition of language. As a physical anthropologist
who had long explored the relationship between brain size
and the external morphology of the cerebral cortex re-
flected on hominin endocasts for clues about cognitive evo-
lution, including language origins, I realized that here was
an avenue by which one could approach similar questions
from a totally different perspective. I began to think about
the evolution of motherese. Where did it come from? Why
don’t chimpanzee mothers do it? More important, when
and why did hominins begin to engage in motherese?

The last thing to click into place (an epiphany of sorts)
was the “putting the baby down” part of my hypothesis,
which followed only after I realized the potential impor-
tance of ongoing selection for bipedalism, reduction of
body hair, and loss of infants” ability for sustained clinging
to their mothers” bodies. Confident that I was on the right
track, I presented my ideas at a seminar for anthropologists.
To my surprise, the linguists in the group actually became
visibly angry (in an unintended spontaneous display of mul-
timodal communication, one fellow flung his pencil onto
the floor). “You haven’t proven that motherese has anything
to do with language acquisition,” he insisted. “Sure, mom-
mies are emoting affection, and that’s nice — but there’s no
evidence that it has anything to do with their infants” even-
tual grasp of syntax, grammar, semantics, et cetera.” “But
I'm not claiming to address the details of language origins
per se,” I protested. “I'm going earlier and trying to formu-
late hypotheses about the evolution of the prelinguistic sub-
strates that preceded language.” They would have none of
it. By the time I submitted the first draft of the present tar-
get article, I'd researched the linguistics literature and in-
corporated a good deal of evidence (sect 2.2 of the target
article) that motherese does, indeed, act as a scaffold for
language acquisition (although a few of these commentaries
continue to express some of the same reservations raised
earlier by the linguists).

I've worked on this project for about two years, and it’s



Response/Falk: Prelinguistic evolution in early hominins: Whence motherese?

Table R1. Headings in Author’s Response and commentators specifically addressed

R1. Mother/infant communication is a two-way street

(Cowley, Dissanayake, Locke, Longhi & Karmiloff-Smith, Rosenberg et al., Spurrett

& Dellis)

R2. How far back did prelinguistic evolution go, and who should be the models?
(Bouissac, Dissanayake, Fuentes, King & Shanker, Longhi & Karmiloff-Smith,

Newman, Provine)

R3. Did multimodal motherese give rise to (proto)language?
(Bickerton, Bortfeld, Bouissac, Braten, Burling, Cronk, Dilkes & Platek, Locke,
MacNeilage & Davis, Monnot et al., Rogalewski et al., Spiezio & Lunardelli, Wilcox)

R4. Baby riding, parking, and slings

(Brace, Fuentes, Monnot et al., Rosenberg et al., Sokol & Thompson, Spiezio

& Lunardelli)

R5. Some evolutionary considerations

(Bickerton, Bortfeld, Brace, Braten, Cowley, King & Shanker, Provine)

R6. Neurological substrates of communication

(Aboitiz & Schréter, Brace, Braten, Dilkes & Platek, Gilissen, Monnot et al., New-

man, Rogalewski et al.)

R7. Suggestions for future research
(Burling)

R8. Conclusion

been a very interesting and surprisingly productive journey.
The 26 commentaries are mostly constructive and bring
new information from diverse disciplines to the discussion
and fill in certain gaps. (Happily, many of them provide data
that counter criticisms found in others.) There are only a
few assertions with which I categorically disagree, such as
the argument by Rosenberg et al. that motherese is not
really universal (addressed in sect. 2.2 of the target article
and in the commentary by Monnot et al.) and the state-
ment by Bouissac that I assert that “ontogeny recapitulates
phylogeny.” T hasten to add, however, that a modified ver-
sion stating that “altering ontogeny formulates new phy-
logeny” (Goodman & Coughlin 2000) is currently sup-
ported by data from the growing field of evolutionary
developmental biology (“evo-devo”) and fits well with the
ideas developed in the target article. These quibbles aside,
I find myself uncharacteristically agreeing with much of
what even the most critical commentaries have to say (al-
though certainly not with all of their objections). The com-
mentaries sorted naturally into seven areas (see Table R1),
each of which is addressed here.

R1. Mother/infant communication is a
two-way street

R1.1. Infant communication: The other side of the coin

Commentators Locke, Longhi & Karmiloff-Smith,
Rosenberg et al., and Spurrett & Dellis suggest that I
have underplayed the role of the infant in mother/infant
communication. Although a main focus of the target article

is on ID communication from mothers, I have not ignored
infants’ contributions to the process. As documented in sec-
tion 3.1.1, by 3 months of age infants modulate their cries
to express different emotions, and infant crying (Small
1998) and facial expressions (Schmidt & Cohn 2001) appear
to have been important precursors to language. The poten-
tial signal functions of early infant crying include manipu-
lation of parents to acquire additional resources, as well as
honest signaling of need and infant vigor (Soltis 2003). Sig-
nificantly, Soltis views infant cries as “in large part adapta-
tions that maintain proximity” (Soltis 2004, Abstract), which
is in keeping with the present target article. For mothers
who are too busy to pick up crying infants (and in response
to Locke’s claim that maternal vocalization typically has lit-
tle effect on crying infants), it bears repeating that “a
squealing baby, in fact, can be stopped dead in its vocal
tracks by a sudden stream of baby-talk” (Small 1998,
pp- 145-46). In response to Soltis’s thoughtful analysis of
the relevant evolutionary psychology (see also the com-
mentary by Spurrett & Dellis), I have expressed the view
that adult-directed (AD) crying of infants and infant-di-
rected (ID) vocalizations of mothers are “complementary
behaviors” that “represent prelinguistic substrates that
paved the way for the eventual emergence of protolan-
guage” (Falk 2004b, Abstract).

