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MODERN HUMANS (DRAFT)
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FROM PLACENTAL MAMMALSAND PRIMATESTO THE FIRST
HUMANS

A convenient place to begin a brief history of tuenan lineage is with the placental
mammals---hairy, sweaty, toothed, lidded, flap-ddoair-limbed animals with lungs,
four-chambered hearts and developed brains. Thayamaa high constant body
temperature. Their young are produced from embaytashed to a placental organ in
a uterus and, after birth, are nourished by mibkfrmammary glands. The oldest
fossil of a placental mammal, dated to ¢ 125 myidi¢m years ago), is a ‘dormouse-
like creature’ 10 cm long.

Towards the end of the Cretaceous period (70 myanE, atmospheric changes,
including cooling and reduced sunlight, causedhaes, by dust from a super volcano
or by an Everest-sized asteroid led to the extinotif dinosaurs, plesiosaurs,
ichthyosaurs, pterosaurs and much else. In faanmmal species weighing more
than 10 kg survived this shock. Since this evemratinmals and flowering plants have
been the dominant groups of organisms.

Primates, distinguished by their good eyes andflexhands and feet, are a
taxonomic division (amrder) of the placental mammals that includes the prizsim
(primitive monkeys such as lemurs), apes, monkagshamans. The earliest
primates appear in the fossil record at the entiefretaceous (65 mya) and become
abundant during the Palaeocene (65 mya-55 myagy iMere small-clawed shrew-
like quadrupeds living on the ground and in theusecof trees. In the Eocene (55
mya -38 mya), primates finally took wholly to tresesd developed many novel
methods of coping with that environment. Througkunal selection various
innovations in body structure and function suite@m arboreal environment
appeared.

These adaptatiohincluded manipulative grasping hands (with opptesgtiumb and
forefinger) and feet for leaping from limb to linalmd stereoscopic vision for depth
perception (enhanced by a rotation of the eyeledrbnt of the skull and a reduced
snout). Parallel development of the cerebral gaftertex is Latin for bark) led to
ever-better coordination of hand and eye (imporfanpicking fruit rapidly). Sight
and touch began transcending smell and hearingeasiportant senses. Primates
began living in social groups and relying incregbiron socially-learned rather than
instinctive behaviour. These adaptations can desibly traced to the tree-dwellers’
diet of fruits from widely scattered trees. Latggitories of scattered ‘randomly
flowering’ trees can be better defended and bettploited by groups of primates
with good colour vision for finding fruiting treemd fingers suited to picking the
crop. The use of group ‘scouts’ is an effectivgywhamplifying the individual's
senses.

Large litters are a disadvantage for mobile aniritaén arboreal environment and
primate reproductive strategy evolved towards niaiensively caring for but one or
two offspring. Also, being in a relatively troplanvironment there was little need to
limit sexual receptivity to certain periods of twar. Mating throughout the year is
helpful for increasing numbers in a species witbvabirth rate. Having young with
an extended dependency period and having a halbifrgd in groups for assistance,
protection and food-finding were two developmentapoting band cohesion and
forms of social organisation that eventually ledhtonan culture.



Throughout the Oligocene epoch (38 mya -25 myapkags and apes, the ‘higher’
primates, flourished. By 25 mya the short-tailegbgithicene apes regarded as
ancestors of humans and other extant apes werestablished. Their evolutionary
success was enhanced by a coevolution betweerélbedsstributing primates
themselves and seed-producing trees, a symbiosih udd to seeds of high food
value and an omnivore diet of seeds, insects afadl septiles.

During the Miocene epoch (25 mya -5 mya) the gapatfamily, the Hominoidae

split into the ancestors of orangutans, gorilli@npanzees and humans. Some 17
mya orangutan ancestors were the first group terdey, with the gorilla-chimpanzee-
human divergence coming towards the end of thelep8arich (2007?), drawing on
molecular dating of DNA, suggests that gorillasimgbs and humans could have had a
common ancestor as recently as 5 mya. Other maigsineam estimates have the
gorilla splitting off some 8 mya and put the chimpee-human split at 6-7 mya.

The specieérdipithecus ramidudas a strong claim to being the earliest forerunne
of modern humans to be identified. In 2001, a spenifound in Ethiopia was
carbon-dated at around 5.2 million years old. ©#ipecimens confirm that early
hominines (human ancestors), includigstralopithecus afarensisvalked upright

on two feet 4.3-4.5 mya.

DOWN ON THE GROUND
AUSTRALOPITHECINESAND THEIR BRAINS

So, starting in east Africa some 5 mya, aroundt#ginning of the Pliocene epoch (5
mya -1.8 mya), the human lineage evolved from beiali-radapted tree-dwellers to
being ground-dwellers. It is believed that, assgstems changed in response to a
drying, cooling climate, proto-humans, australopihes (meaning ‘southern apes’),
moved from a gallery-forest habitat to a more og@vanna habitat And, as they
moved out onto the grasslands, they stood up. Wassa key innovation which,
amongst other consequences, reduced heat loads,ineasier to look over the grass
for predators, to use tools and weapons, to bong to a home base and to carry
helpless infants. Thus, it was an adaptation dmuttng something to meeting each
of the three big challenges facing all animalseeosafety and reproduction.

In time, because it allows a steady sustained lgigedalism would allow humans to
kill much faster animals, by chasing them to exktians Note though that bipedalism
does have an important limitation; it requires dle@elopment of a weight-bearing
pelvis, one in which the birth canal cannot bewade, which, in turn, bounds the size
of the neonatal skull.

These proto-humans were small agile creatures dbalg m high, living on nuts,
fruits and berries. They were a heterogeneouspgsnme with large teeth and huge
jaws, some less robust. Over time, jaw and snecaiime less prominent as hands
came to be used to break up food and convey liteartouth.

[Insert image here? Reconstruction of Lucy?? Alspithecus See Dunn Maps of
Time ]

Although australopithecines of 4 mya walked likerfams, they had chimpanzee-
sized brains (which still made their brains someviduaer relative to body size than



chimpanzee brains). While some may have beentahise tools, australopithecines
showed little sign of any cognitive (thinking poyewolution.

Still, as the functions of fore and hind limbs diéntiated, there came a parallel
selection pressure for increased (frontal) cortiepresentation of the specialising
body parts (Torey 1999). For example, an expamelpasentation in the brain of
hand activity led to improved manipulative skillsda more generally, a richer neural
interplay between brain and body. Neurally, thexdea tasks were at first
accommodated not so much by brain growth as byiaentary redundancy-
exploiting division of labour between the braiteé# and right halves: the earlier
bilaterally symmetric brain was redundant in thi#ltex half could manage all motor
(muscle moving) activities. With a set of new @bleing managed from the left
brain, there also came a consequential need faowed channels of communication
(more nerve fibres) between left and right cortaadas.

What was being initiated here was a period of hamadh coevolution. Once hands
had evolved enough to make tools, it became adgaatss for the brain to evolve in
ways which facilitated the making of better toolhe important underlying principle
here is that learning has evolutionary consequengée skills an animal acquires
in its life cannot be incorporated into its gencamel transmitted genetically to the
next generation. It does not follow, though, thattschanges in individual
phenotypes are of no evolutionary consequencéhfiset changeslter the selective
forces acting on that animaand hence make a difference to the generation-by-
generation action of selection on a lineage. Famg{e, an animal with newly-
learned skills might modify its environment in axneray (use more or different
resources, say) or move into a somewhat diffenevitenment.

In a savanna habitat, rich in large carnivores,dbmewhat undersized hominids
must have found themselves outclassed, outfoughoattun’ (Torey 1999). These
circumstances led them to form cooperative teanpaoks whose effectiveness for
protection and food acquisition relied on coordébactiod. However (and for

Torey (1999) this is the crucial point) since tleiro-somatic (brain-body) equipment
for supporting such cooperation was not alreadyiihbs instincts, the required skills
(eg food sharing) had to be acquired and perpetuhteugh imitation (mimesis) and
through learning.

Both of these techniques, mimesis and trial-andrdearning, are highly brain-
dependent, the consequences being further seldoticortical skills and further
reliance orbrain-managed behaviourMimetic skill is the ability to represent
knowledge (eg how to make a stone tool) throughimalry motor acts. Beyond
being immediately useful, the evolution of mimetdiglls and their associated neural
structures became the platform from which langusigiés would eventually evolve.

HABILINESAND ERECTINES

Australopithecines survived in the African landsedip about a million years ago
(Wills 19??). Along the way, perhaps 3 mya, thhst finember of the gendttomo,
namelyHomo habilig*handy man’) split from the australopithecine kge.Homo
habilis is perhaps best described as a confusing colfeofitransitional forms
(habilines) between australopithecines Alwano erectusthe first large brained
hominid to appear in the fossil record, about 2 mylaoth Africa and East Asia. In



fact, the stone tool record suggests that erecfiiesio erectusnd variants) could
have emerged 2.5 mya. It seems that between &azhe forests and savannas of
east Africa could have been home to a mixture efralopithecines, habilines and
erectines (Wills 19?7?).

Australopithecenes had a 450 cc brain, habilinds0a600 cc brain and erectines a
900 cc brain. This increase in brain size oveesswmillion years was largely in
regions controlling, respectively, the hand, prepeech (of some sort) and hindsight-
foresight, ie some appreciation of cause and effémtv and why did this transition
occur? It may well have been in response to variibestyle changes including a
switch in diet from, first, leaves to fruit, nutsdaroots and then to an omnivore diet
containing quantities of meat. Food-acquisitiachtéques concurrently expanded
from gathering plant parts to scavenging carcasgsaup-hunting of large garhe

Becoming meat eaters in competition with, firsgv@nger carnivores like jackals and
then with well-armed primary carnivores like liargjuired not only group
cooperation but the development of tools such@seshammers for breaking marrow
bones (of particular importance for creating a se@eological niche), sharp stones
for tearing tough hides and clubs for killing gantevolving a brain which could
support the cognitive and motor skills (eg stomewling) underpinning such
behaviours allowed hominids to compete with bediened carnivores. More than
this, a bigger brain was an ‘open ended’ adaptatitim the potential to co-evolve in
parallel with a widening range of social, cultuaald cognitive skills and, indeed, to
cope with a further-changing environment. Alonghwihanges to lifestyle and brain
architecture/organisation came a change in horrbatence, namely from adrenaline
dominance, the mark of fearful or prey speciesi\a@drenaline dominance, the mark
of aggressive, predatory species.

A period of major climatic fluctuations, the presaor to the Pleistocene ice ages
perhaps, began some 3.5 mya (the first major idd-np began about 2.5 mya).
Intelligence turned out to be an ideal general-psephighly-evolvable ‘tool’ for
coping with the associated environmental challeng@ke not becoming trapped in
an evolutionary dead end. Most successful butiajesd genetically-based
adaptations to currently prevailing conditions lanedened by an inability to ‘go
back’ when conditions change once more. This ig mbst species that have ever
been are now extinct. As Bronowski (1973 p26) sthes environment exacts a high
price for survival of the fittest---it captures the

Judging by the dramatic continuous increase imts&ie betweeAustralopithecus
(450 cc) and modern man (1350 cc) it can be reddpaasumed that increasing
brain size (and brain complexification), with it&reasing capacity for cause-effect
reasoning, remained evolutionarily advantageouguadange of markedly different
environments. Tooby and Devore (see Pinker p4&88yest that it wad. habilis

who first moved from instinctive behaviour to tlewgnitive niche’ where knowledge
of how things work can be used to attain goal®@face of obstacles. This involves
what we largely mean by intelligence, namely, thigding of mental models.

Two million years ago

Some 2 mya, perhaps earlier, as east Africa caedinol dry and cool, erectines
migrated outwards, reaching Europe, Java, Pakistdrsouth China by 1.7 mya.



The pressure to keep moving on, migrating, woulkeHzeen a result of any net
population growth in a savanna environment abkufgport only 1-2 people per
square mile. McNeil (1979) makes the suggestionttfig first spurt in human
numbers may have been boosted by the jettisoningradus tropical parasites as
humans moved into colder dryer regions.

Indeed, by the time the Pleistocene epoch propgarhel. erectushad dispersed
across the still habitable parts of Europe andcht#ba and far East. And it was around
1.9- 2 mya that erectines began to use fire anehited cooking (Wrangham et al
1999). Cooking tubers, by making their starchggslible, allowed this increasingly-
common cold-climate underground food source to meca concentrated and reliable
(more so than fruits) part of the human diet. Tbgg it was fire and cooking which
allowed humans to spread into cold areas

Increased energy intakes at this time would hdtetlliconstraints on increased brain
size, further increased reproduction rates anckasad life spans, all relative to
habilines and australopithecines. In turn, granthers would have been useful for
the hard work of finding and digging tubers, anediag them to children. Perhaps
gender roles---hunting for men and food-gatherimgj protecting the cooking hearth
for women---arose in part because women becameftsient bipedalists as their
hips widened to allow the birth of larger-brainddldren. This natural sharing of
complementary contributions to the hunter-gathecenomy may also help explain
male-female pair-bonding within larger groups dmel low degree of sexual
dimorphism (male-female size difference) in humaatative to other apés That is,
with less competition for females there could hbgen less selection pressure for
ever-larger males to evolve.

Portending the arrival dlomo sapiensanother anatomical consequence of the
invention of tools and cooking was the shrinkingpofverful teeth and jaws and loss
of the brow ridges that anchor the jaw musclessoAlor reasons that are not clear
unless one assumes a very early development afidgyeg(as singing perhapsH),
erectusacquired a greatly extended vocal flexibility doeatrearrangement of the
palate and larynx. Even if, improbably, the vacatt in erectines were sufficiently
developed for articulated speech, as distinct fotiner forms of vocalisation, a brain
capable of managing speech still would have begkirlg.

Upgrading the habiline-erectine brain

While a higher-energy diet permitted a cognitivedeful but energy-guzzling
erectine brain to increase sharply in size ovetugiamary time (to 70 per cent of that
of a modern human), what was the actual mechanism?

In large part, it was selection foeotenous developmemt, more accurately,
neotenous regressioMeotenyis a not-uncommon evolutionary process in which
successive generations increasingly retain, threaghaturity, what were baby-like
features in their ancestors. In humans, this mestasing such things as looking
forward when standing upright, a flat face with biges, playfulness and unclosed
skull sutures. It may be noted that modern aduitdns resemble, uncannily, the
juvenile forms of the other great apes, none otiviiave experienced neotenous
development.



[ Include images of young and adult chimps???]]]]

This progressive infantilisation had a range ofssguences. It not only allowed
babies with bigger brains to pass through the lgiatmal (because of their flexible
skulls), it allowed brain growth to continue tidproductive maturity. And it did so
continue, part of the neoteny package being a ddlagtivation of the regulatory
genes which switch the brain from a higher grovatie icharacteristic of juveniles to a
lower, more characteristically adult growth ra@n the other side of the ledger,
postponed development has meant a loss of strespgted and agility relative to
other apes.

Neoteny, cooperative behaviour and individual aatoyn

Equally importantly, this just-noted delay in braievelopment meant that babies
were being born before various instinctual ‘suriqmeomoting’ tendencies had been
‘wired-in’. One consequence of this was babies wkee totally dependent on
parental and group nurturing to survive.

This dependence of infants might have had, playsityo further evolutionary
consequences. One would have been a selecticsupeds further enhance the group
bonding and cooperative behaviour which had beengbghe lineage’s evolution for
50 myrs (million years). Part of that social evimln would have been selection for
cooperative children, able to evoke the suppont tieeded.

A second consequence of infant helplessness, titbemis of selection for
cooperation at first glance, would have been acelefor autonomy, a drive to
actively learn survival skills through play and etfself-initiated actior(s

Together, as Clark (2002, p130) puts it:-

These simultaneously increasing propensities tal lmon
the one hand and have autonomy on the other became
part of genetically ingrained “drives” embeddedha
motivational centers of the evolving brain, asaue
“drives” for water, food, shelter, and mating. @usly
the pair of them exacerbated the opportunitiesfioer
psychic tensions as well as social stress whensoahe
into conflict with independent behaviors.

In contemporary humans of course, this tensiothérform of managing both the
drive to individuate and the drive or need for seattachment, to belong within the
group, has come to be seen as central to the pnaiifi@chieving mental health;
within the family too, where marriage is sustaitgcholding in tension the twin
needs for intimacy and autonomy.

Neoteny and playfulness

It is easy to overlook the importance of hominidsing been selected for a
prolonged capacity for juvenile, playful, explomatdwehaviour as an ancillary to
being selected for neotenous development; an impoetbeyond facilitating the
learning of extant survival skills. How is thi®ecause play involves trying things
‘at random’, it leads, on occasions, to the discpwed useful new ways of behaving.



And to this extent the drive to playfulness, inéghgdmental play, is the process
underlying the increasing capacity to behavewide variety of ways (depending on
context), which, as discussed below, is at thetliddhe hominid lineage’s ‘strategy’
for achieving adaptedness.

The Pleistocene ice ages

Earth’s most recent period of ice ages or repegledations @¢lacials) began about
2.5m years ago after 250 m years without an ic& agete that while commonly
referred to as the Pleistocene ice ages (includéng), the start of the geologists’
Pleistocene epoch is normally set at 1.6-1.8 mgaah2.5 mya. Caused by regular
variations in the Earth’s orbit around the Sunréhsave been some two dozen
warming—cooling cycles ( plus and minus 3-4 degfegsn that 2.5 myrs, each
lasting, very approximately, 100 000 years (muds kil about a million years ago).
Each cycle comprises (a) a long cooling periodsaf) 90 kyrs, with temperatures
fluctuating but getting much colder towards the,dotlowed by (b) a short transition
(centuries) characterised by very rapid, high-amagé climatic oscillations which
leads to (c) a ‘sudden’ warmigterglacial period of (say) 10 kyrs.

For example, in the last ice age, which startedkybband ended 12 k years ago
(defined as the end of the Pleistocene), hugeheets advanced and retreated several
times over most of Canada, northern Europe andiRuSga levels rose and fell by
as much as 200 m in concert with this locking ug xleasing of much of the world’s
water from glaciers. The advancing glaciers, cioggup to 27 per cent of the earth’s
surface, obliterated most plant and animal liféhigir paths and pushed the inhabited
temperate zones of the northern hemisphere sduttihe southern hemisphere
mountain-top glaciers grew enormously. Much ofttlepics became cool deserts.
More generally, cold-climate vegetation types tehitereplace warm-climate types.
Some 18-20 k years ago the Earth was as coohasl iever been in a million years,
just as, now, it is as warm.

By a million years agblomo erectusgispersed half way around the world, was the
only surviving hominid. And then, some 800 kyaneawhat was to be the second of
three waves of human emigration from AfricaBy 500 kyaH. erectusbegan to give
way to several other types of Homo. For example2%0 kya an archaidomo
sapienswith a brain as big as ours (but with behavidiat showed no sign of art or
symbol use) had appeared. Neanderthal man, hamwgdjand even bigger brained,
was certainly here 100 kya.

As for modern humans, the fossil evidence for aricAh origin is strong. It is clear
that modern humansi( sapiens sensu strigtavere certainly present in Africa by 130
kya, and perhaps as early as 190 kya dependingdeain specimens are
interpreted. Modern humans, the third wave of petpemigrate from Africa, first
left ¢ 100 kya (during the last inter-glacial), bather unsuccessfully, and then left
again about 80 kya. Recent evidence suggestaibdérn humans were present in
Australia as early as 62 kya (Stringer, 1999; Thaghal., 1999). In a warmer period
following the particularly cold millennium triggedteoy the Mt Toba eruption 71 kya
(see below), humans migrated into north Asia. Ftloene, after encountering a
subsequent period of cooling and glaciation, th&yrated back into Europe, first
appearing there (and in central Asia) c.40 kyad,Ary ??? 30 kya, with the



disappearance of Neanderthals from Eurbpesapiensvas the planet’s only species
of human.

CULTURAL AND GENETIC EVOLUTION IN THE PLEISTOCENE

While the erectine brain continued to grow and gaaise through most of the
Pleistocene, culminating in the emergence 150-3@00k modern humans with 1350
cc brains and a capacity for structured languddge was, in some ways, a period of
very slow change, almost stagnation, in human eowolu

The single most important change over that perfadare than a million years was
the eventual arrival, at a young enough age, oaimlorganisation and size---around
750 cc---capable of supporting rudimentary spe&dlss A one year old sapiens and
a six year old erectus both have a 750 cc braihguérectus brain, even though
meeting the capacity threshold, cannot learn laggsamply because it has grown
too slowly. That is, the parts of the left frontaktex which might have been
appropriated for learning and using language--phsticated motor skill---have
already been appropriated for learning and usisichaotor skills more needed for
immediate survival (Torey 1999 p38) Indeed, there is evidence that even in adults
the cerebral cortex is constantly re-adjusting famettuning its assignment of
processing space between tasks, reflecting theamthschanging use-patterns
imposed by the environment.

Also, as Deacon (20?7 P137) points out, an indalirain which is maturing in
parallel with its increasing language skills isifioged to (indeed, must) build up
those skills hierarchically (words before syntaf)d hence more efficiently, than a
more mature brain grappling with several hierarghlievels simultaneously.

Apart from cranial changes associated with braanges, Pleistocene evolution
would have seen a continuation, but slowing, oép#xisting trends in outward
appearance such as loss of body hair, increasigbtrend shrinking face, teeth,
jaws, gut and rib cage. In terms of cultural etioluthe general view is that things
moved slowly prior to a surge in the developmertbofs, art, burial practices,
artefacts etc in the late Pleistocene, say, 30a40 k

What is of more interest here though is contemyapeculation as to the ongoing
evolution through the Pleistocene of what ClarkO@®p160) calls thieehavioural
guidance systenmand the behaviour patterns generated by thagrsystn one or
another form, most of the tools or technologieslements of that guidance system---
feelings or emotionS, memory, skills in learning through imitation aregeated
personal experience, simple reasoning skills, rembal communication, cultural
norms---would have been present in e&tbmo erectus.

In a general way, the evolution of the behaviogratlance system through the
Pleistocene hinged on bringing more and more inftion of various sorts to bear on
and influence individual behaviour. Relativelyiedst, there would have been
decreasing reliance on purely genetic informatinatinct) and immediate sensory
information (as when responding reflexively to stlinand more reliance on stored
(memory-based) information and internally generdégdreason-based) information.
And, towards the end of the Pleistocene, symbofarmation, particularly in the
form of spoken language, would have become inanghsavailable.



Continuing to generalise, can something be saidtabe survival value of more-
informed behaviour? Perhaps. Having more, ancersorts of, information available
may have allowed the species to occupy a wideren(flie in more environments) or
live in an existing niche more securely. Or, ag@ation on the latter, modify a niche
to make it more secure. Or, another possibililpyathe species to more readily
adapt to niche change, ie to a changing environmghif these can be interpreted
as variously securing improvements in the magniam®or reliability of the energy
supplies needed for maintenance and reproductiosimple example might be the
storing of information needed to crack marrow boogsn.

