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ABSTRACT: Starting out from some well-known formal charaistiics of grammars (the Chomsky Hierarchy)
we revisit the question of whether the fossil récoan provide us with reliable early evidence foltyf
syntactic linguistic behaviors. We show how thendyiof knots requires context-sensitive thinkingttie
technical sense, and argue that the null hypottiedis consider knot-tying as indirect evidence fially
modern syntactic behaviors. We build two major sdee the reconstruction of behaviors cruciallydiving
knots: a) Small projectile technology and b) elab®rpendant ornaments. Inasmuch as the artifactual
evidence of these behaviors can be reliably daiea period going back perhaps even 110,000 thousand
years, it supports the hypothesis that the eairatomically Modern Humans in Africa had alreadypleed

syntactic capacities of the sort we presently veisne

0.INTRODUCTION

The evolution of language continues to be a subgctdebate in Linguistics and
Archaeology, especially with regards to the origiols anatomically modern humans
(AMH). Of particular interest is the arrival of o(sub-)species in Europe, around some 40-
50 ka (thousands of years ago). The characteristicthis process, which marks the
transition from the Middle to the Upper Paleolithere often vaguely related to ‘fully
syntactical’ language: (i) shift from ‘flake’ to l&de’ technology; (ii) increase in variety,
complexity, imposed form and degree of standarainaif stone tools; (iii) and itempoof
technological change, degree of separation anamagidiversification of industries; (iv)
appearance of complexly shaped bone, antler amy anifacts; (v) personal ornaments
and naturalistic art; (vi) systematic hunting; \\8harp increase in population density and
maximum size of social groups in highly structurBsms of settlement. In 2000,
McBrearty and Brooks expose the Eurocentric biaghich this analysis is embedded, as
the African archaeological record already showsyr&agns of these traits. Our aim in this

note is to approach the topic from a different pecsive: by looking in detail into two of



the archaeological signatures that mark some of diffierential behavioral practices
mentioned above, those that imply the neekihoits

As is well-known there are no linguistic vestigeghe archeological record. That
said, though, we presuppose that by matching wiglsted human behaviors —those that do
leave observable fossil records— to what are plessibntalmodelsfor those behaviors, we
could help reconstruct their evolution (Wynn andolitge 2004). More specifically, we
will be concerned with behaviors whose cognitiveebaan be meaningfully related to our
linguistic capacity, indeed in a causal correlatibhus archeological evidence for those
behaviors will be indirect evidence for the argyalrhderlying linguistic prerequisite. The
particular case that we will be studying here, faltgnin section 4 and archeologically in
the last part of the article, involves the entangdat of knots. One of our goals is to present
archeologists with a useful linguistic tool invalg such observable and datable material,
the purpose of section 2 is to provide some doépiscifics, well-known to a formal linguist.
We should note that, in general, we will have ditlo say about ‘communication’,
‘symbolism’, ‘abstract thinking’, or similar notien we do not believe those matters
unimportant, but our focus will be deliberately noaver. Our concrete take will be
‘formalist’, as we think that by studying the syxtaehind relevant behaviors one can reach
rather more solid conclusions regarding their reatdemonstrating this point will be the
objective of section 3. We then sketch our conaddas regarding our interpretation of the
fossil evidence in sections 5 (for points) and isec6é (for beads). Of course knots would
have been made using organic materials, and hbegehtive not been found as such in the
relevant archaeological record; however, we plasitow how we can safely infer their
presence by focusing on certain artifactual remadosiclusions follow in section 7.

One last point of clarification is in order. We lhle talking about a computational
hierarchy of formal languages and correspondingngrars (the so-called Chomsky
Hierarchy). Complex animal behaviors present rewtalk computational properties that
could not possibly be modeled in any trivial congtignal terms within this hierarchy (see
Gallistel forthcoming). However, as Boesch and Tesefo (1998) observe, even
population-specific behavioral traditions in anismiatan be due to each individual’s

adapting to its own local environment, cultural®fevant social environment then playing



no acquisition role; we sharply set aside thosesypf behaviors as ‘non-informative’ as
such. Boesch and Tomassello signal two factorseisigte in assuming a behavior is what
we’re calling ‘informative’: (i) indirect transmigm (over stretches of space/time) and (ii)
clear cumulative effects. As specificaligformative processes, all presently understood
animal behaviors can be described widry restrictedlevels in the Chomsky Hierarchy;

the same is crucially not true about informativenlam behaviors. From an evolutionary
perspective it is then interesting to understandtviappened in the evolution of hominids
so that their informative life-style became whapriésently is in the relevant computational
hierarchy, apparently since the emergence of AM. WMl show that syntax is the only

reasonable cause for this state of affairs.

1.A LOOK AT GRAMMARS

Without attempting to be overly technical aboutstfgee Uriagereka forthcoming for a
fuller presentation from a current linguistic pagsgive), it is worth reminding ourselves

that Chomsky (1959) distinguishémmal languagesccording to the following hierarchy:

(1) (i) lists of symbols
(i) phrase structures (sets of lists ahbgpls)
(iii) transformations (sets of phrase stuoes)

The objects in (i) can be generatedfimjte-state(Markovian) automata. For objects in (ii),
context-free phrase structure grammars are neges3dwe objects in (iii) require
transformational or similar grammars.

Markovian systems simply carry a given automatamfrone among any finite
states [n] to the next state [n+1], until the maehhalts at a final state [HALT]. The
automaton prints a given charackeat state [n], another characteat state [n+1], and so
on. Nothing forces this machinery to correlate,cHjally, with character printing. The
machine could be describing the behavior of a walkiobot, a physical system, or any
number of phenomena involving some sort of listi@yucially, though, the systemic
behavior is normally finite, albeit arbitrarily cqbex depending on the system’s



architecture. For instance, one could turn theudmg of a subway system into one such
automaton, stations corresponding to states amdtstreo connecting steps associated to
some particular behavior. That structure could laglento map to some corresponding, and
thus isomorphically cumbersome, pattern of charact8uch a system would have no
flexibility: it would always yield the same patteoh characters (or whatever it maps to).
One is tempted to then claim that a Markovian sgstannot yield in principle
infinitely complex behavior by way of finite meankhis, however, would not be accurate.
A kind of unbounded output is possible even for arlvian system if it is made to fall

into a loop. For instance, the loop in (2a) clegiblds the output (2b):

no
(2) a.
no
[1] — [HALT]

b. No, no, no, no..., no

That said, this is a very trivial sort of unboundesls —as it is frozen to the loop— and thus
again it has no flexibility to it. Surely the logould be arbitrarily more complex than the
one in (2a), but nonetheless, whatever the outjtiitecloop is, it will endlessly repeat.

Markovian systems are useful when attempting ¢wige an accurate description of
some complex (non-informative) behavioral pattam&nimals; for instance the task of
building a nest, which involves a sequence of stbps if not properly followed, would
yield structural disaster. Loops too are surelyfulse describing this sort of behavior, as
certain flexibility within the confines of the taskust be possible. There is also no
particular reason to doubt that Markovian recursftathnically, aniteration) underlies
whatever system can be witnessed in some compiances of animal communication
mechanisms, for example articulated bird songseerdances.

When linguists speak of ‘recursion’, however, tm@ymally mean the underlying
system describing the characteristic discrete untéedness found in human language,

which is more articulated than what we saw in (2 can be generated only by way of a

1 The subway case is again illustrative, as gieuits between stops typically loop endlessly.



phrase-structure grammar. Any grammar, even a siopé like the one underlying (2), is
composed of a set of elements and a set of ruksdiscribe how to combine those
elements. In finite-state automata, these elenaetallterminal that is, they belong to the
object languagewe are attempting to describe. As a consequeneeh $1arkovian
automata generate only permissilid¢s of the relevant elements, organized by list-forgnin
rules. In a phrase-structure grammar, in conttaste exist more abstract elements called
non-terminalsthat are not part of the object language to desctheir sole purpose is to
organize lists into groups callgzhrases and as such we can think of them as ultimately
meta-linguisticobjects with no direct expression in the langudsgelf. Phrase-structure
grammars have the general format in (3), whereriagst is said to beacceptedby a
grammar G if some set @iroductionsin P can lead from the starting symbol S {ahe
symbol ' just indicates that, when hitting the non-ternhisgmbol to the left of the

arrow, the grammar mustwrite it as whatever appears to its right.