R1.2. Mother/infant communications are coregulated

The give-and-take nature of mother/infant interactions is
emphasized by Cowley, who discusses the mutual adjust-
ments required for coregulated utterance activities; Dis-
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sanayake, who notes that multimodal behaviors are tem-
porally coordinated; Locke, who stresses the importance
of mutual tonic communications, and Spurrett & Dellis,
who provide discussion about the contingent, partly con-
ventionalized signaling in which both mothers and infants
anticipate and creatively exploit each other’s activities and
responses within particular contexts. Spurrett & Dellis note
that such contingent, partly conventionalized signaling ap-
pears when human babies are around 3 months of age, and
Dissanayake documents that infants 4 to 8 weeks old expect
social contingency. Locke observes that, in the context of
vocal turn-taking, human mothers frequently imitate the
vocal behaviors of their infants and that this imitation gets
the infants” attention. Locke’s observation is interesting in
light of Maestripieri and Call’s (1996) observation (dis-
cussed in sect. 2.1.1 of the target article) that, on those rare
occasions when they occur in chimpanzees, ID vocaliza-
tions of mothers, such as whimpers and hoos, are similar to
the vocalizations produced by their infants. Rather than be-
ing amendments to the substance of the target article, I
view Locke’s ideas about open channels of two-way com-
munication and “trickle-up phonetics” (I like that phrase)
as welcome additions. Although I retain the belief that
mothers and their nonambulatory infants were a crucial fo-
cus of natural selection, I accept the suggestion made by
Locke and by Rosenberg et al. that communications be-
tween mothers and their walking juveniles would also have
been of evolutionary significance. It is important, however,
to remember that the coregulated communication between
mothers and small infants is, initially, primarily affective
rather than instructive in nature (Dissanayake).

R2. How far back did prelinguistic evolution go,
and who should be the models?

R2.1. From music to meaning

Because all normal humans engage regularly in language
but may or may not participate frequently in musical activ-
ities, the evolution of language has usually been given hy-
pothetical priority over the evolution of music (Falk 2000a).
Longhi & Karmiloff-Smith, however, suggest that musi-
cal interaction in general, and song in particular, may have
been primordial over early linguistic interactions. Their ar-
gument that ID songs’ regular musical syntax, hierarchical
structure, repetitive nature, tempo, and multimodal deliv-
ery (with rocking and patting) help infants to structure later
linguistic interactions, is compelling and supports the con-
tinuity hypothesis regarding the evolution of human vocal-
izations from those of apelike ancestors. Thus, one finds
many aspects of ID songs in certain vocalizations of African
great apes. According to Schaller (1963), two or more go-
rillas sometimes repetitively vocalize together in a manner
that may foreshadow human singing (Gorillian chants?),
and they frequently accompany the conclusions of their
songs with rhythmic beating of their chests. Goodall (1986)
noted that pant-hoot choruses may break out during the
night, passing back and forth between chimpanzees that are
lodged in different sleeping trees. In addition to such
“singing,” chimpanzees sometimes repetitively drum their
hands and feet on large trees. Rather than being referen-
tial, as human words and a few calls of some monkeys are,
these ape “songs” entail melodic pitch changes and appear
to be emotive and affective. Elsewhere (Falk 2000a), I have
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speculated that australopithecines may have engaged in a
certain amount of chorusing and drumming, similar to
African great apes.

Longhi & Karmiloff-Smith’s observation that 3-
month-old children seem to have mental representations of
musical interactions is fascinating, as is their finding that by
the time infants reach 7 months of age, their mothers songs
have changed from mostly dyadic (involving direct physical
contact with the infant) to more triadic (involving contact
with other external objects as well). Importantly, the latter
finding echoes the distinction between direct physical con-
tact versus distal communication involved in the “putting
the baby down” hypothesis (sect. 1), the ontogeny of human
gesturing (sect. 2.2.1), and the manner in which the latter
differs from most chimpanzee interactive gestures (sect.
2.1.3). (In addition to song and gesture, the direct contact/
distal distinction also applies to laughter, as illustrated by
Provine’s observation that the range of stimuli for laughter
evolved from the direct physical contact and tickle seen in
chimpanzees to the more subtle symbolic play that charac-
terizes certain aspects of humor in humans.)