The survival value of improved information does leeer come at a price, namely the
additional food energy required to maintain an aged information system, a bigger
and better-organised brain. That is, an improméafmation system has to cover its
own increased energy costs before it can delivgirareased survival benefits. It
can be argued that throughout the Pleistoceneaat up till the late Pleistocene, the
survival value of an increasingly informed behavaguidance system self-evidently
outweighed the additional costs in energy termmpfoving and maintaining that
system; the brain kept getting more energy-demandind if brain size did plateau
with the emergence of modern humans, was thisalaa encounter with some
physical limit (eg the exhaustion of neoteny orgpeed of intra-brain
communication) or due to diminishing returns toifbsize, ie did enabled
improvements in energy supplies come into balarnteincreased energy demands?

MEMORY AND LEARNING

Some form of memory, that is, a capacity for stpacquired information in the
central nervous system from where it can be regdefor future guidance of
behaviour, would have been present in the earfieshmals. Indeed, memory may
well have been the first transformative developnie@inimal information systems
after a long evolutionary period in which the sensere the predominant sources of
information (with motor nerves linked directly tersory nerves). Here, we will not
discuss the cellular processes which underlie éineersion (encoding) of patterns of
experience into patterns of neural processestadaarning and memory. Suffice to
say that these appear to be much the same fariaibés from ‘snails to simians’
(Deacon 1997 p163).

In hominids each hemisphere of the brain has fottiaal lobes, of which three---
visual, temporal, parietal---are dedicated to perdistributed (simultaneously in
several places) processing and storing of sena@wynnation, creating diffusely
stored patterns of experience, ie memories. TadHdobe, the frontal, especially its
most forward part, the prefrontal cortex, is muesslinvolved with such processing
and storing and more involved with sampling infotiora from the other lobes and
recombining it, ie with thinking. It is what Lurig&lark p 150) called thplanning
cortex as distinct from the three lobes of gensory cortex.To this end, the
planning cortex has multiple connections with theaa of the sensory cortex that are
used for storage /retrieval of long-term memor{@gi(k p 150). Additionally and
importantly, it has a capacity for holding shomrtememories (lasting up to 30
seconds) which can be used to guide rapid-resgmetsgviour and which have the
potential to become long-term memories.



The planning cortex is also well-connected (viafimocortical pathways’) to the
emotional centres of the brain; primarily the tihals and the limbic system, this
latter being a group of subcortical brain strucéusarrounding the thalamus. In the
course of forming a memory, data flows from thesgeorgans, via the thalamus, to
the frontal lobes and finally to the sensory comdrere it is stored. To embed
incoming information in long-term (permanent) megnstorage, ie to form a memory
retrievable in the future, a threshold degree t&diton to what is being sensed and a
degree of emotional arousal are required. Failiag, repeated exposure to a pattern
of experience can still embed it in permanent mgmaémd always, as Damasio
(Clark p152) points out, feelings evoked during flassage of sensory information to
the sensory cortex via the brain’s emotional cerdire stored along with the memory;
and retrieved with 1£.

When retrieved (to the planning cortex), a memsrgxXperienced as a sequential
sampling (‘frames’) from the original experiencasping from detail to detail, from
perspective to perspective, much like a story orati@e. At some stage during the
Pleistocene the ability to voluntarily retrieve nmaes emerged. This meant that the
‘chain’ of details being retrieved could be intgred at any ‘link’ and, depending
perhaps on the emotional associations of thatld#taisequence could be redirected
towards other memories. Modern apes and, presynal pre-Pleistocene
ancestors, appear to retrieve memories of epigogiieriences only after stimulation
from the environment. As an indication of how tleiarning-memory process might
have been upgraded over the Pleistocene, a ninthmold human brain is too
immature to firmly register experiences, while a2ll months it has developed
enough to record and retrieve a memory of a sidiglinctive experiences (Kagan??).

Learning as a process of percept formation

In one sense, any act of storing a newly-encoudteattern of experience in memory
is an act of learning, ie the stock of informatarailable for guiding behaviour has
been increased. More generally though, learnitigaaght of as taking place when
further similar patterns of experience are encaedteand the original memory is
successively refined in a procesgefcept formatioranalogous to the use, in modern
humans, ofnductive reasoningp form concepts®

How are percepts (cognitive categories is anothera) formed? No two patterns of
experience will be quite the same but each recoeref any experience which is
accepted as being in the same ‘family’ as theimagexperience (how? similar
enough to some prototypical example?) strengthensikelinood of certain
components within the pattern being linked and dpe@trieved together.
Components which are commonly retrieved togetleertifie relevant neurons tend to
fire together, a tendency which increases withtigpe) become pieces (sub-
percepts) of the percept being built up, eg stoaing retrieving ‘long neck’ and
‘black feathers’ together contributes to buildingthe percept of ‘swan’. Similarly,
patterns of experience accepted as being outstdswan’ family, contribute to
stabilising the percept ‘not a swan’.

A percept and the degree to which various inheyesattiable components are
recognised as integral to that percept both evioltiee light of experience. Or,
putting it differently, a percept is a fuzzy comjpef all patterns of prior experience
currently accepted as being members of the samiéyfahexperiences. A percept’s



boundaries can be expected to stabilise with egpee and with practical success in
using it. This process of learning by inductivedyming percepts is also a process of
acquiringinformation,at least when the sense in which that word isrtakéhat

which decreases doubt concerninganing (answers to questionsAnd what is
meaning? It is the recognition of relationshipsigen entities. Percepts (and
concepts and schemata of relationships) are tharetseof meaning. Learning is the
memorisation and refinement of meaning.

The information that learning produces can beee#d from memory and delivered
as input to the complex processhhking Basically, it is thinking which realises
the potential value of memory and learning. Wthii@king will be further discussed
presently, we can note here that, amongst othetiturs, it allows alternative future
behaviours to be compared, cheaply, for their saiwalue; increasingly so with the
development of verbal language, the tagging ofggascwith names. Names can be
thought with more easily than percepts themselves.

We might also note, finally, that while learningshzeen described in terms of storing
and generalising patterns of sensory stimuli, tleegss is not restricted to acquiring
information about entities in the outside worlah. ldter hominids at least, perceptions
of associations between components of distinctiagisnemories also emerge; a case
of learning from oneself or generative learninggai, possibilities for learning from
others multiplied with the advent of language.

FEELINGS AND EMOTIONS

Evolution of feelings-emotions

Before mammals, animal behaviour (observable dg}iwas reflexive---stimulus in,
motor response out. Reptilian motor (muscle cdntentres reacted to visual,
auditory, tactile, chemical, gravitational, and motsensory cues with one of a
limited number of preset body movements and prograchpostures. With the arrival
of night-active mammals ¢ 180 mya, smell repladghtsas the dominant sense, and a
newer, more discriminating way of responding, oimeated by emotions and
emotional memory, arose from thelfactory senseln the Jurassic period, the
mammalian brain invested heavilyanoma circuitsdesigned to function at night
while reptiles slept. These odour pathways, cagyiressages of threat, food etc
gradually became the neural blueprint for what wauentually be the limbic (early
mammalian) brain. By ¢ 150 mya, the nerve netviorlemotions and moods had
largely evolved from neural structures previousiynenitted to smell.

Emotions are responses within individuals to meewrother thoughts (eg motor
intentions) and experiential situations which rasseies of survival, directly or by
implication, eg threats, attacks, poisonous sulssror the sighting of a potential
mate. What form do they take? Emotions are efraldasic types (see below) and
take the form of (a) a neural impulse to act, (bharacteristic range of internal
physiological changes in the digestive tract, lyngsulatory system etc and,
debatably, (c) feelings, meaning perceptions faxk iba the planning cortex that these
in-body events are happening and that they arasplet’ or ‘unpleasant’. | say
‘debatably’ because psychologists are divided oattdr the term ‘emotions’ should
include ‘feelings’ along with the loose collectioofsimpulses and bodily changes
comprising ‘emotions’ in early mammals. Perhaps Hest to think of emotions and



feelings as two separate but inter-related pereggitstems, the emotional system
being evolutionarily earlier.(from the beginningtbé Cambrian) and the feelings
system being associated with the late mammaliain.biehe distinction is important
because it is the perception of feelings in the lmammalian brain which confers on
later mammals (eg hominids) a capacity to inhihiiratial impulse to act and initiate
a ‘more appropriate’ response, ie ‘appropriatedetermined in a higher cognitive
centre.

Emotions are mammalian elaborations of early-veatetarousal patternsin which
neurochemicals (eg, dopamine, noradrenaline, amdosén) step-up or step-down
the brain's activity level for a period, in respens sensory stimuli. It is the
associated physiological changes in blood preshedat rate etc which raise the
organism’s capacity to react spontaneously, imntelyizenergetically and
persistently to the triggering situatibh.The particular type of emotional response to
the brain’s perception of a situation reflects bingin’s prior interpretation of that
situation, that is, the meaning given to it. Fearmaple, the interpretation of a
situation as threatening triggers a fear respoBsgause it happens automatically
and very rapidly in an inaccessible part of théayraven modern humans are, for the
most part, unaware of this process of interpretatioassignation of meaning to
events and situations; only the subsequent emadtsbaiz.

Instinctive behavioudoes not need to be motivated emotionally butristly limited

in the range of trigger situations and matchedareses it can recognise. The value of
the new system a@motionally-directed behaviowvas that it allowed the learning of

a somewhat broader choice of behavioural respdnsesnore finely classified, a

more informed, perception of the environment.. &twng time, behaviour would

still have been largely impulsive but neverthelssd,increasingly discriminating.

Emotional states, because they are sustained cagmigther than neurologically,
tend to persist and, for the time that an emotistek is persisting, the individual
will continue trying behaviours as if in searchaofaltered situation which will be
interpreted by the brain as one no longer requaim@motional response. What
evolution has produced isreflective mechanisnvhich uses emotions as internally-
generated signals (information) for guiding behavimwards correcting situations
which cause negative emotions (anger, fear, sheaggess). Conversely, positive
emotions (sexual arousal (?), happiness) are ataptavhich accompany and
reinforce behaviours that have been geneticallyeaperientially selected as
survival-promoting, eg the propensities in primsdeial groups for both bonding and
autonomous behaviours. Behaviours which are saftdés relieving or gratifying
emotions rapidly become habitual responses toaimsituations. Novel situations
tend to produce strong emotions and hence strongvation’ to find an appropriate
behavioural response. We have hecawsal loopin which emotions guide (evoke)
behaviours and behaviours guide (step up, step Jdemotions.. More explicitly,
emotion rouses the individual into activity andiatyt ineluctably generates a change
in emotion as it changes the situation being eepegd. Without emotions, the
hominid brain would not be aroused to initiate &inyg (other than instinctive
behaviour), nor have any constraints on or guidasc® what to do. That is,
emotions both initiate behaviour and reduce uniggtas to how to behave.



This emotion-based system for guiding behaviogpbimetimes described,
metaphorically, as a reward—punishment systemrtigjawith the idea that being in a
state of emotional arousal amounts to an unwamlisdduilibrium’, any behaviour
which moves the individual into a more restful sfaine of less arousal, can be
thought of as having been rewarded. Conversehaweur which increases
emotional arousal is, by definition, being ‘punidhdy moving between seeking
rewards and avoiding punishments, the individual g@pe (call it negative
feedback) towards an emotional equilibrium. Notafimding, the range of
behavioural options available for reducing emoti@rausal under a purely emotion-
based guidance system would have been limiteds Ariigs us to the choosing brain.

The choosing brain

At some stage in its evolution, moving beyond imstiand beyond emotionally-
directed behaviour, the hominid lineage began tuime an additional capacity,
namely, to identify, evaluate and choose amongstrfecessarily consciously) a
wider range of possible behavioural responsesrgval-relevant situations. How
might we envisage this emerging capability? loaibns where the associated
emotional response is below some threshold legehg impulse to act is not
irresistible), the thinking brain is able to ovdgithe limbic brain’s emotion-based
impulses. What then follows is that the brain inag the consequences of
alternatives to impulsive behaviour and chooseditsieimagined alternative to
generate sufficiently positive feelings. The implion here is that imagined
behaviours generate emotional responses, anddkénds, in much the same way as
‘real’ behaviours. Just as the bodies of terralstmimals evolved to internalise the
watery environments of their ancestors, the chapsimin is internalising (and
elaborating) the exploratory sequences of impulbifeaviours and feedbacks
associated with emotionally-directed behaviour.

Emotions and the social environment

Beyond guiding individual behaviour, feelings-emot have a second role. They
consistently produce external signals and signerebble by other members of the
individual’'s social groug® These include pheromones and body changes (skin
colour, posture etc) which, being largely involugtare reliable indicators of
behavioural intentions or propensities. Similadly,humans, and presumably all
hominids, employ the same facial muscles when ssjitg a particular emotidi.
Going back millions of years, these observable mpamiments of feelings became a
form of indicative communicatioabout an individual’'s emotional state to which
hominid brains have become particularly sensittSeBarwin recognised the largely
biological (genetic) nature of emotional expressi@0 years ago, suggesting that
such expressions were derived from actions thgtraily served biologically
adaptive functions, eg preparation for biting beedhe bared teeth of the anger
expression. In his classic study of emotions () 8@ concluded that while
expressive movements may no longer serve biologicaltions, they clearly serve
critical social and communicative functions.

The evolved function of such communication of infiation is to regulate the
behaviour of the group. For a large part of theid®bcene, prior certainly to the
arrival of functional language, the easy transmaissind spread of an emotional state
amongst group members would have served as antamponechanism (along with



instinctual responses and a propensity to imitttiers) for co-ordinating group
behaviour. Indeed, the metaphor of the group balbjeas a ‘super-organism’ is not
overblown.

Sensing an emotional response in others tends/otha same effect as being
exposed oneself to the stimulus which triggeredotiginal response. More than this,
such transfers of emotions convey to inexperiefeeehiles how to respond to
particular environmental situations. We might alete here that while the impulse to
respond to an emotion-laden situation may be bickdly strong, it will be diffuse;

the actual response will usually depend on howirttizvidual has been previously
socialised.

Such learning is in keeping witlonstructivist theories of emotigfswhich suggest
that the set of situations eliciting emotional @sges is co-determined (a) genetically
and (b) by the individual's experiences, most patérly their learning experiences in
their social environment. For example, a behawiglich is punished by a mother
displaying anger will come, in time, to elicit teame emotional response in the
juvenile.

The involuntary communication of emotions by indilea signs would have been
augmented at some stage during the Pleistocenelbgtary forms of indicative
communication, including purposive gestures, vaedibns and the simulated
expression of emotion. Speech, which can be predumhave been added to the
hominid communication repertoire at a later staggirg was a dramatically different
form of communication, one based on the use ofraryior symbolic signs rather
than indicative or natural signs. Whereas indieasigns are abstracted from, are
some aspect of, the information being communicaterisigns used isymbolic
communicationhave no apparent indicative content but still ngania reflect a
mutual understanding amongst the communicants abkab object, idea, behaviour
etc the symbol stands 6. Having said that, the boundary between indicadive
symbolic signs is frequently blurry, eg pretendioghrow versus pointing.

While the set of stimuli tending to produce an doral response would have been
ceaselessly changing over the long Pleistocenee th&o reason to believe that the
range of emotions available for guiding hominid éabur would have changed in
any significant way from the ancient set (with atiins) of anger, fear, shame-guilt,
happiness, sadness and, debatably, sexual &fo@eatr the Pleistocene, an
increasing proportion of all situations producimgations would involve some form
of social interaction, arising mostly during theetieg of the individual's
physiological and psychological (bonding autonomg eneaning) needs and the
meeting of the group’s need to maintain, transmit, accasionally, modify its culture

A group’s culture, meaning its accumulated leadneldaviour, is passed on in a
variety of ways from generation to generation, $joshanging in the process. When
learning to habitually behave in accord with cudturorms, children will
simultaneously be acquiring the associated rewardshment feelings that will
motivate them to continue behaving in culturallynatible ways.

It can be noted here, for later recall, that if n@taviours can be attached to
particular emotions and feelings, the possibilitggesting itself is that ‘human
nature’ is malleable, that humans can be succégsiutialised in multiple ways..



This is also consistent with Fromm’s observatiaat t society’s social character can
be changed relatively easify.

THE FURTHER EVOLUTION OF NON-VERBAL COMMUNICATION

Gestures (eg pointing), postures (eg standingaatf) body movements (eg shoulder
shrugging) are all ways in which information cohlave been communicated between
group members throughout the Pleistocene. Likeesgions of emotion, some of
these signs would have been involuntary and, albyirat least, indicative, ie
metaphorical rather than arbitrarily symbolic. Battsome stage (perhaps half a
million years ago as archaitomo sapiensvas speciating?), evolving in parallel with
an increasing cognitive capability, such non-vedmahmunication (popularly known
as body language) must have come under voluntarppgive control.  This switch
from a reactive to a proactive (goal directed) dtigm system (see below) represented
the beginnings of hominids’ capacity to mentallydabreal-world situations and
reflect on them, not necessarily consciously, oteoto choose a ‘best available’
response, eg to gesture or not to gesture.

The importance of mimesis

Mimetic action is basically a talent for using tlkole
body as a communication device, for translatingieve
perceptions into action. Its underlying modelling
principle is perceptual metaphor; thus it mighbde
called action-metaphor. It is the most basic human
thought-skill, and remains fundamentally independdn

our truly linguistic modes of representation. Miliseis - { comment:

based in a memory system that can rehearse ané refi
movement voluntarily and systematically, guidechby
perceptual model of the body in its surrounding
environment, and store and retrieve the productisadf
rehearsal. It is based on an abstract "model ofefsbd
that allows any voluntary action of the body to be
stopped, replayed, and edited, under consciousatont
This is inherently a voluntary access route to mgmo
since the product of the model is an implementablg
image. (Donald 1991?7?) 1997 précis of book

To be useful, the meanings of non-verbal signs bave mutually understood across
the social group and need to be transmitted froengemeration to the next. In Berger
and Luckmann’s (19?/ p68) phrase, meanings of sigrst have ‘sedimented.’, The
general capability which allows groups to develod enaintain systems of non-
verbal communication, and it probably evolved vbelforeAustralopithecusis

mimesis As discussed enthusiastically by Merlin Dondleiq1), mimesis (call it
motor mimesis perhaps?) is most simply thoughssd aapacity for imitation and
rehearsal of physical behaviour, of action sequenttetakes place in two steps. Step
1 is to remember a previously-observed or perspmadperienced sequence of body
movements. Step 2 is to reproduce, to act oumjitee the remembered sequences.

Imitating others is widespread in the animal woelden amongst ‘lower’ ordef3. In
many circumstances it is a quick and reliable widgarning useful behaviours..



When hominids’ inherent tendency to spontaneousliate others began to give way
to a capacity to voluntarily control the timingsfch expression, the implied increase
in cognitive development may, in parallel, havewakd the memorising and imitation
of more complex behavioural sequences, eg makiagrfiaking stone tools.

Furthermore, in tandem with a propensity for spoataus exploratory behaviour, the
capacity to imitate oneself, to voluntarily reheaosie’s own previous behaviours,
meant that behavioural sequences could be pradiispdrfected---something that
other primates cannot do. Think of how childretivaty and routinely rehearse and
refine all kinds of action, including facial expséns, vocalisations, climbing,
balancing, building things, and so on (Donald 199 Further again, the capacity to
voluntarily pause when practising a behaviour seqgeesuggests the beginning of a
capacity to adapt the sequence for successfulnpeafice under a variety of
conditions®* For example, if a sequence such as tool makibgiigy practised and
conditions such as the lack of suitable materialsat allow its completion, a pause
followed by spontaneous exploratory behaviour (e error, trial and success)
might create a variant of the failed behaviour nsuiged to the immediate conditions.

It seems plausible then that mimesis, the cap&ziagt out observed behaviour at
will, could have been the instrument which allovesgn early hominids to create and
maintain a simple shared semantic environment|tareuof meaningful (although
non-verbal) signs and behaviours. Amongst the teesqsonsive to this emerging
capability would have been the voluntary expressiommotions and the transfer and
slow improvement of technical skills. It also opdrithe way for group rituals
involving numbers of people acting in concert. Thallenge in all this of co-
ordinating brain-eye-limb activity might well hapeovided sufficient selection
pressure for explaining the rapid increase in hubrain size and complexity over
much of the Pleistocene.

Especially mimetic story-telling

Somewhat later (c. 300-400 kya?), in tandem oneéagith a still-expanding
cognitive capability, the hominid capacity for mitkecommunication may have
become a sufficient basis for the evolution of dhfer suite of cultural innovations, of
shared behaviours with shared meaning.

To quote Donald (19917?) again:

The "meaning" of mimed versions of perceptual evént
transparent to anyone possessing the same event-
perception capabilities as the actor; thus mimetic
representations can be shared, and constituterativeg
mechanism for creating unique communal sets of
representations. The shared expressive and social
ramifications of mimetic capacity thus follow withe
same inevitability as improved constructive sl the
whole body becomes a potential tool for expressaon
variety of new possibilities enter the social atena
complex games, extended competition, pedagogy ghrou
directed imitation (with a concomitant differenttat of
social roles), a subtler and more complex arraacifll



and vocal expressions, and public action-metayshumt)
as intentional group displays of aggression, sdtigla
joy, fear, and sorrow. These would have perhaps
constituted the first social "customs," and thedabthe
first truly distinctive hominid cultures.

Something not on this list of Donald’s, but of gramportance, ignimetic story-
telling, the voluntary presentation by a story tellermeatended sequence of
mimetic actions---call themmimes--for the purpose of triggering in members of an
audience an equally extended sequence of stabitisedories, ie percepfs.

Perhaps story-telling started as play or as a Ingndévice or as exploratory
behaviour but, in time, it must have acquired pagymamely the conveying of
information in a meaningful way, outside the contithe ‘here and now'. The
meaning of a single mime is the percept it firgigers plus any flow-on sequence of
related percepts. A story teller's sequence of @silmas meaning to the extent that
that the whole sequence of percepts which the seguaf mimes produces
constitutes a readily retrievable set. That iy theng together in terms of time,
space, emotional content etc. Isn't that whatésunt by a ‘story’? Just as in spoken
language, where sentences mean more than theiidodl words, a mimed story
would mean more than its component mimes---therégg perhaps of an advance
from lexical (word) communication to syntactic (&mce) communication.

Note also that it is the sequence of mimes as denkbich is voluntary, not just the
component mimes. And that, being voluntary, a nirst@ry is not produced as a
response to any immediate stimulatory situationait be told anywhere

Looked at from a higher level, the great importantmimetic story-telling is that a
case can be made that the acquisition of this déyakas a key step in the evolution
of both spoken language and creative thinking.

