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3
Exploration and organic 

evolution

Rise and fall of a fossil kangaroo
Sorting the succession of Cambrian strata on the Willunga Range, I found 
a sandstone at the bottom with numerous specimens of the small cone-
shaped shell known as Hyolithes, and we called this stratum informally the 
Hyolithes-Sandstone. People also noticed the distinct possibility that I had 
the oldest shelly fossil in Australia. Basking in this accomplishment was 
fine, but I had become more involved in my nautiloids and in the rocks 
and fossils of the Cenozoic Era, so I did not mind Brian Daily, curator at 
the museum and the authority on the South Australian Cambrian, taking 
over the Hyolithes-Sandstone and doing the thorough job on it that had not 
been possible in a crowded year. Even so, bragging rights were reserved to 
be paired with another newsworthy discovery, the oldest modern kangaroo 
in Australia; and this find ended rather differently. We—Mary Wade, Chas 
Abele and I—were in western Victoria in 1959, crawling over a section of 
richly fossiliferous strata of Miocene age. Sandwiched between a relatively 
hard limestone and a clayey, limey sediment known as a marl, was a sand 
with pebbles, worn marine shells and fragments of whale bone; and I found 
a more solid bone looking like part of a leg. Collected and labelled, in due 
course the bone was shown to Martin Glaessner, who saw its very close 
resemblance to the left leg (femur) of a large modern kangaroo—but what 
was this terrestrial creature doing in sediments millions of years older 
than the known, modern-type roos and among abundant marine fossils? 
Glaessner and Wade promptly returned to the site, checked and sampled 
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and double-checked, and showed that the microfossils below and above the 
bone bed tightly bracketed its age as Middle Miocene (see the next chapter 
on microfossils). Even in retrospect, the age-bracketing could hardly have 
been tighter.1

So there! I had the oldest kangaroo in the land. But it was a fleeting 
triumph. Vertebrate palaeontologists took over the locality and collected 
an assemblage of fossils of land animals which turned out to be not 
Miocene but Pleistocene in age. The weight of the evidence was not that 
the fauna was much older than had been known; the evidence was that 
a young assemblage of fossils had somehow been emplaced within older 
rocks. Misleading rock relationships are common. Imagine a wombat bone 
among ammonites, meaning marine fossils of uncontested Mesozoic age. 
This configuration could be dismissed easily as a modern wombat burrow. 
Also well known is the neptunian dyke, where an advancing sea inserts 
sediment metres or tens of metres deeply into joints (cracks) in the old 
landscape. And then there is the redepositing of older fossils upwards into 
younger strata, having survived erosion and transport. (Things can be 
obscure to the uninitiated. At a soil scientist’s seminar on the development 
of a ‘soil profile’, my fellow stratigrapher Brian Daily nudged me in the ribs 
and hissed, ‘can you see what I am seeing?’ Indeed I could: the slide was 
displaying a pronounced unconformity indicating that, seemingly unknown 
to him, the distinguished chemist’s soil profile was missing millions of years 
from its middle.) Our painstaking logging, collecting and analysis had 
covered all eventualities, or so we had thought. Our southern limestones are 
prone to extensive dissolving by groundwater, leaving caves and sinkholes, 
well known to accumulate bones and teeth, and frequently infilled with 
almost-modern clay; but in our case groundwater had seeped through the 
sand between the Miocene limestone and the Miocene marl, slowly, ever 
so slowly, nudging young terrestrial bones into intimate association with 
old marine bones and marine shells. No older than the Pleistocene, the 
kangaroo was special no longer.

1	  Glaessner et al. (1960).
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Earth history written on a humble clam
Still, it is an ill wind  …  Schoolchildren like hearing about scientific 
research—the activity, not just the achievement and the progress—and they 
like it more to hear an elderly scientist confess his misfiring. That gets their 
attention. But the mystery of the misplaced kangaroo was also my modest 
introduction to the world of bones and their significance in earth and life 
history, which was immense, and in the story of Australian discovery too.

Figure 3.1. French and British explorers in the south seas.
Source: All portraits from Wikimedia Commons (commons.wikimedia.org).

We return to the South Seas (Figure 3.1) and to the French, to the shells of 
Lamarck and the bones of Cuvier triggering that revolutionary awakening 
in our culture, round about the turn of the eighteenth to the nineteenth 
centuries. A famous quote is a good resumption:

‘Captain, if we had not been kept so long picking up shells and 
catching butterflies in Van Diemen’s Land, you would not have 
discovered the south coast before us.’ Lieutenant Henri de Freycinet 
(Le Géographe) to Captain Matthew Flinders (Investigator), Port 
Jackson, 1802.

http://commons.wikimedia.org
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Figure 3.2. Trigonia and Neotrigonia: Lamarck’s excitement.
Trigonia was well known in the Secondaries in Europe (the Mesozoic) but conspicuously 
missing from the Tertiaries. Its living presence in southern Australia contributed to 
the notion of this place as a repository for ancient survivors, the notion established by the 
strange fauna and flora. For Lamarck, Trigonia was evidence for lineages evolving but not 
extinguishing. From Lamarck, to McCoy, to Darwin, to Gould—the story of Trigonia as a 
celebrity in organic evolution is well told in Danielle Clode’s Continent of curiosities (2006).
Source: Left, two species from Ludbrook’s monograph of shells, courtesy of Geological 
Survey of South Australia; right, original illustrations of Neotrigonia margaritacea by 
Lamarck in 1804, here from Rudwick’s (2005) reproduction.

The contrast between Baudin’s expedition and Flinders’s to the South Seas 
reflected the contrast between the scientific culture of Paris—fermenting, 
thriving, competing, expanding—and London, somewhat less of the 
above.2 That the savants in Paris, led intellectually by Lamarck and Cuvier, 
were awake to the scientific possibilities is nicely illustrated by the story of 
Trigonia, a clam (Figure 3.2).

Trigonia had been named recently by Lamarck’s friend and predecessor 
in malacology, the late Bruguière, and was familiar to students of the 
fossiliferous rocks of Europe known as the Secondaries. They were 
the cockles of the Mesozoic Era.3 But Trigonia seemed to have gone extinct. 
Lamarck was finding no Trigonia in his great study of the rich molluscan 
assemblages around Paris, those later to be designated as Eocene in age; but 

2	  Danielle Clode tells the stories beautifully in Voyages to the South Seas: In search of Terres Australes 
(2007). From the blurb: ‘It is the story of the scientists, collectors, savants and sailors who risked their lives 
in order to bring back untold riches, not of spices and gold, but of knowledge, for a fascinated public to 
devour.’ Clode records (p. 278) de Freycinet’s complaint, taking it from Flinders himself (1814).
3	  Stanley (1978).
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he was also nurturing a theory of organic evolution wherein species were 
phantoms, organic entities perpetually in transition as lineages meandered 
through geological time.