Significantly, Longhi & Karmiloff-Smith note that
motherese tends to stress meaning, whereas the semantic
content of ID songs is often irrelevant, and they suggest
that, prior to the invention of lexical terms, early hominin
mothers used structured melodic outputs to reassure their
infants that they were close by. Dissanayake believes that
music and language probably evolved from a common evo-
lutionary foundation, and her commentary also helps to fill
in some of the earlier gaps in the continuity theory. Em-
phasizing the temporal nature of mother/infant interac-
tions, she argues persuasively that they are ritualized be-
haviors in which the pair share a common emotional pulse,
and that such behaviors were important in their own right
long before they were coopted for prelinguistic purposes.
Dissanayake therefore believes that the vocal interactions
described in the “putting the baby down” hypothesis would
have evolved after ritualized mother/infant interactions be-
came established. Along similar lines, King & Shanker
emphasize the cocreation of meaning in coregulated social
interactions of mothers and infants before the split between
African apes and hominins, and therefore also before the
evolution of vocal motherese. These commentaries accept
the fundamental importance of mother/infant dyads for the
evolution of multimodal communication, and elaborate on
the hypothetical musical/affective/emotional repertoire in
the earliest prelinguistic hominins. Consistent with the tar-
get article, they also underscore continuity between the be-
haviors of the earliest hominins and their apelike ancestors.
Newman pushes prelinguistic behavior back even earlier
than hominins, suggesting that affective ID vocalizations
(e.g., contact calls) that are widespread in mammals may be
similar to deep evolutionary precursors of motherese, a
point with which I am sympathetic (cf. Falk 1997). (Rele-
vant neurological discussion appears in R6.)

R2.2. Who should be the models?

Indeed, a strong case can be made for preferentially locating
prelinguistic behaviors in mother-infant interactions over the
objections of Bouissac, who believes equally plausible ori-
gins may be attributed to other behaviors such as group in-
tegration or courtship. Likewise, it is reasonable to compare
mother/infant interactions in chimpanzees and humans, de-
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spite Fuentes’ assertion that the target article relies too
much on chimpanzees as models. Such objections ignore
several facts including that, because of their close genetic re-
lationship with humans, chimpanzees (Pan) are widely ac-
cepted as the best referential model for interpreting early ho-
minins based on common descent or homology (Falk 2000b;
Moore 1996). Both species of Pan are characterized by “fis-
sion-fusion” communities, which lack stable grouping pat-
terns other than mothers and their dependent offspring
(Nishida 1968; Stanford 1998). Whereas it is widely ac-
knowledged that mother-infant interactions contribute fun-
damentally to the reproductive fitness of chimpanzees
(Goodall 1986; Plooij 1984), the case for group integration is
weaker. In fact, females of both species of Pan typically mi-
grate from their birth groups at or after puberty and com-
monly transfer to other groups when they are in estrus.
Courtship is not a prerequisite for the successful raising of
infant chimpanzees because male chimpanzees have rela-
tively little to do with infants and most matings of Pan take
place in polygynous rather than consort-pair settings, an ob-
servation that is reinforced by an analysis of two decades of
data for Pan troglodytes from Gombe, which reveals that the
majority of conceptions occurred in polygynous settings
(Wallis 1997). For these reasons, the notion that the prelin-
guistic substrates upon which language was eventually scaf-
folded might have been selected in relatively infrequent
adult consort interactions, rather than in constant mother-in-
fant interactions with their much higher impact on repro-
ductive fitness, seems unlikely. However, this is not to sug-
gest that consortships and group integration could not have
contributed to reproductive fitness and selection for lan-
guage at some later point during hominin evolution. (I am,
in fact, a fan of Dunbar’s [1993] social grooming hypothesis
[Falk & Dudek 1993].) What should be kept in mind here is
that the hypothesis under discussion focuses on the very be-
ginnings of hominin evolution and asks questions about be-
haviors that preceded the development of language in proto-
hominins. Toward that end, the data from chimpanzees are
highly relevant and should not be discounted.

Although the target article focuses on mother/infant
pairs of bipedal hominins, the preceding discussion sup-
ports placing the seeds of prelinguistic behavior even ear-
lier. T am persuaded that music (song) and temporal coreg-
ulation of mother/infant interactions (meaning-making)
were fundamentally important for the emergence of the
prelinguistic behaviors discussed in the target article.

R3. Did multimodal motherese give rise to
(proto)language?

R3.1. Definition of language

Commentators Bickerton and Spiezio & Lunardelli take
me to task for failing to define “language,” a term that Bick-
erton suggests I use synonymously with “speech.” Whereas
Bickerton defines “language” as a system of expression that
may function by various means, I define “language™ as a
complex system of human communication that, like many
neurologically based activities, has sensory receptive (lis-
tening to speech, reading visually or by Braille) and motoric
output (speech, writing, signing) components. As is typical
for the primary somatosensory and motor cortices of the
brain, the motor components of language are located ros-
trally (in and around Broca’s area of the frontal lobes) and

the sensory components are located caudally (in Wernicke’s
area and surrounding regions of the parietal/temporal/oc-
cipital lobes). These regions communicate with each other,
and portions of them are differentially recruited during var-
ious language (and musical) activities. As described by
Monnot et al. (see sect. R6), the propositional and lin-
guistic features of language are subserved mainly by the left
hemisphere, although the right hemisphere continually
puts in its two cents (sensing and responding to emotional
content and injecting information via “tone of voice” into
speech production). I do not equate speech and language,
but I do believe that the evolutionary appearance of hu-
manlike speech must have coincided with the emergence
of the wider communication system (language) of which it
is, literally, a vocal motoric manifestation. I also think the
brain forms a logical substrate for multimodal communica-
tion because areas of focal activity tend to “recruit” nearby
cortex — just try talking without gesturing!

