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As just about the only science writer who appayeimls NOT got a book out about
Darwin in the last six months | feel especially kified to speak to you today!

Over the last few months it has been instructiveliserve the way Charles Darwin’s
bicentenary and the sesquicentenary of the Orig8pecies has been celebrated in
public. | wonder sometimes whether the descriptibDarwin and his achievements

tells us almost as much about contemporary attfttmlscience and scientists as it does
about the achievements of the great man himse#irelare few figures that have attained
quite the cultural significance of Charles Darvangd the common characteristic of such
icons is that they are re-made and recruited asdadt imprimatur of respectability and
influence. Darwin is at the moment at this kincapbgee.

| believe a number of reasons can be invoked fospecial status. The first emanates
most particularly from scientists themselves. Stsémndo have a problem with public
perception; or perhaps | should say rather thansisits are neurotically worried about
how they might be perceived by the public, whichas quite the same thing. Scientists
want to be understood, to have the public appieevhat they actually do, and how the
scientific method works. Scientists themselves wirat their image is not generally an
encouraging one. First, there is a kind of hang@neen the days of the boffin in the back
room — the classic nerd, to use the modern termho©uch with anything except his
computer, and unable to explain exactly what Iitagand usually he) does to anyone
other than his fellows — well, scientists themsg®rry whether he is a figure of
derision. Then, by complete contrast, we have asirg public portraits of famous
scientists who are revealed as monsters of egetidgra match of every self-regarding



novelist or poet. Think of the recent biographiéslewton or the mathematician Paul
Erdos in The man who loved only numbers, or JohshNmortrayed in A Beautiful Mind.
Who can forget the withering dismissal by the fattemany of his contemporaries as
‘one theorem minds’ with the infinity of arroganitet implies. That madness followed
in Nash’s case could have seemed retribution ahrasi¢ragedy. Well — scientists want
to be thought of as human — and | believe thahtiten of science as ‘the disinterested
pursuit of truth’ remains an ideal or heuristicttisaa persistent one.

This is where Darwin comes to the rescue. Hereasstientist as we (our fellow
scientists) would like the creature to be portraymEssessed of patience and generosity
towards others (recall the kindly ways in whichassured all his many correspondents of
his gratitude and attention at all times); the Itfegwell conducted and creative to the
end; the warm attachment to his family (and who daubt the grief of the man at the
early death of his daughter Annie?). The popularsitthe portraits of Darwin as an old
man — the white beard, the deep set eyes brimmitihgankind of wisdom and touched
with sadness — demonstrates the preference for rhight term “Saint Darwin”. It's a
paradox, of course, but the image of the aged Daisvieally not so different from the
portrait of St Jerome by Caravaggio. The ‘sainthes with relics, particularly the
notebooks, and with such sacred texts as that farsketch postulating the notion of
common descent with the wonderfully ambiguous statg “I think” at the top of the
page. How much more appealing that short phrase“thaow” or “I understand” — it's

a characteristically modest approach to originahtyentative prod towards a change in
Weltanschauung. So this is the scientist as idealone all scientists might —
theoretically —aspire to, and fail to match upQ@oe is pushed to think of any other who
might press all the same buttons — the only nantledrsame league | can think of is
possibly Dorothy Hodgkin — but there is no icon lier to compare with the late Darwin.
However inappropriately, Darwin rests in Westmingtbbey. You feel that he might
have preferred to be interred beneath his wormesamown House.

Darwin has a second great claim to occupy thisiapplace in the scientists’
pantheon. His ideas are considered comprehensilthe tthinking layman — which since
nobody likes to be considered incapable of thourgtitides just about everyone. There is
none of the kind of general nervousness in contatimgl Darwin that Einstein or Max
Planck inspires. Mathematics is genuinely beyomrdcttmprehension of many articulate
people, and mathematicians tend to inspire a kirtiscombobulated awe. Having just
returned from a large US campus | have seen hogtétimis ‘domesticated’ on T-shirts
by combining one of his slightly bonkers photogmphth a selection of his more
transparent bon mots and aphorisms — but | thingtipeople realise that this is missing
his real substance, the difficult part. However shqeeople “get’ Darwin — or think they
do — and therefore also think they have a riglant@pinion on Darwinism. Thus we
arrive at opinion polls with their dispiriting cdnsions — Miller and colleagues in
Science in 2006 report that 62% of US respondegreseal with the statement “Human
beings were created by God as whole persons anibtlielvolve from earlier forms of
life”. Even in this country polls have revealedtteame 30% of respondents don’t
“believe’ in Darwinism. One simply cannot imagiagoll happening in which people
would confidently assert that they don’t ‘beliewe’the Special Theory of Relativity.
Indeed, belief or otherwise in the Higgs Bosoneatativity is simply not an issue for