Thinking, at its simplest, involves the assemblaaheaningful sequence of percepts/
schemata. For example, mimetic story-telling imeslthe conversion of a
remembered sequence of percepts into mimes orathefthe story-teller and the
conversion of that sequence of mimes into perdepthe audience. A story-teller
who voluntarily mixes mimes describing aspectsenfesal real world events into one
narrative is thinking creatively, not just chrommg. Any suggestion as to when
creative thinking might have become deliberatesoamted with an intent to deceive
or entertain or solve a problem would be highlycsgetive though, eg before or after
speech?

Language is not an easy word to define. Functigniais a tool for voluntarily
conveying meaning by the use of mutually understigds. Each sign used evokes
an associated percept and it is sequences of pergbch carry meaning. At the
heart of every language then there is a set ofsggoept pairs. Each sign is code for
a percept. In spoken languages, for examplesigmes are arbitrary phonic symbols
called words and each word evokes its own partiquéacept in speakers of that
language.

Telling a story mimetically can be viewed as usangon-verbal language. Itis an
activity which can only occur successfully in agpavhere most members share a



common repertoire or ‘vocabulary’ of signs calleimas and where each mime
presented evokes a somewhat similar percept (sedinemory) in most members of
the audience. Mimes are code for percepts. Aesstage symbolic signs for
percepts, as distinct from indicative or metaphainmimes, may have begun to enter
non-verbal language, although it is even hard enaadhink of examples of
meaningful but truly arbitrary gestures etc in tgdavorld. Most seem to be highly
stylised versions of plausible mimetic antecedesgspointing at something may
derive from throwing a stone at it.

To the extent that a group of hominids has a comnomverbal language, they can
be said to have a shared view of the world ( augrmind’) based on categories of
experience which collect many similar events oeotsj under one sign, eg waving
the forearms is the abstracted sign for ‘bird’. aVbeems likely is that, as the
hominid brain developed over the Pleistocene, gh@smime-percept pairs available
for non-verbal communication would have similarlpgn. One obvious benefit

from evolving such an expanded ‘vocabulary’ wouddam improved capacity to share
and collectively exploit information, eg consideetvalue of a story about the
location of a fresh carcase.

Summary of developments in non-verbal communication

It is likely that hominids came into the Pleistoeaiready equipped with a capacity
for involuntarily communicating emotional statesngeexperienced and with
spontaneous propensities for exploratory behavaadrfor imitating simple gestures
and postures of others. There followed, it casumggested, a step-by-step sequence
of developments in non-verbal communication andkinig skills which led towards
the emergence of spoken pre- or proto-languagendrthe time of emergence of
archaicHomo sapiensThere is no evidence to date-stamp these develdsmen
although it can be assumed that they were somemstep with the growth and
reorganisation of the erectine brain.

1. The first of these developments, representiegoeginnings of purposive body
language, might have been a degree of voluntaryraldiif and when) over the
expression of a small repertoire of emotions, gestaetc. Such voluntary control
implies some cognitive capability for modelling tbensequences (with awareness
perhaps but not the reflective awareness of consn&ss as modern humans
experience it) of expressing versus not expressinge motor behaviour.

2. The further extension of voluntary controlridtating and rehearsing various
behaviours of others in the social group would Haeen the step which allowed
useful learned behaviours to be transferred betyweeple and a simple culture to be
maintained, and slowly modified.

3. Once a capacity for voluntary rehearsal of aamimered sequence of one’s own
actions had been acquired, it opened the gatertetiu story-telling and true non-
verbal language. A necessary condition for comgation by language to be
possible is a group whose members share a commonhsign-percept pairs and who
have voluntary control over the expression of treigas (the signs being mimes in
the case of non-verbal language).



4. Once established for the recounting of actupégences, the way would have
been open to use non-verbal language for new {éisken? planning projects?) and
for the group’s common vocabulary of mime-perceptgpto be enlarged, perhaps
even to include some symbol-percept pairs. Weaddmow.

THE TRANSITION TO SPOKEN LANGUAGE

Given the inherent fuzziness and ambiguity of mimet
representation, it would eventually have reachkvel

of complexity where a method of disambiguating
intended mimetic messages would have had immediate
adaptive benefits. Thus it created conditions whiclld
have favored a communication device of greatercdspee
and power. (Donald, M. (1997). Précis of Originghu
modern mind: Three stages in the evolution of caland
cognition. Behavioral and Brain Sciences 16 (4).-73
791.

Mimesis was the springboard

Apart from being more limited in what it can conyaymimetic language differs most
obviously from a spoken language in the type ofisigy attaches to mental percepts
and schemata---arbitrary vocal symbols rather thdicative motor mimes. Both
types of language rely on all individuals in a grdaging able to imitate and
remember signs made by others, to correctly attach sign to approximately the
same percept as others do and to voluntarily ketrdad use signs as required for
conveying the information carried by the associgeatept or sequence of percepts.
The suggestion here is that the cognitive skifbton percepts would have pre-dated
the capacity to invent and vocalise word-signs, pDtting it another way, vocal and
mimetic signs are cognitively equivalent.

Acquiring a vocal apparatus

The vocalisations of our australopithecine ancest@re probably very similar to
those of apes with alarm calls, grunts and squmalstuating non-verbal language,
just as gestures embellish modern vocal langu&geotional states would have been
expressed vocally via signals such as cries of gaghjoy, laughing, crying,
whimpering in fear. But vocal communication appnaating human speech would
have required extensive alterations to the augtithkecine vocal tract, as well as a
shift from predominantly subcortical (midbrain)dortical (forebrain) control over
vocalisation. The physical and cognitive apparatggiired for speech can be
usefully thought of as a specialisaiimetic sub-systenone for imitating,
remembering, recalling and voluntarily reproducingt mimes, but, the sounds of
spoken words.

It is this system’s ability to produce a dynamapidly changing stream of diverse
sounds that makes spoken language possible. Umlikevoluntary vocalisation

which describes a whole event and cannot be mefatindisaggregated, advanced
speech is combinatorial; it uses a small numbéasfc elements---phonemes or
syllables---which are combined and recombined gtt Bpeed into words and phrases.



It can be plausibly supposed that evolutionary gledn the vocal tract first
accelerated with habitual bipedali$f\Whereas quadruped locomotion puts pressure
on the thorax and drives breathing in time witlpstéipedal animals (and diving
mammals) must be able to inhale and exhale volimt&ontrolled exhalation is a
prerequisite for laughter, song and speech. Sgr¢makly, selection for anatomical
changes which enhanced breath control simultangpustiuced changes in the vocal
tract which ‘pre-adapted’ it for speech productidror example, the descent of the
larynx (voice box) in the throat, an adaptatiotoweing more air to be gulped in, also
produced a larger pharyngeal cavity which wouldri@rove useful for making a
variety of vowel sounds. The same requiremenbéter breath control, plus dietary
changes perhaps, produced the fat lips and flexiinigue which would later facilitate
consonant production. What we have here is an pkaafiexaptationmeaning that
changes being selected primarily to promote onetion (breath control) create traits
which, subsequently, are used in the developmeqtité another function (speech).

Unlike other mammals, where the vocal tract candresidered a single tube, the
human vocal tract comprises two linked tubes, tieryngeal cavity and the oral
cavity, which are divided by the body of the tonglteis an arrangement which
allows a much larger repertoire of possible souhda a single tube. Because the
human tongue is important in controlling articudati needing to move rapidly when
producing speech, it is relatively small comparethe tongues of other primates, and
extremely well innervated.

Human hearing is also adapted to speech. Humanggreensitive to sounds
between 1 kHz and 4 kHz, the range of frequenciggmwhich the human vocal
tract resonates and which characterise the soundroén speech.

Origins of words and sentences

These change in the vocal tract were probablyulbt Eomplete until relatively late
in hominid evolution, perhaps only with the emerggepf modern humans some
150,000 years ago. Meanwhile there surely woule liieeen intermediate steps on
the way to spoken language. Early erectines mag haen able to produce more
sounds than australopithecines but only in slolatikely unmodulated sequences. It
was Charles Darwin, in fact, who first suggesteat firosody, the ability to
voluntarily control volume, pitch and tone, was thigial step towards spoken
language. Donald (19??) also sees prosody asfomamtamental than and prior to
phonetic control. Perhaps music and singing, whlsb rely on a capacity for
prosody, are equally old? Perhaps each erectishéisar her own identifying
prosodic song or call?

Julian Jaynes (1976), in his imaginative hypothiegiabout the origins of spoken
language (as recently as 70 kya he suggests)tseasdition of terminal modifying
phonemes to voluntary prosodic calls as an impbttaning point, eg modifying the
ending of a danger call to distinguish betweendrrdanger’ and ‘far danger’.
Detaching sucimodifiersfrom the rest of the call and using them in diffgr
circumstances would have made them the first wdadsxample, using them as
commands$o emphasise gestures when seeking to modifyghawour of members
of a hunting group, eg when waving someone to gbdak. Nounsmight have been
next---adding a phoneme to a modifier to indicateerprecisely the entity being
referred to, eg ‘near lion’ or ‘far lion’.



Beginnings of syntax

Constructions such as ‘near lion’ are actually $sngentences. They show the
beginnings of syntax in verbal language. Syntattanguage has single words for
objects and actions; non-syntactical language leidswonly for events (made up of
objects and relationships between them). Whereliféenent prosodic call is required
for each whole situation being described, a symagproach to conveying the same
information implies a capacity to analyse that vehsituation into parts and their
relationships and to attach an established veitpalte each part/relationship. Itis
easier perhaps to think of spoken-language syrgtdmaging developed from the pre-
existing syntax of mimetic story-telling. For exale, in miming the story of a raptor
diving on its prey, any of the mimes for raptorinpor diving (verb) or prey (noun)
could be replaced with vocal-symbol equivalents.

Nowak et al (2000) argue that syntactic commumicetiould have evolved gradually
as the number of needed vocal signals passedshtidenhere holding them all in
memory became difficult. Why? The number of vagighals required increases
much more slowly than the number of events or 8@na that can be described if the
componentsf events have their own verbal signals. For examnimo ‘words’ have

to be remembered to describe both ‘near lion’ dadlfon’ whether the approach is
syntactic of not. But to convey the 12 combinatioh§ear’ and ‘far’ with any of six
species requires 12 non-syntactic words versug sigttactic words, Due to the
possible combinatorial interrelationships betweends, the addition of even one
word to a modest vocabulary will sharply incredsernumber of additional events
which can thereafter be described.

Remember that we are talking here of syntax aliitplest, ie associating words for
percepts which are already associated in a men@oynventions such as word order
in sentences, or what constitutes a sentenceeadlistinction between reportive and
expective statements (ie, tenses ) would haveragger time as unconsciously
learned rules for conveying information with fewmeisunderstandings. There does
not seem to be much explanatory need to postutatenate, largely- genetic
syntactic capabilit§/

Where do new words come from?

We might imagine that names for animal species w&erengst the first nouns and
that, most simply, the sound of the word for a sgsewould be an excerpt from one

of that animal’s calls. And, in time, with groupay the sound used to denote the pre-
existing percept of that species, just like thecppt itself, would stabilise. Even
today, many words have such onomatopoeic origmghe hiss in ‘snake’. Similarly,
we can imagine that nouns for the emotions wouldrgmeasily from the
vocalisations long-associated with the expressf@mmtions; thereafter, any story
could routinely include a report on the narratarsotional state at the time of the
situation being described.

But what of objects and actions without regulamgbassociations? Here is a
scenario. Suppose someone carrying out behavi@aockientally makes a distinctive
noise, any distinctive noise, while doing so. Swggthat someone observing and
imitating behaviour X includes that distinctive s@ias part of the mimesis. The
particular distinctive noise might first becomehabitual part of behaviour X itself



and then an habitual part of the miming of behavkualuring story-telling. Finally,
the distinctive noise becomes detached from bebawor the miming of it.
Thereafter, when the distinctive noise is made maltily it evokes a memory of the
behaviour itself; and vice versa, It has becomaritrary vocal symbol for that
behaviour. Intime, the word and its meaning fei€) will become stable
components of the group’s language repertoire whilostanding, any new word
would stand to undergo continuing slow phonemiamgea making it, for example,
easier to say or more distinguishable from othendao

This scenario would have words being created bidaotand then persisting because
they are useful. Might there have been, at some tiell before modern humans, a
realisation that things and actions can be givbitrary vocal labels and that this can
assist communication? Such a feat of abstractimearly, does seem unlikely.

Metaphors

New words expand the range of events and situati@tan be described verbally,
but so do old words used in new ways. Once a nieesbulary has been
established, metaphor becomes an important waariguage use, meaning what is
describable, to grow. Metaphor is the use of @édsivords normally used to describe
or name a first entity as a way of describing animgy some seemingly unrelated
second entity. But, for a metaphor to be usefidrd must indeed be some kind of
similarity between the entities or (in the casamdlogues) between their relations to
other things.

The most useful metaphors not only bestow name®uaty-perceived things (and
actions) of importance, they draw attention togbssibility that the second entity
(called the metaphrand) may be similar to the érgity (called the metaphier) in
ways not alluded to in the metaphor itself, ie lzeqge is an organ of perception as
much as a means of communication. Jaynes (p 5&% ghe example of ‘snow
blanketing the ground’ with its nuances of warmtll @omfort until it is Spring and
time to wake up. Equally, metaphors may lose thelimess over time and become
truly-arbitrary vocal symbols. For example, ‘coster metaphors may get hidden by
phonemic drift and longer metaphorical descriptioreg/ shrink to short labels. In
principle this does not matter, but it may makeapbbrical words harder to
remember and increasingly misunderstood, eg whstoridns misleadingly translate
and interpret terms in ancient texts.

Much more importantly, as each culture built upoiten metaphoric conceptualisation
of the world, its verbal language would have becamesasingly incomprehensible

to others. Unlike mimetic language which would &éidéeen more-or-less understood
by strangers, most metaphoric references are notit@rsals but are extracted from a
local context and reflect only one culture’s franoehvof reality. It may be that the
origins of ‘them’ and ‘us’ thinking go back to teenergence of verbal languages.

Presumably the metaphors of early verbal languagddiall have been concrete,
likening something which could be pointed at to stiing else which could be
pointed at. Abstract concepts which are not otzddevand therefore can only be
described metaphorically would not have arisenh#re was sufficient concrete
language to support them; at the end of the Plssi® perhaps. For example, an
animistic belief system requires words for theitpivhich inhabit the natural world.



Why did language evolve?

All manner of reasons have been advanced as tespdiken language evolved once
the required preconditions (a flexible vocal tréicgath control and a capacity for
mimetic narrative) were in place, even as non-vesbamunication was reaching
limits to what it could do.

For example, Dunbar (1993) hypothesises that laggyesolved to replace one-on-
one grooming which becomes unwieldy as group sigeeases. Grooming another’s
fur is common amongst primates and widely heldetanlgpportant for promoting group
cohesion. Increasing group size, despite its mggahpact on foraging success, may
have been selected for in response to inter-groagpetition for limited resources
during glacial advance® Talking to and about others might help one taiifg
trustworthy and helpful individuals and to predithers’ behaviours during collective
activities. In particular, he talks about the geob of dividing potentially reliable
allies from “free-riding” individuals who habituglaccept favours without
reciprocating. Somewhat similarly, coming fromrastorical perspective, William
McNeill and ?/Gellner are two who have concludeat tanguage is primarily an
instrument for maintaining social cohesion and evapive action.

Replying to Dunbar, Donald (1993) suggests thajuage evolved for multiple
reasons simultaneously, one of which might have besrbal grooming’; others that
he suggests include being able to coordinate fighaind hunting, food classification,
teaching skills and forming functional hierarchié¥e might add to this list of
‘common sense’ reasons that speech permits oneatgr-gcommunication at night,
over long distances and where there is no linéghits Also, you can speak when
your hands are busy.

Certainly, for language development to have coetihas it did, the benefits must
have been very substantial, given the ever-inangasbst of an enlarging brain in
terms of energy required for maintaining and graime neocortical structures
needed for managing language.

But, in the full context of human history, speechstrbe seen as much more than a
flexible tool for transferring diverse 'here andwidnformation between group
members more efficiently (usually) than non-velbabuage. Specifically, the late
Pleistocene saw an acceleration and reinforcenfehtee trends in hominid culture
which could not have occurred without structurertbaélanguage. The three are a
trend towards advanced thinking, a trend towardsattcumulation of ever-more
collective knowledge and a reinforcement of tribalias a means of social
organisation.

Speech improves thinking

As noted above, the hominid brain, at some stagpiiged the ability to voluntarily
recall memories by the overt or covert use of weydhbols as well as by mimetic
imagination. By covert (inner) speech, we meamnwwds are being articulated but
without motor (muscular) execution. Imagining pasts can similarly be thought of
as mimesis without motor execution. This developinoé voluntary control over
learned behaviours, including verbal and non-veldreduage use, already implies
some cognitive capability for modelling the conseages of one’s actions. For



example, as Malinowski points out, even a skillrsas fire making requires a
‘theory” of what will work and what will not work’ The suggestion being probed
here is that being able to use symbolic syntaclicejuage would have further
improved such modelling capability.

Bickerton (1977?), for example, suggests that hasymgbolic language speeds up
thinking and thereby reduces the time to assemblegsitions, stories etc. While
thinking by assembling percepts in imaginationrfimig in pictures) is possible
without verbal language, using word assembliegatsbf image assemblies allows
for more complex thoughts to be generated withénlitmitations of short term
memory®® Thus, the word ‘dog’ makes it easier to think@hdogs in general than if
we only had separate words and images for ‘lalstadpaniel’ etc. The
organisation of such assemblies into syntacticsires (eg phrases, adjective-noun
pairs) would further clarify and accelerate thinkieg by reducing memory load.

Jaynes (1976, 313) suggests another way in whitdukge aided thinking, While
more instinctive behaviours do not need priming egdriming on their way to
completion, learned behaviours do and talking teseif overtly, covertly or in the
(contentious) form of auditory hallucinations maglghone to keep focussed on the
activity at hand.

Having an established vocabulary, attached tolgatipercepts and extracted by
experience from the environment, also stood to awpthinking by refining the
thinker’s perception of what was being experiencéle reference here is to the
speed and precision with which incoming stimulilcddoe either discarded or put into
short-term memory.

And as that vocabulary grew, cognition would hageeloped beyond basic
associative and reinforcemgmbcesses in the sense of being able to tell more
complex stories and more types of stories. Fomgka, an abstract cognitive
category is particularly difficult to think abouitivout using its verbal label. As for
types of stories, we might suppose that verbal/swling, whether overt or covert,
would have progressively encompassed (a) simptedhthen and there’ stories
linking objects and actions in time and spacesiimple fictional ‘play’ stories, (c)
problem-solving stories assembling a sequencetmrecrecalling or proposing the
achievement of some desired outcome (the invemtidtime’'?), and (d) explanatory
or ‘just so’ stories embodying a cause-effect chiasing out, step by step, how
things got to be the way they are.

Being able to tell problem-solving and explanatstigries would have brought
humans to the brink of ‘constructivist’ (as opposecbbservational’) learning, ie to
learning without having followed any direct exangp(garning from oneself!).
Henceforward, a hypothetical ‘what if?” model ohl&iour plus consequences could
be constructed before carrying out some novel actiduch a model (story) would or
could then be tested empirically, ie did it work?

Nowadays, we recognise the process of generatieg@anatory hypothesis that is
consistent with the known facts alsduction,a way of reasoning that is as legitimate
as induction and deductiéh.Or, from another angle, fiieanings, as suggested



earlier, the recognition of relationships betwestities, abduction is a tool or skill for
imposing meaning on what is being thought or exqrmered.

Uncritical thinking

It is important to emphasise here that there aongtemotional rewards (the aaahah
feeling!) from imposing meaning on mental and neaHd experiences. However,
one perverse consequence of early modern humamg steongly motivated to
‘search for meaning'’ is that if there are factuabgin one’s story, the brain’s so-
called ‘interpreter’ tends to fill them in with étiés and relationships which are
fictional or out of context, eg introducing ‘sp&itas causal agents. As is perhaps
illustrated by the rationalisations offered by pleogarrying out post-hypnotic
suggestions, the brain seems to prefer any stamg &tory. More than that, the brain
seems to prefer a ‘good’ story to a ‘bad’ stoeyititends to choose fictions which are
emotionally satisfying over fictions which rousegaéive emotions. Presumably there
are many situations where such flawed storiestdreverthwhile in terms of
memorability, usability etc, even though they canfalse or redundant elements.

Presently, we will discuss Valentin Turchin’s sugfiien that such ‘uncritical’ or ‘pre-
critical’ thinking was the norm in the early stagéspeech developmefftand that it
was not till the emergence of civilisations in Mpstamia some 5-6000 years ago
that humans began to develop a cognitive appafatchanging, once established,
theirverbalmodels of behaviours and causal chains.

Before any arrival of such a capacity to changgdistic models, customary
behaviour based on rigid verbal models was probaétyasive in hunter-gatherer
societies; only an external shock which made tholes unworkable could lead to
their reworking. In that era of uncritical thinkinlanguage would have been playing
a paradoxical role. On one hand, it would have lzeeery useful tool for the
dissemination and accumulation (see below) of pralcnformation. On the other
hand, it carried the potential to lock a group ifstise views of how parts of the world
worked without any prospect of these being corcgoteews likely to generate
maladaptive behaviour in face of a changing enviremt>> Several of these
perspectives, including animism (everything is&jiand the perceived reality of
names and images are discussed below.

Speech accelerates information accumulation

We turn now to the second of three trends likeljage been strengthened by having
spoken language available, namely a quickeningafagéepansion of the stock of
useful information (knowledge) hunter-gatherer gouould access for guiding
members’ behaviour.

Note that the reference is to a whole group’s imfation stock, not that of any
individual. A group’s collective information isigtributed’ in that some information
with widely-agreed meaning (eg vocabulary) is helchemory by most members of
the group whereas other information is only helalproportion of the group or,
perhaps, by just one member, eg specialist infoomditeld by fire makers, tool
makers, hunters etc.



The starting point for suggesting that the inforigrataccumulation rate would have
increased with spoken language, compared with nigrfegiguage, is the idea that
information breeds (new) information. Armed witkmninformation, people behave
differently and have new learning experiences whidey are communicated to
others, provide those others, in turn, with newiinfation. Note that we are
concentrating here on the contribution to accunriahat comes from sharing and
communicating with others rather than from the anglation of new information via
better thinking (see above) or novel experiences.

While it may have been very slow for a very longéi there is no reason to doubt
that this process of near-exponential accumuldt®mate of increase in the stock is
proportional to its size) was already occurring when-verbal language was the
medium of communication. However, just as a grsupserves of useful information
might have begun to grow more rapidly when theisgaof information through
mimesis was added to sharing through genes anddtsstso with speech.