R3.2. Are prosody and language fundamentally
intertwined or essentially separate?

Although they allow that the prosodic aspects of motherese
are probably evolutionary retentions from primate call sys-
tems (see Monnot et al. for enumeration of the various
types of prosody), Bickerton and Burling argue that moth-
erese does not contain the seeds for the distinctive features
oflanguage (contrastive phonology, syntax, lexicon, symbolic
referential units, and rules for linking these together), and
that language origins must therefore be sought elsewhere.
Bouissac and Spiezio & Lunardelli express similar con-
cerns. (Burling acknowledges, however, that language may
have emerged very gradually and that the target article helps
solve the puzzle of how the vocal/auditory channel of lan-
guage came to dominate its manual/visible manifestations.)
Wilcox, on the other hand, notes that linguistic studies on
the conventionalization of intonation support the claim that
prosody and intonation formed an important substrate for
the natural selection of protolanguage, and his commentary
provides interesting examples of how intonational aspects of
the gestural complex take on grammatical function in sign
language. Significantly, Wilcox supports a gestural-complex
origin for language, with the important proviso that gesture
and speech should not be separated in evolutionary ac-
counts. Instead, he notes, prelinguistic vocalizations are
themselves articulatory gestures, and a “gesture-first” hy-
pothesis is therefore unnecessary.

Along similar lines, Rogalewski et al. cite experimental
data that show that the prosodic aspect of speech is suffi-
cient to activate the cortical representations for manual ges-
tures, and they remind us that infants learn the phonology
and prosodic contours of their languages before they learn
the meanings of single words or how to combine them into
sentences. As discussed in section R6, these commentators
believe their data provide strong evidence for a joint neural
system that processes both manual and prosodic gestures,
and they think that language did not evolve as a separate
module but, rather, as a more general action-perception
network. Rogalewski et al. are in partial agreement with
Bickerton and Burling, however, when they note that the
last step in evolution was characterized by production of lin-
guistically complex speech that seems uniquely human. Fi-
nally, Dilkes & Platek strike a chord similar to that of
Wilcox by noting that manual gestures coupled with devel-
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opment and evolution of controlled mouth and larynx
movements could have provided the evolutionary basis for
today’s language. These new data provide further evidence
for multimodal, prosodic aspects of contemporary language
and, presumably, its earlier forms.

What about the hypothetical path between motherese
and the emergence of verbal conversation that is ques-
tioned by Bickerton, Burling, and others? Braten ad-
dresses this in his discussion of altercentric mirroring and
self-with-other resonance of newborns by taking us on a
tour from 1-hour-old infants” first vocal imitations to 6-
month-olds” selective tuning to the sounds of their native
languages, which is followed shortly thereafter by babbling.
Bortfeld elucidates how the acoustic prominence of moth-
erese helps jump-start infant recognition of words in fluent
speech streams, at around 7.5 months of age. Importantly,
Bortfeld’s research emphasizes the role of repetition for in-
fants’learning of names and reveals that recognition of their
own names is a basic tool that helps them to begin decod-
ing the speech stream. MacNeilage & Davis phonetically
analyze baby-talk words in various languages and discuss
the implications of their findings for the origin of the first
words. Significantly, they document the relationship be-
tween babbling and first words, show that certain parental
words may have derived from baby-talk words, and docu-
ment a clear phonetic contrast between baby-talk words for
female and male parents. Locke’s discussion of “trickle-up
phonetics™ is consistent with these observations. Mac-
Neilage & Davis also address the possible origin of the
“naming insight.” Logically, it was after they evolved an ap-
titude for naming that hominins developed the linguistic
ability for displaced reference, and Cronk raises the inter-
esting possibility that this may have happened within the
context of deceptive behaviors. The above commentaries
add to data provided in sections 2.2 and 3.2, and reinforce
the hypothesis that motherese provided the evolutionary
substrate from which protolanguage eventually evolved.
That said, it is important to acknowledge the unique nature
of human language stressed by Bickerton, Burling, and
others. Is language qualitatively different from nonhuman
primate call systems? Of course it is, but this does not mean
that it could not have gradually derived from initial neuro-
logical/behavioral substrates similar to those underlying
these call systems (Cronk) through evolutionary mecha-
nisms such as those discussed in section 3.2.1.