(3) (G)=(N,T,P,S):
Where
N is a set of non-terminal symbols.
T is a set of terminal symbols.
P is a list of productions informally dabed as obeying the rewrite pattern:
Non-terminal concatenation of non-terminals and terminals

S is the starting non-terminal. S is in N.

A patrticularly interesting phase-structure ruletuatly calledrecursive utilizes the same
non-terminal symbol both to the left and to théatigf an arrow in (3). For instance, (4a) is
one such rule, which yields the branching struciorédb)? The output of the recursive
application of this sort of rule is clearly unboedg but the unboundedness this time is

much more structured than the one in (2).

2 Technically, we refer to (4b) aphrase-markerand we say that a phrase-marker is obtained lyyoivaderivation or
application of rules allowed by a given grammagibeing with thestartingaxiomforcing the grammar to rewrite S in
(3), until no further symbol can be rewritten.



@) a. X Y X"Z b. .
X
I\
Y XZ
v I\
X

Thus, note that upon repeating the applicatiorutd (4a) in (4b) the structure grows in a
curious way. The middle part doesn’t change —itisagis an X. But as we continue to
apply the rule, we obtain new tokens of Y and ath side of X. If we have separate rules
for rewriting Y and Z, the pattern of growth in thelevant rule system can become quite
complex. Moreover, so long as the grammar fitshia profile in (3), there is no way of
limiting the class of rules a given grammar canwajlnor how rule application gets ordered
within a given derivation. This provides a degrédexibility for the output of this sort of
grammar that cannot be matched in a Markovian syste

A system of the form in (3) requires a lexiconripg terminal and non-terminal
elements. No such lexicon is necessary in a Magkoglystem, which as mentioned can
organizeanything (symbolic or otherwise) into a list/row. Howevate that the whole
point of a rewrite rule is to match a meta-linggishon-terminal with a sequence of
grammatical elements (non-terminal or terminal)isTrheta-linguistic object cannot be just
‘anything’: it has to be ayping and thus representationdgrmal object. The word
‘representational’ is not meant here in any loosslymbolic’ sense, and in particular a
non-terminal symbol has no referent in reality othlkean whatever it organizes in
computational terms (a set of terminals), and astyusome mental correspondence if the
notion happens to be taken as psychologically id¢ahetheless, it does presuppose some
use of memory, or theapacity to carry information in timeSimply put, inasmuch as a
non-terminal does not exist ‘out there’, it mustdbered somewhere in a mind that uses it,
presumably as an internal capacity. But that swiagorecisely what implies memory, of
the ‘long-term’ sort. In other words, a functioniggammar must have constant access to
this sort of information, or it won’t be able tdiaulate rewrite rules.

An interesting issue is how to determine, by memtamining a system’s output

(an organized sequence of terminals), whethersitde®n generated by a Markovian system



or by a phrase-structure grammar. Some sorts ochspkstructure sequences are not
generable in Markovian terms (although everythiegegable by a Markovian system can
also be generable in phrasal terms). In particwidagere 1< n < ..., anything requiring
number of Y symbols to the left of a central symioand a correspondingly identical
number of Z symbols to the right of X is not getigrdescribable in terms of a finite-state
automator?. In contrast, the very sort of rule in (4) provides accurate description of the
intended sequence"YX Z". So whenever we find a regular set of repetitiohsome
element followed by the same number of repetitioihanother element, then we know we
need a phrase-structure grammar to generate that.

Chomsky demonstrated in (1959) that human languagesot be adequately
characterized even in terms of context-free gramsnaarin (3). As we have just seen, in
context-free grammars rules apply without referetoctine derivational context where they
obtain.Contextin the theory of formal grammars is to be undexdtas thehistory of rule
application Context sensitivity only arises when the appiaratof a given rule depends
upon whether other rules have applied too. Humaguage exhibits a wide range of
context sensitivity which influences the overalhgaexity of the grammar.

Take for instance the structure of so-called tdi@ation, as in the expressiohis, |
fathom It is not possible to express the nuances of displacement relation without
postulating grammatical devices that go beyondedrftee phrase-structurefathom this
Is grammatical, vig-vis the correspondingl fathom, a fact captured in terms of the
lexicon typingfathomas a transitive verb. Now consider the topicalizedsion:this, |
fathom How can we usé&thomin this instance as antransitiveverb? We could invent a
rule to allow us to generathis to the left of the subject in the case we areyanad. But
how can we prevent that putative rule from applyiogether with the rule responsible for

associating the transitifathomto its direct object, yielding (5¢)?

(5) a. Phantomrule: S° NPAS b. Standard rules of English
c. Resulting (impossible) objettThis, | fathom that

3 One could design a separate Markovian devicedohvalue ofn, but not one foany nvalue.



What we need is somehow to ensure that the phanitamn (5a) applies when, and only
when, the verlfathomcomes in an otherwise impossible intransitive guighat, however,
is a context dependency: rule application has tedmesitive to whether an element within
S, namelyfathom has been introduced in a particular guise (by ofeg rule that disallows
its taking a direct object). Conteftee rules are not designed to capture this subtldty: a
they do is associate terms of a certain type desdegg how it is that those terms came to
be whatever they are in a particular derivation.

So a context-free system without a rule like (5ajergenerates, not allowing us to
generatdhis, | fathom.n contrast a system of that sort with a rule [{ka) overgenerates:
it allows us to produce that token sentence, s #he impossibléthis, | fathom that.
What we need is a differekind of system that, by being sensitive to the hiswiryule
application (context), can weed out the latter @/lyielding the former.

A context-sensitive ‘transformational’ grammar écailowing us to relate a topic, in
its pronounced site, to its understood or logidd)gs radically different from a context-
free phrase-structure gramnfafAs we saw above, the latter needs to code sonteokor
representation, so as to know which non-terminalréwrite when, thus generating
constituentor phrasal units. For this sort of grammar, thquagite a structure is generated
it is not crucial (or possible) to keep a record tbé generation. In contrast, for
transformations to apply we must know which pattécehunk of the resulting objects is to
be manipulated, hence have access to derivatiastrn This can be seen with the
topicalization just discussed, where we want t@ptice’this to the left of the terminal
string, to result in the strintpis, | fathom At this point it is crucial to be able to distungh
particular sub-strings and to know what ‘left-oétterminal-string’ means.

If we consider the matter from the point of vielvrmemory, a transformational
grammar needs more than a phrase-structure granamérf a different sort (recall also
that a Markovian system needs no memdihile the phrase-structure grammar requires
long-term memory of phrasal types and how they matcgiven terminal elements (it

4 A transformational grammar is not the only tyfeantext-sensitive grammar that linguists havelergal. We use this
example because it is easy to discuss, but the peimre about to make extends to other contexgitbesn grammars.

> Another way of saying this is that in a Markovisystem the computational procedure itselfall) the memory the
system has associated to it. Memory as such ia separate component of the system.



needs a lexicon), the transformational grammar s\¢ledt, and in addition the short-term
ability to record what took place in a particularigtation, so as to know whether a given
sentence contains, e.g., a transitive verb. Musktudision has gone into how large that
short-term memory is allowed to be in the case whéns. Note that if the memory in

guestion were arbitrarily large, and transformadioprocedures were allowed to perform
any imaginable computation on a given formal ob{ewbving, copying, deleting... chunks

of structure), then in effect we would be in thegence of a universal Turing Machine: an
automaton with an arbitrarily long memory tape &mel capacity both to (a) perform any
logical operation and (b) remember it.