‘| killed a heffelump by myself’. With speech, natly can such an important new
experience be shared using less time and energyniraesis would require, it can
also be transmitted in more detail and, most ingotly (Bickerton 1990 p 172), at
any time. As Berger and Luckman (19?? p 68) pudiiguage provides a means of
objectifying new experiences and allowing theirarmoration into the knowledge
stock. And, for some purposes, such as teachimyiahakills, words can be added to
the mimetic instructions to clarify and reinforéem

The rate at which information is accumulated depardthe rate at which it is lost as
well as the rate at which it is generated. Theeew&o points to be made here. One is
that using standard ‘verbal formulae’ allows morenmories to be held in readily
accessible form. The other, remembering the hahpropensity to imitate, is that
currently inaccessible memories can be readilyensd by hearing the right verbal
formula spoken by another. And, if speech did ppghpromote the formation of
larger groups, the probability of such verbal folmeubeing lost to the group is
reduced even further. That is, information wouldarger be automatically lost from
the group if it were lost from the memory of onesereral individuals.

Finally, we come to the possibility that speechspgeding up communication
between people, leaves them with more time, perhiapiscover useful variants on
current behaviours.

Overall, spoken language is being presented asedaienent which increased the
rate at which learned behaviour (culture) accunedl@& human groups, largely by
facilitating improved cognitive skills and by impfiag the sharing of information.
And it happened through the underpinning of mudtiphprovements in the
generation, acquisition, storage, accessibility emmunicability of useful
information.

Speech reinforces tribalism

Tribalism is a social system in which people limesmall, more-or-less independent
groups called tribes. Each tribe, rarely more thad people, comprises a number of
regularly interacting clans which may or may notélated (a clan is a group of
extended families whose members believe that theg B common ancestor). Itis a



social system in which there is no level of auttyaabove any tribe. Within the tribe,
where there may or may not be an individual leacldtective actions are agreed by
reaching a consensus or agreed by tribal elderspwsed by the leader.

While this description of tribalism draws on confmrary and recently bygone
examples, it is plausible to imagine that, for mo€the Pleistocene, erectines and
humans, ancient and modern, lived in roughly complarsocial units---perhaps more
in minimally interacting clans or bands rather ti@mes. The scenario being
suggested here is that the advent of spoken laegu#ght have changed the tribal
system in various ways.

One idea that has already been alluded to is #réallanguage, by supplanting time-
consuming physical grooming, did allow groups tdda capacity to cooperate while
opportunistically expanding numbers to levels wiheegroup was more likely to
survive various contingencies. At some group ®ren speech-based cohesion must
break down but whether this level is above or balmaximum numbers as set by
other constraints (eg the logistics of hunting gathering) can only be speculated.

For the group as a whole, language can be usezhgiract tribal histories, origin
myths and other stories which provide all the tebeembers with a common set of
meanings, explanations and beliefs about the woFlte argument from there is that
it is easier to bond with, act jointly with, shdoed etc with people who have the
same ‘mental model’ of the world as you do.

The obverse of this of course is that, much moréhap in a mimetic world, a tribe’s
language and its products inadvertently accenthatperceived differences between
tribal members and others. Even in a homogeneaotisoament, different languages
are likely to be built on different metaphors. i turn increases the probability of
inter-tribal suspicion, hostility, misunderstandimgjstrust and, most importantly, the
evolution of a dual moral code. Morality is langal willingness to take the interests
of others into account when making decisions. Juggestion here is that, within the
tribe, attitudes towards others were driven moranmjty than enmity whereas this
was reversed in dealing with strangers. What isegsuch shared enmity towards
others would have encouraged further bonding witthéntribe.

Taken together with low population densities, terial boundaries and physical
barriers in the landscape, this primal languageedrimentality would frequently have
imposed an isolation on individual tribes which wasducive to their further cultural
and genetic (via inbreeding) divergence.

SELECTING FOR LANGUAGE SKILLS

How the brain-language relationship evolved

We have already spoken of the way in which the hamiocal apparatus first
evolved to meet a need for improved breath cotitiati came with bipedalism and
then further evolved to also meet the needs ofgaioccommunication and,
eventually, of verbal communication. Here, we fiyieonsider the evolution of the
hominid brain over much the same period, viewing frarticular as evolving, first, to
coordinate the eye-limb interaction required fompéex mimetic behaviour and,
second, to both service and enable a growing dgdac facial expressions,



speaking and thinking. Taken together, these Bedefactors probably suffice to
explain the brain’s rapid increase in size and derity over the last two million
years; brain and language have coevolved and caifiptein tandem. Later we will
return to the additional idea that over this pethiodinid body size was increasing
and brain size was therefore also increasing-justtproportionately but, reflecting a
phenomenon known g®sitive allometrymore than proportionately.

While there remains much debate over their precisetions, two areas of the human
brain are regarded as centrally important to tleelpection and processing of
language. One is Broca's area, a portion of thidnEmisphere’s neocortex adjacent
to the mouth-tongue-larynx region of the motor errt The other, found adjacent to
the auditory cortex, is Wernicke’s area. Neittsea distinct anatomical structure
although Broca’s area in particular is sometimesitfint of as a ‘bulge’. Both these
specialist areas are most simply regarded as dawelots of pre-existing parts of the
brain which have evolved to service, from nearhg,itput and output routes
associated with language exchange, ie Broca’'starsarvice speech production and
Wernicke’s area to analyse incoming sound. As Dedt997) points out, there is no
reason to expect language processes to map digtththe structural—-functional
areas of the cortex, not if it is accepted thatd@rebral cortex re-assigns existing
processing space is accordance with tasks beingriahken.

The fossil record shows that Broca's area (locatetdregion concerned since the
Miocene with reciprocal gesturing) was already di@pieg in Australopithecus’
500cc brairand Wernicke’s area appeardHomo habilis(700 cc). It seems that
Broca's area was initially a locus for the spinattpvays which permit mimesis and
only later developed the cranial pathways whicledhe very fine motor control that
speech requires.

Why a lateralised brain?

The hominid brain exhibits ‘localisation of funatid meaning that, unlike other
organs, its different parts do different thingsil dimat not all parts do the same thing.
In particular, for the present discussion, left aigtit cerebral hemispheres perform
different functions. This hemispheric specialisafithis ‘sidedness’, is called
lateralisation. Thus, much of the speech making-understanding psp@tong with
numerical and logical thought, is controlled frdme teft hemisphere of the brain (in
right-handed people). The right hemisphere is dami with respect to, amongst
other things, perception and expression of emosipatial abilities, visual imagery,
music and, generally, diffuse and global operatiofisese are generalizations of
course and, in normal people, the two hemisphevesaitk together, sharing
information through a connecting bridge of 200-2%illion nerve fibres called the
corpus callosuma bridge that would have needed increasing cgpaith increasing
lateralisation.

Are there suggestions as to why the left hemispberietter still, one hemisphere,
dominates speech operations? For instance, dogllddssession of language induce
cerebral asymmetry rather than vice versa? Givanthe production of speech
requires rapid and precise motor switching, anyagament arrangement requiring
the coordination and (relatively slow) exchangaediral information between
hemispheres would appear problematic. For thisoahere may have been a



selection pressure for unilateral control of theesgh function. And, for the same
reason, there may have been selection for the lspeedrol area to be close, in terms
of path length, to the motor cortex.

An alternative view, from Jaynes (1976), speculéiasthe development of the
language capacities of the left hemisphere occureeg late, and that they were
forced into the left hemisphere by a previous sgisation of the right hemisphere. In
his proposal the right hemisphere became the stgrkage of mnemonic and
hortatory/admonitory formulae ("the voices of thalg") which served to guide
complex behaviours. Others have relatedly proptsad'automatic” or "formulaic”
speech is located in the right hemisphere whilegpsitional” speech is in the left.

Lateralisation is much more pronounced in the hdhrtiman in other vertebrate brains
and a more general hypothesis as to the origiteterfalisation is that it saved on the
space occupied in non-human brains by symmetrigalichtion of behaviour-
controlling processes. That is, for the cost sfrig the ‘back-up’ capacity of
duplicated control, the human brain acquired a mafrease in overall cognitive
capacity when it evolved towards lateralisation.

Who gets selected?

As language moved from non-verbal towards verbairoanication, those with a
lower-capacity neural bridge between hemisphergshaae been able to acquire
speech skills more readily, or to speak more rgpidl ‘perverse’ consequence of
being less able to rely on good inter-hemisphesiamunication. Or, putting it
another way, those anatomically and hormonally ippexed to using a single
hemisphere for the task, and, on the evidencentieant men more than women, had
an easier time picking up the skills of spoken leage.

Sexual selection

This leads to the further idea that there may len some degree séxual
selection(also calledassortativeor non-random matingfor speech skills, ie for
males with smaller corpus callosa. Sexual seleéti@ process in which people get
picked as sexual partners on the basis of physicather traits (eg social class) that
are preferred within their society or group, oftenreasons that have nothing to do
with reproductive potential. Diamond (19??) gigesalutary example for Europeans
of the many ways in which New Guinean men find pean women unattractive. In
time, no matter how small the dependence of thiepesl traits on genotype, this
leads to significant genotypic and phenotypic difeces between peoples from
different societies.

In non-human primates, Small (1993, p.183) notes@wolidge effect’, namely, that
more than any other variables that stand out tdhaaran eyes, novelty and variety,
appear to be the preferences of females. In #®ept case, the hypothesis is that,
around 40 kya, just as women had previously picked as procreative partners
based on their (left hemisphere) talents for mimsbing and dance, they now picked
men for their skills with the new story-telling todCertainly modern males are more
laterally committed than modern females.



Just as assortative mating has proven problenatidefer with unwieldy antlers and
birds of paradise with enormous tafst has the potential in humans to select
physical traits at the expense of mental and belaai traits leading, for example, to
reduced intelligence.

Baldwinian selection

To be clear, no suggestion will be made here graguage skills acquired by an
individual can be directly transferred to that iidual’s offspring. There may be a
handful of situations where that Lamarckian progssrates (eg acquired immune
responses) but the inheritance of learned behavisurot one. What does seem
plausible though, sitting somewhere between pulterel transmission of new
speech skills and traditional Darwinian naturaéstibn for new speech skills, is the
possibility that something called, variousBaldwinian selection, cultural
biofeedbaclor genetic assimilatiofis operating?®

The defining characteristic of Baldwinian selectisithat ‘phenotype change
precedes genotype change---but not immediatelgerahan, as classically presented,
‘genotype change precedes phenotype change.’s Airitplest, Baldwinian selection
occurs when a change in the environment evokesfalusorphological change in
certain individuals (morphological plasticity) areentually, in later generations, that
same change becomes genetically ‘fixed’ or ‘assitad.” within the population, ie it
appears in most individuals whether or not theipalbenvironmental stimulus is
present. In the case of learned behaviours (dadigrom other types of phenotypic
change), such as inventing novel language skiksywil have a version of

Baldwinian selection if, over generations, and assallt of genetic changes to brain
or vocal-auditory apparatus, language-learning tmesoeasier or more innate or
happens more reliably under diverse conditions.

While our concern here is with brain-speech codiatthere is no shortage of
respected evolutionary biologists willing to attesthe importance of Baldwinian
selection’s role throughout the history of multitakar life. Ernst Mayr declared that
‘there is little doubt that some of the most impattevents in the history of life, such
as the conquest of land or of the air, were irgtidty shifts in behaviour® It is a
process which is likely to be especially importimtorganisms which, like primates,
have a great degree of behavioural plasticity. withstanding, the actual path of
evolutionary change will necessarily continue tabestrained at each step by
reigning biological limits to that plasticity.

When a new useful behaviour is invented by a fadividuals there are two
consequences which, in time, stand to affect whbeing inherited in the larger
population. One is that the innovators are likelype more successful reproductively
and hence that their genes are likely to become m@mmon in the population’s
gene pool. To the extent then that above-aveeayaing ability has a heritable
genetic basis, the population’s learning abilityl whdoubtedly improve over time,
including, amongst other things, the ability torfethe behaviour that first conferred a
selective advantage.

But the Baldwinian-selection hypothesis goes furthan this. It suggests the
existence of a proceggenetic assimilationin which the previously learned
behaviour eventually becomes genetically embedasthmes more innate. Suppose



that the behaviour learned was the ability to ptoe certain consonants more
distinctly. Genetic assimilation would imply that,time, the ability to pronounce
those consonants would not have to be learned dulidie present in all members of
the population from the time they began speakirgyvdould this happen? One
suggestion is that a widespread genotype whicka&ip enough to allow that new
behaviour will be ‘only a few mutations away’ framgenotype whiclkanalisesor
prescribes that particular behaviour. Perhapsthisiis not the place to explore such
contested idea¥.

Rather, let us turn teiche constructior{Griffiths 2002), this being a second
consequence of individuals learning a useful nelaki®ur, say, to use the same
example, how to pronounce consonants more cle&dyticularly in social groups,
where a large part of the total environment conagrigteractions between
individuals, the introduction of any successful neethaviour changes the
environment, the niche, to one where there is ngnreasure to select for genotypes
adapted to the new environment, eg one where pteaunciation is rewarded.

And one adaptation which would be likely (but nettain) to succeed in the newly
modified niche would be the very behaviour whictiefined the niche. So, while
there is no guarantee of subsequent selectioretterpronunciation of consonants,
to the extent that there may be a tendency for tioatawhich favour that particular
behaviour (as in the genetic assimilation argumeind) is an adaptation which will
tend to occur.

The idea that learned behaviour can, by alteriegstecting environment and/or by
altering differential reproductive success, havel@ionary consequences is not
contentious. What is contentious is the degreehich that behaviour might
eventually become genetically assimilated, ie ntikeean innate ‘instinct’, a
behaviour that does not have to be learned atadiier than something learned by
imitation. In the case of speech, there is debaed¢e whether humans have a genetic
capability (genes? hard wiring?) for ‘universalrgraar’ or have a genetically
embedded ‘language acquisition device’. Majoriptemporary opinion would be
that both speech and syntax are largely learndid.SkiWe do not need to explore
this debate, apart from noting that there are bo#ts and benefits in terms of
survival prospects from replacing learned flexibénaviours with genetic
equivalents. For example, a capacity for flextiddaviour will be more beneficial in
a highly variable environment.

Along with the idea from developmental systemskhmg that organisms inherit
much more than a genome, the idea of Baldwiniagcsieh, irrespective of how
prevalent it is, reinforces the idea that the pigstenotype, the environment, the
culture and the genome co-evolve in complex wayst;as, in complex ways,
genotype and environment co-determine the developpath of the individual
organisnt?

Group selection

Now, if some one man in a tribe, more sagacious tha
others, invented a new snare or weapon, or othange
of attack or defence, the plainest self-intereghaut the
assistance of much reasoning power, would prongpt th
other members to imitate him; and all would thusfipr



The habitual practice of each new art must likewnse
some slight degree strengthen the intellect. dfrtw
invention were an important one, the tribe woulttéase
in number, spread, and supplant other tribes. ttiba

thus rendered more numerous there would always be a
rather greater chance of the birth of other supeaiial
inventive members. If such men left children thdrit
their mental superiority, the chance of the birtistal

more ingenious members would be somewhat bettdr, an
in a very small tribe decidedly better. Charlesviar

The Descent of Man, and Sexual Selection?? Chéapter

Between writing The Origin of Species’ in 1859 ande Descent of Man’ in 1871
Darwin's understanding of the process of evolutioderwent a profound but
unnoticed change. As the above quote reflecthadecome to see group selection,
based on the relative fitness of different trikedye as important as selection based
on the relative fitness of individuals within a edéng group such as a tribe.

Notwithstanding, there were vigorous debates amanggutionary biologists

through much of the 20th century as to where irhikearchical organisation of life---
macromolecules, genes, cell lineages, organismapgr structured societies---natural
selection had occurred or might occur. Lewont®/() was one who first made it
clear that Darwinian natural selection is a gengrizess that will occur in any
situation where members of a population of reprodutdevelopment-units’ vary

from each other in ways which are both (a) religidgsed on to their descendants and
(b) disposed to differentially affect their capgdid produce surviving offspring.

Tested against these criteria, it is now genegatbepted, under what Brandon
(1999) callshierarchicalor expanded evolutionary thegmhat selection occurs at
multiple levels, from macromolecules to culturesthe hierarchy of biological-social
organisation. The development-units at each lievtile hierarchy are being selected
(sorted) by their environment, an environment magleto a greater or lesser extent,
of relatively larger development-units from ‘highkavels of biological-social
organisation.

For example a "gene-environment" interaction ocbetsveen DNA and the local
cellular machinery. Genetic variants are sortedugh a process of differential birth
rates and death rates which are a function of @gaenvironment interactions, ie
genetic variants are selected in the context otétlelar environment. The
persistence, or continued replication, of loweelaevelopment-units is crucially
dependent on the maintenance of the organisednt@ifacing with the habitat.

The hierarchical perspective emphasises that thétseof natural selection are not
‘traits’ in the usual sense of static features pessd by an organism, but relational
linkages between organism and environment. Moredlese relations are specific to
the situation in which they occur. For exampleréhis no basis for assuming, as the
trait view does, that an individual who may be atigidominant in a pairwise
relationship will also be socially dominant in agp of five people working on a
shared problem.



As earlier noted, moving from non-verbal to spokeruage probably accelerated
each tribe’s accumulation of pooled knowledge dedcreating of a shared way of
understanding the world, as well as improving ifdiial cognitive skills™ It is

through speech that pooled knowledge and commonainiodels can be reliably
transmitted between generations. Meeting thatitiondvould have set the stage for
the selection process to move towards favouringléasning tribes as well as fast-
learning individuals within tribes. Under conditeof limited resources, a tribe of
intelligently cooperating individuals stood to oudgyy and displace tribes less
competent.

HUMANSOF THE LATE GLACIAL TO EARLY POST-GLACIAL PERIOD
AFTERTHE MT TOBA ERUPTION

The last ice age was a close call for humanityeeBland ice cores confirm that
71kya Mt Toba in Sumatra erupted with more for@nthlmost any previous volcano,
producing enough sulphurous gas and ash to dankesky for six years.
Temperatures plummeted by as much as 21 degrbaghat latitudes around the
planet and, in the northern hemisphere, up to thueeters of all plants may have
died. The following millennium was the coldest lnétlast ice age.

A number of scientists believe that this volcaninter could have reduced the
world’s population of modern humans, those who lheeh spreading from Africa for
some 30 thousand years, to less than 10 000 aduftdlows that all of today’s
humans would be descendants of those few, spdbifiaacording to one hypothesis,
those of the few who survived in (north east?) &frilf all modern humans come
from such a small and recent founder-group, it Wwaxplain why everyone today has
very similar DNA despite humanity’s two million yeavolutionary history, ie there
has not been time for mutations etc to accumuliéfierentially.

This is not the place to review competing modeltheforigins of modern human
beings, but an interesting alternative hypothesislirose J human Evolution 1998 e-
library ) is that a handful of small isolated gosuacross Eurasia and Africa survived
Toba and while all of these started out geneticsltyilar, they were isolated from
each other and their genomes diverged rapidly eémtmgroduce the superficial
differences in appearance of today’s major popaagiroupings, eg Mongoloid,
Negroid, Caucasoitf

Notwithstanding, within perhaps 20 000 years ofd,diumans, spreading at a rate of
just a few km a year, had reached and settled strAlia. This epic movement, if
indeed it was out of Africa and not from furthersiyecould have followed the Indian
coastline and thence to Timor. The presumptioe fethat hunter-gatherer tribes
kept splitting and moving on as they grew too nwusrto be sustained locally. The
Aborigines’ final hop to Australia was helped bpexiod of rapid glaciation which
briefly dropped sea levels by 80 m and reducedd&aegap between Timor and
Australia from 480 km to a more navigable 160 km.

It is not widely appreciated just how variable ditic regimes were in the late
Pleistocene. While always an ice age, conditiaudccwarm dramatically within as
little as a decade and then cool equally quitklyrhese changes appear to have been
linked to the incursion and retreat of warm cursentthe North Atlantic in response



to the release of fresh water lakes from behimgpsig glacial barriers. As noted,
glaciation reached its peak (called ‘the last glagiaximum’) about 18 000 years ago
and was largely over by 15 000 years ago, althaligiates continued to fluctuate
markedly till about 10kya. Modern humans reactmedAmericas about 15 000 (or
more) years ago and New Zealand about 800 yearslag@s another drop in sea
level, one associated with this final glaciatiomjetr made the Americas accessible
from Eurasia, via a dried-out Bering Stfait

For post-Toba humans who remained in tropical Afrtbe ecological niche they
could exploit in a very tight web of life was smahergy was hard to capture, and
sharp increase in numbers were not possible. Hemveg people began spreading
into colder dryer regions, supported by the twchteologies of fire and (probably)
clothing, they left their tropical parasites beham! found new energy sources in
unexploited populations of large game animals. eflogr, these factors (plus better
tools?) led to a population release (a boom) shahthere were perhaps four million
people world-wide by 15 kya (Mc Neill 1979).

Over this period, the cultural norms (how to behaegquired for successful living
were transmitted between generations by imitatiahwsord of mouth. While there
would have been a degree of selection and novelyhiat was passed on, most would
have been handed down unchanged. Neither agrieulturthe herding of domestic
animals were yet practised. Social organisatidhiwitribes was minimal, ie there
were few status differences and everyone did moelsame work. In terms of
material technology, the major advance between&@kyl 40 kya was a series of
improvements in stone tools, particularly flakieghniques. For example, the length
of cutting edge obtainable from a source rock impdoperhaps 10-12 fold over this
period. At one stage, the most advanced technigees to be found in Australia and
New Guinea.

NEW BEHAVIOURS

From the archaeological record, it seems thattamilshift, one significant enough

to be designated the Upper Paleolithic revoluti®gan about 40 k& That s, it
began in step with the beginning of an intensely gtacial period that would last till
15 kya and end the Pleistocene. This was theuilen artefacts such as cave
paintings and carved figurines first appeared,i@aerly in a European core area, and
in a variety of forms which can be clearly diffetiated as to time periods, regions
and groups (including contributions from our soordisappear Neanderthal cousins)
(Childe p51).

Material technologies

Technological changes during this tail end of thegBocene include the
disappearance of heavy tools such as hand axeshapgers (in favour of longer,
narrower ‘blade’ tools) and the introduction of ach wider range of special purpose
tools (eg harpoons, darts, needles), includingthferfirst time, many made from
antler, bone, and ivory. The new tools and fabigcetechnologies suggest a major
change in patterns of human energy expendituré, twils being prepared in advance
and retained, rather than made and discarded exqibdiSimple mechanical devices
such as the spear thrower and the bow appearealanéd muscular energy to be
concentrated when despatching projectiles. Moeegnwas also going into the



construction of semi-permanent structures sucleaslns, pavements, and shelters
(some partly underground) built of skins on a frashbone or wood; evidence
perhaps of a more settled lifestyle.