R4. Baby riding, parking, and slings

R4.1. Baby “parking” versus baby “setting”

Several commentators have problems with the concept of
early hominin mothers putting their babies down, incor-
rectly asserting that the target article equates such behav-
ior with the “baby parking” of other primates. Thus, Rosen-
berg et al. state that there is little evidence for baby
parking among primates as a group (which is incorrect), liv-
ing humans, or prehistoric hominins; Sokol & Thompson
assert that the target article implies that hominin infants
would have been cached away from their mothers for long
durations (it does not); and Spiezio & Lunardelli ask how
a behavior (parking) that is rare in monkeys and apes (it is,
most of their infants ride) can be a focus of the target arti-
cle when there are few observations suggesting its adaptive
value in nonhuman primates (see, however, sect. 3.1 for rel-
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evant citations regarding foraging-related changes in infant
carrying in squirrel monkeys, geladas, long-tailed macaques,
and yellow baboons). To reiterate the target article (and
Ross 2001): Infant caching (hiding them in tree holes or
nests) is common in prosimians, as is baby parking (e.g.,
leaving infants more exposed in trees for considerable pe-
riods of time while mothers forage, frequently at a dis-
tance). In monkeys and apes, on the other hand, these be-
haviors are rare, having been replaced by riding, in which
infants (rather than mothers) do the clinging. Human ba-
bies are incapable of such riding, which therefore had to
have been lost during hominin evolution. In sum, section
3.1 of the target article explicitly rejects the notion that ho-
minin mothers reverted to the prosimian-like adaptation of
parking their babies far away, and cites comparative prima-
tological and ethnographical reasons for doing so. Instead,
mothers are hypothesized to have put their babies down
next to them and to have remained in close proximity while
they foraged nearby. (One could term this “baby setting” as
opposed to “baby parking.”)

Contrary to Rosenberg et al., human mothers regularly
engage in similar behaviors. In our own culture, for exam-
ple (and despite the wide availability of babysitters), ready-
made baby seats are frequently used for just such purposes,
whether to keep an infant nearby in the study as mother
works on her dissertation or on the seat next to her in a
restaurant while she enjoys a meal. Despite the fact that lac-
tating mothers may have been accompanied by older chil-
dren or related adults as they foraged (Fuentes), I have a
difficult time imagining early hominin mothers not setting
their babies down frequently in order to free their hands for
noncarrying tasks prior to the invention of baby slings.

R4.2. The invention of baby slings and clothing

Commentators are split in their opinions about when baby
slings were invented. Rosenberg et al. think that baby
slings would already have been in general use 2 million
years ago; Sokol & Thompson suggest that simple baby
slings were created by the time hominins were carrying
rocks, around 2.5 million years ago. The suggestion that car-
rying tools implies a form of carrying device is weakened,
however, by the fact that chimpanzees from Bossou,
Guinea, carry around their favorite nut-cracking rocks
(Matsuzawa 1996) and Gombe chimpanzees are famous for
carrying termite-fishing poles to termite mounds (Goodall
1986) — both groups unaided by satchels.

Monnot et al. suggest that hominins may have invented
baby slings prior to the loss of their body fur, which they
think coincided with a remarkably recent (around 72,000
years ago) invention of clothing (Kittler et al. 2003). Rosen-
berg et al., on the other hand, suggest hominins were al-
ready relatively hairless by 2 million years ago, and state that
hominin mothers would have been reluctant to put babies
down because of the need to keep them warm by keeping
them next to their bodies. I do not think that hominins in
East Africa had any more trouble keeping warm during the
day (nights are another thing) 2 million years ago than they
do today (Falk 1990). Tall lanky body types that are built for
dissipating heat are, and were (witness WT 15000 from
Kenya), adaptive in that climate, which today remains much
as it was 2 million years ago.

Sowhat’s the answer? When were baby slings invented and
how does their hypothetical appearance fit with the “putting
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the baby down” hypothesis? I do not think baby slings sprang
into use full-blown, as if from Zeus’s forehead. Given “ne-
cessity is the mother of invention,” I think that slings were in-
vented as hominids were losing their fur coats and as their
increasingly altricial infants were simultaneously (and parsi-
moniously) losing their ability to cling unaided to their moth-
ers. This would have happened as bipedalism was becoming
refined, after its presumed origin some 6 million years ago
and before the first certain fossil evidence of essentially mod-
ern body builds around 1.6 million years ago. As Brace dis-
cusses, the body proportions of WT 15000 suggest that the
normal mammalian fur coat had been lost before, 1.6 mil-
lion years ago, causing hominins to become sweat-gland-
endowed and bare-skinned. In sum, these relatively late ho-
minins probably had lost their fur coats, had dark skin, were
sweaty, and were “standing tall and staying cool” (Wheeler
1988). Did these migrating hominins have baby slings? I
should think so. Were they made of vegetal matter? Possibly,
although I think it would be fairly difficult to manufacture
such a sling prior to the invention of textiles (see Figure R1),
which appears much later in the archaeological record. Per-
haps the first slings (for babies and other objects) were made
from animal hides provided by the nomadic “persistence”
hunters discussed by Brace. (In terms of how they made a liv-
ing, the “facultative carnivore™ hypothesis discussed by Brace
seems preferable to Sokol & Thompson’s assertion that hu-
mans foraged around a central home base 2 million years ago,
given that most paleoanthropologists now believe that the
relevant sites from Olduvai Gorge represent locations where
hominins butchered carcasses and cached stone tools [Potts
1984].)