democratic assessment. While the implications ofMdaand Einstein both percolate
into the everyday of medicine or electronics, feamaple, it seems only the former has
the property of being capable of being rejectedgmion polls. Such polls never ask
whether those questioned believe that all medieakments predicated on the
assumption that evolution actually happened shbeiteforth be discontinued, which
raises interesting issues about the way polls @neaived for the convenience of those
asking the questions. But however one looks athigt remains is the apparent ease of
understanding of what Darwin is supposed to hawceasacompared with other advances
in maths, chemistry and physics. And this may iddee true — for all those that
perversely grasp the wrong end of the stick. Tlea iof common descent is a simple one,
and really did change the way we see the world;gsknowledge of genes and the
genetic code really has transformed biology andiomeel But somehow, many people
are able to accept the onward-rolling implicatioh®arwin while still feeling able to
reject his ‘—ism’ so to speak. But for scientisk&e comprehensibility of so much of
Darwin’s research is another reason for his icetatus. Would that we could all
transform the world by an idea so capable of fagtiirexpression.

At this point it is instructive to compare Darwaith that other dominating figure
of the last century, Sigmund Freud. | am old enadwgtecall a time when Freud was
regarded as seminal in an analogous way to Chadesin. If The origin of species was
one of the sacred texts, then so wasHtyeand the Id and its many fellows. The story of
the dethronement of Freud as scientist is fam@rayugh — crucially perhaps that his
mechanics of mind was capable of infinite elaboraand immune to falsification (not
really science at all) as Karl Popper and his aagepointed out. Nonetheless the
language of Freud endures, from id to subconscena his influence in literature and art
—especially surrealism - is genuine enough, atthquerhaps having something of an
historic ring to it — does anyone now really bedi¢kiat Salvador Dali’s extraordinary
landscapes were produced by pure psychic automdireet from the unconscious?
Equally, the idea of conducting an opinion polliagkthe populace whether they believe
in Freudianism, or even in the existence of thedsiscious Mind, seem rather ridiculous
now. Nonetheless it is not inappropriate to coragaeud in his heyday with Darwin, if
only because both produced ideas that were graspglihe many; both acquired
‘bulldogs’ to promulgate their ideas - in the cas&reud hounds of variable loyalty -
and both entered common parlance. However, wittsidhedining of Freud in the
understanding of the mind it seems to me thatrtiportance of Darwin to scientists
increased commensurately. While Freud’s discipletably Carl Gustav Jung, became
more mystical than mechanical, the fruits of Dafwideas emerged from the trees both
of science and of life itself. The language of naltgelection slowly began to oust the
elaborate jargon that had guaranteed the esotegierhony of the analysts, and help to
perpetuate their fat fees. The compass of Darwgneliéended to occupy what had once
been Viennese territory; laboratory and statistca/eys replaced the psychiatrists plush
couches. Analysis has continued largely as theogedive of the leisured and wealthy
neurotic.

Nonetheless — as an aside — the compelling atiract the case history narrative
pioneered by Freud has retained its place. | thfrtke ‘casebooks’ of Oliver Sacks — his
brilliantly summarised brief lives continuing thadition of John Aubrey — and they are



attractive just because they acknowledge the samigyilof human lives — and show that a
reliance on interpretative jargon is not necestanbtain psychological insight. The
brain as an evolutionarily engineered organ stdkes for stories.

To summarise so far: scientists need Darwin; anchlkes for the ideal scientific
hero because — he was a good human being as veelraative one, because he stands
for scientific advance which can be grasped byysan (even though this carries with it
a particular blight of opinion polls); and he haslasted Freud and taken on some of the
latter’s territory. Paradoxical though it might sew the atheist vanguard, he’s become a
kind of secular saint complete with elements ofdvis; special iconography, and with
Down House as his shrine. Even today, researceeisto get his blessing by finding
appropriate quotes from the great man buried irCxhgin or in the Autobiography.
Whether or not he would have asked for them heh&td his sturdy defenders more than
a century after T H Huxley retired as his ‘bulldoBichard Dawkins as Darwin’s
Rottweiler perhaps — Steve Jones as Darwin’s Jask&l terrier, maybe.