Turing Machines are too unrestricted within the @&y Hierarchy to matter for
our analytic purposes. Thus, for instance, imagirsert of operation that any writer has to
perform several times when putting together arclariike the present one: suppose this
particular paragraph is criticized by a reviewerd dhe editor requires that it be deleted
mention to symbolic representation is to take pkcgwvhere in the body of the article. We
hit the search key in the program and access tpeession ‘symbolic representation’;
inasmuch as our computer has a memory tape whmdaelevant boundary, it will have
kept a record of whether those terms are in they bmfdthe text. Then we mark the
appropriate paragraph and delete it. This is aep#dyf computable task; however, no
human language works like that. No grammatical @secis possible or impossible, for
instance, if some other symbol appearsitrarily down a phrase-marker. So the language
faculty is not a Turing Machine.

Where, precisely, that faculty lies, between (mddhtext-sensitivity and the Turing
Machine, continues to be a matter of discussiopedéding on the exact role of on-line
computational memor§.For our purposes these debates won't be relewmte their
subject matter is too specific to linguistics, dheir conclusion far from apparent. We will
be interested in more settled questions insteadissto be able to safely apply relevant
consequences in a different field (archeology). Wiha do take to be established in this

® The field still debates: (i) to what extent datiens are forced to proceed in limited phase},wiiether context-
sensitive operations need to be signaled by overtbgessable markers, or (iii) whether the shapghofse-markers
after they are entangled by transformational preeege.g. of the topicalization sort) conservesesofrthe properties
that went into their prior context-free charactatian.



respect is the need for linguistic computationsigesomeon-line or operational memory
resources, presupposed by context-sensitivity. Wilie a central point for us.

Just as we can establish, by examining a systemiguty whether it has been
generated by a Markovian or a phrase-structure mgamso too can we determine whether
it has been generated by a context-sensitive gramataeast in some instances. For
example, where 1< n <..., anything with the formdt.Y Z" (with an arbitrary number of
symbols —as opposed to a definite number— betweegaal number of Y's and of Z's) is
not generable in context-free terms. Similarlyréhis no way of ensuring, in context-free
terms, that a sequence' X" Z" is generated, where X, Y and Z are different syisibo
Finally, more complex combinations as ifYX'Z"W™ (where 1 < n < ...) are also out of
the question unless our grammar is context-sersilitiese are less exotic objects than may
seem at first. For instance, the last one (a stiing's of sizen followed by a string of Y’s
of sizem followed by another string of Z's of sizefollowed by another string of W’s of
yet again sizem) would be a fairly trivial square dancing arranget one only has to
think of n unmarried boys followed by m married milowed by the n unmarried
girlfriends of the boys followed by the m marriedses of the men...

Before concluding this section, we just want tierate that grammars generating
languages of the more complex sort (e.g. isolatlerhges) generate also the simpler
languages (e.qg. lists of words), but not vice-veksance the term ‘hierarchy’ of languages
(or corresponding grammars) is applied to thesmdbiobjects. This then entails, speaking
of informative computational systems, that an gntithich can be shown to have a
transformational grammar is automatically provenheve an implicit phrase-structure
grammar to make the former work. In turn (and miongortantly for our purposes) an
entailment holds also that if an entity dasst exhibit recursive procedures of the sort
natural for rewrite systems, then a fortiori it nahhave, either, more complex informative
structures presupposing them. Therein lies, wekthime force of the Chomsky Hierarchy
for evolutionary studies of informative computatbsystems. Conclusions about one level
in the hierarchy have mathematical force for otharsen the relevant implications are

studied in the right way.
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2.FORMAL CONDITIONS ON OBSERVABLE BEHAVIORS

Up to this point we have spoken about formal resmltlinguistics. We have to manage to
connect them with fossilizable human behaviorstf@m to be relevant to archeological
concerns. The connection has to be establishedarential grounds, in two respects.

The first point is an evolutionary one. Supposeadmit the reality of the Chomsky
Hierarchy. A further conditional obtains: no matbtew real it is on mathematical grounds,
the Chomsky Hierarchy may have not been coded mamuminds, or it may have been
precompiled as a monolithic entity, without theeirgintial subtleties we have outlined in
the previous sectiohThe only thing that would have been impossiblf®ispsychology to
have goneagainstthe logic of the Chomsky Hierarchy (e.g. coding tipposite hierarchy),
but even within the confines of logical necesshgre is plenty of wiggling room. That
said, an obvious concern is the fact that evenafororganism with a psychologically
assumed linguistibierarchy there is no need to suppose that, gie&awors that can also
be describable in terms of said hierarchy, thenate causéor those behaviorss rooted
on linguistically established paths.

Let’s illustrate that with a concrete example. Soge an archeologist shows us a
dated necklace, describable with the formal appanatplicit in the repeating cell in (6):

(6)”12 1 2 3 1 2 123”12 1 2 3 1 2 123|---

As we showed in the previous section, this sorblgkct is not formally describable by
means of context-free rewrite rules (understandiveg the repetition of bead strings is
relevant to the pattefh)Does that mean that the hominid producing (tareeiving of, or
more technically,generating an object like (6) is using a specificallynguistic
transformational grammar, or at least somethinggac on his or her language faculty?

Very possibly something of that sort is necesdarythe modeling of complex animal non-informativehavior. We
expect such a subtle behavior, however, to be sotaped in some mental module within the animafairh and
therefore to lack the plasticity that would alloov treative individual behavior.

In other words, that the dots on each side ofthiag are meaningful, and that a necklace withsame pattern could
be generated with more or less beads. Surely adwamk system generates precisely the object itetkie but not a set
of objects with that pattern.
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The best we can do is to speculate in answeriag dhestion, but evolutionary
theory has a say on this. Given its logic (randouatations within the limiting confines of
the physical-chemical channel where they take plamelution tends to be serendipitous.
Moreover, when it ‘hits on the jackpot’ of a furartally successful structure, or at least
structurally stable one, it tends to keep This is one of the reasons behind the fact tisat, a
genomes are thoroughly studied, researchers fiadt gronservativity in regulating genes.
We still know little about the proteome, but ithard to see why the same logic wouldn’t
apply there, and if other units are relevant inleiwonary psychology, why things would be
any different in the realm of mind. That said, écbmes considerably harder to accept that
an entity that has evolved a capacity to generat®lgect homologous to (6) (say, in
linguistic terms) shouldn’t be usintis very capacitywhen generating (6) as well. No
logical necessity can be invoked here, but evahatig plausibility surely favors this sort of
hypothesis as more parsimonious.

There is, however, a more problematic concernawee:fthe linguistic capacity we
would like to presuppose for whoever produced @) to be inferred; unlike beads words
don’t fossilize. In other words, we're not justitrg to connect (6) to language; we'’re
attempting toinfer language from the presence of (6). Luckily, we aoé in a complete
vacuum here either, again thanks to evolutionagpmh We assume that AMHs have been
genetically rather similar for a good hundred nm&, as all the evidence we have for the
evolution of organisms in general pulls us in tiiaection. Moreover, to the extent that we
can recover DNA from fossils, we have found no oea® doubt the general validity of
this claim. That being the case, and provided thtaleast from the generative perspective
we assume, human language too is —to a signifieatent at least— a product of our
biology, we may well expect the human languageltada have been either the way it is
now in our anatomically modern predecessors, angt rate traceable from our present
system. The following is then a plausible reasoniWg have the prehistoric (6), say dated
within the reasonable confines of AMHSs. It has welvat mathematical structure it has, say

a context-sensitive one. Through that we infer thiadever generated (6) had the capacity

° At best because of whatever fitness it may conaay also because unless it happens to actuattyatsdaptive, it will
at worst do no harm to an organism bearing it.
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to think in context-sensitive terms (had the refgvshort-term/operational memory). We
know that historical —i.e. presently existing— graans have to be described in context-
sensitive transformational terms. We also know évatiution doesn’t normally re-generate
identical structures, but rather coopts them. Tiugs adduce the claim that whoever
produced (6) had modern syntax.