Figure R1.

A woman carries her baby in a sling.

R5. Some evolutionary considerations

R5.1. Timing

Although a number of commentaries focus on the relatively
recent time span surrounding the initial appearance of
Homo, itis important to keep in mind that present evidence
indicates that bipedalism was refined over several million
years of time, during most of which there is no record what-
soever for tool manufacture. (However, Brace’s suggestion
that the use of pointed sticks for both defensive and digging
purposes may have occurred very early in hominin evolu-
tion and even provided an impetus for the selection of
bipedalism, is consistent with comparative dental data and
seems reasonable.) What seems lost in some of these com-
mentaries is the realization that the prelinguistic (as op-
posed to protolinguistic) behaviors discussed in the target
article may have been selected for long before the first ex-
odus of hominins from Africa (but see R2.1). More precise
timing of certain aspects of the “putting the baby down” hy-
pothesis should be clarified in the future with new discov-
eries that shed light on how far back in time tall hominins
with modern body proportions existed. Of the commenta-
tors, only Braten explicitly acknowledges that early ho-
minins could have been faced with extinction as they re-
fined bipedalism in the duration that preceded the invention
of baby slings. Happily, they did not become extinct, due,
hypothetically, to the evolution of distal mechanisms (for
laughter, gesture, voice, and song) for mothers and infants
to “keep in touch” (as the phone company says) as they
weathered the various anatomical, physiological, and neu-
rological changes that accompanied the gradual refinement
of bipedalism. That peculiar form of locomotion, of course,
was the key (or first domino) that unlocked the cascade of
relevant events, as detailed in Provine’s important com-
mentary.

R5.2. Exaptation and circular reasoning

Bickerton suggests that the “putting the baby down” hy-
pothesis is antithetical to the notion of exaptation, which
may be defined as the use of a structure or feature for a
function other than that for which it was initially selected.
The function of primate calls, motherese, and language is
to receive and convey information (usually) among con-
specifics. What changed with the emergence of language
was not the use of the relevant vocal/neurological appara-
tus but, rather, hominins’ nervous systems and, therefore,
the nature and complexity of the information they could
process. Bickerton also suggests that my hypothesis is cir-
cular because (to paraphrase) a mother who did not already
have meaningful utterances could not have taught them to
her infants — so where did she get them in the first place?
(Bortfeld and King & Shanker also mention this appar-
ent paradox.) This objection ignores not only the contingent
and creative nature of coregulated behaviors attributed to
ancestral mother/infant pairs (R1.2), but also the impor-
tance of variation and changing environments, both for the
selection process itself and for the behaviors that were se-
lected. Natural selection operates in such a way that the fre-
quencies of selected behaviors and their underlying genes
shift directionally (increase) over time. As discussed by
Cowley, the selective value of behaviors (or physical traits)
is likely to change with altered ecological/environmental
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circumstances, such as the shift in maternal care in con-
junction with new locomotor patterns and foraging strate-
gies documented for certain monkeys in section 3.1. Be-
haviors that are (or were) not adaptive for mothers may,
under changed circumstances, become important for the
survival of their offspring (e.g., humanlike crying). If, on the
other hand, a maternal behavior becomes important for in-
fant survival (e.g., an ability to “read” and influence distal
offspring), a high percentage of offspring of mothers that
lack the selected behavior would not survive (i.e., they
would be selected against). Natural selection is not about
populations of offspring looking exactly like their parents;
rather, it is about them becoming different in precisely
those traits that have selective value.

R6. Neurological substrates of communication

R6.1. Global organization

The commentary by Monnot et al. provides details about
brain lateralization that underlies prosodic and linguistic
behaviors in humans, and discusses how the two hemi-
spheres work in concert to convey full meaning. Signifi-
cantly, the authors document that linguistic prosody de-
pends on the left hemisphere, whereas comprehension and
expression of affective prosody are essentially right hemi-
sphere functions (along with “body language”). Dilkes &
Platek discuss sign language and show that, like spoken
language, it relies essentially on the left hemisphere. Gilis-
sen remarks on the comparatively large area of the neo-
cortex that is recruited for human linguistic functions in a
discussion that reinforces the sensory/motor definition of
language provided in R3.1. Consistent with these observa-
tions, Aboitiz & Schréter propose that the neural sub-
strates for mother/infant interactions depend on coordi-
nated activation of widespread temporoparietal-prefrontal
networks that modulate auditory working memory and im-
itation. They also suggest, quite reasonably, that such net-
works may have been the precursors for language evolu-
tion.