The thousands of marine specimens brought back to France from New 
Holland came primarily to Lamarck. In a modern handbook for shell 
collectors, Molluscs of South Australia (Hunt, 2011), I find these numbers: 
420 taxa (kinds) are listed as having been named and illustrated in the past 
two centuries or so; almost all are molluscs, including snails, cockles and 
clams, cephalopods and chitons. Of the 420 taxa, 65 or almost one in six 
were described, named and classified by Lamarck in five works between 
1811 and 1822. Lamarck was long convinced of the transformational 
evolution (‘transmutation’) of species and in working up his theory he was 
documenting close similarities between his Paris Basin faunas and modern 
molluscan assemblages. In the previous chapter I hail the diligence of the 
malacologists in dividing up the Tertiary Period using fossils, my emphasis 
being on fossil succession and difference leading to the fossil-based erection 
of Lyell’s epochs; here, in contrast, the emphasis is on fossil similarity 
implying relationship. There were many new taxa to be discovered among 
that great pile of shells, numerous shells from the southern shores reminding 
Lamarck of shells long gone from the Northern Hemisphere; but the most 
exciting and to become the most famous was a small clam collected by 
Péron on Bruny Island off Tasmania, which Lamarck published promptly as 
Trigonia margaritacea, in 1804.

Think of it: Trigonia has never been sighted in any of the intensely prospected 
strata of the European Tertiaries and it must be extinct—yet up it pops in 
the Antipodes and is not extinct after all! In due course five more species 
of Trigonia were discovered, the six species being strewn around maritime 
Australia and nowhere else. And in due course the missing Tertiary species 
were found too, recognised first by McCoy in Melbourne, now amounting 
to 11 species and reclassified as the genera Eotrigonia and Neotrigonia, direct 
descendants of Trigonia, only in Australia (Figure 3.3).

There is yet more to the Trigonia story, but first we need to move from 
the sea into the terrestrial realm and on to the next episode in the saga of 
biohistory culminating in organic evolution.



SOUTHERN LIMESTONES UNDER WESTERN EYES

68

Figure 3.3. Trigonia, Eotrigonia and Neotrigonia: Darragh’s array in time.
Bridging the yawning gap between Trigonia ancient (Mesozoic) and modern (living 
today) began with Richard Daintree’s discovering a fossil at Bird Rock in Victoria in 1861, 
the fossil now known as Eotrigonia subundulata, of Oligocene age. The images telling 
that strictly Australian story are arranged here from the splendid review and synthesis 
of subsequent discoveries by Tom Darragh (1986). Just as Nautilus is not a ‘living fossil’ 
(Chapter 2), so too has Trigonia evolved and speciated to form groups now known as 
Eotrigonia and Neotrigonia, even though Trigonia’s status as the cockles of the Mesozoic 
seas has been appropriated long since by, well, cockles.
Source: Redrawn with the approval of Tom Darragh.
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Of bones and time and Georges Cuvier
Here is another famous quote, eminently worth its reiteration down the 
decades:

How was it not seen that the birth of the theory of the earth is 
due to fossils alone; and that without them we would perhaps never 
have dreamt that there had been successive epochs, and a series of 
different operations, in the formation of the globe?4

I have mentioned Cuvier’s achievements with Brongniart, putting ancient 
strata with their fossils in the sequence of time, and demonstrating that 
the fossil faunas have changed markedly in the course of geological time 
(see Figure 2.5). This was the first of Cuvier’s three big steps towards a history 
of life on earth. Second, he showed us that the patterns of earth history and 
life history are multiple, not linear, as illustrated by his classification of all 
animals into four great streams, or phyla (French, embranchements) which 
he named Radiata, Mollusca, Articulata and Vertebrata. This was the final 
death-blow to the Great Chain of Being (scala naturae), an ancient notion 
periodically rejuvenated, that all earthly life can be arranged in a linear 
hierarchy from the lowliest organisms all the way up to the angels. The scala 
naturae was the ultimate politicised rationale justifying stratified hierarchies 
of power and privilege in human society. Cuvier, more than anyone 
before or since, progressed the scientific discipline known as comparative 
anatomy or zoology and showed conclusively that organisms in no way fall 
into any single linear pattern. Third, Cuvier showed once and for all that 
extinction was a fundamental fact of life on this earth. He demonstrated that 
the mammoths of Europe and Siberia were different from the mastodons 
of North America, that neither was merely an African or Indian elephant 
in warm clothing and out of place, and that both were extinct. The older 
Tertiary fossils in the Paris Basin were of animals long extinct. The great 
swimming reptiles in the Secondary seas and the flying reptiles above the 
seas were extinct beyond argument. And during Cuvier’s time and shortly 
thereafter people came to understand that the trilobites, the ammonites and 
belemnites, and multitudes of other animals preserved as fossils in the muds 
of ancient seas, had gone extinct.

4	  Georges Cuvier’s 1812 essay in Preliminary discourse on the revolutions of the globe, as newly 
translated in Rudwick (1997; quote on p. 205). Rudwick’s book is the best place to appreciate Cuvier’s 
place in founding the sciences of biogeohistory.
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George Gaylord Simpson, the most incisive scrutineer of fossils and 
palaeontologists, observed that Cuvier, long acknowledged as father of 
vertebrate palaeontology, did not actually originate any of the fundamental 
principles of the discipline. Instead, he developed, exemplified and 
systematised them and brought together a mass of hitherto scattered 
observations and insights—achievements that assure his pre-eminent place 
in the history of science.

It was Cuvier’s good fortune, [wrote Simpson in 1942, p. 151] that 
he had the material and it was the world’s good fortune that he 
had the intelligence to discriminate the true and the false in all the 
preceding work of the eighteenth century and to unify and amend 
these facts and inferences into a statement of the case that has proved 
to be permanently valid, aside from unimportant details.

Simpson’s verdict still holds on Cuvier’s towering achievements in instilling 
historicity and triggering the rise of geohistory and biohistory, the new 
historical sciences.5

Well aware of New Holland’s extraordinary fauna of egg-laying mammals 
and pouched marsupials (this was three decades after Captain Cook), Cuvier 
knew too that there was an opossum in North America and that nothing at 
all was known of marsupials in the Old World. Receiving a new specimen 
of a vertebrate animal from the gypsum quarries in the Paris district, with 
his theatrical flair he made the prediction from its teeth that exhumation 
from the matrix would reveal the characteristic marsupial bones; and he 
performed the extraction as a dramatic confirmation in front of competent 
witnesses. A risky prediction but, yes, it was indeed a marsupial, a single 
specimen in the Old World Eocene, related in Cuvier’s opinion to the 
American opossum but isolated in space and in time.6 But for progress 
in the Australian story we move on a decade, adding a framework of 
time (i.e.  back to the Pleistocene Epoch) to the spatial or biogeographic 
dimension (i.e. Australia vis-à-vis the other continents).