That claim is entirely falsifiable, on several gnals. First of all, if evidence is
found that humans have a specific mental modulgoresible for generating objects like
(6), which is different from their linguistic capac—then we are wrong. We would also be
wrong if other animals without our linguistic capig@re capable of generating (6). But by
the same reasoning, we believe to have the nulbthgsis when claiming that, all other
things being equal, whoever generated (6), if hestr was a hominid in our lineage,
probably already had the sort of grammar that waddstruct linguistic expressions of
comparable complexity. It would be perverse to khatherwise, in the absence of any
evidence to support such an alternative speculafitis is important to our reasoning,
because we will be basing our analysis on the enfez of formal entities (knots) whose
generation involves precisely the complexity see(6). Unless we are shown that humans
have a specific non-linguistic capacity for knats,that other higher apes produce knots
while not having language, we will take it to bee tmost reasonable possibility that
evidence for knot-tying is computationally equivaléo modern linguistic evidence, in the
full sense of the equivalence.

In that regard, two more observations seem siganfi. On the one hand, the
development of knot-tying in children is well-knowto generally post-date the
development of their full linguistic capacity —muah is their ability to sequentially count.
This suggests that fully-deployed linguistic beloasiare, somehow, logical gates for knot-
tying behaviors. On the other hand, possible cobmdy has been detected between such
syndromes as Specific Language Impairment (SLI) aestelopmental coordination
disorder (DCD) (Hill, Bishop and Nimmo-Smith 199&lthough this must be taken as
tentative, since relatively little is presently kwmo about the neurological and genetic bases
of these syndromes, one of the standard testsirier rhotor skills in DCD is tying

shoelaces, which is clearly deficient in affectedividuals. If future research confirms that
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in particulargrammatical SLI patients have systematic difficulties with kaging, this
may be evidence for our approach: either the |attdr is related to context-sensitivity in

the language faculty, or perhaps there is someo$onental capacity underlying both.

3. KNOT COMPUTATION AND SIMILAR FORMAL PROCESSES

Consider the simplest knot one can think of (7Bjamed in the steps in (7b)/(7e):

1 3
"W VT B
The relations between the segments implied in thet,kexpressed as numbers in (7a),
cannot be the consequence of a Markovian processe@fiencing adjacent elements.
Intuitively, we have to ‘hold’ and ‘skiptlementdo be able to lace the knot back into place.
If we try to express this computationally, we needontext-free step, to define the major
loop in the knot as in (8a) below, and from thalhpon we need various context-sensitive

warpings of the object in (8a), until we hit thadi, characteristic overlapping needed for

knotting (we only sketch the first step, the othamolve similar foldings):

@®al 6 b 6 1

s

X X

So far, that was just a formal point: As Mount (298hows, we need a context-sensitive
system to create a knot. This can be taken asu#t mesh mathematical force to it. We are
also suggesting though, of course more tentativillgt it would make sense for an

organism which has evolved some such system wifornmative characteristics (as

10 Ullman and Pierpont (2005) argue that the issugpirational memory, which goes well with a propasaCoolidge

and Wynn (2005) regarding the role played by wagkinemory in the emergence of AMH. To show how dedicthe

matter is, though, bear in mind that children affdovith William's syndrome also have difficultiagth tying shoe-laces,
and yet their linguistic ability seems remarkabhatfected.
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presupposed for the syntax of modern languageg¢pbogt that particular system beyond its
‘normal’ use in a task like that presupposed imgdrom (8a) to (8b).

Knots are based on friction, which grows expondigtiaith the angle of contact of
the string around the axis of whatever they are t&" Such a system obtains also for
mere Markovian loops, without the crossing implied(7). What the crossing ‘merely’
does is fixate the system. The problem is to fdhme systeminto the crucial friction it
involves: if no extra force keeps the string insadocontact with whatever provides the
friction, it will have no effect. In knots, givehe topological arrangement of the string the
very pull that would, without the key lacing, goaagst the friction has the remarkable
effect of making it stronger. We may think of this the ‘stability’ of the knot, and the knot
itself essentially as a concentrate of fricté question to keep in mind is whether there
is a substitute for the role of the entanglemen{7inby other means, without deploying
such a complex computational machinery. The onilygtlthat comes to mind is the use of
some sort of gluing device to fixate the physigatem in place. How reliable this can be
depends on the force of the glue, and whethergtaater than the resistance to friction in
the system as a whot2.Such a solution is external to the system: it doesuse the
system’s dynamics and topology to feed-back thénguiorce into a stability force.

One more aspect about the properties of knots rthvamphasizing: some of them
can be more or less easily undone. Aside fromieffy, this entails something quite non-
trivial in Paleolithic conditions: the ability tacenomize important materials (to start with
the string, but possibly also whatever the strieg in cases of structural failure). It should
be easy to see that the sorts of complex knotsdihatot ‘strangle’ upon themselves are
computationally much more elaborate than what ifimad in (7), as the celebrated

' For example, as shown already by Archimedes, ¢heefl required to pull, say, a boat around a pole
diminishes with the angle of pull. Under this pipie, the force required to lift a weight with argile pulley

is much greater than that involved if a complexlgylis used, which gets further reduced as morastur
around the system are taken by the rope.

12 As Massimo Piattelli-Palmarini aptly reminds use knot stays knotted and can resist tension bedhes
force due to the friction of one part of the striagainst the other grows exponentially with the alative
angle of the sections of the string that are inacrwith one another, and is linearly proporticteathe force
that presses the segments of the string one aghsther.

3 This is a complex matter, depending at least erpthil, the friction (itself a function of the stg and what

it is rubbing against), and the number and tighgraéghe loops.
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mariners’ knots directly show. But even for simplenots the desired permanent
‘strangling’ does not follow without the sorts @ébility conditions outlined in the previous
paragraph, involving a context-free computation@pghat is crucial to our reasoning.
Returning to considerations about computationalmmexity, comparable

reflections, on computational grounds alone, obfain lower levels of the Chomsky
Hierarchy. The comparison between (8a) and (8bjiesamus from context-freeness in
computational relations to the characteristic egitements of context-sensitive
dependencies. More basic analogous transitions fd&ee from systems involving

Markovian syntax to those involving context-fregoeiedencies. Consider the series

9) , ,

We saw in (6) an instance of so called cross-sdepkendencies which are only generable
by way of a context-sensitive grammar. The sorale$tract objects in the series in (9)
(whatever they are, it doesn’t matter for our forparposes) are much simpler in and of
themselves: they amerely symmetricAs it turns out, the series can be generatedvby t

methods: the Markovian (10a) and the more sophistittcontext-free (10b):

(10)
a.
1] — [2— [HALT]
b. (i) X XY
i)y X
@x { , 1}
(iv) Y

The finite-state grammar in (10a) generates allabjects in the series in (9). It is more

complex to show this for (10b), but we can do mh¢mag other ways) as in (11):
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(11) a. X b. X C. X

I\ I\ /\
XY XY X Y
| I\ I\
XY X Y
| | \/
X Y

The objects in (9) can thus besakly generateds in (10a) or as in (10b). But in addition,
(10b) provides us with constituent structure. Savéf were trying to determine whether
actually the series of objects in (9) —which we may hawetbin an archeological site—
was generated via (10a) or (10b) instead, we woaktl additional information. One such
information would be to test the constituent stuuetin (11c) vis-a-vis (11b); there may be
ways of inferring this, perhaps, from the way theictures were carved. A different one
would be if we actually found a further object. ape it were (12):

(12)

Now this is not generable by (10a), but it is byywea (10b):

(13) X
/
X

[\
XY
|

X — <"

As a matter of fact, the reader can easily cheakwlnereas the objects that (10a) generates

n

are always of the form (for 0 < n<...), if we ‘let it loose’ (10b) geneest all sorts
of objects, including those with a so-called Fibmiastructureé”® In general, we say that
context-free systems are capablestvtbngly generatingstructures like (13) —not just their

terminal string.