R6.2. Mirror neurons

Gilissen and Rogalewski et al. discuss the importance at
the cellular level of “mirror neurons” that elicit particular
actions, and also discharge in premotor cortex of monkeys
(area F5) and its likely homologue in humans (part of
Broca’s area) when those actions are observed in others
(Rizzolatti et al. 1996). Dilkes & Platek agree, and also
note a similar phenomenon in the superior temporal sulcus
in response to observation of hand movements by signing
humans and moving hands by monkeys (Rizzolatti & Arbib
1998). These commentators suggest that mirror neurons
form the substrates for understanding motor actions in oth-
ers and are part of an action-perception network that facil-
itates gestural (orofacial and manual) as well as emergent
linguistic communication in co-regulating pairs of mothers
and infants. They also point out the important implications
of mirror neurons for the neurological substrates that may
have been involved in prelinguistic evolution in hominins.
Braten’s hominin infant decentration hypothesis is partic-
ularly significant because it specifies how mirror neurons
could have been of major importance during the period of
evolution when hominin infants lost the ability to ride cling-
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ing to their mothers” backs and, thus, to automatically share
perceptions from (literally) her point of view. These com-
mentaries are insightful and add a welcome neurobiologi-
cal perspective (Aboitiz & Schroter) to the “putting the
baby down” hypothesis.

Although the above-mentioned commentaries focus on
mirror neurons that subserve actions of hands, face, and the
vocal apparatus and also discharge during observation of
similar actions in others, it will not surprise me if additional
mirror neurons are eventually discovered more medially in
the prefrontal cortex and implicated in motor behaviors
based on other parts of the anatomy. As any dancer will at-
test, watching a dance performance can be a very “moving”
experience. In fact, my former tap-dance teacher, Cynthea
Bowers, routinely rehearsed for her performances in her
imagination (Falk 2004a). After studying tap with Cynthea,
I became aware that this form of dance is exquisitely lin-
guistic!

R6.3. Homologous brain areas for vocal
communications in human and nonhuman primates

Over the years, there has been a tendency to attribute mon-
key and ape vocalizations to activation of the medially lo-
cated (limbic) cingulate gyrus and surrounding (cortical)
supplementary motor regions of the brain, and human lan-
guage to activation of lateral perisylvian cortex (including
Broca’s and Wernicke’s areas), as touched upon, to varying
degrees, in the commentaries of Gilissen, Monnot et al.,
and Newman. Homologous areas have now been identi-
fied for human and nonhuman primates in all of these re-
gions (some mentioned by commentators). As detailed by
Galaburda (1984), stimulation of the medial area produces
vocalizations in both monkeys and humans, neither of
which vocalize upon stimulation of lateral Broca’s area or its
homologue. Further, aphasic humans with damage to lat-
eral areas are frequently capable of “limbic speech,” and
may swear with admirable fluency (Crosby et al. 1962). I re-
cently asked Albert Galaburda if he thought that vocaliza-
tions of nonhuman primates may be influenced by regions
of their cortices that appear to be homologous with Broca’s
and Wernicke’s areas. His response was:
I think that the cingulate regions drive the animal to vocalize,
but what is actually brokering the vocalization is the homologue
of Broca’s area, in the inferior periarcuate region of the mon-
key, with access to the appropriate muscles. Stimulation of this
region in humans does not produce vocalization, which would
suggest that it needs to be driven physiologically from its acti-
vators in the pericingulate areas. The periaqueductal grey in
the midbrain would be another place where stimulation ap-
pears to produce vocalizations in monkeys and humans. (Gal-
aburda, personal communication, October 6, 2003)

Along similar (but more medial) lines, Newman notes
that the anterior cingulate gyrus is important for expressing
isolation calls in young primates, and that it is also activated
when women hear their infants cry (Lorberbaum et al.
2002). Newman therefore hypothesizes that the underlying
neural circuitry may have been important for the incorpo-
ration of speech sounds as affective stimuli during hominin
evolution. Although data are harder to come by for apes, re-
cent studies of great apes reveal asymmetries (favoring
larger surfaces on the left) that are similar to those of hu-
mans for homologues of area 44 of Broca’s area (Cantalupo
& Hopkins 2001) and the planum temporale (Gannon et al.
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1998; Hopkins et al. 1998). All of these neurological stud-
ies reinforce the continuity hypothesis of language origins.

R6.4. Brain size, wiring, and sex

The increase in brain size that began in the australop-
ithecine ancestors of Homo (Falk et al. 2000) is an impor-
tant component of the “putting the baby down” hypothesis.
Brace suggests that, once symbolic expression became
adaptive, it may have been the selective force that drove the
subsequent coevolution of continued brain expansion and
language. Aboitiz & Schroter hypothesize that increased
brain size was accompanied by more complex and plastic
networks, which released barriers that had previously lim-
ited reciprocal protolinguistic interactions. They also sug-
gest (rather eloquently) that “this opened the possibility of
living in a world of conversations which transmitted inter-
nal, emotional states but also referred to the surrounding
world.” As Newman notes, specializations related to ID
communication may have evolved differentially in females,
which is consistent with documented sex differences for hu-
mans and monkeys in mean absolute and relative brain sizes
(Falk et al.1999) and for humans, at least, in amounts of
gray and white matter (summarized in Falk 2001).

