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The science of culture
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I'want in this paper to address two aspects of the relationship between science and culture, then o
bring them together in the context of the third theme of the conference: fear. We have learned an
enormous amount over the past 150 years about how our species came to be, and this has opened
up rich avenues of enquiry about how culture came ro be; it is a constant source of astonishment
to me that chis wealth of information and source of new undcrstandings is still, for many people,
not a cause for delight and celebration, but rather for fear and denial.

HOW HUMANS CAMETO BE

There is absolutely no doubr in the minds of professional biologists that all living things are
related by common ancestry, or that human beings are:

—animals: we obtain our food by ingesting other organisms;

—chordates: our bodies are supported by a sriffening rod that runs along our dorsal side;
—mammals: we have body hair, and females secrete milk for suckling infants;

—primates: we have dextrous, unwebbed fingers and toes; '

—and apes: our tail is reduced to g coceyx, and we have an appendix in the gurt.

In this paper, what we are interested in is the last bit—us being apes.

When we go back in time and look for fossils documenting our oneness with our closest relatives
(the gibbons, orangutans, gorillas and chimpanzees), it is like walking down a long dark corridor,
with curtains hiding the view from us. If we start at 20 million years ago, and walk down the
corridor, from time to time we pass places where the curtain is pulled back, allowing us a glimpse
of the world outside, and we see animals that might be relevant to the tale we want to tell. About
18 million years ago, the curtain is pulled some way back, and we see a lightly forested East
African landscape populated by apelike creatures. Some of these, the proconsulids, we can see very
well and in great derail, but they are disappointing because, despite their tailless-ness, they are less
like real apes than the apes are from each other. The ones that look as if they might be more like
real apes can be discerned more dimly, in the background. Then the curtain closes again, and
despite brief occasional glimpses of African, European and Asian landscapes, and rantalisingly
apelike inhabitants, these are fleeting and often concroversial. It is not until we reach 4 million
years ago that the curtain is suddenly pulled widely back to reveal Atrican woodlands and a plethora
of apes, but already they are bipedal and obviously part of our own special lineage, our side of the
split from the chimpanzees. Afrer this, it is the periods when the curtain is in place, hiding the
view, that are the rarity, and we see more than we niiss. After the 2 million mark, continents other
than Africa appear in our view, and as we near the present day the apes become more and more
human.

I£. then, the fossil record does not document any of the actual common ancestors, how can we
know what they looked like, and when they lived?
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We know what they must have looked like by reconstructing them, using the method knowy,

as cladistic analysis. Our bodies are but sparsely haired, whereas those of the other apes, includi;;g
our closest relatives the chimpanzees, are more thickly haired, so by the principle ofparsimony we
can infer thar all the COMMON ancestors were well-haired, and thar body hair was lost only in the
special human line. The same reasoning suggests that the common ancestors walked on all foyrs,
not (or, not habitually) on two legs, that they had short legs, small brains, protruding jaws, p]
divergent great toes. ,

To deduce when they live, we use a technique called the Molecular Clock. This makes e of
the finding that most changes to DNA, the material of heredity, are neicher advantageous nor
disadvantageous, but neutral, so an overall regularity in races of change can be predicied. By countiny
the DNA differences between pairs of species, we can reconstruct the relative times when their
ancestors branched off the evolutionary tree; then, given a few key fossils as calibration, we ¢y,
calculace the approximate times of each of these nodes. The evolutionary tree of the Grear Apes
(orangutans, gorillas, chimpanzees and humans) looks like this:

Orangut:m

Gorilla

Chimpanzee

Human

We can test whether a molecular clock exists by using what is called the Relative Rates Test. If
the genetic distance of gorillas is the same to both chimpanzees and humans, ic means that since
their evolutionary separation the ancestors of chimpanzees and humans have gone on changing at
the same rate. If the genetic distance of orangutans is the same to all three other apes, it means thar
ancestral gorillas and ancestral chimpanzee/humans went on evolving at the same rate after their
evolutionary separation, too, Is this the case? Table 1 shows that it is (generic distances are in
percent of the total genome):

Table 1

The figures are taken from Chen & L (2001). Different DNA segments evolve at slightly
different rates, so Chen and [ collected all the dara published so far, on the grounds that irregularities
are likely to even our over 2 large enough dacaset, and ended up with 53 DNA segments, carefully
chosen to avoid actual genes. Genes, because they code for physical and biochemical characteristics
concerned with the survival of the organism, are likely o evolve fast if an advantageous mutarion
occurs, and not to change ar all ifa disadvantageous one occurs: so Chen and Li chose pseudogenes
(DNA segments which used to be genes in the distant past, but were switched off during evolution)
and introns (non-coding segments within genes). Recall that the discovery that less than 10% of
the total genome actually consists of genes, in most organisms, has been one of the surprises that
molecular geneticists Sprung on us over the past 20 or 30 years.