5	  Simpson (1942).
6	  Rudwick (2005, Fig. 7.20).
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Owen and Darwin: Bones and extinction—
biogeography and the law of succession
The Wellington caves in east–central New South Wales7 expanded through 
the ages by extensive solution of Palaeozoic (Devonian) limestones. The 
action of percolating water enlarges cracks and fissures and develops caves 
and lets in dust, all good for accumulating fossils. Animals fall in and they 
defecate in, bones are dropped in, carcases are dragged in, pellets are vomited 
in (by owls); and chances of preservation are relatively good. The discovery 
of bones within the Wellington cave system caught the attention in 1830 
of the surveyor-general of NSW, Major Thomas Mitchell, well-educated 
and well-connected, and friend of the most prominent theologian in the 
colony, the Reverend John Dunmore Lang. Mitchell was keenly aware of 
the work of Cuvier, including his theory of successive catastrophes based 
on his reconstructed fossil succession in the district of Paris, and of William 
Buckland, who took up the notion of a worldwide Biblical Deluge more 
seriously than Cuvier ever did, and who sought an ‘antediluvian fauna’. 
Lang was interested in the implications of and for the Deluge. There 
was extensive collecting and the collections were shipped to Edinburgh 
(to Robert Jameson at the university), to London (to William Clift at the 
Royal College of Surgeons), and to Cuvier in Paris. Cuvier died in 1832 and 
the bones in Paris were studied by his assistant Joseph Pentland.8

Clift took on as his assistant the young Richard Owen. Owen had been 
apprenticed to a surgeon doing post-mortems, learning his bones and 
sinews and organs the rigorous way and very well, but making his name in 
zoological circles with a monograph on the pearly Nautilus in 1828. Owen 
was to become the most significant practitioner of vertebrate palaeontology 
in the ensuing decades; his published research on the Wellington Cave fossils 
spanned half a century, 1838–1888. In his appendix to Mitchell’s 1838 
account, Owen reported modern genera of ‘possum’, potoroo, wombat, 
‘native cat’, thylacine and kangaroo, but in each case the species  was 
different and several were bigger than the modern counterparts. There 
was also the huge animal to be called the Diprotodon. (Two decades later, 
Owen, now superintendent in natural history at the British Museum, 
successfully applied for NSW governmental funding to sharply expand the 

7	  Dawson (1985).
8	  Pentland reported in 1831 that Cuvier (like Clift) had identified kangaroo, wombat, koala and other 
marsupials similar to the living fauna, plus a large and unfamiliar bone, which was a marsupial later to be 
named Diprotodon (Rudwick, 2008).
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excavating and collecting under the direction of Gerard Krefft, curator at 
the Australian Museum. The Wellington Caves fossil assemblages, the first 
to be found on this continent, are of Late Pliocene to Late Pleistocene age; 
they now comprise about 60 species of marsupials, half of which are extinct; 
and they include reptiles, birds, bats, rodents and monotremes.)

Word of the rich bone hauls spread quickly in the halls and crypts of natural 
history and anatomy. These animals were marsupial, like the strange modern 
Australian fauna and unlike the Pleistocene fossils on the other continents. 
But they were extinct. Other continents had their extinct giant animals, 
later known as the megafauna. And now Australia had its own extinct giants 
(Figure 3.4).

Figure 3.4. Owen’s big Pleistocene marsupials.
Two marsupials described by Richard Owen became the best known members of the 
Pleistocene megafauna in Australia: the large-leopard-sized carnivore Thylacoleo and 
the massive herbivore Diprotodon (human skull is for scale).
Source: Both illustrations are from Owen’s 1860 textbook Palæontology.
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Already the well-networked Charles Lyell could write in 1832, in Principles 
of geology:

These facts [on the large marsupials] are full of interest, for they prove 
that the peculiar type of organization which now characterizes the 
marsupial tribes has prevailed from a remote period in Australia, and 
that in that continent … many species of mammalia have become 
extinct. It also appears …  that land quadrupeds, far exceeding in 
magnitude the wild species now inhabiting New Holland, have, 
at some former period, existed in that country.9

Richard Owen was excellently placed to access and compare the various 
Pleistocene megafaunas of the world. He found a close correspondence 
between the faunas of the Pliocene and Pleistocene epochs in continental 
Europe and Asia and the modern faunas in the same large region—most 
of the genera but not the species were represented among the still living. 
Darwin’s collections of mammal fossils from South America went to Owen. 
On South America, Owen opined: ‘most of the fossil Mammalia  …  are 
as distinct from the Europaeo-Asiatic forms as they are closely allied to 
the peculiarly South American existing genera’. And now the ‘ossiferous 
caves of Australia’ were confirming the law, namely that ‘with extinct as 
with existing Mammalia, particular forms were assigned to particular 
provinces’, and that ‘the same forms were restricted to the same provinces at 
a former geological period as they are at the present day’ (emphasis added). 
In his 1860 textbook Palaeontology,10 Owen makes much of the pattern 
repeated around the world, wherein an extinct fauna is ‘matched only by 
species now peculiar to that continent’. In Australia, the one great natural 
group, the Marsupialia, includes counterparts of the more diverse placentals 
on the larger continents. Thus the dasyures (quolls etc.) play the parts of 
the Carnivora, the bandicoots of the Insectivora, the phalangers of the 
Quadrumana (four-handed primates), the wombat of the Rodentia, and 
the kangaroos ‘in a remoter degree’ of the Ruminantia (grazing mammals). 
Owen is making an important ecological generalisation here: the stages are 
different, the players are local, but the drama, the play and even the times of 
the performance are pretty much the same.

9	  Lyell (1990).
10	  The quotes and discussion in this paragraph are taken from Owen’s section headed ‘Geographical 
distribution of Pleistocene mammals’ (Owen, 1860, pp. 387–397).
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Figure 3.5. Darwin’s argument from southern biogeography.
This is a model of southern biogeography, of three southern continents such as South 
America, Africa and Australia, and including the all-important fourth dimension of 
time. Two explanations are presented. A biblical creationist in evolution-denying mode, 
conscious of the catastrophic Deluge on the very young earth and the subsequent 
repopulating of the earth, would predict similarities (or affinities, or relationships; 
these words were used widely and loosely) within the realms of tropical–continental, 
temperate–continental and oceanic–island habitats, respectively. That prediction is 
shown with pale arrows. Several biogeographers observed the patterns that falsified 
the prediction, a falsification compounded by adding in the Pleistocene megafaunas 
(as they were later called) observed acutely by Clift, Lyell, Darwin and Owen. That 
interpretation is shown with the dark arrows. But only Darwin made the inspired 
cognitive jump from geographic similarity to evolutionary centres of origin.
Source: From McGowran (2013a).