1 To get those, rewrite X and Y consistently onhederivational line untiall non-terminals in a given line are rewritten
as terminals.

17



Needless to say, we may not get lucky to haveete object in (13) or the extra
way to test constituent structure. That said, thpartant point is that there are various
ways of ascertaining the relevant computationaindaand, more importantly for our
purposes, if we find converging evidence from wvasidests, then that strengthens the
underlying conjecture. For example, we may finddemnce for knots at a given period,
which is plausibly reconstructed as linguistic @nde in the manner sketched above. If in
addition we find evidence for the relevant underycomputation, and it comes not from
knots but from a different domain, that constitutesre grist to the mill that what is at
stake in the species producing the observable mh@vnot a specific grammar for, say,
knots, but rather a plastic context-sensitive badratat cuts across various tasks.

Perhaps a different illustration can emphasize thiportant point. Often, when
trying to recite a poem/prayer ‘by heart’ and beimgrrupted, it is hard to resume the task
without going back to its very beginning. That isyanptom that the task has been recorded
in more or less frozen Markovian waysThat serves to illustrate the difference between a
pre-compiled system and one that is complex endoghllow for a more interactive
retrieving of information. The last sort of systaesnsurely at least phrasal and possibly
transformational, then involving all sorts of quéoational shortcuts. Moreover, that kind
of ‘creative’ procedure results in obviously di#et behavioral outputs: depending on what
procedures one may have chosen to retrieve then‘mil@ias’. Retrieving something by
heart is a fixed process, retrieving it by assomnats certainly not. This is all to say that
linguistic complexity goes hand in hand with vaoat hardly an issue in the case of
human languages. But the same diversity-correlatirigrcomplexity should be operative
in the behavioral output of a species that pigggbamn full-blown language to develop
culture. In that sense, if at a given period wel fine knotted structures we alluded to, and
moreover other diverse behaviors presupposing context-Seitgjt we are very likely
dealing with cognitively modern humans.

With those presuppositions in mind, we now movespecifically archeological
observations, attempting to provide a plausibldyasiof relevant characteristics with the

formal machinery just introduced. The appearanc&MiH was a speciation event that took

15 This is not to say one cannot then find agaievaht linguistic nuances —in fact actors do itz time.
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place during the transition from the Acheuliantie Middle Stone Age period.Together
with the biological changes implied, there was asmajor adaptive shift in this species,
observable through cultural remains. We are onlyngyao focus on two of twenty-five
archaeological signatures that were identified legacteristic of the behavior of AMH by
McBrearty and Brooks (2000), as we think thesetlagecultural aspects in which context-
sensitive behaviors can be most clearly presuppfisetdthe need to work with structures
that imply knots: projectile technology and thelieat traces of objects used as personal

ornaments —more specifically, perforated beads.

4.PROJECTILE TECHNOLOGY

D’Errico 2003 and others have shown that haftingneg an innovation that can be
attributed to the African Middle Stone Age (MSA)ltcues. It is also reasonably clear that,
while these traditions evolved in Africa, the Neartbals were already using projectiles by
hafting several types of Mousterian points to wapsleafts:’ Taking that into account, and
acknowledging that hafted implements were present o the appearance of AMH, we
want to raise a narrower concern: Mousterian ptidgetechnology implies hafting, but not
obviously the ability to make knot§;in contrast, when it comes to MSA projectile
technology, use of knots can arguably be inferred.

The transitional period that concerns us is charad by the dramatic reduction in
numbers and progressive disappearance of large/ healé (handaxes, cleavers) as well as
the adoption of smaller, lighter tools; some ofstheéypes were the lithic component of
composite tools, hafted to an organic support bickvithe tool was held Several traits
actually differentiate Mousterian and MSA industriaVhen it comes to points, these

amount to only seven types of tools, out of ther6@hich Bordesian systematics classify

18 See McBrearty and Brooks 2000, Lahr 1996 anah@ri 1996, 1998 for information about this point.

17 As is well-known, Neanderthals are a separateispéicat appeared roughly around the same tim&@e-200 ka) and
inhabited the European continent and the Asian EedrMiddle East (but not Africa).

18 Although armatures and projectiles in the Stone A well studied, not much has been done regaithw exactly
the projectiles were attached to the hafts. In sorsances (e.g. Shea 1988b), lashing methodssamsequent knots)
have been uncritically taken for granted in theeaafsMousterian points.

19 As will be apparent shortly, we could turn theyexistence of these complex, articulated tools an argument for
our position, but for reasons of space we will de@telop this point now.
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Mousterian industries. Here scrapers predominabtdevin the MSA the ratios of scrapers
and points are inverse, points of many kinds predatimg over the number of scrapers
found in the MSA assemblages. While Mousterian {saime always made of stone, at least
two MSA sites (Blombos Cave (Henshilwood and Sealeg7) and Klasies, both in South
Africa) have yielded points manufactured on organaterial —-more precisely, bone— and
at a third, Katanda, in Congo (Brooks et al 1998)42 Yellen et al 1995) specifically bone
harpoons were discovered.

There is a rather generalized consensus that, etwepted as weapons armatdfes,
Mousterian points are best interpreted as thedifspears: patterns of breakage consistent
with the damage suffered by projectiles at impaeweh been observed in several
assemblages from Levantine Mousterian Sitdike Kebara, Qafzeh and Hayonim Caves
(Shea 1988b, Shea et al 2001). Importantly, measnmts of the points found in the
Middle Paleolithic layers of Tabun fall within theange of spear points analyzed in
ethnographic studies. The same, however, is argumltithe case for the points from MSA
assemblages. Middle Paleolithic stone points tentave a large and thick base, which
indicates they were attached to large and heavftssHaue to the total weight of the
artifacts, these projectiles had to be thrown frarshort distance. The less studied MSA
points are much more varied than their Europeamteoparts. Brooks et al (2006)
geographically distinguish twelve different typesid crucially argue —essentially on the
basis of their very small size— that rather tharasppoints they are lighter projectiles,
similar to ethnographic spear thrower darts or ewerows. This involves a type of

technology currently accepted only for much lateriqgs than the MSA2

2 Despite the doubts raised by Debénath and Dift884), Dibble (1988), Holdaway (1989) and Sole@@92), the
discovery of a Levallois point embedded in the eferd of a wild ass in Umm el Tlel (Syria) (Boédak1999) seems
to prove that in some cases, these points woul@ h&en used as spear points, as previously propgmsé&hllow
(1986) and Anderson (1990) among others (see S¥@ERdr further background information).

2L According to Shea (2003), there is evidence §stesnatic use of stone spear points in the Levariousterian, and
possibly in the Mousterian traditions of Easternrdpe, something which differentiates these two safe@m those in
Western European regions, where Mousterian points ather types of points are present, but not ichslarge
guantities.

22 Spear throwers or atlatls were up to now thoughtave appeared at 40 — 25 ka, the earliest rebeiilg a spear
thrower hook from the Solutrean period found at GerBauniére (France), dated by radiocarbon to &kalTattelain
1989, Geneste and Plisson 1986). Archery appeamdwhat later, c. 15 ka, the earliest definitivedexce for them
being the bow discovered at Homegaard IV in Zealmstwhd (Denmark), belonging to a deposit datedhto Late
Boreal period, c. 6000 BC (Bergman 1993, Clark 3963
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That interesting point is what concerns us in sastion of the paper, because both
interpretations of MSA points imply, we argue, tige of knots —with implicit context-
sensitive properties discussed above. That initapties that a context-sensitive grammar
to generate the knots cannot be inferred for Nedinals, at least on the basis of the
archaeological evidence that Mousterian sites yalded so far. To insist on a point made
earlier, this in itself does not prove that AMH hagk of language. However, if the Brooks
et al. analysis hold$® as does our contention that light-projectile tedbgy must have
used knotting procedures (see below), then itdeed demonstrable that AMH had a kind
of mind capable of deploying context-sensitive pidhaes.