So now we can look at Darwin and the history f&f ithore specifically. We have
to recall at this point that enough was known atttitme Darwin published therigin to
reassure him that the fossil record was consistemtbroad way with the notion of
evolutionary ‘progression’. Darwin himself workdwbtoughly upon the fossils of
barnacles, and published a monograph of the Palagraphical Society upon them in
1851-5 — so he had studied the imperfections ofdb&il record at close hand. Even the
earliest Systems of the Palaeozoic had been defihedgh the Ordovician had to wait
for a few years to be conceived) and the dominahaevertebrates in these early strata
was well-known. The great advances made by Cuviehe continent, and the likes of
Sedgwick and Murchison closer to home, had estadalishe succession of strata
sufficiently to conceive of the history of life assequence of ‘ages’ in popular
assessment — each one, of course, carrying wathinevitable hint of advancement.
Crucial scientific titles meanwhile filled in therte period between the return of the
Beagle and the publication of th@rigin. | think of Hugh Miller's book The Old Red
Sandstone of 1841 (five yrs after the Beagle retdymvhich documented “the age of
fishes”; or recall Waterhouse Hawkir3ok of the Great sea dragons of the year before
that and its significance for suggesting ‘an ageeptiles’ or even the age of ‘sea
monsters’ of popular imagination; and if the dinosahad already become known before
Darwin departed on his epic voyage thanks to Giddantell's description of Iguanodon
from the Weald in 1825 — well, several more spewaiese known much more completely
by the time the Origin was in proof; while Baronv@r had made great strides with the
subsequent ‘age of mammals’ in the Paris BasinCaravin himself added several more
from his visit to South America, to which we shodloubtless add Richard Owen’s
history of the British fossil mammals and birds448). Davidson on brachiopods,
Hawle & Corda and the great Joachim Barrande oreBidn trilobites, the list goes on —
it's no exaggeration to say that it was all happgnn the world of palaeontological
discovery during Darwin’s famous inter-regnum wtikedelayed over the publication of
theOrigin of species. Darwin was very aware of this factual progresdekd the sheer
abundance of new material may have contributedstadution.



It's speculation — but | think rather a plausiblee — that what Darwin was hoping
for was some kind of spectacular demonstratiomefttuth of evolution — not just the
general ‘improvements’ | have mentioned, but a fessil link between major groups of
organisms. When he finally did get to publish, bdioed in Chapter 6 what he termed
‘difficulties on theory’. Prominent in this sectiovas what he termed “the rarity or
absence of intermediate forms’, which is followgdabdisquisition on the lacunae and
fickleness of the fossil record. | think that thenrarrival of the perfect demonstration
probably hurt him more than one might think, anddwsdised (prescient as always) where
his critics might come from. He was acutely awdrthe ‘holes’ in his theory that the
fossil record might be expected to fill. For exdeipe knew about and acknowledged in
print the surprising suddenness with which fossiilsomplex organisms appeared the
Cambrian strata.

| don’t think it would be too much of an exaggevatito say that a lot of palaeontological
effort over the last 150 years has been to ideptiécisely those ‘intermediate forms’.
Equally, I think it is a story of outstanding susse for all that single and simple
‘missing links’ are the exception and not the ratel complex sets of intermediate forms
are common. Only a few weeks ago | learned of theogtery of the latest intermediate
form to turn up: a half-way-house turtle now nan@ebntochelys semitestacea, which
proves that the turtle shell was sealed first ftmetow, before completing the most
perfect armour in the animal kingdom by sealingabpve as well. Yogan have half a
turtle. Nearly all the seminal breakthroughs in tirstory of life — including the
colonisation of new habitats like land, for examplew have a matching series of fossils
bridging the gap between before and after. Ofsmubarwin would only have to have
waited for two more years for the primitive bidchaeopteryx to have turned up — with
its teeth and other reptilian features it is exattte kind of link Darwin might have
profoundly wished had been available when he plétitheOrigin of Species.

Doubtless it would have figured prominently in Aiguments. But then of course we
would have been celebrating in 2011.

During the course of my working life | have seea #imcestry of the birds from among
the dinosaurs progress from a rather radical hygsigtto a generally accepted - well, |
had better not say ‘fact’ because there are boké¢ who won't buy into the idea. What |
will say is that the discovery of whole ranks oindbirds’ from China has re-inforced the
hypothesis that feathers had a use before fligiat that what S J Gould called exaptation
- the recruitment of a character to new purposecommon in history: feathers before
flight. Then we could look at the transition fronater to land and the establishment of
the tetrapods - which started with the discoveryealy early land animals in Devonian
strata in Greenland in the last century, but hasthe final touches added just in the last
few years with the discovery @fktaalik in Arctic Canada, which offers an almost
perfect link between limb and fin, bone by boneoading to Neil Shubin. Or | could
describe the many important species of fossil pl#mt have been discovered by my
colleague Dianne Edwards in the Welsh Borderlatids-time from the late Silurian —
‘John the Baptists’ preparing the way for the otbkgyanisms on the crossing from water
to land. Plants came first — arthropods followdlde @ncestors of insects and spiders) —
and they in turn were food for vertebrates, butrallall the whole suit of organisms were
provided with a comparatively safe haven compargh the waters from which they



emerged. Life took the opportunities, as it alwagems to do. Or | could make much of
the details of the human tree which have comaytt In the last fifty years as fossil after
fossil has been discovered after Raymond Darttginntuition — making the African
origin of our species something which is accepte85H% of anthropologists — and for
anthropologists that is a pretty good measure mdeagent. The point is that Darwin’s
shortages have now — mostly- been supplied, whethat is required is a whale with
legs (found), a dinosaur with feathers (found)adish with fingers. | am glad to say.