But there is murkiness here too, as to who realised what and when they 
realised it. Writing his Chapter  XI on geological succession in On the 
origin  …, Charles Darwin begins his section, ‘On the succession of the 
same types within the same areas, during the later Tertiary periods’, with 
the  clear statement that William Clift showed that the fossil mammals 
from the Australian caves were closely allied to the living marsupials of that 
continent; that Owen demonstrated the same pattern in South America 
(also manifest ‘even to an uneducated eye’, presumably including his own); 
and that he, Darwin, was so impressed by all this that he insisted in 1839 and 
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1845 on this ‘law of the succession of types’, on this ‘wonderful relationship 
in the same continent between the dead and the living’. (The quotes are 
Darwin’s words.11)

It is customary to dismiss Australia’s contribution to the gestating theory 
of organic evolution in keeping with Darwin’s own famous last words: 
‘Farewell, Australia! … I leave your shores without sorrow or regret.’12 But a 
1980 paper, ‘Darwin and Diprotodon: The Wellington Caves fossils and the 
law of succession’, argues that Darwin’s initial insight came directly from the 
Australian discoveries.13

Inspect my schematic rendering of southern terrestrial biogeography 
including the fourth dimension of time (Figure 3.5).

Organisms survive and prosper by maintaining adaptation to their 
environments. In a natural theology of life’s supernatural creation and the 
world’s repopulation after the Deluge, it would be reasonable to predict, 
first, widespread affinities before the Deluge and a new set of widespread 
affinities afterwards. One would predict, second, affinities within the 
worldwide realms each of the tropical continents, the temperate continents 
and the oceanic-island habitats, respectively. Several biogeographers 
observed the patterns that falsified that latter prediction. Clift, Owen 
and Darwin compounded that falsification by adding in the Pleistocene 
megafaunas (as later so-called). All three grasped the law of succession of 
types. But only Darwin took the leap from regional geographic similarities 
to evolutionary centres of origin. As he explained in a letter to the biologist 
Ernst Haeckel in 1864:

In South America three classes of fact were brought strongly before 
my mind. Firstly, the manner in which closely allied species replace 
species in going southward. Secondly, the close affinity of the species 
inhabiting the islands near South America to those proper to the 
continent. This struck me profoundly, especially the difference of 
the species in the adjoining islets in the Galapagos Archipelago. 
Thirdly, the relation of the living Edentata and Rodentia to the 
extinct species. I shall never forget my astonishment when I dug out 
a gigantic piece of armour like that of the living armidillo.14

11	  Darwin (1964, p. 339).
12	  Darwin, The voyage of the Beagle (1959, p. 434).
13	  Dugan (1980).
14	  Taken from Haeckel (1876).
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Interlude, mid-century ferment: Six big 
British books and two others

Figure 3.6. Discovering evolution: Eight books from the Anglosphere.
Source: All but one are from the nineteenth century; Gilbert White’s late-eighteenth-
century effort is shown here in a modern printing.15

15	  In these times of anxiety about the decline of the West and the need for coherent curricula on 
Western Civilisation in the better universities, the Western canon of Great Books is mentioned frequently. 
Also very clear is the necessity to read, and read, and read. For that you need what Jewish grandmothers 
called the Sitzfleisch, you need the buttocks. Charles Darwin was a voracious and omnivorous reader. 
The teenager George Gaylord Simpson read the Encyclopedia Britannica in its entirety. Martin Glaessner 
was expected to read and absorb 200 pages a day as a postgraduate in Vienna. EO Wilson read both the 
Hebrew Bible and the Christian Bible, twice, while soaking up all the great evolutionists. To begin work 
on The triumph of the Darwinian method, Michael Ghiselin set about reading every published word by 
Charles Darwin. You didn’t stock your mind with dot points and googled snatches. Alas, almost half 
a century ago I set a reading list for an honours student; counting the pages (225) she burst into tears at 
the enormity of the task; reactions to intense reading down the ensuing decades were unenthusiastic, 
if less dramatic. Here, however, is a book display of substance from yesteryear, capturing the discovery 
of geohistory and biohistory. You see DD degrees below and MA degrees and FRS bestowals above; and 
the list climaxes in a magisterial trio who could hardly be more divergent: Owen, Phillips and Darwin; 
and the Darwin is universally a ‘great’ book. Alas again: the list is only in the Anglosphere and the great 
Frenchmen Buffon, Lamarck and Cuvier are missing.
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Very close in time, about 1860, close in space, in England, written in 
English by Englishmen, and exemplifying three very strong strands of our 
anastomosing narrative, are the three books on biostratigraphy, vertebrate 
palaeontology and organic evolution by John Phillips, Richard Owen 
and Charles Darwin, respectively (Figure  3.6, top far left through top 
centre‑right).

Meanwhile a succession of books mark the tradition known as natural 
theology. The natural theologian sought evidence of the existence of a loving 
Christian God by studying His creation. Natural theology is as old as the 
religious contemplation of nature itself, much older than the Abrahamic 
monotheisms based in the Hebrew Bible, but this very English version of the 
endeavour arose in Christianity and most visibly among Protestants, keen 
and perceptive observers of nature, in the late seventeenth and eighteenth 
centuries and climaxing in the nineteenth.

Thanks to the imperishable The natural history of Selborne (Figure 3.6, bottom 
far right), the Reverend Gilbert White (1720–1793) is the best-loved and 
best-remembered of the parson-naturalists serving the agricultural societies 
of eighteenth-century England. Born in the Hampshire village of Selborne, 
educated and smallpox-infected at Oxford, he lived out his life as a curate, 
died and was buried in Selborne. His milieu was the natural history of the 
eighteenth-century Enlightenment, meaning the study of organic diversity, 
the natural kinds of organisms, their description, naming and classification; 
but White went further than anybody in several ways. He restricted himself 
intensively to a small but environmentally diverse patch of Hampshire 
(including woodland, sheep-grazed land on the chalk, farms, wetlands and 
streams); he spent more time out-of-doors experiencing all the seasons than 
did the other serious naturalists of the times; he went beyond classification 
and identification to pioneer activities labelled in due course as behavioural 
science, ecology and environmentalism; and he wrote it all up, reporting 
his results in letters to a zoologist and an amateur naturalist, letters which 
were assembled for publication as this book. White reports occasionally on 
fossils, such as exhumed ammonites; and by the time of his ordination in 
the mid-eighteenth-century it was entirely possible to believe in earthly time 
extending into the millions of years and still be a faithful or pious Anglican. 
But his natural environment was rural southern England.