The crucial argumentation is based on the weifthe projectile. It is obvious that
this includes not only the weight of the point itsbut that of the corresponding shaft as
well; moreover, there needs to be a correlatiowéen the size and weight of the tip with
that of the shaft: a heavy point needs a heavyt.s@aifite simply, MSA points are much
smaller and lighter than the Mousterian ones, aadldvneed to be attached to lighter and
probably smaller shafts than the latter ones. Bsed is how that affects a) the way in
which the projectile is thrown, and b) the way poént is attached to the shatft.

Newton’s Second Law of Motion indicates th&the relationship between an
object's mass m, its acceleration a, and the agdiece F is F = ma’ In ideal conditions
without friction it wouldn’t have mattered if theass of a projectile changes: given the
same force, it will simply go faster. However, whiertomes to a real-life situation, the
physics get drastically altered, as a smaller ptige by its very nature attached to a lighter
shaft, will of necessity be more significantly affied by air friction. It then becomes
obvious that the MSA hunters would need some sotéachnology that allowed them to
throw their smaller and lighter projectiles in ayfarceful enough to achieve the necessary
Kinetic energy at impact, making air resistancegmificant. Spears could be thrown with
the desired results by ‘simply’ using the arm’sesgth, but greater propulsion is needed
when using the lighter MSA types, which in the caséAduma sites (Ethiopia) reached

averages of a meager 6.6 grams (Brooks et al 200&.point is all the more clear when

2 |t has been recently challenged by Shea (2005).
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dealing with projectiles made of organic materiéikee the Katanda harpoons, which were
made of bone and are thus not only small, butrmlgch lighter than Mousterian points.

It is noteworthy that, although obviously muchdwerto carve, lighter and smaller
projectiles would not only mean economizing onidittaw materials; they also meant that
the distance between the prey and the hunter ¢ocatdase, thus achieving a greater degree
of safety for the hunter. That is, of course, gitlesit a suitable way of propulsion could be
used for the lighter projectile. Experimental wotkave shown that while spears could
reliably travel some 45 m, systems of propulside lihe atlatl, for instance, would allow
the hunter to stand up to 200 m away from his tafieiner 1999). The same point is
obvious for archery, with even more reliability.

Middle Paleolithic industries and tool types haseesty been studied in comparison
to MSA counterparts, but the existing works hightighe differences in the evolution of
the types. Brooks et al (2006) note that on one, sltk points at Tabun’s levels D, C and B
get shorter through time, while the width remaiesistant and their thickness decreases
moderately. On the other, Aduma points decreasenigth, width and thickness regularly
through time. While the first always remain witttime range of modern spearhead types,
the latter tend towards the same ranges as ethptogadly studied spear thrower darts and
arrows. Moreover, the above factors have beendin@draits affecting hafting techniques.
Hafting patterns at Tabun have been thought to iree@nstant, while the contrary would
happen at Aduma, where functionality would be thestrimportant aspect, and hafting
patterns would undergo changes in order to adag¢rb® the changing patterns of the
points. Significant differences can be apprecidietiveen technological traditions of the
Near East (Mousterian) and the African MSA untdward 100 ka (Brooks et al 2006).

Let's then assume that the projectile technologgessary to hunt with the
aforementioned MSA African points would be eithespgar thrower or a bow. Both types
of implements imply knots, when considering a) Hoviix the stone points to the hafts and
b) in the case of inferred archery techniques,réievant tense string of the bow. (We
return shortly to the use of an atlatl type of ielpent, and whether it also implies context-

sensitivity.) As point (b) is obvious, let us contrate on point (a) first.
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V. Rots (2003) suggests that of the three possiges of hafting arrangements
(male, male split and juxtaposed), bindings aresmpant with the male split type in all
cases but one. In this arrangement, the stonewoold be placed into a cleft on the haft
and then both ends of the cleft would be ‘tied tbge by means of a vegetal or animal
tissue (leather, intestine, etc.) binding. Thisaosion has been reached after thorough use
wear analyses on large collections of experimantgkrials. Evidently the issue is whether
‘tying together’ implies a context-sensitive prouesl

A Markovian loop would certainly be enough to mgnerap some sort of ligament
to a shaft base, finishing the process up withrbén or a similar gluing procedutéLet’s
call this a ‘false knot'. It is possible, also, tifar some types of projectiles no lashing
techniques were required: Shea et al (2001) repattpoints attached to wooden foreshafts
with synthetic tar (which is comparable to the bign mastic alluded to in fn. 24) work as
well as those attached to their shafts with tar eegketal ligature$® The issue is whether
these procedures reliably work as the physicale®rover the relationship between the
point and the shaft increase exponentially.

For concreteness, suppose the weight of the pilgjépbint plus shaft) is (at least)
one order of magnitude lighter in the case of spglaowing than for arrow or dart
throwing?® Although the physical details are not easy to gmesn a piece like this,
factoring in air resistance (itself something tbah vary), that must mean that the fofce
used to throw a projectile with masscould be even one order of magnitude weaker than
thef required to throw a projectile with masg1Q to obtain equal results on impact. Of
course, with a different and better throwing tedbgyg one can also move from throwing at
a maximum of 45 meters to roughly doing so at dheee or four times that distance; if so,
f will be much stronger, even another order of magte (to merely travel that distance at

a speed that matters to the impact). Then comesrtivgal question at the point of impact.

24 Actual evidence for which exists in a site in licDjebel, Syria, dating back to a layer that &dw a level reliably
dated, by different methods, to between 38 anda3@Bkéda et al 1998).

25 |n their experimental work, these researcherskadmith variations of the juxtaposed and maletsmiiangements
mentioned above.

26 This is actually a very conservative estimater &@mparison, modern Olympic javelins must weiglween 600 g.
(women’s) and 800 g. (men’s). Even these optimalags contrast sharply with the hypothetical weighairrows or
darts whose points could have weighed as littléGagrams or less. Even if the corresponding shafigributed ten
times as much weight to the compound.
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In the first scenario (equal distance of throwinidpe energy the target has to absorb is
roughly comparablé’ In the second scenario (throwing at a shorteadis for the spear)
the impact energy is greater in the case of theateww. Moreover, the energy is then
concentrated in a narrower maximum impact surféceetarget (exponentially s6j.

The issue this time is Newton’s Third Law of MotidRor every action there is an
equal and opposite reaction’Relatively speaking, the dart-arrow will be reteg back
from the very same type of target a reaction fdaha is in the vicinity oftwo orders of
magnitude stronger than the sp&afhis is in the end why, all other things being &qu
bullets are deadlier than arrows, which in turn deadlier than spears, etc. Now, we are
talking of composite weapons, with a point bound &haft. In the instance involving aided
throwing, for the binding to be of use in lastifge timpact, it will have to much stronger
than in the unassisted thrdWLasting an impact may not be all that crucial wheatarget
is hit; but many projections fail, in which caseigtPlanet Earth that is responsible for
taking the shot, absorbing all its energy and compoating it back. In those instances a
reliable connection between the arrow-dart andstiadt looks crucial, on pain of losing the
entire, labor-intensive, contraption after mositefuses. False knots seem hopeless in this
regard, whereas we know from ethnographic stuttiasreal knots perform rather well. We
of course would welcome experimental work to teat hypothesis.