Survival continued to depend on hunting and gatigesithough the role of plant
foods is difficult to determine. Despite the intert®ld, Europe was a food-rich
environment for well-equipped groups of cooperatingters. Vast migrating herds
of reindeer, bison, mammoth and wild horse grahedtains of Russia and central
Europe.

There is also evidence for the increasing usetardbods, such as rabbit, fish, and
shellfish. In comparison with large animals, thpseduced smaller amounts of food,
but they were an important addition because of tjeiater reliability. What appear
to be hunting nets have been documented in cdatiraipe. In fact, there is
conclusive evidence that products based on plare-fi-cordage, basketry, netting,
perhaps textiles---were being produced in centtabfe more than 25 kya and, soon
after, elsewhere in Europe, the Near East, an&dh&ast. While tool remains are
more durable, fibre technologies may have beeragignportant for survival. In
terms of an implicit energy strategy, effort inveektn making fibre products reduced
subsequent energy expenditures or allowed humageteachieve results (eg,
catching fish) which would not otherwise have bpessible.

Symbolism and representation

Representational art in the form of painting, stuig, and engraving has been widely
documented at Upper Paleolithic sites in Africa Andtralia as well as Europe.
Animals and humans are common subjects as webstsaat lines, dots, chevrons
etc. Around the world, people used similar nataraterials such as red and yellow
ochre, manganese, and charcoal to create cavélatearliest known musical
instruments also come from the Upper Paleolithligtes made from long bones and
whistles made from deer feet have been found at@er of sites. Deliberate and
careful human burial becomes more common, ofteh griaves containing tools and
personal ornaments such as bracelets, beads, pemiate of animal teeth, ivory,
shells etc.

Trade and migration

Through much of the Upper Paleolithic, waves of erachumans were
comprehensively colonising Eurasia and Australiadgally replacing, one assumes,
any residual populations of non-modern peoplese ddtails are being increasingly
revealed by analyses of DNA similarities and défezes amongst contemporary
human populations.

Evidence of similarities in artistic styles ovetended distances (eg podgy ‘Venus’
figurines) suggests that extensive social netwogerated throughout Upper
Paleolithic Europe. Some materials, such as #ietni-precious stones and shells
were moved over hundreds of kilometres. Whetheh snovements can be
interpreted as trade over trade routes is anothestmpn (a motive of ‘gain from
trade’ seems unlikely). And to what extent didséa@teractions facilitate people



exchanges and interbreeding between tribes? Antthage of information about
frontier environments? Collaborative hunting? éeonial gatherings?

Aggression between groups

Conversely, did interactions between tribal grob@some more violent and
aggressive during the Upper Paleolithic, partidulas glaciers advanced and
reduced the land’s carrying capacity (numbers opjpewho could be fed) during the
last glacial maximum (20-15 ka)? Despite a lakc&widence, there is indeed a
popular school of thought (in the writings of Rab#rdrey and Desmond Morris for
example) that tribal groups of the Upper Paledlitnid well before (Burnet p72???)
had a predisposition to attack, for little or nasen, any other groups they
encountered. Indeed, it is often part of this pective to suggest that, for a large part
of the Pleistocene, groups were being selectephfelligence on the primary grounds
that this enhanced their ability to kill other humaa

Such thinking has complex sources, one being e tidat thingsughtto be like that
on a simple interpretation of Darwin’s thinkinguBhere are many forms of
competition besides killing. What about selecfimnintelligence on the primary
grounds that it improves intra-group cooperatiod synergy? Another source idea
for the ‘killer ape’ hypothesis is that there apedes of primates alive today which
are highly aggressive (eg savanna baboons) arad Birmans are primates, they must
be intrinsically aggressive. The problem with taejument is that there are other
primate groups (eg Bonobo chimpanzees) which eixlitithe externally-directed
aggression. Analogical arguments across primatepgr are generally unconvincing.

Perhaps a better argument is that, as noted abaxg,savanna-dwelling hominids
began acquiring the hormone balance of a predptmies as distinct from a prey
species. Of course, aggression towards prey spdois not automatically translate
into aggression within and between conspecific gsapecies) groups. And it has
been further suggested, under the nanshidf theory(Lehman 2001), that in
selecting males for language skills, they were bkiag selected for higher
testosterone (the ‘male’ hormone) levels and heseentually, for levels of male
aggressiveness more compatible with a patriartizad & matriarchal style of social
organisatior®

Even though inconclusive, and especially if freédeblogical prejudices (eg social
Darwinism), such speculations remain importantegieur need to understand the
prevalence of violent conflict in today’s world,0 Binticipate later discussion, a
reasonable working hypothesis is that human grahes, and now, have/had inherent
tendencies towards both amity (within the group)anmhity (between groups) and
that the expression of these tendencies deperatsriplex ways on how the young
are socialised and how stressful and difficuls ipioving for a group of interest to
obtain the resources it needs. We need to keepméering that behaviour is a
function of nature, nurture and environment.

Social organisation and regulation

It has already been suggested, based largely ativee(male versus female) body
size, that dominance hierarchies within groups weirémal in earlieHomo sapiens
and there is no reason to suggest otherwise fddpipeer Paleolithic. Nor is there any



hard evidence from this period that tribes were imp¥rom a clan or collective mode
of decision-making to a hierarchical or chief/lead®de of decision-making.
Nonetheless, this is what happened.

Karl Polanyi, in his revelatory bookkhe Great Transformatigrargues convincingly
that late Pleistocene economies were based@procity andsharingand that this
mode of economic organisation came to influence\otved with?) many other
aspects of social organisation, including the shateas which reinforced that
system. Thus, the suggestion is that Upper P&lémhumans never hunted or
gathered food for just themselves or their immexdiamily but rather for sharing with
the whole clan or tribe. This is not a new ideaa aew behaviour, it should be
pointed out. Paleontologists, eg Isaac Glynn, hieaed food-sharing behaviour
back to the beginning of the Pleistoc&ne

Reciprocationmplies that when one tribal member gave to ampthey would

expect something of equal worth in return, eitlment the recipient or someone else.
For example, if | give you food you will give melwdgalent food or will help with
some task etc. | might not get something back idiately, but the recipient has to
reciprocate within a certain time or lose standiAg. ongoing failure to reciprocate
could lead to exclusion or expulsion. As an asideroader concept of reciprocation,
one between humans and the forces of Nature, mdehind the practice of sacrifice
at a later stage in human history.

The ongoing success of such a system relies ifirgténstance on each individual
being willing to contribute to the ‘economy’ accirg to their capabilities and
trusting others to do likewise. This in turn raggithat the young be so socialised.
And, to reinforce such learned behaviours, therelevbe a place for sanctions
(exclusion, shaming) against ‘free riders’ and ttieand, perhaps, a place for
external (cf internal) rewards for above-averag#rioutions. On the latter, for
example, successful hunters might be preferredsnd®erhaps also, as Polanyi
suggests, rituals and ceremonies evolved, partgaat, to ensure that reciprocation
went smoothly.

The economic cum social system being describedibeegnarkably complex,
involving as it does behaviours such as trust, aleselection, socialisation, delayed
reciprocity, sanctions, rewards etc. But are mobugh? Could such a system
function without well-developed language? Mentias already been made of the
hypothesis that language evolved to replace grog@éna bonding device in larger
groups; and as a tool for ‘social bookkeeping’ulPdellars (1989, 1996b) is one
archaeologist who, judging from technology shiftsl he appearance of imagery as
well as beads and pendants, suggests that fullemddnguage and symbolic
expressions emerged at or slightly prior to the é#galeolithic*® The way to view
the role of language in the Upper Paleolithic ratioh might be as one of allowing,
even accelerating, useful complexification withipra-existing but simpler economic
system. That is, language improves decision-makidgy at the price of
complicating decision-making tomorrow.

From tribes to chiefdoms

Except in extreme circumstances where only a fewscavive, a tribal system based
on self-organised reciprocity and sharing wittia tribe would seem to be a sound



strategy for smoothing out unpredictable food siggphnd maximising group survival
prospects. The process may well have been furtiwinised by following ritualistic
procedures. And yet it is widely accepted thattHeyend of the ice age, hierarchical
governance systems centred on a tribal chief aieleaith some degree of coercive
power had been invented and become commonplace.

Was this just a natural development of an estaddigirimate instinct to accept
dominance-submission relationships? How else niightchange in decision-making
processes have occurred? As an example, thidkadfling when and where to hunt.
In long-established bands and small tribes, custodhtradition might simply dictate
the answer. Everyone would just know what the gnwas going to do. Under
unseasonable or other unusual conditions, andtiétmelp of verbal language, the
question might be discussed till consensus emer@aken a strong similarity in the
vocabulary, concepts and inbuilt behaviour ruledeustood by each individual, the
perceived options might be few and consensus geadilievable. However, there
could perhaps be a place for a ‘chairperson’ ic@gte, nothing more, that
consensus had been reached. And, in particulatgual circumstances, the long
memories of tribal elders might contain candidgtgoms not familiar to younger
people.

Under even more difficult and pressing conditiahs;ng, say, emigration into new
territory, the ‘chairperson’ might have to chog$estily, among whatever options
are being perceived and, in doing so, becomeaderfor a time. Or, different leaders
might emerge in different situations Still, we aarly speculate about governance
processes in the Upper Paleolithic, and be informédot blinkered by observations
on contemporary hunter-gatherer societies.

So, speculating further, another area of tribal\Where, on occasions, it could be
useful to have non-consensus but rapid decisionifrgak daily food distribution. A
need for some degree of task specialisation (@ivisif labour) is beginning to appear
in the Upper Paleolithic, along with activities Bus art and music and the use of
new food sources. Reciprocation is quite transgamben all contributions are of the
same type; symmetrical exchanges within small gsafgamilies might suffice.

But, on the (major) assumption that exchanges t@abe seen as ‘fair’, how do you
equate contributions which demand the same eftdryield different results? There
is no right answer, but, so the hypothesis goasplpenight accept the judgements of
a leader who is trusted and recognised as tryifig tiair. This in turn might lead to
acceptance of pooling and redistribution of alldag’s acquisitions. If the leader’s
redistributions came to be seen as unfair or sgifisg, she or he would be simply
replaced.

This idyllic system was not to last. Some timeodbefrecorded history began, leaders
were becoming, to use William McNeill's word, magavasites; tribes were
becoming chiefdoms. Relying, perhaps, on religauthority, or enforcers, chiefs,
often hereditary, were learning to make decisi@figecting a degree of self-interest as
well as keeping their increasingly complex socgfiectioning. This was the
solution which evolved from an increasingly unwdrleasystem based on
reciprocation, sharing and trust. Perhaps theevalian aggressive chief able to lead
the defence of a home territory against refugeagg@utweighed any loss of trust
and fairness. More generally, possibilities foraaative behaviour may have been



greater without the inertia of group thinking; thdividual mind is a better problem-
solving tool than the group mind. And, once chiefid were established, perhaps
people did not have the cognitive skills to be dablquestion this new system of
governance.

NEW MINDS

The Upper Paleolithic revolution probably saw tfEnsformation of human minds as
well as human behaviours. Indeed it is that retimits marked changes in economic
and social behaviour and in material and socidirtetogies which first suggest the
arrival of new ways of thinking and new thingshink about. For example, a
cultural artefact such as a necklace suggestsacitapo think symbolically. Perhaps
it is better to think of the Upper Paleolithic réwion as a time of change in
humanity’s underlying capacity to form and use wdtrather than simply as a time of
rapid cultural change?

Turning from the material record to speculationaimight have initiated the Upper
Paleolithic revolution and what can be inferredwtibe developing mentality of
Upper Paleolithic people? Assuming that languags already reasonably well-
developed (and some would disagree), the simplegiestion here is that as the
scope, vocabulary and fluency of language increasedescribed earlier, there was
an even faster expansion (positive feedback) ih &&twe’s pool of technological
knowledge and their common set of meanings, exfimaand beliefs about the
world.

Perhaps there were genetic and neuroanatomicagjebas well as language-driven
cultural changes, for example a mutation which redhkincreased language
capabilities. Or mutations which allowed inforneatifrom different parts of the brain
to be coordinated rather than processed in rel@olation [klein??fluidity??]]?
There may well have been such changes but, ifabeyrred, it was likely to have
been much earlier, perhaps 150 kya when modern isiar@ thought to have
evolved from archaic humafi%.It is commonly believed that there has beerelittl
change in brain anatomy since then. What cannot\maled by the fossils on which
such thinking is based are changes in organis§iathways etc) within the brain.

Primitive thinking

We can only infer the characteristics of primitiménds from ethnographic studies of
contemporary hunter-gatherers, from studying thesldging minds of children and
from some limited archaeological evidence. Evemflyuestions abound. Would a
person from the late ice age, say 20 kya, betahladerstand and answer a question
as to whether they had a spiritual sense of feairigpme in their environment? Or
who they were? Or what tribe they belonged toavBy they had behaved so in some
what-to-do situation? By what-to-do situationsdan situations of hesitancy or
doubt or stress where none of habit, traditiontauasinstinct, emotion etc dictates
automatically how to behave; in general, probleinas have not as yet been
routinised. Indeed, did anyone ask any questioeist Were they conscious in the
same way as readers of this book are conscioug?ai$wer to the last is almost
certainly No, but we will come to that.



Still, despite the ignorance and uncertainty, thi®@emeasure of agreement amongst
paleo-anthropolgists as to what post-speech mirajshrave been like prior to, and,
probably, for a while after, the Neolithic revoluti (see below). We will discuss this
mainstream view under the headings of (a) animischraagic and (b) cognitive and
representational skills.

Animism and magic

It was suggested earlier that, under a broad rarglef their motivations, humans
and their ancestors have drives (generalised gisjifor autonomy (self-assertion),
for bonding with others and for meaning, the lashh an urge to explain things.
Animismis the belief system widely held to have beematteart of the primitive or
pre-critical mode of thinking and imposing meanargthe world which emerged in
parallel with the emergence of spoken languageanimism, the behaviour of natural
phenomena, both living and non-living, is explaitgdassigning (all) objects
(including places) and processes a human-like agerspirit, with a capacity to act
intentionally. To take an important example, thisans that dead people are still
alive in some sense. That might further meaninistance, that one leaves food out
for corpses or that the dead can still speak.

Furthermore, in many of the world’s contemporamtea-gatherer populations, and
perhaps in the most recent ice age, a common eéateasanimistic thinking is the
idea that the world is further populated with inlvis spirits, ‘ancestors’ perhaps,
which are not attached to particular real objents @rocesses. Other elaborations of
animistic thinking include ‘essences’ such as saals ‘real’ objects which are only
visible to certain people.

It is challenging to even speculate as to the wsigif animism but one suggestion is
that it is an unsurprising product (as indeed ésdhive for bonding with other
humans) of the sort @ymbiotic consciousnef® use Arthur Koestler’s term) or
participatory consciousnegto use Jay Earley’s term) which early Upper Pilgo
humans enjoyed. It is hypothesised that this form of consciossniavolved people
having feelings of being connected to and belongimgtaphorically, to the world
around them. More prosaically, it can be suggettatipeople had not yet learned to
distinguish between external objects and eventdtachental images representing
them. Given that these people would hardly hawen lable to express (inadequate
vocabulary) or see introspectively that they weareing such feelings (if they were!),
consciousness seems too grand a term here, exarbpips that it flags a contrast with
the sort of reflective self-aware consciousnessdheerged after the advent of
civilisation. While we cannot step outside our owamsciousness and imagine
symbiotic ‘consciousness’, perhaps it was like géina vivid dream where things
just happen (no sense of causal process) and sperds reflexively?

Magic goes hand in hand with animism and is the idettitlgabehaviour of the ‘spirit
people’ in things and processes can be influendedrdageously by appropriate
human activity; for example, that the weather cainfluenced through symbolic
activities and rituals such as rain dancesshAmarns someone with developed
magical skills.

Early anthropologists, such as James Frazer off&@oBough’ fame, described
magical thinking in terms of two ‘associative laysdntagion and similarity. The



law of contagioris summed up by the idea that when objects cotoecomtact, there
is a permanent exchange of properties between émehthey remain causally
connected thereafter. For example, contact withlgect considered to be impure
will transmit the impurity to the handler, who catie rid of it without recourse to
purification rituals. Théaw of similarityis based on the notion that ‘image equals
object’ or, more generally, that similar things eseisally connected. Operations on
one are automatically (magically) carried out om dther. For example, when a 20
000 year old Cro-Magnon cave painting shows a sipeabison, some real bison was
being supposed to have a similar experience i stBituals are behaviours which
imitate some aspect of the desired result, eg ldprgnwater on the ground during a
rain dance.

Similarly for words as well as images and rituaBnce the percept has been formed,
every time a swan (say) appears, the word ‘swao @liably appears. It is a small
step from there to believing that the name of geaibs part of the object, a belief
behind many magic rituals, taboos etc.

Before smiling, take note of the survival of thése principles of magical thinking
into modern times, for example when demonstratargytor burn public figures in

effigy. Also, to the extent that it is introduciag associative sense of cause and
effect, magical thinking is the precursor of sdinthinking. And painted images

may have been precursors to writing.

Cognitive and representational abilities

First, it bears repeating that hypotheses aboutiinds of Upper Paleolithic people
rely heavily on backcasting from ethnographic stadif remnant hunter-gatherer
populations. Having said that, let us speculatdi{o

What is most surprising to present-day people atbmutninds of early hunter-
gatherers, as hypothesised, is not their animistigical models of reality but the
extreme resistance and insensitivity of these (uiteal’ minds to the data of
experience. To moderns, pre-critical thinkingnisanceivably conservative and
closed. Not only is there no capacity to queshieliefs, rules, customs etc, there
may not even have been a capacity to formulategaegtions, given that asking a
question implies the possibility of alternative @ess. Obvious facts which, in our
opinion, would, ineluctably force someone to red@scertain convictions do not,
for some reason, have any effect on them at all.

While it is not an explanation, it helps to recagnihat the pre-critical mind made no
distinction between belief and knowledge. Or ppshaot helpful: Bertrand Russell
in Analysis of the Mind® says that, at first sight, knowledge might be rizdi as

belief which is in agreement with the facts. Andritsays, ‘The trouble is that no one
knows what a belief is, no one knows what a facmsl no one knows what sort of
agreement between them would make a beliefttudlotwithstanding, for pre-
critical minds, animism and magic constituted avwdealge system, not a belief
system.

Turchin provides a further insight into pre-crititlainking by contrasting it with
critical thinking, a capacity which he sees as only beginning tagene the



irrigation civilisations of the Middle East some shousand years aga. Critical
thinking allows alternative verbal models of probisolving behaviour or
explanations of reality to be compared and for qu of these to be adopted as a
working model. In logic, this selecting of the faular explanation which is better
than its rivals is called tHaw of sufficient groundsThe law of sufficient grounds is
absolutely foreign to pre-critical thinking. Itl&re that the ‘metasystem transition’
which separates modern thinking from primitive Kiirg is seen most clearly.
Turchin locates this transition from the uncritibaain to thechoosing brainn the
emergence of linguistic activity directed to lingfi¢ activity, ie in thinking about
thinking. Thus, it is not enough to think aboutngthing: one must also ask why one
thinks that way, whether there is an alternatime bbf thought, and what would be the
consequences of these particular thoughts. Ibaamaction does not work, one asks
why not.

Because pre-critical thinking cannot reject a eliece formed and stands to generate
multiple animistic explanations for any situatiamdaalso, because it cannot organise
or integrate these multifarious beliefs, pre-catithinking is riddled with
contradictions and misperceptions. Not to putfioe a point on it, pre-critical

thinking would appear to be next to useless foidyig rational (ie, likely to succeed
and likely to improve things) responses to noveataio-do situations. Despite their
cultural developments and their practical achievasydJpper Paleolithic people
would still have been reliant on instinctual respemand random exploratory
behaviour in what-to-do emergencies not envisageclbtom and tradition.

Thinking was not a tool for solving problems asttime.

Representational abilities

| remain, therefore, entirely unconvinced that ¢hisrany such
phenomenon as thinking which consists neither afges nor
of words, or that "ideas" have to be added to smmsaand
images as part of the material out of which mepit@nomena
are built.

Bertrand Russ&he Analysis of Mind,
Ch11

We can suppose that over the long Pleistocene haid@reloped an increasing
capacity to mentally reproduce (imagine) visual anditory perceptions that had
been stored in memory. Without (imagined) imagfgs,e can be no awareness of
past or future, only a fleeting present filled piressions, emotions and bodily
impulses (eg defecation). There can be no difteaton of inside and outside; no
awareness of a boundary between self and othatifieoent categories for internal
experience versus perceptions of external objextesents. A sense of time is not
possible if past perceptions cannot be retaingdermind and then invoked.

We can also suppose that this process of formatgestognitive categories would
have been much enhanced with the emergence ofdgagboth non-verbal and
verbal. This is because the scope (what is totladed) of a percept associated with
a ‘fixed’ linguistic symbol could be cumulativelgfined over time. The ‘symbiotic’
external world would increasingly have been catisgdrinto discrete parts by



cerebration, by a process of ‘carving nature ajdhgs’ in search of practical
distinctions.

Notwithstanding, people’s repertoires of verbaresentations (likenesses) of
persons, relationships, social systems, mortdlig/ self and many other less-concrete
concepts familiar to contemporary humans would Hmen small. Another way of
saying this is that those ancestors did not yee leawocabulary which would allow
them to think about these things; a characterisdtiat depends on the idea that a
large part of what we cathinkingis talking to oneself (perhaps out loud in those
days?). Sometimes the conversation is one-sidetetmes not.Thoughtsare the
separate sentences in that conversation.

The more general suggestion to be made here isdigaitive and representational
achievements would have advanced arm in arm thrthegbdpper Paleolithic. You
can't think about thinking if there are no wordstfooughts, memories, questions etc.
A tribe’s vocabulary and shared verbal habits wasallective model of reality,
changing but slowly over many generations, eg wohdmging meaning, beliefs
falling into disuse (as distinct from being rejebte

Consider, for example, how the very useful concdépineself might have evolved.
Once language had developed to the point whergithdils were given names, the
stage would have been set for people to be aldato to represent themselves
mentally and verbally, to develop. an inner workingdel of oneself, a self-sense.
Drawing on Thomas Jordan’s speculat®nsomething of what this might possibly
have meant initially can be suggested, namelypdityeto describe one’s own
behaviour in the third person, although largelpdalily rather than mental terms.
The capacity to recognise that one is having thtsughd that these are an important
part of oneself (and ditto for other people) wocdtne much later. This elaboration
of the sense of self is call@dividuation,the term being the saméhether it is
taking place over an individual life or over hundsef generation¥.