We come to the foundation text of natural theology. The Reverend 
Dr William Paley (1743–1805) famously opened his Natural theology 
(contained within The works, Figure 3.6 bottom centre-right) by likening 
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the universe to a watch. Contrasting our reactions to tripping over a stone 
on the heath to tripping over a watch in the same place, he argued that the 
watch’s order, complexity and purpose, its design, must imply the work 
of an intelligent designer. (If Paley ever tripped over a fossil, he took little 
notice.) Likewise, the order, the complexity and the purpose in the universe 
must imply the work of a creator. Written in reaction to what he perceived 
as the atheism infesting the philosophy of the times, exemplified by the 
ominous David Hume, Natural theology is a long discourse on structural 
and functional biology, on the ever more exquisite solutions enabling each 
kind of organism to survive, flourish and reproduce in its environment. 
Paley’s chosen speciality was human anatomy. Although he includes some 
comparative anatomy (discussion of which flirted briefly with and dismissed 
the sinister doctrine of transmutation, later called evolution), there is 
nothing in the book that might be called historical biology and no hint 
of a very great age of the earth.

In these respects Paley’s Natural theology contrasts hugely with Buckland’s 
natural theology, written after three decades of the new geohistory and 
biohistory (Geology and mineralogy, Figure  3.6, bottom centre-left). But 
natural theology was by no means done for—it adapted to the world’s new 
dimension, deep time. The Earl of Bridgewater, a gentleman naturalist, 
commissioned eight Bridgewater Treatises to enquire during the 1830s 
into ‘The Power, Wisdom, and Goodness of God, as manifested in 
the Creation’. Treatise VI, on Geology and mineralogy, was prepared by the 
Reverend Dr William Buckland (1784–1856) who, during the 1820s, 
became a geohistorian and biohistorian to be reckoned with, not least in his 
influence on Murchison. It has been argued that Buckland was the effective 
founder of a distinctive school of stratigraphy and geohistory and biohistory 
at Oxford that contrasted with the mathematical and physical bent at 
Cambridge.16 Having at his disposal an entire biogeohistorical discipline of 
stratigraphy and palaeontology, a discipline having only just become worthy 
of the name in Paley’s time, Buckland’s central objective in Treatise  VI 
remains the same as Paley’s had been—to hold the line on the Grand Design 
by the Grand Designer—but now extended deeply into the organic remains 
of a former world.

16	  Rupke (1983).
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Buckland’s exuberant Preface announces that natural theology has now 
arrived in deep time:

The myriads of petrified Remains which are disclosed by the 
researches of Geology all tend to prove that our Planet has been 
occupied in times preceding the Creation of the Human Race, 
by extinct species of Animals and Vegetables, made up, like living 
Organic Bodies, of ‘Clusters of Contrivances’, which demonstrate 
the exercise of stupendous Intelligence and Power. They further 
show that these extinct forms of Organic Life were so closely allied, 
by Unity in the principles of their construction, to Classes, Orders, 
and Families, which make up the existing Animal and Vegetable 
Kingdoms, that they not only afford an argument of surpassing 
force, against the doctrines of the Atheist and Polytheist; but supply 
a chain of connected evidence, amounting to demonstration, of the 
continuous Being, and of many of the highest Attributes of the One 
Living and True God.

Nor does Buckland leave things there, for the sinister whiff of transmutation 
is still in the air in 1836:

Theories which have been entertained respecting the Origin of the 
World; and the derivation of existing systems of organic Life, by an 
eternal succession, from preceding individuals of the same species; 
or by gradual transmutation of one species into another. I  have 
endeavoured to show, that to all these Theories the phenomena of 
Geology are decidedly opposed.17

(Long gestating in Buckland’s mind, however, were doubts about the 
widespread evidence in sediments claimed to record Noah’s Flood, 
the Deluge, and by 1840 he was convinced of the reality of the Pleistocene 
Ice Age.) Mrs Buckland’s Anglican anxieties over these career-threatening 
intellectual developments notwithstanding, Buckland DD FRS duly 
became dean of Westminster.

Forward another couple of decades, and we encounter two more titles in 
natural theology, by Edward Hitchcock (Figure 3.6, bottom far left) and 
Hugh Miller (Figure  3.6, top far right), one a distinguished academic 
and divine, the other a self-taught stonemason, both with something of 
palaeontological substance to contribute, that is, scientific credentials. 
We can say something about Buckland, Hitchcock and Miller as a group, 

17	  Buckland (1836, pp. vii–viii).
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because their similarities beyond a suffusion of piety are stronger and 
more significant than their differences. Their field boots are well worn and 
their fingernails dirty, and they know their rocks and their fossils. They 
reject the young earth or any implication of an age of only a few thousand 
years. (Miller is especially stinging in a chapter on the geology of the anti-
geologists. By the 1850s a three-event biblical history of Creation, Deluge 
and Armageddon has been well gone from science—it was dead science—for 
a century.) They subscribe to what we now call deep time and to the fossil-
driven geological column. They believe in geohistory and biohistory at very 
long time scales on a very old earth. How long and how old are unknown, 
but many sedimentary accumulations are to be measured in kilometres’ 
thickness, and time is accepted to be in the millions of years. However, they 
accept neither infinite time nor that notion of an eternal earth that goes back 
to Aristotle. They reject all theories of transmutation (subsequently called 
organic evolution). For them, species are very real historical entities with 
beginnings and endings in time, meaning extinctions, but no matter how 
similar an older shell, say, is to a younger shell, and whatever metaphysically 
was in the mind of the Creator and unknowable to us, the two shells have 
no actual, organic, genealogical connection. Biological organisation and 
adaptation existed on this earth long, long before the advent of ‘Man’; even 
so, there is strong belief in progress—progress towards and preparation 
for the advent of ‘Man’. And proof of design by an intelligent designer is 
everywhere and permeates everything.