We promised one last comment on atlatl throwerbel#&as a bow accelerates its
projectile linearly from its rear, the atlatl doss angularly. Mathematically and physically,

though, these two sorts of throwers are very simifi@hey crucially involve two points of

27 Whatever impact energy the spear gains from ihésses from lack of speed, and vice-versa foratrew-dart.

8 The maximum impact surface of a projectile head be roughly calculated as that of a circle whaskusr is the
mean width of the point. Since the surface in daeds a function of the square of the radius,diusifor a spear point
that is, say, twice as large as a radius for aatrairow head will yield a total surface at imp#wit is actually four
times larger. In any case, many other complex dyndattors intervene that we will not go into, four purpose is
simply to argue for considerably greater (conceettaforce in the case of a dart-arrow, vis-a-vie tomparable
instance involving a spear.

29It could be more, actually, depending on the exasights and surfaces involved, plus other facttirsould also be
slightly less, but certainly not less than at least order of magnitude.

%0 An exact calculation is difficult, since as nofadsection 4 it involves friction, a hard to contvariable. But the point
is simple: at the moment of impact, the concentdragaction force on the haft in the case of the-aaow will be
much stronger than that in the case of the spdeat force at impact will affect the stability ofetlpoint-shaft relation,
in a more dramatic way in one instance than irother.

31 As Massimo Piattelli-Palmarini tells us, the enempcumulated into, and then released by, an elastiice is
proportional to the square of the displacementsl{dg pulled 5 cm back from the point of rest acalates energy X;
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contact. Point 1 in the implement is what commusaenergy to the rear end of the
projectile’s haft (the string in the bow, the tip the atlatl). Point 2, what ultimately
determines a reliable path to the projectile, s land holding the bow, where the arrow
rests prior to its departure, and the body of theglatself, with the dart held in place prior
to departure, by the index finger. The fate of rwing event actually depends more on
point 2 than on point 1, at least with regards tecsion. Obviously the throwing
techniques in each instance are radically differbat the computational relation between
point 1 and point 2, which is of course crucialthe success in using these weapons, is
entirely context-sensitive in both instances.

Thus context-sensitivity appears in three differéomains: First, the reliable
binding, through knots, of the light projectilestteir shafts; second, in the case of archery
the string tensing the bow, demanding extremeaid knots™ third, in both the case of
archery and atlatl technology, the concerted @habetween a point 1 where energy is
communicated to the projectile and a point 2 thatles its fate. The fact that the last
observation does not involve knots, but instead edabior with the same sort of
computational complexity, is a strong indicatiorattiwe are not talking about a mental
procedure that is specific to knots. That wouldiobsly not serve its purpose in the case of
the Point-1/Point-2 relation. It is then more plalesto assume that the context-sensitive
procedure that AMH’s were using is coopted fromrtleguage faculty.

5. PERFORATED PERSONAL ORNAMENTS

Personal ornaments are standardly considered tanbther archaeological signature of
modern behavior. They have been defined by Mel{a8¥3:259) as ‘small objects for
which [there is] no obvious functional explanatioand which may take very diverse forms
and shapes depending on the materials from whehdhe manufactured: animal teeth and

if one pulls it 10 cm back it accumulates energy é., until it reaches a region of structuraigia¢ of the material.)
In both the bow and the atlatl these elastic camitobtain, in different ways irrelevant to ouleoall concerns.

32 Modern bows can be relatively efficient in ternfste tension they require to ‘draw’, involving ‘mey’ 30 pounds.
Older models still on the market often require gvas much force applied. We don’'t know how muctsitan would
have been needed to draw hypothetical Paleolitbiesh but even if it is exponentially less than themiantities,
nothing short of perfect knot —and correspondiniggt will do to hold them in place, particularlyhen adding tension
in order to propel the arrow.
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bone, marine shells, stone flakes, ostrich eggdhediments, etc. In the vast majority of
cases, these pieces are perforated, and a closeaidbe area surrounding the opening is
enough to clearly appreciate that the perforatemeshuman made, by using some kind of
sharp tool (as opposed to being caused by someahpiredator). This can be observed

even through a mere magnifying glass, as the imadégure | shows.
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Figure I: PerforatecCyprea Pyrumfrom the site of Abric Romani (Catalunya, Spanted by Camps and
Higham to 36490+230 BP (before present), the esirtiate for an Aurignacian artifact in Europe (Carapd
Higham forthcoming). The first view shows the avd®ere it was sampled for AMS dating, and the sizilhe
piece in cm. The second is a close up of the patitor (pictures taken by O. Clavell, Museu Arqueiddde

Catalunya, Barcelona).

Personal ornaments are considered by some (Hemslulwt al 2004) unquestionable
expressions of symbolism, in direct relation to toenplexity and modernity usually
linked to AMH behavior. Other authors (Pettitt 2D@tefer to be more cautious, and
attribute them a merely decorative function. Whatdheir significance turns out to be,
however, our emphasis is more modest: in ordersi or display, these apparently
valued pieces, it is necessary to suspend them smme kind of thread or cord, the
extremes of which must be tied together, againympla knot.

Knots are obvious in statuettes like the Willendeghus, dated to c. 24/22 ka.
Her elaborate hair braids are plain instances ttilyr represented knot§. An even
more spectacular instance is provided by the Késtenenuses, dated to c. 23/21 ka.
Aside from the features just alluded to in the he&dhe statuette in Figure Il, this
object also represents what must have been a raffaery necklace involving knots to
tie the ornament; Kostenki | has yielded some efgjurines interpreted as venuses.

Most of them bear traces of pendants in the t@sme of them also in the back and one

33 Curiously, also, the belly button in the figurerépresented as ‘in-truding’, as opposed to prangicthe normal
state for mammal belly buttons that are left untedirth.



more has what looks like two bracelets, presumalidp involving knots (Delporte
1982: 169-173).

For these sorts of ornaments, particularly if eglath around the upper torso as
shown in Figure Il, it seems quite relevant to b aot just to put them in place, but
also to take them out at some point or anothers Tdkes us back to the issue, already
raised in section 4, of the relative ease with Whkoots disentangle. The boundary
conditions then seem clear, and are actually webkkn to modern jewelers: a form of
tying is required that is both reliable, so as twolose the carefully crafted ornaments,

and yet friendly enough for the user to be ableetoove the piece.

Figure II: Kostenski venus. Observe the arrangernéiiie “necklace”, going all the way from the neck
to under the arm-pits, and being joined secondaililgve the sternum and the spinal cord. To allasv th
extra binding, the primary knot for the ornamenifesciion must have been robust. This elaboratelalsp
presupposes that the piece was considered valeablegh to deserve so much care.

Be that as it may, one can only surmise so muah figurines. The good news
is that entirely direct evidence for contemporagglr(not just represented) knots is
shown by Soffer’'s (2000) textile imprints, which needated to 27ka. The question,
though, is how far back these knots can be trdéedling the beads that correspond to
the pendent elements is as good an argument aslwealistically have in this regard.
The assumption is that such complexly crafted oer@m presuppose, at least, a very

structured society where they are produced andapteand thus their value must have



presupposed reliable ways of carrying them arouhdewdisplaying them —much as is
the case in modern societies. It is hard to seethatvcan be achieved without knots to
tie the pieces around necks, arms, etc., and ppssibn in between successive be3ds.

In 2003 d’Errico claimed that no personal ornameexsst in MSA sites.
However, in the last three years several new deges involving personal ornaments
have provided a great new deal of information amahains that are securely dated.
Recent excavations of the MSA levels at BlomboseC@outh Africa) have produced
41 perforatedNassarius kraussianushell beads, 39 of them in one phase, dated ® 75.
+ 3.4 ka® They are all adult specimens and they all havep#réoration in the same
area. There may be an even older date for pertbrateaments, from the eastern
African site of Loiyangalani, located in Tanzani&srengeti National Park. In 2004,
archaeologists presented two doughnut-shaped lostgg beads; modern-day Khoi San
tribes still manufacture this type of ornamentsteAfdrilling the holes, they string them
on a fiber or a piece of sinew. Further work on dages is needed, yet the deposit in
which the pieces were found contains MSA remaimkexttends to 110,000 years ago.