But that’s not to say that everything has beenadised, thank goodness. Otherwise we
palaeontologists might just as well pack up oursbddpere are still mysteries to be
solved. To take just one example, the Class Insetit@ most species-diverse group by
far, and therefore not a trivial matter, certaiye have known for some time that
flightless insects were already around among thig earestrial plant communities —
springtails not so different from those aroundakerage Cambridgeshire pond. But we
still don’t know in detail how flying insects evad — although there are plenty of
controversial ideas — because really convincingsiteonal forms have not yet been
discovered as fossils. In recent years there haxs &eevival of the idea that the ancestor
of the insects would be some kind of crustaceatmielweplaced the idea with which |
was brought up that the ancestor was closer totipeele. Molecular evidence has
provided an important series of new insights i thebate — which makes the point that
science is always open to reinterpretation when kiads of evidence arrive. | might add
that these controversies still provide the favourakitat of those who believe in
Intelligent Design. Wherever there is an unsolveibjem these people move into a
particular space, claiming the operation of thedgwg hand at that point in the story.

Then, too, that realm of mystery to Darwin, thedarebrian, has been illuminated in so
many ways. Far from being devoid of fossils, they/there in abundance if one knows
where to look. The story of the change from a wdddhinated by prokaryotes (lacking
organised nuclei) at 3.5 billion to the appearavfoeukaryotes with nuclei, and sexually
differentiated organisms at about 1300 million ge&go — and thence to complex
organisms that achieved large size four hundretiomiyears later is both a tribute to
Darwinian intuition and a story of surprises. lhscome clear that the world evolved and
life with it. The oxygenation of the atmosphere \eboot have happened without
photosynthesising microorganisms operating ovedheds of millions of years.
Atmospheric change made animals possible. Livirajagues of ancient stromatolite
mounds were discovered in Shark’s Bay Western Aliatr The biochemist joined hands
with the geochemist to work out how the cyclingcoicial nutrients and elements
provided a global control on the evolution of thmasphere. That in turn controlled
when animals could become large, and set the $oesabsequent evolution — it's
almost too neat. But then there are the Ediacaramads — those large, but still
mysterious organisms that populated the oceans gefes of millions of years before the
Cambrian. | had the pleasure of visiting Mistak@mPin Newfoundland last year to see
these strange things for myself (and here’s ortberh). Well they certainly do not
resemble comfortable common ancestors of younggmisms — and | think you would
have difficulty caliming one of these curiositiesthe urbilaterian that allegedly lies at
the Clapham Junction of evolution of most animfal. [They are, in short, a delightful
surprise, and | am sure Darwin would have beentagued by them as we are.



But then we arrive at the Cambrian evolutionarylesion — which is still the most
extraordinary threshold in the history of life ewaspite the many discoveries in the
Precambrian. The conventional story is that theomgjoups of organisms — the phyla —
appeared with great rapidity at 542 million yeags,anany of them acquired preservable
skeletons then or shortly afterwards, and everethiost didn’t are preserved thanks to a
range of special fossil sites that preserved thenmaanimals that lacked skeletons — the
most famous locality being the Burgess Shale itigriColumbia. My professor here in
Cambridge, Harry Whittington, sealed his reputabonworking on the Burgess Shale —
and a whole generation of his students have becaary as famous working on the
Burgess animals that Harry passed on to them ia9@@s. New discoveries in China and
Greenland have added another huge gallery of fassitals to the Cambrian exhibition.
My own animals, the trilobites, have been dethronetie process as the most primitive
arthropods. Darwin would probably have assumedttiegt were the basal arthropods, if
only because at the time of the Origin hard-sheligabites provided thenly evidence

of the Phylum Arthropoda in the Cambrian; well, nihvere are several dozen other kinds
of arthropods and their relatives and these maketfer candidates for the early links in
the chain. Organisms now rather obscure — likeivels of the velvet worrPeripatus —
were prolific in the Cambrian, but perhaps that waly to be expected. However, the
important point is that scientists can understiwede Cambrian faunas in an evolutionary
context. Some of them are strange-looking animadsveere described as ‘weird
wonders’ and the like: there were claims that ttegresented many extinct phyla, an
idea that achieved prominence thanks to Steve Gol889 bestselling book Wonderful
Life. Not many scientists go along with that nowgdamany of the strange animals of the
Cambrian are now understood as extinct memberdaf are termed stem lineages — if
you like, relatively familiar animals under congttion embellished with peculiarities all
their own. They've been subsumed into the Darwiparadigm.