But the fossil record added a twist to that faith in the reality of progress. 
Citing the evidence of the early fish and the early cephalopods, Miller and 
Hitchcock argue that the first organisms in their respective great group 
(or taxon) were perfectly designed and fully adapted; that the subsequent 
story was of decline, of retrograding from the complex to the simple, 
from the more perfect to the less perfect; that geology abounds in such 
stories and those stories are deemed to be utterly fatal to the hypothesis of 
development (‘development’ meaning transmutation and evolution). It was 
only in the longer narrative of each group being supplanted by another that 
overall progress is perceived. Extinction was long regarded as a blasphemous 
inference of the Creator’s second-guessing, of His flying kites; but our 
natural theologians had safely negotiated that hazard en route to deep time.
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Organic evolution did not happen: Species 
are immutable
There were roughly six decades from Cuvier’s discovery of extinction in the 
1790s, as we have seen, to Darwin’s theory of the origin of species (1859). 
Those decades spanned the Palaeontological Synthesis, during which 
the lithological time scale of the mid-eighteenth century was supplanted 
progressively with the evidence of the fossil succession; disputes were resolved 
by fossils; new territories were mapped and prospected with fossils; and the 
hopes for an intercontinental and global geological time-scale and a broadly 
global history of life were justified and fulfilled by fossils. Martin Rudwick 
has called this happening, this magnificent efflorescence of biohistory and 
geohistory, the Cuviero-Lyellian Revolution. I wrote in Chapter 2 that the 
bollard from which all this hangs was biostratigraphy. John Phillips realised 
that a geological time scale applicable worldwide could only be based on 
the fossil succession, and he proposed in 1841 the three great eras, the 
Palaeozoic, Mesozoic and Cenozoic (see Figure 2.9).

But why did biostratigraphy work so well?

Palaeontologists since Cuvier found repeatedly from plotting fossil 
distribution in the stratigraphic record that animal and plant species 
appeared in the seas or on the lands of the time, existed for a while, and 
then disappeared. The palaeontologists did not need an act of faith, 
a proof of some grand design to accept this pattern. Their everyday work 
was challenging, confirming, correcting, improving and strengthening 
their tools of trade, namely the orderly pattern of fossil species distributed 
in space and time. And this biostratigraphic foundation of the Cuviero-
Lyellian Revolution arose without any consensus as to why it really worked 
so well. That is, it was a robustly empirical foundation with no securely 
agreed theoretical support, no successful answers to the questions as to why 
did species come (the births or origins of species)? and why did they go 
(the deaths or extinctions of species)?

Since ancient times there have been four kinds of theory of the origin 
of species. One theory said that species are eternal, so it was known as 
Aristotelian eternalism; a second was that they were created or unfolded 
according to a divine blueprint; in a third, they arose spontaneously from 
unformed matter; or, fourth, they evolved. Aristotelian eternalism was 
no longer alive during the rise of biostratigraphy, but the other theories 
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were indeed alive. We tend to think of spontaneous generation as maggots 
emerging spontaneously from rotten meat, the theory destroyed by Pasteur 
and the other pioneering microbiologists; but there was a different theory 
going by that name or as ‘autogenesis’. Several well-known geologists and 
biologists, some labelled as ‘forerunners of Darwin’, have recently been 
identified as autogenists. In one clear example the natural theologian Edward 
Hitchcock constructed two trees of life, an animal tree and a vegetable tree 
(Figure 3.7).

Figure 3.7. Hitchcock’s family trees erupted from the rocks. This originally 
hand-coloured ‘paleontological chart’ was first published in 1840.
Alternatives to the notion of organic evolution in deep time during the six Cuvier-
Darwin decades were serial creation, spontaneous generation and reverent silence; 
Aristotelian eternalism had disappeared. In 1840 Edward Hitchcock depicted Cuvier’s 
four embranchements, his four great streams of animal kinds, against a geological time 
scale, and added the vegetables. No fossils were known from below the ‘Graywacke 
Period’ (the Cambrian-Silurian) and Hitchcock shows us why: the streams of life actually 
erupt out of the igneous rocks (granites) and out of the quartzites, gneisses, schists and 
limestones. In the Historic Period, man is crowned in the animals and the palms are 
crowned in the vegetables.
Source: From Archibald (2009, Fig. 5).
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The former displays four great trunks, each trunk being one of Cuvier’s 
embranchements, and each emerging during the ‘Greywacke Period’ 
(Cambrian–Silurian, Early Palaeozoic Era) from tree roots composed of 
metamorphic and igneous rocks, namely quartz rock, mica schist, granite, 
gneiss and limestone (not in the rocks). Likewise and at the same time 
a second trunk of flowerless terrestrial and marine plants emerges, soon 
adding the flowering plants. Not in the rocks but of the rocks; Hitchcock’s 
notion expired.

So what were the palaeontologists and geologists believing in, as they toiled 
for six decades between early Cuvier and mature Darwin in this splendidly 
fruitful project of mapping the history and ancient geography of life on 
the Earth? (And I include the naturalists, anatomists, agriculturists and 
surgeons,  the neontologists; but these people in their daily routines were 
hardly more perturbed than were, say, the chemists or the bishops, by 
the yawning abyss of deep time confronting daily the palaeontologists.) 
Probably  the majority belief was in a serial, naive creationism (a Creator 
tinkering busily through the aeons); probably the minority belief 
was a reverent silence (geology is thriving, so be silent and get on with 
your biostratigraphy); a distant third would have been some version of 
organic evolution.

Lamarck discovered organic evolution.18 He was the quintessential 
scientific naturalist, expert in organic diversity and a productive publisher 
in biosystematics, first in terrestrial plants, then in marine animals and in 
deep time. But his actual theory of change did not prosper. ‘Lamarckian’, 
pertaining to the simple inheritance of characters acquired in use and 
disuse by the parent (the blacksmith’s muscles), is a grossly misleading 
use of a brilliant and tragic person’s name; but Cuvier then Lyell did such 

18	  From Henry Fairfield Osborn’s (1894) From the Greeks to Darwin: An outline of the development 
of the evolution idea to Rebecca Stott’s (2012) Darwin’s ghosts: In search of the first evolutionists, there 
have been numerous attempts to demonstrate that Darwin was less than original and less than candid 
about his antecedents. But until we get to Lamarck the overriding impression is of cultural stasis, with 
glimmerings of insight into change during deep time and wondering about the meaning of organic 
similarity and organic diversity. If Pierre Belon’s remarkable demonstration of the bird–human similarity 
is comfortably ascribed to minor changes in the divine blueprint for animals with backbones, then need 
we enquire any further about cultural stasis through the millennia?
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a demolition of Lamarck that the adjective has fastened as a pejorative.19 
One could say the same about ‘transmutation’ itself. Evolution was sustained 
through the years of the Cuviero-Lyellian Revolution by a thin red line (the 
first of two thin red lines, as we shall see). Darwin could recall but one 
evolutionist from his own formative years, Richard Grant in Edinburgh, 
an excellent marine biologist who was a strong and beneficial intellectual 
influence on the young Darwin.20 Cuvier had two strong reasons for 
rejecting the transmutational belief of his time. The ecological reason, 
encapsulated in his slogan ‘conditions for existence’, was his belief in the 
highly integrated nature of an organism, every organism, each adapted to its 
environment, which implied that any change by transmutation unavoidably 
was a perturbation, a profound dislocation. Cuvier’s biostratigraphic reason 
was that Lamarck thought of species as being ever-shifting and inherently 
unstable lineages, whereas Cuvier’s establishing of biohistory required 
a  discoverable succession of inherently stable and reliable species. Grant 
and others in Edinburgh excepted, the scientists of the generation after 
Lamarck and Cuvier mostly believed in some combination of Cuvierian 
objection  and natural-theological rejection. Hitchcock and Darwin, one 
gleeful, the other rueful, published lists of the eminent and distinguished 
biohistorians and geohistorians who were quite at ease in accepting deep 
geological time while concomitantly rejecting transmutation.