Although the use wear on the parietal wall of tiells just mentioned is
consistent with constant friction from rubbing agsithread, clothes or other beads
(Henshilwood et al 2004), one could argue that tlues not logically entail that the
edges of the presupposed thread be, specificedtytdgether or onto something else by
way of a knot. In this respect, however, it is #igant that the same layers of the site
were the beads were found also yielded two lardreeopieces, incised with criss-cross
patterns, which according to Mellars (2005) aredhdiest examples of deliberate and
repeated design motifs. Henshilwood et al (2004)lieily state that fully syntactical
language is required in order to transmit the sylmboeaning of these objects.

We will not take a position on that —from the padfitview of meaning— but it is
certainly the case that the pattern itself canrogbnerated without context-sensitive

procedures of the sort being studied in this piasat involves the schema in (14):

34 Knots in between, say, pearls is to this daylibst way to prevent them from getting scattered ifecklace
breaks. This may well have been relevant in prefitstimes, particularly if relevant knots had te tied and
untied easily, or the supporting string could break

% The earliest case in the literature involves & k§ear old perforate@onusshell, associated with the MSA infant
burial at Border Cave (South Africa), which Silland Morris (1996) considered possibly intrusiverférated
Glycymeris shells associated with AMH burials watso recovered from Qafzeh, in Israel, and date2Dte-100
ka (d’Errico 2003).



(14)

The reader can try as an exercise generating trisof graph (assuming it is, in
principle, not bounded on either side) with anythas simple as the sort of grammar
sketched in (3), section 2. We do not know howdeieve such a result, hence assume
that the grammar generating (14) or similar objéectt least of the sort presupposed to
assemble knots and normal sentences. It seemshardido object to the claim that the
mind capable of generating (14) —and perhaps wesedftts of weapons discussed in the
previous section— can also tie knots to hold pexsomamentation in place.

Before the latest developments summarized in tlevelparagraph, showing
that the earliest personal ornaments were manutxttoy AMH prior to their arrival to
the European continent, a heated debate took pl@osg researchers of the European
record. It regarded whether one can talk abouingleiUpper Paleolithic revolution,
implicating the innovations brought by AMH comingto Europe from Africa, or one
should consider instead several such processeschade innovations displayed by
Chatelperronian layer§.At the center of the argument is the site of Grdit Renne, in
Arcy-sur-Cure (France), excavated in 1949 by A.oi-:&@ourhan. This site is famous
because of the amount of personal ornaments ueeaftom it. While one camp
focuses on re-fittings and manufacturing by-prodwftthe ornaments (d’Errico 2003),
others like White (2001, 2002) stress that the rigpres used to dig the site did not
allow the excavators to record traces of possildéurbances. This and other factors
lead White to believe that such a parallel innawatby Neanderthals is suspicious. The
fact remains that, while Neanderthals survived oindreds of millennia without
ornaments, they started to manufacture tla¢nime same timéhat AMH wearing them
arrived in their area, using the same materialstaciohiques (Mellars 2005).

% This is a type of industry attributed to late Nearthals, which includes, among other remainssqrel
ornaments, a type of objects that are absent itrdlditional Mousterian assemblages.



Factually, Neanderthals appear to have been inepsEs of some ornamental
objects. Certainly their craft expertise is proumntheir ability to produce impressive
tools such as symmetrical bifaces of several kiadsyell as a wide array of points. A
variety of feats in their behavior that we will naview suggest to us that they must
have possessed some form of proto-language (Barkdi®90). That said, however, the
available evidence only allows us to conclude thase groups started to use the sorts
of objects that concern us in this section afteviiga seen their counterparts in
Aurignacian assemblages, manufactured by AVHhat, in itself, is quite non-trivial,
for it is not the case that one can train, sayhimmpanzee into all sorts of behaviors
exhibited by AMH® However, although Neanderthals were fascinated AMH
ornaments enough to collect or even manufactuna tt@mehow, they may have wore
them in ways that relate to how they must havech#d spear points to corresponding
shafts —through Markovian procedures involving apd bitumen. We leave that as a

mere speculation to investigate.

6. CONCLUSIONS

One conclusion within this paper is not subjectrational debate: knots are not
describable by any generative procedure that doesave enough operational memory
to count as context-sensitive, meaning that theqatore has access to computational
stages prior to the ‘present one’. A similar formabkult obtains for the language
faculty, as shown by Chomsky and half a centurgesgarch in this regard. That said it
is reasonable to simply ask whether the human dgpacform certain complexities in
sentences (voice changes, questions, relative edauspicalizations, ellipses, etc.)
correlates with the human capacity to tie knots. ilsany empirical question, the
answer is either positive or negative. Here we haresupposed a positive answer, of
course pending future research on various fieldsging from animal communication
to neurobiology). Needless to say, if the resuftsuzh a research show that these two

sorts of human behaviors are in fact not connected¢conjectures are directly wrong.

7 In all likelihood Neanderthals would have beencimtact with AMHSs in several ways, from the momérey
began to occupy the same geographic areas.

8 Unfortunately this continues to be debated withemmaission than logic. The fact remains, howevet, fir
example chimpanzees trained to use some form pnédiganguage never go beyond what one could very
generously call proto-language, in both productiad comprehension. Similarly for our purposes, navkof no
instance of higher apes being able to systematitialknots or engage on similar context-sensitixecedures,
either in the wild or in lab circumstances



Presently existing evidence suggests a positiv@van to the key question
underlying this research. That being the case, awe Iset to explore the idea that the
putative correlation may give us a new way of fimgdi if not direct evidence for
linguistic behaviors in AMHSs, at least somethingegupposed by them —given a
cautious interpretation of the would-be correlationthis respect our focus has been on
inferring possible knots from available fossil exte. We have found the inference
relatively straightforward in two instances. Onevalves very small points whose
purpose is hard to understand if they are justrbgeas; the other involves perforated
personal ornaments. The first instance is infeagmti that its rationale is based on the
reconstruction of what would have been viable h&ftsthe relevant points, given
projectile techniques that involve great force. Heeond instance is also inferential,
and based on the fact that the beads in the rem@dystematically perforated and
showing a pattern of being hung.

Those inferences are easily testable, using faohwvious reconstruction
techniques. Again, we can stand corrected if ()stbrts of points in record are shown
not to not require a kind of haft whose structurdegrity involves knots, for their
success at hunting; or (b) the beads in recordbeashown to be safely carried around
in relevant circumstances without knots being usefik them in place. In any case, for
us it is even more significant that these sortsbehaviors are, on the one hand,
mathematically and psychologically comparable ireirthcontext-sensitivity, and
moreover roughly coetaneous, in some instancesaapgen the very same sites (e.g.
with the pattern in (14)). Again, this view is enty falsifiable: our approach would not
expect similar behavioral patterns, for instanceNeanderthals not coexisting with
AMHs. If the behaviors can be induced for themmy ather species for which context-
sensitivity is either not demonstrable —or wors#, stemonstrably absent— then our
hypothesis will have again been proven wrong.

Given those direct standards of falsifiability, weuld like to conclude with two
reflections on human evolution, if our results hdkst, it would appear that AMH
behaviors are present considerably earlier thae suspected —hence already in Africa,
prior to the last great human diaspora. The is®re is not so much homanysuch
pieces of evidence are found, but actually whkaitt they are. Future archeological
research may yield new pieces; what it will notaise to do is change the physical or
psychological boundary conditions imposed by natmethe artifact manufacturing

itself. Thus we can learn much about the relevassifs from such notions as Newton'’s



Laws of Motion or the Chomsky Hierarchy of formanfuages. Second, if the
detectable boundaries of AMH can be pushed backsdltwice as far as once thought,
the issue of precisely when they can be said te leawerged as a species becomes
extremely intriguing, particularly if the underlgnpsychology presupposes context-

sensitive behaviors and the operational memorygbes with them.
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