From these beginnings we go onward and upwardsighrime —and through those
earthly “ages” of fish and reptile that Darwin @dy knew: land colonised; the air
colonised; forests and reefs coming and goingwihele delirious diversity of life; and
the ‘human age’ at last. The extinction of formssladapted; the proliferation of forms
better adapted: the whole increasing complexityf@apparently defying the second law
of thermodynamics driven by the motor of naturd¢ston. In this great adventure was
the end point to eventually arrive at Darwin’s g#gd bank’? You will recognise the
famous quotation from the end of t@eigin: “It is interesting to contemplate an
entangled bank, clothed with many plants of mamg&j with birds singing on the
bushes, with various insects flitting about, anthwvorms crawling through the damp
earth, and to reflect that these elaborately coostd forms, so different from each other,
and dependent on each other in so complex a mamez,all been produced by laws
acting around us.”

Not that life’s history was really a simple onwamad upward scenario. Now we know
better than did Darwin about the mass extincticenéy that punctuated - or should | say
punctured? — that succession of ‘intermediate forfhbe events at the end of the
Palaeozoic era removed 90% of the marine spe@esthe earth, and all but a few tough
generalists from the land. The end Cretaceousaiim 180 million years later was less
severe, but everyone knows that the end of thesdims on land and of the ammonites in



the sea — and many more besides — reset the cast@icters that would take life’s
history onward into the Cenozoic. Many scientistBdve that the world froze over
almost completely in the later Precambrian, withtad traumatic implications for life
that that entails. If | can put it teleologicallyere was no particular sin committed by
those organisms that failed to survive these aafaisés, nor apparently any special
virtue that carried survivors through. An organisnght die out because it was simply
too large, or ate something that itself was endaetyer simply because it lived in a
habitat that vanished with the drastic conditionihwhich extinction events are
invariably associated: be they meteorite impacwstet climate changes, ocean anoxia,
or usually some particularly nasty combination®feral of these factors.

| don’t suppose anyone would object to the broagessible brush history of life | have
just outlined other than the most diehard creastom/hat | haveiot said much about yet
is what it all means — if indeed it means anythahgll. Personally, | have tended to
avoid the topic. Ten years ago | concluded my owtoly of the biosphere by saying
‘there are no trite moral lessons, nor are homdiesirable about cycles of history which
are destined to come around once more.’ But ifgmeept what | have said about Darwin
—then the scientist in his role as hero might atrbesequired to impart meaning.
Somehow Darwin’s conclusion in ti@igin does not seem to have quite the satisfying
punch of, say: “Man is born free, but everywhereshia chains!” Darwin rather
modestly concludes that the processes behind evolwill lead to “Divergence of
Character and the Extinction of less-improved fdrrigell, | can spin that a little
without doing too much violence to his languagedy that evolution will lead to
‘improvement’ and improvement certainly carrieshwitthe notion of advance. There
will be a direction to life history and that dirext will, to put is as vaguely as possible,
be in some way forwards in time and upwards thradggign towards some ultimate, if
unreachable perfectability.

But let’s stop here for a moment. Because if really the case that the major extinction
events operated in some arbitrary way upon whatviDatiermed the ‘extinction of forms’
then thesexternal circumstances may have made the ‘improvementtlugravise of the
organisms beside the point. Were it not for a gmeteorite impact dinosaurs would have
carried on happily enough; nor was there an ‘imprognt’ possessed by, say, crocodiles
and turtles that allowed them to survive while diaars perished. Maybe they were just
lucky enough to require less food for long periods.

Not everybody is as cautious about discerning rmggmir drawing conclusions from the
history of life as Darwin (or me). | can crystaflisvo extremes of attitude according to
the emphasis placed on those controls on lifejsdtary | have just described. First,
there is the view that external events, like massetions, or even random extinctions,
have been the main drivers of what we see in lifigsgory. Its shape, in short, is largely a
matter of contingency. This view is perhaps moatlilg associated with the late Stephen
Jay Gould. He expounded it in his book about thelaan explosion and the Burgess
Shale fauna, based on the work Harry Whittingtodh lais colleaguesWonderful Life.