But it was the very scientists on those lists who brought off the Cuviero-
Lyellian Revolution initiated by Lamarck and Cuvier!

Which brings us back to Owen, the major figure who neatly fits neither this 
section in our narrative nor the next (Figures 3.8 and 3.9.).

19	  Cuvier rejected any organic connection between Lamarck’s fossil molluscs in the Paris district 
and modern species. Most of the second volume of Lyell’s Principles of geology is devoted to biological 
arguments, rejecting Lamarck’s evolutionism being high on the agenda. Irony upon irony: it was Lyell’s 
accompanying Prévost in the field around Paris that encouraged the Frenchman to progress beyond 
Cuvier and Brongniart and produce that splendid reconstruction (recall Figure  2.6); and the same 
Lyell whose third volume of the Principles spelled out the changes in the molluscs, beginning with the 
vindication of Lamarck’s work on his fossil shells as the basis for the Eocene Epoch (see Figure 2.7).
20	  The metaphor ‘the thin red line’ does not refer to the modern warning in international diplomacy 
or politics, ‘do not cross this red line’. It refers to an episode in the battle of Balaclava in the Crimean 
War in 1854. A Scottish regiment of red-coated soldiers held fast in a thin line against a much larger 
opposition. This is how I see the thin but tenacious lines from Lamarck to Darwin, when the ‘Wernerian’ 
Robert Chambers and the ‘Lamarckian’ Robert Grant sustained a thin red line of historical thinking and 
evolutionary belief in Edinburgh, the town of the radically ahistorical James Hutton, and from Darwin 
and Wallace to Matthew and Simpson during the dark days for natural selection. See Chapter 10.



85

3. EXPLORATION AND ORGANIC EVOLUTION

Figure 3.8. Homology, from Belon 1555 to Gogonasus Man 2011.
The vertebrate skeleton has been known since antiquity for its similarities and 
differences. Its bone-by-bone matching emphasises the similarities implying an 
underlying body plan, known as homology, a Bauplan. This was not controversial, but the 
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question was: does the unity of type demand actual relationship? The differences imply 
obvious and subtle adaptations: do they also imply evolutionary divergence? Above, in 
1555, Pierre Belon compared the bird skeleton with the human, point by point. Below, 
John Long (2012) rescaled the bones of his ‘fish’ Gogonasus (~375 million years ago) as 
‘tetrapod’ Gogonasus Man in a humbling comparison with Homo sapiens; overlook the 
demands of gravity and walk on dry land, and you have a plethora of similarity between 
swimmer and walker. Here is Darwin: ‘[Morphology] is the most interesting department 
of natural history, and may be said to be its very soul. What can be more curious than 
that the hand of a man, formed for grasping, that of a mole for digging, the leg of the 
horse, the paddle of the porpoise, and the wing of the bat, should all be constructed on 
the same pattern, and should include the same bones, in the same relative positions?’ 
(Origin, 1964, p. 434).
Source: Belon (1555, pp. 40–41) via Wikimedia Commons. Gogonasus Man, Long (2012) 
and image courtesy of John Long.
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Figure 3.9. The central position of Richard Owen.
It can help to visualise the currents and cross-cutting turbulences of intellectual 
ferment. This example concerns Richard Owen and the anatomy and history of the 
vertebrate animal in the 1820s–1840s. The influence on Owen closest to home was the 
natural theology of the English parson-naturalists, the ‘Paleyites’ pointing to abundant 
examples of adaptations, designed exquisitely by a designer. From Germany came 
the mystical, ‘transcendental’ ideas of Naturphilosophie. From France came the great 
debate between Geoffroy, who emphasised structure and unity of design (form trumps 
function), and Cuvier, who emphasised conditions of existence (function trumps form). 
All four streams include people who knew about animals, and here was the evidence 
for both evolution and anti-evolution widespread in those times, awaiting scholars 
determined to find one or the other. Meanwhile, Owen the complex and difficult 
personality amassed an impressive list of negatives while becoming a great anatomist. 
See Nicolaas Rupke, Richard Owen: Biology without Darwin (2009).
Source: Author’s summary.
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Cuvier drew together three disciplines of the vertebrate body, its structure 
(comparative anatomy), its development in each individual (embryology), 
and its history through deep time (vertebrate palaeontology). The outstanding 
figure in the next generation, Darwin’s generation, was Richard Owen. 
Owen distilled a theory in which embryological development occurred 
under the influence of two forces, structural and adaptive. The structural 
force produced homologies, meaning the equivalent organ or structure 
in different animals, and what is inherited. The adaptive force produced 
individual distinctness, as one coped with the environment and survived. 
The forces together accounted for taxonomic diversity and variation in 
body parts. Homologies were the binding material in the concept of unity 
of type. As we can see here, such commonalities were well worked out long 
before biohistory, let alone evolution, was established. ‘Archetype’ is Owen’s 
word for the notion of a basic architectural plan (German Bauplan) for a 
group, in this case, of vertebrate animals.

Look at the influences on Richard Owen.21 We have the Parisian debate of 
Geoffroy’s unity of type versus Cuvier’s conditions of existence. We have 
the English ‘Paleyites’, the natural theologians. And we have the mystical 
‘German’ Naturphilosophie, philosophy of nature, which sprang from the 
Romanticism so prominent in German thought and culture in the earlier 
years of the nineteenth century. Owen’s work on homology is exemplified 
by his comparison of the limbs of the horse, Hipparion, and the Palaeothere, 
with the label, ‘Derivation of Equinae’ (Figure 3.10).