We will return to the evolution of critical and amptual thinking when we come,
presently, to the next great revolution after tppar Paleolithic, namely, the post-
glacial Neolithic revolution.

Dependence of the individual on the group

Notwithstanding the emergence of language and, latehiefdoms as means of
social co-ordination in hunter-gatherer societieseems likely that Upper Paleolithic
tribes functioned like super-organisms, made upeaiple with a very weak sense of
self; not as collections of individuals well awarfetheir bodily and mental
differences from others.

As noted above, people then would have had littfgacity to model consequences
and choose, neither consciously nor unconsciobslyyeen alternative behavioural
options in what-to-do situations. But would thaalkiative skill have been needed
anyway? In areasonably stable environment, halitom and tradition based on
past learning would have adequately guided behawvimgch of the time. And in a
few recurring classes of emergency situationsiriostal and spontaneous group
responses, guided by rapid communication of ematistates (anxiety, fear) would
have been triggered. Imitating the behaviour ia@gnised chief, and obeying



his/her verbal commands, would have further setgexynchronise and co-ordinate
individual behaviours. Because role differentiatweas minimal (male hunters,
female gatherers, the old and the young), therddimave been little need for unique
individual responses.

In fact, it goes further than that. In the harshditions at the end of the ice age,
many tribes would frequently have been on the boindxtinction. Under those
circumstances, any innovative deviation from inatéd ‘proven’ behaviours would
have carried high risks. Perhaps, until conditiomgsroved as the ice age ended, there
could even have been selection against cognitilis!sk

Implications of a weak sense of self

Tribal people would have had physical and stagif@flifferences from each other
of course, but mentally, it is being suggestedy theuld have had few differences
and little awareness of how they differed from oskewhat has been called the
membership mind. They probably had short time-horizons, a poddyeloped
sense of past and future which, if so, would haaéerit difficult for an individual to
undertake sustained tasks (eg travelling to amtistanting ground) for which the
rewards were not immediate; they would have bealerto envisage an extended
sequence of activities and consequences leadiagtal. Here, perhaps, lies the
origin of group rituals which use rhythmic, cooralied, invariant, mimetic
movements which reinforce the emotional appedhéarndividual of the task or wish
being pursued, eg singing, chanting. Indeed,Iriaral imitative behaviour in general
has to be recognised as a social coordination m&haalong with drives-instincts,
shared emotion, tradition, custom and verbal conttman

We might also note that having short time horizang a weak self-sense would make
it difficult for individuals to play and sustain egific roles within the tribe. Even
chiefs might have needed group support on occasions

Another implication of weak self-sense is that ispue, emotional behaviour stands
to swamp the individual’s fragile, tentative atfmto act intentionally to satisfy
his/her vague wishes. To control anti-social béhay the tribe would have had to
rely on individuals conforming to custom and obegyiaboos (avoiding forbidden
behaviours).

Conscience (internalised social rules) [see Berdarékman]]] and guilt about
breaking rules would not have, as yet, appearedraliy would have consisted in
‘not getting caught’. Conversely, active deceibtifers would have been minimal
prior to people having an awareness of how theim oMnds functioned. Without
such awareness a deceiver would have no basisdoeliimg and then exploiting
another’s behaviour. What is that person thinkihgut me? Once established
though, a capacity to deceive would have been rfaailitated by language.
Especially among people who had little capacitgritically evaluate linguistic
statements, lies about others would be readilybed.

REFLECTIONSON HOMINID EVOLUTION

This chapter is yet another version of the storlgaf the human lineage and human
social groups might have evolved. And, like adrigs, it has a provenance, it has



foci, it has in-built constraints and it has a pg@. The very word ‘lineage’ signals
that this is a story which assumes that humangesthumans and their social groups
have been changing in significant ways even ashlgg been surviving for millions
of years.

Thus the chapter takes up the story of hominidwgiai with the evolution of
placental mammals (125 mya) into primates (65 myla) took to the trees to live
during the Eocene (55-38 mya). There, in eastAfrihey stayed until the brariéh
of the great ape family from which humans evolvealed from their declining
gallery-forest habitat to an open forest (savamadjtat (5 mya). Perhaps 3 mya the
first ‘species’ of theHomogenus Homo habili§ became identifiable; and, by 2 mya.
as the Pleistocene epoch and its ice ages apprhathmo erectudiad not only
evolved fromH. habilis,but was on the brink of migrating out of Africadndistant
parts of Eurasia. It was from the erectines whmoaieed in Africa that archaic forms
of H. sapiensvolved circa two hundred thousand years ago. iwds perhaps a
hundred thousand years ago that groups of mddesapiendegan moving out of
Africa en routeto settling the whole world, displacing any reminarectine
populations in the process. The chapter takesttrg to the end of the last ice age
(15 ka) and into the period just before the Nemitievolution (12 ka) when some
humans stopped being full-time hunter-gatherershbagan growing crops and
domesticating herd animals.

It has been necessary, for space reasons, totkeepapter as short as possible
consistent with telling a story which does not k&0 many gaps and which is
substantive enough to yield---if they are ther@mes principles and facts applicable
to better managing social change today. Despé&edmsiderable competent effort
that scholars have put into reconstructing the lustary, hard evidence is limited,
particularly when trying to understand such impotriatangibles as the emergence of
language, beliefs and cognitive skills. Oftendiiféculty is more one of knowing
when some change occurred rather than what occuFedexample, estimated dates
for the emergence of developed language vary by ii@n a hundred thousand
years. Unequipped as | am to explore every altenhypothesis, | have used a
‘satisficing’ approach of looking through the lig¢gwre for answers to my what-when
questions up to the point where something ‘plaasimiough’ turns up.

How then can we most simply understand, give megtunthis fragile story of
hominid evolution? A good starting point, so olmddhat it might be overlooked, is
that the hominid lineage was there at the stah@Pleistocene and there at the end.
Unlike most biological lineages that have evertexisit survived. Tautologically,
just as survival of the fitter means no more thawvisal of those that survive,
extinction is the fate of species that fail to mhrce themselves!

WHEN ISA SPECIESVULNERABLE TO EXTINCTION?

More usefully, we might ask what makes a lineageenoo less vulnerable to
extinction, to becoming the end of the line? Riltthere are no operational answers.
Any lineage and the environmental niche (adaptat@mre) in which it is located are
undergoing continuous change, sometimes fasteretimes slower. Considered
together, a lineage and its niche constitudeeelopmental systeimmporting and
exporting energy and materials like other dissiasiystem&® What is transferred
between generations is not traits, or blueprintsyanbolic representations of traits,



but developmental means, call them resources eractants, While some resources
persist independently over generations (eg sunligkiters are transmitted from
parent to daughter generation (eg genes). Onegbtdogether, the resources in a
developmental system spontaneously interact (sgHrose) to produce a new
generation of organisms.

There is, in principle, a joint set of niche speeifions and of lineage specifications
within which the lineage can survive (its ‘survisglace’) and vice versa; the
developmental system can be thought of as inellyctabving through ‘survival
space’. So, it can be suggested that when théfispéions of the niche-lineage
system are approaching the boundary of the systsorgival space’ the lineage is
vulnerable to extinction. Unfortunately, those bdaries are only knowable in a very
general way.

Adaptation

One well-recognised process which tends to makeeaiss less vulnerable to
extinction isadaptation Somewhat confusingly, this word is also the eajiven to
the products of the adaptation process, these ptatheing themselves processes.
Adaptation is a process of natural seleéiowhich produces adaptations. An
adaptation is an unprecedented process (includiggiglogical-biochemical
processes, behavioural traits, building anatonstralctures), which, once spread
through a population of related organisms, incredsat population’s capacity to
survive and reproduce, at least in the short tdrmgeneral, adaptations work by
amplifying/reshaping some of a species’ behaviooraéproductive possibilities, eg
natural selection for incrementally longer neckslend possible, eventually, for the
giraffe to browse on tall trees. In energy termug,cessful adaptations allow a species
to maintain or increase energy throughput.

But the consequences of adaptation do not end.tiWhen a species’ behaviour
changes, the environmental niche it is occupyingneicessarily be changed also, in
as much as the species will be taking in and ekmpenergy and materials in a
somewhat different way. The effect may be largemall but, either way, there will
be a tendency for natural selection to then produrtker adaptations in the species.
This in turn will further change the niche; whabgng initiated here is a process of
circular causation in which the lineage and théaiwill continue to co-construct
each other (Odling-Smee et al 2003). For exantpéegiraffes’ browse trees get
eaten out (local extinction) or the trees themsebaadapt, generation on generation,
by growing still taller. In the latter case thevidl be a tendency for giraffes with
even longer necks to be selected.

The giraffe example illustrates the point that sdraés in some interbreeding
populations continue to evolve, over very long pdsi of time, through a cumulative
or ‘directional’ sequence of adaptive changes, yingl that each successive change
does something to increase the population’s captciurvive and reproduce---not
necessarily in absolute terms but relative to répctive capacity in the absence of
such adaptatioff. A trait will stop evolving when its further chamds no longer
genetically possible or reproductively useful, vitgger comes first. Here it can be
noted that, like all animals, hominids have beaneshat restricted in their genetic
plasticity, their intrinsic possibilities for dirt evolution, simply because, unlike
plants and single-celled protista, they have adfixedy plan under which, for their



effective functioning, limbs and organs depend acheother in complex ways. That
makes it difficult to change one character withdistupting other characters (called
channelling or canalisatiofi.

A niche’s characteristics are changing continuqusty only being modified in
response to its lineage’s adaptive disturbancdslba in response to ongoing noise,
fluctuations, shocks and trends in the materiatggnéows through the larger
systems which enfold every niche-plus-lineage dgyekental system. For example,
there will be changes in energy flows through thedfweb of the lineage’s enfolding
ecosystem. eg changes in populations of parapitedators or food species. In turn,
these changes might be reflections of flow-ratengea in climate, landscape, soils,
waterbodies or other aspects of the Earth’s lagiewer material-energy cycles. As
a consequence of niche changes, formerly adaptite tan become maladaptive
(hinder survival and reproduction) and disappeamnfthe gene pool while other
preadaptive as-yet-uncommon tréltsight acquire an enhanced survival value and
become increasingly common.

In a general way, any extant species has to admetigally at a sufficient rate

relative to the rate at which it is changing itshd, or its niche is changing, or it goes
extinct. Needless to say, what constitutes adafit rate is context dependent. Still
something, admittedly non-operational, can be drid.rapidly changing

environment a genetically diverse species, one avlieterogeneous gene pool, is
more likely to survive on the grounds that it isrmbkely to be pre-adapted; as is one
which isadaptable ie which generates adaptations relatively rafidiuccinctly,
species die out when the rate of environmental gh&xceeds the species’ capacity
to adapt.

We might also note that in a classic paper on adiapt Lewontin (1978) points out
that adaptive evolution requires ‘quasi-independéer®y quasi-independence he
means that selection must be able to act on anithibut causing deleterious changes
in other aspects of the organism. If all the feadlof an organism were so closely
developmentally integrated that quasi-independariaition did not exist, then
"organisms as we know them could not exist becadagtive evolution would have
been impossible" (Lewontin 1978, p.169).

Specialised versus generalised adaptation

Before coming specifically to hominid survival, thés one more distinction to be
made to fill out this much-simplified discussiontb& determinants of extinction. It
is, to use a modification of Edgar Dunn’s terms, distinction betweespecialised
adaptationandgeneralised adaptatii The former refers to sequences of
adaptations which make survival in a species’ egstnvironmental niches more
likely and the latter to adaptations which expamsenvironmental niche within
which the lineage can survive. Commonly, but fanf always, the difference
between the two can be understood as the differestvecen being able to get the
same food more efficiently versus getting accessdoe foods in more situations and
locations.



Specialised adaptation

The giraffe’s neck is an example of specialisecptataon. Others involve such
things as changes in colouration, size and shapedf parts. The process is one of
fine-tuning a species to be more energy-efficiard more-or-less trend-free
environmental niche, eg the honeyeater’s beakstsaged to better extract nectar
from the local flowers. Eventually, under speciatl adaptation, a stage might be
reached where the existing state of adaptedhisssimply maintained (called
stabilising selection) with genetic variation actise population being progressively
reduced to a stable level, ie with alleles of vasigenes being eliminated from the
species’ gene pool. Such a process may or magaet the species experiencing it
with some preadaptive traits but, either way, gpacies will become vulnerable to
extinction, even under slow environmental changeply because its former
specialist adaptations are now increasingly malthefand largely irreversible);
and, also, it has little genetic variability fronfiwh adaptations appropriate to a
changing niche might be generated. On the mattgemetic variability it can be
noted though that to the extent that the nichpadially or temporally heterogeneous,
and to the extent that sub-populations within paftfie niche (sub-niches) can
interbreed, the species will tend to remain gea#iciverse and somewhat less
specialised.

Specialised adaptation is also the process by whimbmmon ancestral species
evolves into two or more species (called cladogehebhis is what happens when
different sub-populations of the common ancespaties become and remain
separated (no interbreeding) for long enough ifedifg sub-niches of the ancestral
species’ niche. As the separated sub-populatiotisnaulate their own unique
adaptations (called disruptive selection) thet fiigersify into different sub-species
and then different species within the same famifhile geographical separation is
particularly important here, separation could h@eductive (eg different breeding
seasons) or ecological (eg living in different tnaithin the tree canopy).

Generalised adaptation

The clearest examples géneralised adaptatioaccur when a species comes to
occupy a radically different type of niche (in carst to specialised adaptation where
a species radiates into ‘sub-niches’). Thus, thebpment of the wing in the
reptilian lineage opened up the aerial niche tcatfian descendants of that lineage.
The development of homeothermy (internally reguldtedy temperature) in birds
and mammals was a generalised adaptation whiclywgended the terrestrial
habitats of these groups.

When a lineage evolves in ways that allow it tougpgca new type of niche, the
products of that process will normally be recogdidaxonomically, as being species
in a new family (group of related species) or higia&onomic category. In contrast,
specialised adaptation by either disruptive orisitg selection results, at most, in
new species within the same family or variantsxiéteng species.

How does generalised adaptation happen? Whenhivitisight, a line of
evolutionary change is recognised to have beerobgeneralised adaptation, of
major change in organism characters and environntaran be seen that each
adaptive step made possible further adaptationshaiere formerly not possible or



not adaptive or even viable. It is this ‘unshaunglieffect which explains the
paleontological fact that, when they do emerge, families and orders emerge much
more rapidly than new species emerge within familie

For example, the Cambrian ‘explosion’, some 540 ,ng/the well-known
phenomenon during which, over 10-20 myrs, all eixéanimal phyla, and several
others now extinct, arose abruptly in the geoldgieeord. But even though
generalised adaptation produces large changes, qufiee rapidly, such are still
produced by a succession of genetic changes,gusigpens in specialised
adaptation. Theories about new orders, phyla etrging as a result of multiple
small mutations occurring simultaneously (so-caltexpeful monsters’) have few
supporters.

What helps here is to understand that, sometimgiagée viable and ‘harmonious’
mutation---a sudden alteration of heritable chandstics in a gene, a chromosome, a
genome, a plastid or a plasmon---can have drarefiécts on the developmental
trajectory (ontogeny) of a mutating organism’s pffsg’®. Thus, it has been learned
in recent years that around the time of the Camleilosion, not only were there
major environmental changes (eg in atmospheric exymn the extent and
composition of coastal waters), but a new systegeogktic control, one not present in
unicellular organisms, was evolving from duplicategies of pre-existing genes.
The innovation here wdsmeotic or regulatory geneghich control the positioning
of major structures in an animal’s body plan; whieim change the relative growth
rates of various organs, limbs etc and so prodheagtypes with characters that are
exaggerated or reduced relative to the parentsyaiich act as on-off switches for
repressing or evoking activity in (non-regulatosyfuctural gene&® For example, in
a mammal, a single homeotic mutation might producarm that is shorter, or
longer, or broader. Regardless, it will probabllf ktok and work like an arm. It is
now accepted by mainstream biologists that a sihgmeotic mutation may have
multiple effects on diverse characters, includiegdviour, development pattern and
morphology, without rendering the offspring nonhli&g especially when those
offspring are not being subjected to strong seleqgiressures. It seems that the
Cambrian explosion could have depended in partfaush of newly-possible
homeotic mutations occurring at a time of broadeseavironmental change.

Extending one’s niche

If a species is to successfully extend its nichenging markedly in the process, there
would seem to be at least three preconditions tméte One is that the new niche
needs to be geographically accessible from the Blit. example, an aquatic species
adapted to a deep-ocean niche could not have sasvadphylogenetic bridge’ to
amphibian and terrestrial existence; it would hi@vbe a species at home in the
shallows. Second, the colonising species would ned&ave some minimal set of
selectively neutral preadaptatidhsFor example, an aquatic animal species
colonising the land would need to be pre-equippitd &means of locomotion there
such as wriggling or walking on its fins.

A third pre-condition for achieving successful ggation of a new niche is what
might be calleccological accessThat is, within geographical range there must be
an ecological web sufficiently developed to contaithes which the colonising
species is somewhat equipped to fill but whichrevealready occupied by other well-



adapted species. For example, at intervals dahniegvolution of multi-cellular life
there have been mass extinctions of species céyssssmic and planetary events
such as large scale volcanism or impacts by asieroomets etc. While new,
different ecosystems are quickly re-establisheer aftich catastrophic events, there
are inevitably many empty niches for some timeusiton the (debateable)
assumption that dinosaurs were cold-blooded artdhisapartly explains their demise
during a long winter triggered by a comet strikeneds5 million years ago, a niche
was created for mammals, these having some preeatlegpacity for regulating
body temperature, to emerge as the dominant foramiohal life.

While not preconditions, there are several othelatibns that appear to be conducive
to the onset of generalised adaptation. One skthgometimes called thew of the
unspecialisedsuggests that new families and orders tend togarmut of less
specialised subgroups within a species or outefdhs specialised species in a
family of species. One reason for this might ke th a specialised species all its
tissues have already acquired highly specific fionetl tasks whereas in unspecialised
species there may well be tissues that have ndieert coopted for specialised tasks
and which may therefore be available for reshapitmgeneralised adaptatidhs A
related observation here is that generalised atil@ptizznds to occur in (geographical)
transition zones between major ecological provinpeshaps because the ecotypes
(variants within a species) located there areadiygoreadapted to some extent and
because the environment in the transition zonegatbie ‘edge’ of the niche, is more
variable than in the ‘core’ part of the niche. Bese they have to cope with multiple
environments, species in transition zones are uedsrselection pressure to
specialise. Indeed, such species may well gettegldor phenotypic plasticity, the
capacity to develop or behave differently dependinghe reigning environment.

It does seem that, when conditions are right, remwilfes and orders do enter the
fossil record very quickly in terms of geologicathé and seldom through a
succession of many small genetic changes (gradualisthin a given environment
such as envisaged under specialised adaptatios.isTihe process that Gould and
Eldredge termegunctuated equilibriunmperhapgeriodic acceleration (in the rate

of phylogenesis) would be a more informative ndm&Vhat the fossil record
suggests is that, following the occupation of asjnesly unexploited niche or a
newly-created niche, in a situation where selegiigssures are low, it is common for
the invading species to rapidly split into a divigrsof ‘fit enough’ species, most of
which then begin their own journeys toward spésgal adaptation.

CONSTRAINTSAND TRAJECTORIESIN PHYLOGENESIS

To what extent are the evolutionary possibilitipemto a species at any time
channelled in a particular direction or mouldedrigrnal constraints on what is
physically, developmentally (eg bodyplan constsimr biochemically possible or by
external environmental parameters such as atmdspiergen levels or the presence
of other species? From knowing what has gone beferwhat past adaptations have
produced, are there things that can be said abiwait tends to happen or about what
cannot happen? As an illustration of the latter,maight note that the development of
the wing deprived birds of potential hands thatidde used to manipulate the
environment and, in the interests of flight, linditgotential size---including a brain of
size sufficient for the development of intelligeriéés a trade-off for these
‘lockouts,’ birds acquired high mobility and, thbye access to new food sources.



As a sample of what tends to happen, consider bpaleontology’s basic
generalisations, namely, that trends are commamgighological etc changes in a
particular direction tend to continue once initéhtas with the giraffe’s neck. A more
important example, one with many flow-on effecssthie tendency of body size to
increase in many lines of descent. Historicahgré has been much debate as to
whether such trajectories can be plausibly expthimenatural selection alone or
whether there is a need to postulate additiorthlogenetic mechanisn@nes which
imply goal-directed evolutiofi. Today, most opinion would be that a sufficient
explanation for most trends is that internal angial constraints on what changes
will be viable have left just a few feasible difieats of change available for natural
selection to find. To quote Stephen Gof(7d:

"...the constraints of inherited form and developraént
pathways may so channel any change, even though
selection induces motion down permitted paths, the
channel itself represents the primary determinént o
evolutionary direction.”

Notwithstanding, once a favourable ‘biological tectogy’ has been ‘invented’ (no
purposiveness intended), it might be expectedtsigt (with or without some
trending) in the lineage for as long as no beti@y of carrying out that adaptation’s
function emerge& Thus, chromosomes, structures which transmitrgystée genes

in tandem, have persisted since their emergencaibedhey help ensure that all new
cells contain all genes. The cell itself is a fany favourable and persistent
‘invention; it is a modular ‘building block’ whichas the property of selectively
limiting the influence of its chemical environment its contents. As a third
important example, the emergence of a nervousmeystaferred an enhanced ability
to react appropriately to external stimuli, eg bgrppting muscles to contract for
fleeing when danger appears. In general, orgath®ayan systems such as the brain,
blood vessels, nephridia (insect 'kidneys"), labgmi(internal ear) etc have remained
largely unchanged since their beginnings.

Some rules of phylogenetic development

As already noted, sequences of adaptive changesucamate directionally
(directional selection), either in response to angfing or changed environment or via
a process of coevolution between lineage and emviemt. In practice, knowledge of
an animal’s mode of life and habitat often allowegyree of prediction as to the
direction of its functional-anatomical evolutioRensch’ has collated some of these
insights as ‘rules of phylogenetic developmentar Example:

» Large terrestrial vertebrates must develop healynwoar legs with
disproportionately large bones because, as bodyirsizeases, body weight
increases much faster than the strength of theaisitteg bones, eg elephants,
extinct orders of large birds and giant reptiles,

» Speed through air and water is increased by stieiaglthe body.

» Sessile animals can only evolve in water, an enwirent where they can rely
on eddying to bring them food.



» There are only a limited number of models for eir@Megs for jumping or
for digging.

» Heterotrophs (mainly animals) could not evolve befihe evolution of
autotrophs (mainly plants) to feed on.