As an international bestseller it made all thersits¢s famous. Gould was already famous
but it certainly made him a lot richer. One of thain theses dfVonderful Life was that

if one, rather than another of the ‘weird wondéisit thrived in the Cambrian had



become extinct, possibly by mere random chancae, tthee shape of life might well have
had an utterly different trajectory. Put in ternfisaanetaphor that became very popular,
Gould said that if the tape of life were to be again, the outcome might have been very
different.

Then we have a completely opposite view, whiclaysghat - despite the vicissitudes of
earthly events, however, drastic, the course efibuld, given time enough, run through
its course in exactly the same fashion. And | megewtly, even to the extent of the
eventual evolution of critical intelligence in gobdal animal with good binocular vision.
Put another way, everything — including the Cambegwaolutionary explosion to the
appearance of consciousness — was an inevitabsegoence of life’s appearance on
planet earth and the first self-replicating celieTtape was destined to play a particular
narrative, and that narrative was assuredly pregres- ‘improvement’ of a special kind.
This idea — the antimatter to Gould’s matter —agtipularly promulgated by my former
friend Professor Simon Conway Morris of this unsir, one of Whittington’s students

in the heady years of the Burgess Shale investigaitiPalaeontologists of my vintage
will remember Simon unveiling some of the oddemnaals in the Burgess fauna at
conferences, and originally claiming them as regaméeg hitherto unknown animal

phyla. I do not want to trace his transmogrificatfoom being the beneficiary of Gould’s
particular praise to scourge of everything Goutmbdtfor — although | believe that
psychology of a not-particularly Freudian kind Isasnething to do with it. But it is

worth exploring how two professors looking at tlaeng apparent narrative based largely
on fossil evidence can come to absolutely diffecamiclusions - and sell them to the
waiting public under such magisterial titles adéls solution”. Both would claim
Darwin’s blessing while pointing out ways in whittte old man was not quite the ticket.

Both views start from the base of undeniable fdets.Conway Morris the
overwhelmingly important fact is the frequency ohgergent evolution — I'll shorten it
to ‘convergence’ - both in the fossil record andobagnliving organisms. Convergence is
a matter of striking similarities of form havingsen on separate evolutionary pathways.
An old favourite: although there are differencegmervation, the octopus eye and the
higher vertebrate eye are similarly constructed fidims of trees and of corals have
been independently evolved on several occasionsage truffles. The list goes on and
on. Systematists like me are exercised by it becausare always trying to discover the
real evolutionary relationships which may not beacly revealed by more blatant
similarities; cladists call such resemblances hdasies and they are everywhere in
evolutionary trees — no question about it. Theveotional explanation for these
resemblances is that designs in nature have thtlher‘purpose’. If you were a plant you
compete with other plants for light; one way of miimg is to grow upwards away from
competition and spread your chloroplasts as ifuwsteetched hands; but in doing that
you have to overcome mechanical problems in supygpybur foliage and in
transporting water; the solution is to become a twéh a mechanically strengthened
trunk containing water and nutrient transport systelt is an engineering problem, but
one that is constrained by the raw materials abkla and the genes that can do it.
There’s no question of a plant making its vessetobiron. Even biochemicals like
haemoglobin appear convergently because they adedical outcome of a cellular
toolkit. Evolution does not simply make things wprh scratch.



So the argument goes that the repeated appearbaeeerocomplex structures argues for
an innate progression — operating within the raofdgeabitats presented on earth. Taking
to the air provides an opportunity, for examplej amany organisms will indeed take that
opportunity, for all that the details of constrectiof wings are different in detail in bats,
birds, and pterosaurs, not to mention insects. lifieadoes rise to new opportunities is
perfectly reasonable, it seems to me, and suretwiDavould agree. But can you extend
that argument to the point where the appearanaehaiman isnevitable, where
consciousness will ineluctably arrive? As if theagof Darwin’s ‘improvements’ had to

be something very like ourselves? According to CaywWlorris the answer to both these
questions is “yes” - and at this point God enteesdrgument. The appearance of thinking
beings is what the whole process is about; as hi mcently: "the universe is actually
the product of a rational Mind and evolution is giynthe search engine that in leading to
sentience and consciousness allows us to disceeduhdamental architecture of the
universe.” Ahem. This is Conway Morris’ answer e tjuestion of direction in evolution
— the reason for what Darwin modestly proclaimetimgrovement’. We are here to
recognise, and presumably worship, the first caldislee dinosaurs had not gone extinct
— why, maybe they would have finished up as thelligent bipeds rather than us (he
qguotes an amusing science fiction book to thisceffeth approval) - they would
eventually have converged on the human form. Tpe pdays out regardless of the slings
and arrows of historical circumstance.