When we look ar the table, we can see that the relagive rates test tells us that evolution in
neutral DNA has gone on at the same rate throughout, so a molecular clock is justified. (Some of
the mean distances differ slightly, but the differences are not significant when the standard errors
are taken into account.)
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There is a tossil proto-oranguran, Sivapithecus, from the Siwalik Hills in Pakistan, which is
about 10~12 million years old. So the orangutan lineage was already separate by then. We don’
know precisely how far along the lineage it was, so the noted palacoprimatologist David Pilbeam
gave Chen and Li an estimate for the time when the orangutan and gorilla/chimpanzee/human
lineages separated: 12 to 16 million years ago. As there is a molecular clock, we can calculate the
other separation dates: the gorillaand chimpanzee/human lineages separated 6.2-8.4 million years
ago, and the chimpanzee and human lineages separated 4.6-6.2 million years ago.

Is this consistent with the human fossil record? There are some rather scrappy and controversial
sets of fossils from the Tugen Hills in Kenya at abour 6 million years old (Senut et al. 2001) and
from the Middle Awash region in Ethiopia at 5.2-5.8 million (Haile-Selassie 2001), and these
were recently augmented by an absolutely stunning complete skull from Chad, 6-7 million years
old (Brunet et al. 2002), which has however proved no less controversial. Tt seems fair to say that
the oldest fossil which most specialists would be prepared to accept as being on the human line is
Ardipithecus ramidus, also from the Middle Awash, at about 4.4 million years ago (White et al.
1994). Ardipithecus looks to me abour as primitive as you can get and still be recognisably on the
human lineage, so I would be surprised if the human/chimpanzee split is very much older than
that. Haile-Selassie’s fossil, which he also thinks is Ardipithecus, would be just abour consistent
with that judgement, burt the Kenyan and Chadian fossils would probably not be, and would be
pushing the boundaries of the Chen and Li dates as well.

Most of what we know abou Ardipithecus is about its reeth, though there are some parts of the
skull and skeleton, and apparently there is a great deal more material now known, and soon to be
described.

The 4-million-year-old sites of Kanapoi and Allia Bay, in northern Kenya, have yielded the
earliest specimens of what are known as australopithecines. This general term designates “primitive
members of the human line”, and they are a very diverse lot. Dating from between 4 million and
1 million years ago, we have abundant material of skulls, skeletons and teeth, from South Africa,
Malawi, Tanzania, Kenya, Ethiopia and Chad. They had a habitually upright posture and walked
bipedally, as shown especially by the shape of the pelvis, femur and ankle; even if we have just a
skull, we can still tell thac they stood upright, because the foramen magnum (the hole through
which the spinal cord enters the skull to join the brainstem) is underneath the skull, indicating
that the skull was balanced on top of the spine, rather than ar the back of the skull which would
indicate that the skull was slung from the front of a nearly horizontal spine like a chimpanzee or
gorilla. But they had short legs, a wide, funnel-shaped ribcage, and strong, well-muscled arms, and
there is disagreement over whether this means that they were efficient tree-climbers or whether
these features were just legacies of their ancestral condition which they had had no reason to throw
off yet.

They were a diverse lot. So far, nine species have been identified, in three or four different
genera (a genus is a cluster of relared species), and one could argue that Ardipithecus ramidus is a
sort of australopithecine as well. Some of these species were primitive and could have been ancestors
of real humans, whereas others were very specialised and could certainly not have been ancescral to
anything else. It is important to realise that there would be two or three species in existence at any
one time: they were animals like any other, coexisting, competing, each exploiting the environment
in its own way. Human evolution was not “onward and upward”; some of them were our ancestors
(obviously), but most of them were our maiden aunts, destined for a final quietus, unwept, unsung.

From about 2!/ million years ago, we get the first traces of something more like us: Homo.
Around 2 million years ago there start to be complete skulls and partial skeletons. The earliest had
the small teeth and rounded palates of Homo, bue sl had australopithecine-like skeletons, and
their brains were only a very little larger than those of the australopithecines; they were typified by
aspecies called Homo habilis, and we can refer to them as the habiline grade. They were succeeded
rapidly by the much more advanced erectine grade, which for the first time extended the human
range outside of Africa; the grade consisted of several species, the best known being Homo erectus
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of Java. The erectines had much larger brains and shorter muzzles and, for the firse tme, the
beginnings of a protruding nose. The skeleton is best known from a remarkably complete gy,
adult individual from Nariokotome in northern Kenya; the rectines had long legs and obvious], a

/

fully modern, striding gait, and the small barrel-shaped ribcage of modern humans, They wese
succeeded by the sapient grade, people like us (Hpmw sapiens).

These four grades~—austmlopithccine, habiline, erectine, sapicnt~ovcrlz1pped I time, ap
graded into each other, so that some specimens are difficult to allocare securely to one racher than
another and it is probably not meaningful to try to do so—we are, after all, dealing with the
dynamic process known as evolution. The first definite habiline is 2.3 million years old; he last,
about 1.5 million. The earliest erectine is 1.8 million, but there are fragmenmry remains 2 million
years old that may be erectines. The fugt erectines survived in Java to perhaps as Late as 80,000 years
ago, by which time the first sapients had long since evolved in Aftica and begun to spread our of jy.