» Autotrophic organisms require a large surface bezmuse their uptake of
nutrients and energy is through those surfaces.

» Evolution of larger bodies in multi-celled animadgjuires a transport system
for food and oxygen (blood vessels, tracheae).hdVit such systems, tissues
must be close enough to the sites where food apgeoxmolecules enter to
allow for the slow rate at which these diffuse tigb tissue. Flatworms, for
example, have no circulatory or respiratory systernsucceed because of
their flat bodies and richly branched intestines.

» Generalised adaptation in multi-celled animals Iteso major reorganisation
and specialisation of internal organs and theirgasingly centralised control
from the brain.

Some of these rules illuminate the well-recogniskenomenon afonvergencén

which different species follow parallel evolutioggraths, ie the same sorts of
adaptations appear quite independently in diverseigs that have become adapted to
a similar habitat or way of life, eg the similardyoshapes of the North American grey
wolf, a placental mammal, and the Tasmanian tigbylacing, a marsupial mammal.

The importance of allometry and heterochrony fasletionary trajectories

Allometryis the term recognising that, in most animaldedént body parts grow at
consistently different rates as the size of thganism increases. Empirically, the
results of such differential growth rates can ndlyrtze expressed as power law
relationships of the form

logX=alogyY

where X and Y are the sizes of any two allometiyeadlated body parts.

While the relative growth rates of organs and pafrtsrgans remain constant during
much of an individual organism’s development, theae be periods when an organ
or structure grows faster than the body as a w{palsitive allometry) or more slowly
(negative allometry). For example, the human hedibés positive allometry till
birth and negative allometry thereafter.

Such relative growth rates and the length of tioreathich they operate during the
organism’s normal development sequence are undelatery-gene and hormonal
control and open to adaptive selection. Withintimallometric relationships are as
subject to selection as static morphology itseli§f@ 1966). In principle then, in a
well-adapted organism each body part grows toewfrere it can meet the ‘peak
performance’ needs of other body parts, and havawn needs met, in a balanced
way, ie without surplus or insufficient capacity.



The reality is more complicated. The functionsegfulatory genes appear to be
organised hierarchically with, in many cases, glsinegulatory gene controlling the
development of not one but a whole group (modwegven whole groups, of
allometrically linked body parts/traits. This meahat one or a few mutations in a
lineage’s regulatory genes can dramatically chahgeiming and duration of
developmental events during morphogenesis---a ehealledheterochrony--and
hence change the allometric relations (proportitiesjveen the body parts of the
phenotype. Selection for neotenous developmesdity hominids, as described
above (p 8), provides a clear example.

In terms of defining an organism’s further evolagwy possibilities, modularity
would appear to mean that most changes in a baxbeps only have to be compatible
with processes in the same regulatory module, thetranodules.

Selection for increasing body size

In most mammalian lines of descent there have lsdimes, increases in body size,
eg giant types evolving from smaller ancestors.yWin many environments, there
are a number of advantages, up to a point, in Haimgygr®. Thus the last glacial age
saw an increase in types of large homeothermsasichammoths, giant elk, red deer,
giant wombats, all benefiting from needing relatvess food to maintain body
temperature than their smaller ancesfors.

Because of genetically embedded allometric coiglat selection for larger body
size commonly brings with it the ‘overdevelopmemt*underdevelopment’ of
various body parts, compared with smaller ancest8mne of these, like
proportionately stouter legs for enlarged vertedsasre necessary in an absolute
sense. Some may prove maladaptive, others adaptimeexample, positive
allometric growth of the permanent teeth in mangdi leads to excessively (fatally?)
large canines and incisors, eg the sabre-tootged tiConversely, under the negative
allometric growth typical of the smaller organsdteliver etc), there is more space
available in the body cavity of larger types faestines and a developing foetus.
While the brain is relatively smaller in large tgphe ‘newer’ forebrain is relatively
larger, the individual neurons are absolutely lagged have more dendrites
(extensions) per neuron, implying a brain with mpossibilities for associating
images and perceptions with each other.

It might be noted here that the allometrically gaddevolution of the vertebrate brain
illustrates the idea that excess ‘overdevelopagut can, in time, be employed for
new functions or even to form new organs. Thusgeisd functions located in the
midbrain shifted to the forebrain once its relatize increased by positive allometry
during the amphibian-reptile stage of vertebra@ion. That same shift may have
initiated the eventual development of the ceretwalex possessed eventually by all
higher vertebrates. Thus, in hominids, as notelieeanew cortical tissue became
available for allocation to new or expanded funtiisuch as making plans, making
associations between ideas and between percepts\amtually, managing the motor
functions of speech.

Selection for increasing body size then is lik@ting, along with major changes in
body proportions, both adaptive benefits and adamidsts and size will only
continue to increase for as long as the costseofaftometric by-products’ of



increasing size remain tolerable. Or, and thgeisetically difficult, until the
allometric links between favourable and unfavowgahidits are broken. And, to the
extent that there is already pre-adaptive variatitthin a population in the
genetically embedded allometric and heterochraglations governing organ
development, selection for increasing body sizedgdo bring not one but a range of
major changes in body proportions. These variatamuld, in turn, trigger rapid
speciation, especially if the accessible and a@naironment were itself spatially
variable.

To round things out here, recall, from earlier di&sion of Baldwinian selection, that
accumulated genetic maodifications which, beforeirmmental change, were
selectively neutral, and perhaps ‘invisible,” migimider environmental change,
trigger a plastic response in the phenotype. Ehaenetic change, phenotypic
change and environmental change may all be cotitndpto any change in body
proportions.

Notwithstanding some discussion in the literafinehat is not clear is the source of
the genetic plasticity which allows a trait suchbasgly size to keep increasing over,
perhaps, hundreds of generations. Part of theemsight lie in selection for alleles
of the regulatory gene or genes which control itény between switching on and
switching off the secretion of growth hormone. #gahe pituitary gland’s capacity
for secreting growth hormone may itself be alloncatty dependent on the
organism’s past size increadésOr, perhaps it is nutritional levels rather tlyEmes
that limit increases in body size---size improvasition, improved nutrition
increases size.

THE HOMINID EXPERIENCE

While the story will continue to be refined, or ewecast, the main stages in hominid
evolution---from (say) the hominid-chimpanzee dgesrce until modern humans
precariously survived the last ice age---are adgaugh. In those six million or so
years, the lineage radiated into a small numbepeties several times (punctuated
equilibrium?); just like many other vertebrate figes While several coexisted at
times, all but one of these species have now di¢d But just why thé&Homo sapiens
lineage survived and others did not is a topic aeenot explored.

Not only did the human lineage survive massive gldzale climatic and ecological
changes during its evolution but, by the beginrifithe Holocene epoch (10-11 ka),
which is where this chapter ends, populations odleno humans had migrated to and
were established in all lands except Antarcticasorde south Pacific islands. The
world’s human population at that time could haverbéive million®? all organised
into hunter-gatherer bands of up to 150 peoplepleewho, developmentally,
morphologically and behaviourally were markedlyfeliént from the ancestral great
apes who first adapted to a shrinking of their-tagehabitat by obtaining an
increasing part of their food on the ground anéngéwally, becoming ground—
dwellers.

Of three previously noted requirements for a liregsuccessfully occupy a new
niche, geographical acces® savanna habitats came ineluctably as grasslands
replaced drying forests in the east Africa of e IPliocene. Understanding of how
hominids hadecological acces® an unoccupied or uncompetitively occupied niche



is more speculative. Still, apparently there wasw for a forager-scavenger-food-
sharing species capable of coordinated group bebavi

This leads to the third requirement for successifthe extension, namely that the
immigrant species be ‘sufficiently’ pre-adaptedte new conditions and not be too
burdened with specialised adaptations carried fveer their previous niche. For
example, over millions of years of arboreal lifge primitive grasping hand continued
to function without any specialised adaptation (sas becoming claw-like),
maintaining its versatile mobility and its dire@rae-connections to the forebrain.
Indeed, it is hard to think of any adaptationgée4life which would subsequently
prove patently maladaptive once the lineage movdhe ground. In this sense proto-
humans were remarkably unspecialised.

Indeed, one can readily list a number of pre-adipia (some predating arboreal life)
which, immediately or with further selection, apptahave improved survival
prospects for australopithecines in a drying, eapivorld. For example:

» Capacity to regulate body temperature

» Group living ( important for cooperative scavengargl gathering, food
sharing, defence)

» Forward-facing eyes for stereoscopic vision

» Good hand-eye co-ordination

» Omnivore dentition and digestive tract

» Feet which would adapt easily to walking and rugnin

» Erect posture of the trunk (an essential preretguisr erect walking)

Once on the ground, adaptation to a savanna nalid begin, starting with selection
for increasingly efficient bipedal locomotion antheger body size than would have
been practical for life in the treetops. And asypside increased (a distinct advantage
in that new habitat), so did brain size, the foa@bin particular. The long march
from a chimpanzee-sized brain to a modern humain bead begun. Indeed, the
paramount feature of hominid evolution over thé ta® million years has been the
growth and reorganisation (eg lateralisation) eflinain, along with closely
associated changes in morphological traits (eghaymaaratus), in behavioural traits
(eg cultural practices) and in the timing of lifgete events (eg neotenous
development). Over the same period a large nuwiiganoto-human traits have
persisted with relatively little change.

Improving adaptedness

Theadaptabilityof an evolving lineage is its proficiency in gerterg adaptations,

via natural selection, that, within its niche, irope adaptednes€itness, reliability),

ie improvesurvival and reproduction prospects. Like othghkr animals (less so for
plants and simple animals), the hominid lineagerbbsd on ongoing evolution
within a particular family of adaptations, namplyenotypic plasticityto maintain



and improve adaptedness in what has proved to/Bgable environment. Recall
that an individual organism’s phenotypic plastiégyts capacity to continue
surviving and developing in a changing environmbgitchanging physiologically,
morphologically and behaviourally. Anurag Agrawdikcussing the ‘adaptive
plasticity hypothesis’ says that ‘the modern vidwplasticity can be generalised to
the statement that phenotypic plasticity evolvem&ximise fitness in variable
environments *

Focusing here on behavioural plasticity, the besigirement for achieving flexible
behaviour---meaning context-sensitive observahti@igg particularly in terms of
mobility and discrimination---is a developed celised nervous system linked, on
one hand, to organs for perceiving the environraedt on the other, to a skeleton
and muscles capable of versatile movement. Buhawee beyond the reflexive and
instinctual, achieving flexibility in observabletatty eventually requires a brain that
is also capable of learning and memorising. Adgewith limited behavioural
plasticity will necessarily be more reliant on pioysgical and morphological
responses to achieve adaptedness. For examplayypotes synthesise their own
metabolites to a degree multi-celled animals canmatth; plants have a putative
‘strategy’ of acquiring resources by extending itite environment.

As noted severally above, a variety of processes baen implicated in explaining
the growth and reorganisation of the hominid biar the Pleistocene epoch: the
allometric relationship between brain (parts) body size; selection for neotenous
development; selection for tighter neural contifahe hand following the transition
to bipedalism; the management of mimesis and, eadlyt prosody and speech; the
impact of shifting between niches; and variabitibhgnge in both the abiotic and
biotic (including socio-cultural) selecting enviroents.

How have these processes expanded phenotypiccihadtie individual's ability to
respond appropriately to changing circumstancésparticular, how has an
increasing emphasis dmain-managed behavioded to increasingly plastic
behaviour? At one level, increasingly plastic hébar is nothing more than a many-
to-many elaboration of the one-to-one stimulus-oesp mechanism recognised in the
simplest plants and animals (eg the oyster closimgn touched). In brief, the plastic
organism, compared with the implastic organisnfedéntiates incoming stimuli

more finely, has more motor options available aselsuta more elaborate comparative
procedure to select a motor response to a recstiredlus.

So, behavioural plasticity increased over the Rieene as:

» Streams of sensory inputs from the external aretriat environments were
being represented in a centralised brain in eveeroategorical detail and
being coordinated more closely.

* The range of motor actions (behavioural outputsjlaigle to the organism
increased as the brain acquired finer control evetving sets of muscles and
their movements.

e The brain acquired an increased capacity for mesimyriexperiences and
associating them (equals learning); and using tbapeacities for generating
and modelling the consequences of alternative naations in response to



current sensory inputs. In novel situations theris capacity for generating
images of alternative motor actions depends ocajscity for exploratory
mentalbehaviour which in turn is linked to earlier seieq for delayed
development and, with it, extended childhood.

» the brain acquired a (pre-conscious) decision-nga&inchoice-making
capacity for searching candidate motor responsgisituidentified, and then
implemented, one with consequences which were ‘gomaigh’ in terms of
the emotional associations attached to those corgsegs.

* The range of traditional and routine behaviourslalke to the individual
accumulated reliably from generation to generation.

Evolutionary ecology of hunter-gatherers

For most of the Pleistocene, hominids were hunégiarers organised into nomadic
bands that roved between relatively more produdtivéood terms) patches
distributed across a loosely defined territory.eiftbasic means of acquiring food
(there being no imports or exports) was to haraeatlable plant and animal biomass,
while paying a degree of attention to securingahgoing reproduction of that
biomass, eg taboos on certain food sources at.times

In good times (plentiful food) band numbers mayengkown and, in bad times (high
population relative to the territory’s immediatarying capacity), contracted as a
result of increased mortality and emigration by earvhthe band (called fission) into
new territory. On coarser spatial and temporales;a further factor driving hominid
spread during the Pleistocene was ‘biome shifs, ieing the ways in which various
biomes (forests, deserts, coasts etc) shifted bawlsrand forwards across Eurasia as
glaciers and sea levels responded to warming aoiéthggperiods within and between
the epoch’s several dozen ice ages. Like othenargroups, hominids would have
moved with or tracked the expansions and contrastid biomes to which they were
adapted. In some situations biomes may have atattaather than shifted, forcing
groups into competition for declining resources,g@thaps, for we do not know,
into violent conflict

In these ways, we can imagine erectines and, gysailistralopithecines, colonising
much of Eurasia by a process of slow frontier esp@an That is, while the global
hominid population probably zig-zagged slowly upsigrthrough glacial and inter-
glacial periods, for much of the Pleistocene (uthi# post-Toba crash), the process
was more one of growth by extensification (moreupéed hectares), not
intensification (more people per occupied hectare).

Depending on the type of biome being exploited, imonous hominids would have
been in competition with carnivores for herbivoreypand with herbivores for plant
foods; and would be prey themselves sometimes, Hawing control over no energy
sources beyond their own somatic energy (at ldbfte was mastered), and despite
a growing phenotypic plasticity, hominids are ualikto have extinguished other
species, except very locally perhaps. There map dave been a degree of
coevolution with prey species and with other predapecies (leading in places to
hominids focusing on some subset of the availaisg ppeciesy?



What seems likely is that in most seasons, in mioshes, the hunter-gatherer
population would have harvested only a small proporof the available biomass
(much less than one per cent) and, even in haestoss, it is unlikely that resources
would have been depleted to the point of beingetiféer unusabl®& The persistence
(many would call it sustainability) through geologime of the hunter-gatherer mode
of livelihood (or, in economic language, systenprdduction) and its extension into
the most demanding of terrestrial habitats arecattbhns of the success, under a
diversity of changing and changed conditions, ef¢bre hominid evolutionary
trajectory, namely the cumulative amplificationtloé lineage’s brain-based
behavioural plasticity.

Without hindsight, that conclusion would not be igiaxs. Maintaining and, over
evolutionary time, growing a centralised, albeitdtionally differentiated, nervous
system requires the unceasing delivery of largefifies of metabolic energy. Even
allowing for the decreasing specific metabolic ratéch accompanies increasing
body size, this is a strategy premised on being tbtapture large quantities of
energy and using much of that yield to maintainwbiey organ which allows larger
guantities of energy to be captured in the firatpl Expressed in that way, the ‘big
brain strategy’ is a continuation of the homeothstrategy; compared with cold-
blooded animals, warm-blooded animals need to capdimge quantities of energy to
maintain their capacity to be more independenitéraal temperatures.

Considering the lineage as a whole, as a meta@idsigper-organism’ perhaps,
hominids were processing and extracting more ane @oergy from their
environment as the Pleistocene progressed (thersanganism’ was growing). More
correctly, this is a general trend which has teéen against a background of major
shifts in the type and level of productivity of tlaeger environment.

Within this trend, two component trends can bemgtished; one in the
extensification of energy extraction and one inithiensificationof energy extraction.
The process of population growth by extensive spreas equally a process by which
the hominid lineage, as a whole, was extractingenemergy from the environment---
not by capturing more joules per ha, but by capgumuch the same joules per ha
from many more hectares.

As regards the intensification trend, what is beinggested is that hunter-gatherer
societies were alswettingincreasing amounts of energy per ha (per unit
bodyweight?) from their territories as the Pleistoe progressed. That is, the
difference between energy captured and energy eegeto capture it was increasing.
To the extent that energy captured per unit ofgdgnexkpended was also increasing,
hunter-gatherers were also capturing energy mdiaesitly. And, perhaps, also
more reliably, meaning less variability over timetlie net amount of energy
captured---a most important determinant of groupisal, sometimes interpreted,
misleadingly, as greater independence from therenrient

Lumping these variations on the intensificatiomtlegtogether, what might have
made such intensification possible? An answemlr@ady been suggested, namely
the cumulative amplification and applicatiortloé lineage’s brain-based
behavioural plasticity, in combination with the adv of a number of physical and
developmental adaptations. Apart from changekerbtain itself, these latter include



adaptations in body size, in vocal apparatus,eérhiinds, in the pelvis and, of course,
in the timing of maturation.

Cultural lift-off

One way of thinking generically about the contribas to hominid adaptedness of
the increasingly plastic brain is to see it as hggenerated a succession of
technologiesr behavioural recipes-stepwise procedures for completing tasks, for
realising imagined goal states. And, to the extieait they persist, that they survive in
the selecting environment, all such technologisdiréctly but ultimately, raise, at
least in relative terms, the (net) mean quantitgredrgy captured by the group and/or
reduce variability in the (net) quantity of enex@ptured over time. The Darwinian
assumption being made here about the selectingoemuent is that newly-generated
technologies or new variants of existing techna@egill not be adopted and persist
unless they ‘save’ or ‘earn’ more disposable enéngy existing technologies. The
ability to acquire disposable energy is centradaptedness. Nonetheless, the forces
of habit and tradition or side effects on the aatzility of non-energy resources or
high transition costs (the effort required to stwiftom an old to a new technology),
could all militate against the adoption of a neshi@logy on the basis of its energy
gains alone.

But what were these technologies? While it co@déen as stretching the concept of
technologies too far, it can be suggested thahtdolies group readily into:

« Material technologies which involve making thingsrh source materials,
including prostheses such as tools and weaponkeddood, clothes, shelters

< Social technologies which involve habitual, coofigea coordinated action
between people , eg food sharing, hunting and gath@ groups, defending
the group, rituals, taboos, division of labour, ithveention of leadership.

« Communicative technologies which involve the trensff information and
knowledge between people using, eg, mimesis, detnadias, displaying
emotions, spoken language.

» Cognitive technologies which use the resourcegn$ary inputs (both
internal and external), memories and learned oelakiips to model, in words
and images, the consequences of alternative balravamd events.
Applications include making decisions, classifyamgities, solving what-to-
do problems.

A group’scultureis largely defined by the extent to which the &alon of

particular technologies within these categorieimmon to, or, at least, understood
by the group’s members. And, in this sense, Rlegsie cultures evolved as these
various shared behaviours became better adaptedsting circumstances or became
modified to suit changing circumstances. Mostefse evolving technologies can be
seen to have had roots in pre-Pleistocene mindseaugidl relationships (the first
hominids were already social animals with sizedlééns) and appear to have
changed only slowly thereafter and in readily ustirdable ways, eg achieving more
cutting edge per stone core.

Then, some 40 kya, came the Upper Paleolithioloéion in which developments in
material, social, communicative and cognitive tedtbgies, both singly and in



concert, began accelerating the rate of culturahgk; and, overall, a group’s
capacity to reliably capture energy from it's emy. Was this largely a matter of
separate technologies having accumulated to a,@ogritical mass, where
synergistic possibilities between them began teapp Were pre-existing simpler
technologies now being brought together to créateementally, more complex new
technologies eg combining sharper flakes and $tt@ighafts to produce a new
generation of spears? Perhaps, but it seem slikelethat the development of
extended spoken language, the master technologgivety augmented the lineage’s
capacity to create, transfer, bequeath, accumatatentegrate the sweep of material,
social, communicative and cognitive technologies.

And, we might note, assuming that fire had beertened well before the Upper
Paleolithic revolution, this cultural transformatiovas achieved without a bonanza of
technologies for accessing radically new energycsi(eg wind) or for accessing
prior energy sources (eg photosynthates) in fureshiatly different ways.

The essence of the scenario being presented higsa iduring the Pleistocene,
particularly towards the end, the human lineage wa®nsciously building up its
repertoires of two sorts d@fitellectual capital. One was working knowledge of
material, social, communicative and cognitive textbgies which, directly or
indirectly, gave groups an enhanced capacity tabigi capture biomass energy from
an area. The other was knowledge (informationeustdnding, a model...) of how
the world works, meaning its constituent causeegffelationships, both hypothetical
and observed. It is not too bold to suggest thttout verbal language there would
have been little accumulation of intellectual cabijust as there was little opportunity
for mobile nomads to accumulate material capitgbbd portable possessions.

Cultural evolution and population trends

As noted above, group sizes would have been lilcehave expanded in good times
and contracted in harsh times. Increasing leviisahnological competence
(adaptedness) might have slowed any fall in graupbers in harsh times and, in
better times, at least till numbers grew to makehterritory’s rising carrying
capacity, the dividend from better technologieshihitave been more ‘leisure’ or
‘play’ time for practising and further improving &pes of technologies. And there
could have been more time for devising behavioorsléaling with emerging what-
to-do situations; and more time for transmittiregitional behaviours through rituals,
mimesis etc.

But when it comes to judging the significance dtunal evolution in raising average
population density and lowering its variability theare too many factors involved to
allow generalisations. For example, how oftenidigroved technologies lead to
over-harvesting? How draining was the overheatlino=nergy terms of maintaining
an ever-larger suite of material, social, commuieaand cognitive technologies?
How often did entrenched technologies become mptagaunder changing
conditions?

A reasonable guess for the Upper Paleolithic, airgdnothing more, is that advancing
technologies tended to facilitate small increasesverage population density,
moderate reductions in population variability anchewhat larger improvements in



groups’ capacities to survive major changes inremvnental conditions, the sudden
bitterness of the last glacial maximum for examfilevould not be until the invention
of fundamentally different energy-acquisition teclogies (farming and herding),
well after the end of the last ice age, that pdportadensities would rise markedly.