The blogosphere treatment of Conway Morris’ ideagretty harsh; he stands accused of
being a somewhat cryptic adherent to the viewsi#ligent Designers. He himself has
always strenuously denied this, and | think | dmpgthise with him that he doesn’t
actually claim that a "hidden hand’ is working hathicritical stages in the evolutionary
process. | would rather dub his viewpoint InevieaDlesign. The earliest history entails
the latest outcome. There is only one tape. Oddabugh, in a religious context his views
are remarkably like those of the Gnostic heretids) claimed that the Fall in the garden
of Eden and the knowledge of Good and Evil wassitdtll because without it there
would have been no resurrection: the former erttalie latter. As the medieval carol
‘Adam lay ybounden’ put it

Ne had the apple taken been,
The apple taken been,

Ne had never our ladie,
Abeen heav'ne queen.

Blessed be the time

That apple taken was,
Therefore we moun singen.
Deo gracias!

So, naturally enough, to Conway Morris the Gouldreew is anathema. Furthermore,
Gould was himself the leading representative cditadh cohort: the atheist/humanist
liberal intellectuals; those who have what Conwayii$ has repeatedly termed an ‘arid’
take on life, the universe and everything. As fanin — well, descent with modification
is essential for Inevitable Design to work, andspraably natural selection acts as a kind



of motor that keeps the tape turning onwards. saghtly hard put to see how this works
on the ground, as it were, but we’ll have to givihe benefit of the doubt.

On the very other hand, Gould brought out his idgantingency particularly from his
reading of the results of the Burgess Shale. Réuatllthe Cambrian lies early on in
metazoan evolution, early enough (so Steve clainteedave in the sea at the time
various additional animal designs as differentrasthat separate the animal phyla today.
Many of these ‘blueprints’ for further evolutionnshed; so he figured, not implausibly,
that had extinction picked out other candidatesyfreahe ancestor of all today’s
crustaceans and insects, for example) then theequbat course of life might have been
completely different. If one fork in the path diliwere followed rather than another,
who knows what organisms would have arisen? A sdmesimilar argument might be
applied to mass extinction events, as I've alraaéytioned. In Gould’s view, natural
selection works its wonders in creative times < lifke invasion of land — but the whole
scenario can be reset by external events -metspdéeoxygenation or even by chance
extinctions. However, it is important to recordtteence Gould’sNonderful Life re-
examination of the Cambrian weird wonders have shiat they are better understood
as primitive members related to living groups rathan as the possessors of uniquely
peculiar characteristics. If one rather than anotiael gone extinct, then maybe the future
of life would not have been so different after all. And new discmseover the last

decade have shown that at least some of the Camdmmienal types lived on for millions

of years. Gould’s extinctions were probably justaiter of ignorance of geologically
younger soft-bodied faunas, a few of which we kmmwadays.

It's as well to remind ourselves at this pointtthath these opposing views, G &CM,
are buttressed by considering almost exactly theesevidence. In my view, this is where
the same philosophical considerations that didcsigmund Freud come back into the
picture. The point is surely thagither the idea of the convergent fate of life histargry
the idea of contingency, can actually be testettddsyunning’ the tape of time. It's not an
experiment that can ever be done outside the nfitttecsavant. It's non science (I'm
tempted to say nonsense). It is not any more sticatty possible than re-running human
history to describe what might or might not havpgened had Hitler won the Second
World War. It's fun, but it's the stuff of novelstind conspiracy theorists, not scientists.
However, itis possible closely to examine what happened over edsgction events -
this is a matter of gleaning facts, and many sacksfhave indeed been accumulated over
the last two decades that prove how tightly squétéfeewas at the end of the Permian, to
give but one example. On this score I'd say thdingent scenario was more capable of
examination than the ‘Inevitable’ scenario.

But perhaps | haven’t been quite fair at this politere 1S a way of testing the Inevitable
Design idea, but only outside the solar systemwagrMorris asserts the likelihood of
life evolving to the same pattern elsewhere inuheerse (and more possible planets are
recognised each year), in which case the appeacdmograterrestrial intelligent bipedal
beings in Trafalgar Square would offer proof okthcenario. Astrobiology is a
fashionable branch of science just now, and thea tolas probably had more than a fair
draught of the oxygen of publicity. For myselthink it has more than a smack of the
cargo cult of Vanuatu about it, perpetual waitingroof of something that is itself a



supposition, and probably implausible. But | cooédproved wrong tomorrow — |
wonder what odds the bookies would write for me3g4 of Life: an unauthorised
biography)