R7. Suggestions for future research

R7.1. More studies on rescheduling of infant-carrying in
nonhuman primates

Studies on a few monkey species suggest that mothers stop
carrying their infants at earlier ages under difficult foraging
conditions (sect. 3.1), a finding that has important implica-
tions for the “putting the baby down” hypothesis. Addi-
tional studies on foraging-related changes in maternal care
on a variety of species living in different habitats could shed
further light on mother/infant dynamics in early hominins.

R7.2. Sibling interpreters of babbling

Burling’s observation that parents have no trouble extract-
ing their infants’ first words from their abundant primate-
like vocalizations provoked fond memories from when my
youngest daughter, Adrienne, was babbling. In my mind’s
eye, I can still see her sitting in her high chair, babbling a
string of nonsense, and then fastening me with a penetrat-
ing stare as if to say, “Well?” “What does she want?” I would
ask her sister, Sarah, who is 2% years older than Adrienne.
Unfailingly, Sarah appeared to know what her sister was
saying, and I came to think of her as a translator. One pos-
sibility is simply that Sarah was better than I at reading her
sister’s desires from contextual clues. Another (and the one
I believed at the time) is that Adrienne was doing a kind of
“proto-talking,” and that Sarah was able to comprehend it
based, at least in part, on her own relatively recent babbling
experiences. One might be able to explore the extent to
which babbling has prelinguistic regularities that include
semantic content by designing tests (perhaps with screens
so that big sibling is blind to the identity of desired objects)
to determine what, exactly, sibling translators are tuning in
to when they interpret babbling. Such a study might, or
might not, begin to address Burling’s important question
about how words could have emerged from the prelinguis-
tic melody.

R7.3. The baby sling challenge

I was surprised at the number of commentators who think
that early hominins could have easily fashioned baby slings
from vegetal matter, and suggest the following research
project (M.A. thesis?) to explore that likelihood: Find one
or more lactating, demand-feeding mothers of nonambula-
tory infants who are relatively athletic and willing to partic-
ipate. Locate a large park and set up stations that have a
blanket, diapers, water, and food at several dispersed loca-
tions along a trail of approximately two miles. The object is
for the mother to walk the trail while carrying the baby in
her arms, or (preferably) by using any means (e.g., a baby
sling) that she can fashion from natural materials she finds
along the way. Encourage her to take advantage of the rest
stations. What does she do with the baby when she gets to
them? The researcher(s) should take notes during the en-
tire experiment. This exercise could be repeated with a
small but varying number of mother/infant pairs, related
juveniles, and/or accompanying aunts. It would also be in-
formative to collect similar data in parks with different cli-
mates and flora. Keeping in mind that these are big-brained
humans, what are the implications of the study’s findings for
the invention of baby slings in early (pre-hunting) hominins
and for the “putting the baby down” hypothesis?

Another baby sling challenge could be presented to the
bonobo, Kanzi. After all, Kanzi was able to learn to knap
stone tools and use them to cut through a cord to open a re-
ward box by observing humans (Toth et al. 1993). Could
Kanzi also learn to make a carrying device from vegetal mat-
ter by observation (once the experimenters figured out how
to do it), and use it to carry an object from point A to point
B? Results of this experiment could be used to address the
questions posed at the end of the previous paragraph, keep-
ing in mind that Kanzi is an enculturated chimpanzee.

R7.4. Imaging studies of the neurological substrates for
mother/infant communication

The observations of numerous commentators regarding
mirror neurons raises the interesting possibility that future
PET or more user-friendly {MRI studies (Keenan et al.
2003) could focus on mothers as they listen to recordings of
their infants™ crying, babbling, and other vocalizations. It
should also be possible to do such studies on mothers as
they produce vocal motherese (this would require, how-
ever, that mothers’ braincases be immobile during data
acquisition). For comparative purposes, fathers could be
imaged, too. Such studies would further elucidate the neu-
rological substrates of motherese, and the extent to which
they are, or are not, differentially represented in female
parents.

R7.5. More fossils, please

An unanswered question that is germane to the target arti-
cle concerns when and how hominins made the transition
from bodies with apelike proportions that engaged in fac-
ultative bipedalism to taller bodies with humanlike propor-
tions that practiced habitual bipedalism. How far back will
paleoanthropologists be able to trace the ancestors of the
tall 1.6 million-year-old lad (WT 15000) from Kenya? Fu-
ture discoveries of relatively complete hominin skeletons
are needed to address this question.
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R8. Conclusion

The views about prelinguistic evolution and its relationship
to motherese developed in the target article have been
fleshed out in light of information provided by 26 com-
mentaries. The initial manuscript was influenced by a vari-
ety of sources, not the least of which were my earlier inter-
actions with two children and five grandchildren as they
went from birth to gradually becoming bipedal while pro-
gressively learning to express themselves through multi-
modal communications that included emergent linguistic
skills. After the commentary process, I continue to believe
that the seeds of prelinguistic behaviors, past and present,
germinated from the progressive evolution of motherese
during the long span of time when hominins perfected
bipedalism and before they evolved into fully loquacious
Homo. Although this response has focused on answering
their objections, the commentaries have added a tremen-
dous amount of far-reaching and relevant information that
largely supports the “putting the baby down™ hypothesis.
For that, I am grateful.
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