Is this story remarkable?

We have now traversed the pre-history of the hairinieage from well before the
Pleistocene epoch to its end. Our lineage entbee®leistocene as primates and
mammals and left the same way. Indeed we arersithmals and primates and will,
almost certainly, long remain so (widespread spegi@ergo little evolutionary
changé®. We might ask then, is the human story remag@bl

An entity (or a process) is remarkable to the edtesat it is observably different from
other entities in the sanfiamily, the word ‘family’ here meaning a set of entities
which have some defining characteristics in comnegrprimates have good eyes and
flexible hands and fe¥t Humans have all the characteristics of mammuatshey

are remarkable mammals in terms of their easy lilged, their slow maturation and
the large highly-organised brains which make thsiterial, social, communicative
and cognitive technologies possible. Reflectirggrtbwn adaptive paths, other
mammals are remarkable too of course; for strersgibed, sensory acuity etc.

We might also ask whether the hominid lineage laslsemarkably lucky, because it
probably has! ‘Lucky’ here means lucky to haveviaugd; and not too cruelly. Most
obviously, if the Toba eruption, 71kya, had bedittla bigger, or had lasted a little
longer or had been followed up with some more lagptions---and any of these
scenarios would have been unsurprising---the liaeagy well have not survived.

In terms of the large dissipative systems withiriclwtthe hominid lineage (itself a
dissipative system, albeit dispersed in space iamg) is embedded, the Pleistocene
was, luckily, more-or-less stable. The Earth seffleno impacts from large
meteors/comets and no extended bursts of high-gmadigtion. Insolation levels,
the composition of the atmosphere and the positimistectonics of the continents
were all effectively stable, ie were changing skgvih human terms. After all, the
Pleistocene is a very short period relative tolifieéimes of these large systems. It
was mainly shifts in climate, over decades andwéd, and associated changes in
shorelines, ice cover and biomes that providecdktadienges to which the hominid
lineage had to adapt or die out. Behaviours (teldgies) which acquire food
successfully in one environment need not necegdagikuccessful in others.

Metaphorically, phylogenesis via natural selectga short-sighted process which,
almost always, takes species down adaptive pasihisuin out to be dead ends, ie
most species that ever were are now extinct. Dingiid lineage however
experienced a sequence of adaptations which, @dsgiig routinely short-sighted,
did not become maladaptations when the selectimgament changed and indeed
turned out to be useful preadaptations for newrenments. A good example is the
adaptations to arboreal life which turned out taibeful preadaptations for life on the
savannas. That's luck.

Can this line of argument be taken further? Dichimids who were evolving on the
cooling, drying savannas of the early Pleistocanpime adaptations which



preadapted them and did not maladapt them forcthages to come? One positive
example is that the mobility acquired on the saearallowed later Eurasians to
survive the harshest of glacial times by interaeptind butchering animals from
migrating herds during the short spring-summer@sid-storing them for the
following winter.

And next, as modern humans came through the lastagimaximum, did they turn
out to be preadapted, not maladapted, to the watessrvariable conditions of the
Holocene epoch? A partial answer here is thast®eéne hominids were never
selected to any extent for physiological and molpdical characters which might
plausibly be viewed as specialised adaptationsg@ge conditions, eg hairiness. In
this sense they were again lucky because theshasorts of adaptations which,
when conditions change, tend to become maladapgatiRather, hominids were
largely being (naturally) selected for brains thladwed an appetency and an
increasing capacity, in terms of size and orgainisato create material, social,
communicative and cognitive technologies. Andhase technologies were evolving
and co-evolving, hominid culture was selectivelgwraulating, acapital stockof
shared ideas, percepts, potential behaviours, iexpes etc. was building up from
generation to generation. A pool of acquired bahag could accumulate despite the
deaths of those acquiring them.

This remarkable process, tlusltural evolution was and is strongly analogous to
natural (biological) selection and that includembeshaped by analogues of the
necessary and sufficient conditions under whichinaselection occurs, namely,
phenotypic variations which (a) are directly rethte variations in reproductive
success and which (b) are more-or-less heritable.

Corresponding to the triplet of phenotype-genotyaeation, fitness differences and
parent-offspring transmission under natural sedectihe necessary and sufficient
conditions supporting cultural evolution in hunggtherer times were:

» Generation of variation---spontaneous explorat@lydviour in what-to-do
situations and in atypical situations where exgstiechnology recipes require
some adjustment/ modification before they can leessfully applied

» Selection for fitness---a tendency for such tecbgigial innovations to be
selected to replace or be added to previous teobied in situations where
trials confirm they improve the group’s ability capture energy, either
directly or ( like food-sharing) quite indirectiWe might note though that for
existing technologies to be replaced, the gainddvoeed to outweigh the
‘transition costs’ of overturning existing traditi® and habits in societies
which experience would have taught to be highlyseovative.

» Perpetuation through ‘inheritance’---reliable tnanssion between individuals
and retention within the group memory (social |é&agh of recipes for
successful technological innovations. Initiallgrtsmission was through non-
verbal mimesis and, late in the Pleistocene, thowggbal instructions on how
to implement technology recipes.

Technologies are like genes in several ways. khdbey are prime examples of the
‘imitable behaviours’ which Richard Dawkins’ calledemes’ and Edward Wilson



called ‘cultural genes’ or ‘culturgef&’ They can appear spontaneously like
mutations, they are available for use as neededhaydcan be recombined to create
new capabilities.

While the rate of biological evolution slowed aftee human brain reached its
present size, the rate of cultural evolution, aedde of technology accumulation or
cultural-capital accumulationbegan to speed up at that time and has contirmued t
speed up until the present day. This ‘swampindjiofogical change by cultural
change in human populations is (like biogenesis, milti-cellularity, sociality...)
one of the truly remarkable emergent developmentiseé evolution of life on Earth.
And, at least till the Neolithic revolution (10 Ryavhen new energy-capturing
technologies emerged, it was developments in arfentdogy, language, particularly
vocabulary size, which uniquely allowed, no, hasternhe ongoing upgrading of
cultural evolution’s processes for generatingeatahg and retaining new
technologies.

Bye-bye Pleistocene, hullo Holocene

So, there we have it. About 15 kya the end of tleeaige was signalled by rising
temperatures, rising seas, melting glaciers, diegipopulations of large food
animals, and spreading forests (in Europe) andride@e north America). The
species of present intereslpmo sapienswas to be found over most of Eurasia and
Australia and poised to spread through the Ameiaraisthe Pacific. Humans would
appear to have been remarkably well placed to theathallenges and opportunities
posed by niche loss and niche gain at this tinteeyhad adapted to but escaped
capture by low-temperature environments. Theidicitdprobably non-conscious)
strategy for achieving this had been to develofeaiended phenotype,’ a variety of
‘prosthetic’ technologies---material, social, conmuative and cognitive---for
amplifying individual and group capabilities in dinse ways which, paramountly,
were not genetically fixed like instincts but aadile for use as situations demanded,
eg shedding clothes in warm weather.

For human populations everywhere, this was théeglyathey would take forward
into the Holocene epoch, accumulating further tetdgies suited to and possible
within the particular biomes they occupied; cregtinhunting rather than a fishing
culture for example. Trade and other contactéegmonial) between groups would
continue to ensure a degree of technology tram&feveen populations and sufficient
genetic mixing to preclude further speciation.

With hindsight, many of the technologies coming oluthe Pleistocene were
precursors to and components of more developedddotechnologies. For
example, fire management comes, and has to corfaglraetal smelting; the social
technology of chiefdoms is a first step towardsrtile specialisation and stratified
societies of the Mesopotamian civilisations; inmitige technology, magical thinking
sets the stage for scientific thinking; in commuatiice technology, pictorial images
lead to writing.

And, at some stage, as the range of extant techieslincreased, ‘compound’
technologies involving the combining of existinghiaologies began to be invented
with increasing frequency. Why? Because the (#tezal) possibilities for new



compound technologies increase in proportion testheare of the number of existing
technologies. For several reasons however, theepsoof technology invention did
not therefore ‘explode’. One is that most comhora of existing technologies are
either infeasible or not useful. Another is thahunter-gatherer and early Holocene
village societies there may not have been enouggrationary time or enough surplus
food energy to support the exploratory behavioat dan generate new combinatorial
technologies.

Nevertheless, a process of fitful compound growtthe available suite of
technologies was now under way and has continlletdipresent day.
Remembering our broad conceptualisatiotechnology cultural evolution can be
usefully viewed as a process of inventing and dpglypew technologies. Cultural
evolution was and is a response which human sesiatake to changed conditions,
to changes in their environment. But it is noeaessary or universal response---‘do
nothing’ is also a possible response.

Nor is there any guarantee that the invention gpdieation of new technologies will
improve the species’ adaptedness. Certainlydtsgategy which created a new mode
of production, a new social and economic systeneuntite enormous shift from
Pleistocene to Holocene conditions. And, as measby the subsequent increase in
human population numbers, cultural evolution ditifad this test. Perhaps cultural
evolution is a strategy which would have failed @ndther environmental lurches but
that is unknowable.

Whether or not cultural evolution improved qualitylife for most people in a
Holocene environment is, as we shall see, moreteabke. But the even more
important question which has now been opened whéther adaptation by cultural
evolution is a dead-end strategy which, if contohueill lead to the extinction of the
species, for example, by generating overwhelmitgsraf cultural and environmental
change. At this stage we might just note, withldbeefit of hindsight, that by the
beginning of the Holocene, cultural evolution hadduced a variety of technologies
with the potential to become maladaptive in theglrterm, eg anthropomorphic
models of the natural world, a dual morality (an@tyd enmity), tradition...



1 In biology, adaptation is a word used to deschbibih a process and its product. Adaptation is a
process of natural selection (differential reprdtigcsuccess of genotypes in a population) which
produces adaptations. An adaptation is an unpeeted anatomical structure, physiological process
or behavioral trait in a population of organismsahh at least in the short term, increases that
population’s capacity to survive and reproduce. &ladeptations from sexual selection?

2 The cause of this climate change is contenti@tarting with the northward movement of the
Australian tectonic plate, there may have beenrthady movement of the connecting seaway
between the Indian and Pacific oceans which theénde flow of cold north Pacific water through to
the Indian ocean in place of warmer South Pacifitew A colder Indian ocean meant less evaporation
and less rainfall over Africa.

An alternative, perhaps complementary, explandtiotthe drying of east Africa at this time attribat
it to the delayed buildup of northern hemispheeeskeets following the closure of the Panama seaway
and the loss of warm currents in the north Atlaetiout 4 million years ago.

% In many circumstances cooperation can be thouig a ‘technology’ for synergistically amplifying
the capacities (sensory, physical, mental) of viiddials.

* Falk et al 2000, with their radiator hypothesisggest that the dramatic increase in brain size tha
occurred irHomowasfacilitated (not directly caused) by the evolution of a ragliatetwork of veins
which relaxed the thermal constraints on overhegatiat previously kept brain size in check.

Stone tools 2.5 myrs old have been found in Iszadl Pakistan, suggesting to Wills (1998) that
habilines also left Africa for Asia, and perhapsteen Europe, at least 2.5 million years ago, evhil
climates were still mild.

5

® Based on observation of many mammalian taxa, alleyvee of sexual dimorphism is an indicator of
monogamous mating behaviour.

" Drives can be thought of as generalised instiimetsiving much-heightened perception and
motivation. In comparison, most instincts exhéstmore specific behavioural patterns which may be
elicited under certain circumstances. In the cad$mimans, two conditions must be fulfilled for aaitu
acting out of instinctual behavioural patternsevaht stimuli and the absence of other modes of
regulating behaviour. Drives are extremely plaistibumans. For example, sexual and feeding drives
do not tell the individual where to seek releaswloat to eat; specific behavioural responses teethe
drives are acquired through socialisation (Bergerugkmann 1967 p181).

8 Because 250 m years is the time it takes the sg&iem to revolve around the centre of the galaxy
(the ‘galactic year’), we can speculate that thes cloudy, Sun-dimming region which the solar
system encounters for several million years on@gyerevolution. If that is so, there is a pos#ipil
that the present epoch of ice ages might be thédaanother 250 m years.

® (TempletorNature 2002 ?)



9 There is evidence that even in modern adults ¢éhebcal cortex is constantly re-adjusting and fine-
tuning its assignment of processing space, refigdtie constantly changing use-patterns imposed by
the environment (Donald Origins of the modern mind)

" The concept of emotions as strong feelings hakereed to the point where the two words are
interchangeable.

21t needs to be stated clearly that while scierezelearned much about correlations between brain
activity and having feelings, science cannot explaiw a feeling is generated any more than it can
explain how a gravitational force is generatede Barnad S, What is Consciousness? Letter to New
YorkReview of Books June 23 2005 p56.

3 In logic, induction is the process of generalisivgr multiple examples, commonly by emphasising
similarities and ignoring differences between thed.percept is anything which can be identified ,an
in principle, named. A schema is a ‘super percepattie up of multiple percepts in a stable
relationship. Percepts tend to be abstractiomn ftivect experiences. Concepts tend to be more
abstract than percepts and language-based in ghatgercepts are not.

4 Emotional memory is memory involving the impligitrobably unconscious) learning and storage of
information about the emotional significance of rege

!5 [[[the physiological component of emotion has beaditionally identified as activity in the
autonomic nervous system and the visceral orgagsdart and lungs) that it innervates.???]]]]

'®In biology, a signal is any behaviour that convie§ermation from one individual to another,
regardless of whether it serves other functionsels

1 (Tomkins 1963, Ekman 1982)

18 (Deacon p 431).

19 [[(reference needed?]]

20 |n Peircian terms "signs" comprise the largers;la$ which "symbols" are a subclass of

signs involving arbitrary and conventional signereht relations. For Piaget, the words "symbol" and
"symbolic function" refer to the larger class, vehikigns" are defined as the subclass of symbol
relations that are arbitrary and conventionabthmer words, the use of the two

terms "sign" and "symbol" is reversed between Riagd Peirce. "

(Bates, E. , et al. (1979) On the evolution andettgsment of symbols.

Academic Press, New York p. 64)

2L There are a number of candidate lists of primamgtéons (collectively grouped as ‘affect’) in the
literature. For example, Robert Plutchik develofiE2B0) a theory showing eight primary human
emotions; joy, acceptance, fear, submission, saddéesgyust, anger, and anticipation, and argued tha
all human emotions can be derived from these.

22 (Berger and Luckman p 165) Fromm ref

Z AL Dugatkin ,The Imitation Factor: Evolution Beyond the Gene



% Later we will note that a capacity to ‘pause’, physically as here but while mentally modelling a
behaviour sequence, is a necessary part of beieg@tsolve problems’. Learning to internalise
behaviours which were previously physically obsbktgas indeed a recurring feature of hominid
evolution.

25 Note that the word being used is ‘mimes’, notlib&er-known ‘memes’. Dawkins defines a meme
as "a unit of cultural transmission, or a unitmftation,” meme is unsuitable for use here bseau
mimes are non-verbal whereas memes can be verbaheverbal..also emphasis in using ‘meme’ is
on the spread of new concepts and behaviours thraygpulation whereas mimetic actions are about
communicating using known signs in a known way imis could be more formally defined as
mimetic schemata which preserve something of tipéeal and spatial relations in the original action
sequence 1]

%6 Bipedalism, it might similarly be noted, had afezed the hands for miming.
27 (schoenemann 1999)

28 Bhvl and Brain Sciences 16: 4 1993

29 Malinowski (Theory of cultural evolution)
30 The mental operation we call "imagination” can éersas mimesis without motor execution of the imegdiacts.
% CS Pierce
2 Turchin V (1970??) The Phenomenon of Science endpt
33 H
Turchin chapter 8

3 An alternative, perhaps complementary, explandtiosuch over-developed features is that they are
allometric by-products of increasing body size (sger discussion of allometry).

% For a useful review, see M Pigliucci and CJ MarGenetic evolution and a possible evolutionary
paradox: Can macroevolution sometimes be wso fafsi pass us by? 2003 Evolution 57(7) 1455-64
e-library review paper

% Ernst Mayr (1978 p. 55, as quoted in Liebermar4)98

37 Godfrey-Smith paper on Baldwin boosters and $cepA species’ capacity for
phenotypic plasticity under environmental changespmably reflects a past
accumulation of genetic changes (mutations) whidli) then, had beeselectively
neutralie neither adaptive nor maladaptive. Several@sthave discussed whether
the useful capacity to generate selectively newtdhtion is itself open to selection.
Conrad 1983, p. 196 King metapations]]

3% We might note that assortative mating is a spegisé of niche construction.
% Reference needed

“0 pigliucci M, 2005, Evolution of Phenotypic Platjc Where are we Going Now? Trends in Ecology
and Evolution, 20(9) 481-6.

“1 Berger and Luckmann 1966



2 This is what sometimes happens with invading ssettiat spread rapidly across a new environment.
They differentiate into observably dissimilar equ#g The arrival of sparrows in North America
provides an example.

43 Burroughs

4 A contrary view, backed by some evidence, is thatAmericas could have been settled by sea-
farers much earlier. See burroughs pp.207-17.

% The Upper Paleolithic , meaning the last parhef‘bld’is best regarded as a time period, onérigst
from c 40 kya till ¢.12 ka---not a[[15?7] cultugzriod.

6 Lehmann, A Glozel Newsletter 6.5 2001 A.LehmaplBsing patterns in neuropsychology for
support for an alternative theory of evolution 1

" |saac Glynn

8 Mellars P. 1996b. Symbolism, language, and thexNeghal mind. See Mellars & Gibson 1996, pp.
15-32 in Mellars P, Gibson K, eds. 198&delling the Early Human MindCambridge, UK: Mc-
Donald Inst. Archaeol. Res.

49 [[??[Mayr 2001, p. 252 what evolution is]]] Basiooks New York.

%0 Earley, J. (1997). Transforming Human Culture:iSidevolution and the Planetary Crisislbany:
SUNY Press.
Koestler A The Ghost in the machine Pan edition01l®6ndon p277

51 Frazer, James George. 1922. /The Golden Boughdgéddi Edition/.New York:MacMillan.

521921

%3 Russell then relents enough to say that, speditoagly, it is our ‘verbal habits’ which crysta#i
our beliefs, and afford the most convenient wagnaking them explicit.

% Turchin chapter 8

% refere website

% Fromm 1942 pp23-25
* Wilber ??

%8| am reminded of the joke about the aristocrat wlaimed that his ancestors’ family tree went back
to the time when they lived in it.

%9 Abduction Process of generating an explanatorythgsis that is consistent with the known facts
explain satisficing too.history as telling coherstaries



¢ Reference on developmental systems theory Greyzaifiiths?? Oyama (1985) Producing a
species-typical phenotype requires the interactofrassspecies-typical genotype and a species-tiypica
environment. The developmental systems concept &tempt to recognise that phenotypes are not
the product of nature nor of nurture but of int¢éiatbetween the two

®1 (differential reproductive success, within a specbf phenotypes carrying different genotypes)
[[[[lthe differential reproduction of heritable viants of developmental systems due to relative
improvements in their functioning. (Wills 19??)[lfhe niche which is being passed on from
generation to generation of a developmental sygestowly changing]]]]

®2 Thomas Huxley called this a process of ‘progressidaptation’ but ‘progress’ is a problematic word
to be avoided when possible.

6 Conrad p 260 Waddington on canalisation

% Gould uses the term exaptation rather than preatiap on the grounds that exaptation has no
teleological flavour of purpose. | prefer preacdioh as being more immediately understandable.
There is no implication that the organism ‘knewaidvance that some adaptation would acquire
further utility at a later time. Cooption is anethierm for preadaptation.

65 Adaptability is the capacity to thrive and survive when theimment changes whereas
evolvability is proactive ie entity has capaciiytty something different in the absence of
environmental change see mataptation discussMetaptation: Any evolved trait which permits or
promotes viable genetic variation is a metaptatfiing).. That species differ in their evolutionary
plasticity, in their potential for speciating arat faccommodating to diverse and shifting environtsien
is well known. Eg duplicate genes, sexual reprtdaocConrad too

% Dunn’s terms (1971 chapter 2) are adaptive sgsatin and adaptive generalisation. Other terms
for the same distinction are specific vs generalion and cladogenesis (branching evolution) vs
anagenesis (upward evolution) (Rensch 1959).

’Adaptedness is an absolute measure of the capadityvive and reproduce. Fitness is a relative
measure of survival and reproductive success. I@ookp23 Just as animals and plants can be bred
only to a certain point.

® plasmon is the aggregate of cytoplasmic or extl@an genetic material in an organism. Plastid a
specialized component organelle in a photosynthpdgict cell that contains pigment, ribosomes, and
DNA, and serves specific physiological purposehisasfood synthesis and storage

% (Carroll 2000) Structural genes are genes thae dor polypeptides or other structural units of a
cell. Homeosis means a shift in structural develept.

0 «selectively neutral’ means that organisms withsth preadaptations were as reproductively
successful as those without them.

" Sometimes, because genes can have multiple effeotsfunctional tissues can arise as by-products
of selection for some functional character. Unggdised tissues can be formed as allometric
‘byproducts’ and then be later coopted for new fioms ..specialisation removes surplus unspecilise



tisues which otherwise might have been availahierfoulding into generalised adaptations (wait till
have read Rensch 1959).

2 Gould and Eldredge?? One argument against disuiuia that forms with characteristics
intermediate between orders or even families asergmlly unknown.

3 (Dunn p 57).

" 2%explain orthogenesis?
> Gould (1982, 383

® REnsch p71

"REnsch p73

8 REnsch pp211-218Njichael J. ReissThe Allometry of Growth and Reproduction
(1989), a study of how behavioral, ecological, aadlutionary questions concerning
various organisms can be addressed by a compaeatalgsis of their size and body
weight.

™ Also, as homeothermy allowed migration to colderi@nments, individual energy needs may have
been reduced somewhat by a parallel reductionamthiden of tropical parasites.

8For example, DG King ahttp://www.science.siu.edu/zoology/king/metapt.l{ancessed May 3
2006) Heyland et al e-library

8 | egait et al 1976

82 McNeill 2000 says 5mn people in 8000BC

8 Agrawal, Anurag, Phentypic plasticity in the irtetions and evolution of species Science 294 2001
321-26

8 Brantingham 1998

8 Haberl H, 2002,R E SEARCH AND ANALYS | S Massachusetts Institute of Technology and
Yale University, The Energetic Metabolism of Soist Part |I: Empirical Examples

8 [Mayr 2001 p 2541.)11]

87 akoff in Metaphors we live by suggests that ttetig point for identifying a family of entitids a
prototype entity with a a set of characteristi¢fie extent to which other entities deviate in their
characteristics from the prototype determines wéretthey will be subjectively judged as being within
the same family.

8 Dawkins Wilson