So let’s return finally for another bite at the gtien of Darwin’s ‘improvement’. After
all, the scientist’s saint almost invariably had tight judgement — he didn’t claim a
monopoly on the meaning of life, but the bits bekled at were always illuminated.

| believe that one can objectively identify someediion in life’s history and if you want
to call it ‘improvement’ I'm not going to baulk #ttoo strongly. This direction results
from two elements in evolution by natural selectioto one of which Darwin devoted his
genius. That is co -evolution — the mutual jackinmef adaptations. Darwin famously
explored the connection between pollinating insaat$ orchids — one might say more
generally insects and angiosperms — promoting wargdincrease in richness of designs
in both, and to the eventual end of increasindikatihood of cross pollination. Almost
the complement of that sort of co-evolution is whas$ been characterised by Geerat
Vermeij as the ‘arms race’ between predator ang. pfermeij demonstrated how
molluscs and other organisms were forced to imp(agat word) their defensive armour
or other strategies in response to more efficieeti@tion by heavily clawed crabs or
efficient boring snails — and this happened dutirgCretaceous, and not immediately
after a mass extinction. This was evolution aseatore force. After the extinction of the
dinosaurs the faster metabolism of mammals (andékd for more food per unit time)
must surely have entailed more complex neural ndtsv@reater sophistication in the
hunters would have stimulated greater sensitivitthe hunted. The fact that however
you define it ‘clever’ animals have appeared inesalvlineages — crows, dolphins and
primates — is merely the top end of a general ‘ompment’. | cannot absolutely prove it,
but if brain size relative to body weight is angiration then the Cenozoic world is a
smarter world than the Jurassic world. Let’s notdmerestrictive about our definition of
improvement — anyone who has a cat will know théegogion of their hunting skills (and
presumably the associated neural networks) butalgtt acknowledge how maddeningly
stupid they can be. But | think we can reasonalibyethat brain-led directional change.

Then there is the property or propensity of lifdétold up complex systems — like coral
reefs — from simpler components, which in turn paewhabitats and niches for hundreds
of other organisms. We know this has happened teglgathrough geological time. We
probably only know a fraction of the species tuckeay in a thousand niches in the
rainforests even now. Well, this is another sorafancement, and may be one that is
interrupted only by contingent factors like climateange. And it is important to say that
none of this kind of advancement implies thatedkl ‘improved’ organisms died out —
many are accommodated within the ‘tangled bankigatlly happily. The soil harbours
many small organisms that have been around mone3b@ million years since the
Devonian.

So | think | can summarise by saying that Darwimgrovements’ do indeed have
meaning. | prefer to summarise it all by saying tha becomes richer over its long
history. The habitat breakthroughs (water to larm) ®ere the most obvious part of this;
emergent systems like reefs and forests less obvpmrhaps, but most creatively



enriching. The natural state of the biological wiarperating through natural selection is
one of maximising species richness. Extinction &verterrupt and divert this process,
giving new organisms the chance to contribute tissguent richness; stressable
ecologies like reefs are extinguished but thenitépaften using different organisms as
building blocks. But theres a sense of forward development, or ‘improvemesitle
saint would have put it.

At last we can come back to consciousness; WE hsimanthe first time that this has
arose on earth, so it cannot be argued thatutsisgnother potential example of
convergence. Inevitable? This is where we needdk dbnce more at the fossil record.
Although I've stressed that many structures do éad@ppear convergently more than
once, there are still plenty of unique structurese-offs that, as it were, evolution threw
up but never repeated. You could argue that there@vergences between porpoises
and Jurassic ichthyosaurs, for example, but wisetieei modern equivalent of the flexible
neckedPlesiosaurus andPliosaurus, which were already well-known in Darwins day? Or
take my own particular organism the long extinitblites — they had these uniquely
constructed eyes with lenses made of calcite -eendich are unique in the animal
kingdom. The eyes are compound eyes like thoseaofyrother arthropods — it’s just that
the trilobites took them off into a unique directid he eye oPhacops is unique. | could
give you lots of other examples, but the poinhis:twe do not know whether the
evolution of intelligence is a one-off or not. We khow that it hasn’t happened before,
and it could be the product of unique circumstameesrica when a selective premium
was placed on pushing the development of the limaanparticular direction. Given what
I've said about a general hike in ‘smartness’ | @enozoic, well, maybe humankind
was just one of the those ‘trilobite eye diversiaféthe common trend. It also seems to
me very unlikely that if mankind and the mammalsdme extinct that (say) crows
would pop exactly into that vacant consciousnesseniWe parted company from the
ancestors of the crows 250 million years ago, &sdems extraordinarily presumptious
to me to assume that crow consciousness (if treat@me to pass) would be anything
like our own.
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