The first people truly identifiable as Homp sapiens were African, and they lived 130,000 years
ago; by 110,000 years ago Homo sapiens were in Israel, by 67,000 in China, by 63,000 in Australia,
and by 40,000 in Europe.

What of our cousins, the Neanderra] species, who evolved in Europe some 300,000 years ago
and held sole occupany of Europe and Western Asia und they were displaced by modern humang
Do we class them as erectine of sapient, or something different? The question is not really
meaningful. They were very different from us, wich thei stocky build, big noses, back-sloping
cheeks, big brows and flat heads; but they were very human, too, with brains 4 large as ours,
burial of the dead, and a nice line in well-made stone artefacts, Butabout 40,000 years ago modern
humans entered Europe, and the Neandertals crumbled before them. Warfare, or just biological
competition? We don’t know. But we do know now that there was a little interbreeding, Neandertals
hung on longest in the Iberian Peninsula, and in Portugal, 25,500 years ago, there was buried 4 5-
year-old boy whose skeleton suggests very strongly that he was hybrid between a modern and a
Neandertal.

HOW HUMAN CULTURE CAME TO BE

The behaviours and skills we associate with being human, and form the basis of human culture,
are actually very old. There is a sense in which they could only have evolved in the Primares,
mammals with large brains and dextrous hands, and Primates are already more intelligent, meaning
showing more human-style learning and understanding ability, than most other mammals. Dolphins
and elephants have their moments, but lacking the dexterity that four fingers and a thumb provide
has proved an unsurmountable handicap in the culture department.

Our nearest relatives, the other great apes, in many respects approach us more closely than do
monkeys, in mental capacities as well as physical structure. Look at Table 2.

All great apes sit upright and often (though not habitually) stand upright. This at once frees
their hands from locomotion and allows them ro play other roles. They are not habitually bipedal,
however; this is something that had to wait for the human line to separate off, though the fuli
striding gait had to await the erectine phase. Canines began to become sertously reduced in the
human line too, although some evidence indicates that other, pre-human apes had independently
shortened their own canines. Brain size began to increase only in the habilines, and thenceforch
carried on increasing at every stage.

All great apes use tools. Orangurans are extremely good ar using, even occasionally making,
tools in zoos, and one population is known to use natural objects as tools in the wild. Gorillas, less
lively-minded than orangurans, only occasionally use tools, The great toolmaker among nonhumang
is the chimpanzee. Wild chimpanzees modify sticks to serve as probes into termite mounds, modify
leaf clusters to act as sponges, and perform a great maay other tool-making activities; they also use
stones to crack nuts, but do not modify the stones. The imcr‘esting thing is thar not al] populations
of chimpanzees do all of these things, but there are stone-using populations, termite-probing
populations, and so on. There are other ways of doing things that are found in one or a few

Being human: science, culture and fear




Table 2 Development of human characteristics,

Great Aust Hab [ Erecr Sap
Apes
Anatomy j
Upright posture X X X X
Bipedal gaic - x| x X
Shortened canines X X X
| Enlarged brain X XX XXX
| Striding gait X X
[ Technology
r Tool use X X X X
| Tool making X X X X X
rStone tool making X X X
[ Fire Li X
Hatfting X
Standing structures X
Water transport X
Psychology
Self-awareness X X X > XX
Symbolic communication X X X X
Mental template X X
Language X
Society
Kin-based groups X X X X X be T
Fission-fusion organisation X X X
Community terricory - X be X X X
Food sharing X X X X X
Activity bases X X X
Culture
Social transmission 2 X X X X X
Big game hunting x? X
Burial x|
[ Art e | x

Abbreviations: Chimp——chimpanzecs; Aust——australopi thecines; Hab—habilines; Erect—erectines;
Sap—sapients.

populations, different from what is done in other populations. Chimpanzee specialists therefore
speak of chimpanzees having very rudimentary cultures, and culture areas (Whiten et al. 1999).
This means thar they are transmitting cultural information to each other, but it is notable that
what they do not do is build upon pre-existing culture to add layers of complexity, which is
something that all human societies do.

[t may seem curious that chimpanzees are so clever ar making tools out of sticks, grass stems
and leaves but they do not modity stone, using it just as they find it. There is evidently some sort
of conceptual breakthrough here, because in the human fossil record there is no trace of stone
tool-making until the habiline stage (though it is possible that one australopithecine species,
Australopithecus garhi, known from a single 2.5-million-year-old site in Ethiopia, may have made
them). What is more, whereas chimpanzees do plan ahead, and select stones to carry to nut-
cracking sites from as much as 500 metres away, habilines obtained suirable material for their
stone tools from 2--3 km, occasionally as much as 11 km, away (Potts 1988). Presumably
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