Such words as ‘affinity’, ‘relationship’, ‘derivation’ and ‘equivalent’ sprinkled 
in the palaeontological and biological literature of the decades preceding 
Darwin invite us to infer some belief in transmutation in some workers, 
in Owen most of all. Informed scholars are mostly agreed that Owen 
became a crypto-evolutionist behind the tactically pious utterances about 
the Creator that laced his writing in the best natural-theological tradition. 
But the natural theologians applied the pressure and Owen went silent on 
transmutation for a decade; scooped unknowingly by Darwin, he became 
seriously resentful. (Unaware of Owen’s private evolutionary ambitions, 
Darwin thought he was in the creationist camp.22)

21	  Padian (2008); Rupke (2009).
22	  In the Historical Sketch added under pressure to later editions of the Origin, Darwin confessed to 
having fallen into error, repeatedly, in his understanding of what Owen really thought about evolution, 
but he was consoled ‘that others find Professor Owen’s controversial writings as difficult to understand 
and to reconcile with each other, as I do’. See Rupke (2009).
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Figure 3.10. The evolution of the horse.
The story of the horses goes back to Owen in the 1850s. Think about it: in his diagram 
of the feet and teeth labelled ‘Derivation of Equinae’, Owen was showing changes in 
the feet and the teeth implying changes in environment and lifestyle—but he was not 
saying that derivation was evolution (while Darwin was about to write the Origin). Two 
decades and many tonnes of American bones after the Origin, it was all about evolution, 
when Marsh could make an informative sketch of evolution from just six sets of equine 
limbs and teeth spanning 40-odd million years (in twentieth-century numbers). This 
story reached its zenith in Matthew’s (1926) fine synthesis of climatic change opening 
forests into grasslands, changing the diet from browsing to grazing and thus changing 
the teeth, changing the body size and feet as the arms race with predators escalated. 
But Marsh’s and Matthew’s elegant arrangements were interpreted into something 
more. Others (such as Lull [1931] but not Matthew) could visualise a straight line from 
Eohippus to Equus with side branches, the implication being a goal-directed evolution, 
something foreordained, a phylogeny planned for the noble Equus to arrive on the 
scene, big enough, strong enough and fast enough, and in good time to be mastered and 
harnessed by the crowned mammal, Man. Or so it seemed to the old natural theologians 
such as Edward Hitchcock. But modern reconstructions of the horse family tree are 
bushy and speciose (many species), with no proud central trunk thrusting purposefully 
upwards to modern times.
Source: See citations in figure.

Organic evolution did happen: Species are 
not immutable
Charles Darwin was a geologist. Darwin was also lucky. Born into a lineage 
and tradition of lively intellectual curiosity and worldly accomplishment, 
he grew up collecting beetles, riding horses and shooting partridges in 
conditions of rural comfort; he was mentored by outstanding scientists 
and scholars, especially Grant’s marine biology in Edinburgh, Henslow’s 
botany in Cambridge and Sedgwick’s geology in a crash field course in 
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Wales (one‑on-one with the Cambridge professor for two weeks), so that 
he was at ease around the globe in terrestrial and marine environments 
and biotas and in deep time (and socially at ease in diplomatic, naval 
and colonial environments); he could easily have missed out being on 
the boat but did not; he might have been in a strenuous social situation 
on Fitzroy’s Beagle but was not (seasickness notwithstanding); his father 
financially covered a five-year global field trip and all its collecting and 
dispatching; his return was eagerly expected by his peers in London and 
he was ushered into the Geological Society and Royal Society; his personal 
life and domestic situation were strong; and never needing an honest 
paid job or to do the housework freed him for decades of preoccupation 
and obsessive concentration. And not to be forgotten are the four fierce 
supporters who were there when he needed them most—Charles Lyell, 
Joseph Dalton Hooker, Thomas Henry Huxley and Alfred Russel Wallace. 
Much has been written about Darwin’s terrible bouts of ill health and his 
spiritual and emotional and mental turmoil. Much has been written about 
his responsibility for the socio-political perturbations in the hierarchies in 
Victorian England (one outcome was no knighthood); about relativism, 
the hollowing out of morals and standards and meaning as men turn out 
to be mere monkeys; about stinking privilege and scientific injustice (rich 
and connected Charles Darwin under-acknowledging his antecedents, the 
true discoverers of evolution and natural selection, then ripping off poor, 
isolated, marginalised Wallace); about the difference between a jumped-up 
field naturalist (i.e. Darwin, Wallace) and a real scientist (one, that is, who 
runs controlled experiments in a laboratory). This mindset is still with us; 
but still we scribble …23

Darwin gestated a revolutionary and heretical notion for almost a quarter-
century, until he was prodded into writing the book that brought off the 
most profoundly world-changing, evidence-based, successful theory ever 
proposed. In one mouthful the unified supertheory of evolution is tree of 
life produced by natural selection. I find it helpful for getting a grip on the 
actual science in ‘Darwinism’ to see the supertheory (one long argument, 
in Darwin’s words) as an integrated cluster of five theories. The first two are 

23	  Were I asked to recommend some ways into the enormous corpus of Darwiniana, I might begin 
with four: Charles Darwin’s On the origin of species (first published 1859), Janet Browne’s Darwin’s 
Origin of species: A biography (2007), Michael Ghiselin’s The triumph of the Darwinian method (1969), 
and Ernst Mayr’s What evolution is (2002). Ghiselin and Mayr are about theory and evidence, the actual 
geological and biological progress leading towards the present; that is, they are proudly Whiggish and, 
in  the eyes of the sociologists and historians of Darwiniana, strongly biased and profoundly naïve. 
So, for that matter, is my own Whiggish effort (2013b). See also Chapter 10.
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historical theories, meaning, what was the outcome in the course of geological 
time? The other three are causal theories, meaning, how has evolution 
happened, how is it happening? Nothing in earthly biology is untouched by 
evolution. It is clarifying for me to construct a visual representation of input 
and output, of fields of biological enquiry in Darwin’s time and whence his 
evidence; perhaps the diagram will help the reader too (Figure 3.11).

Darwin Deep time and fossil record 
Macro-succession of life 

Extinction 
Empirical biostratigraphy 

constructs time scale 

Natural theology 
Argument from design 
Ecology and adaptation 

Homology, unity of type 
Morphology 
Embryology 

Biodiversity and 
Four-dimensional biogeography 

Abundant variation, individual, 
Natural and domestic 

Classification 
Nested hierarchy in classification 

implies branching 

Two Historical Theories: 
Evolution (transmutation) 

Common descent, phyletic branching  
and tree of life 

Three Causal Theories: 
Speciation: divergence and multiplication 
Temporal change: gradual not saltational 

Variational evolution by natural selection 
 

Malthus on population 

Alternatively: One Unified Theory: 
Divergence and branching integrated into theory of natural selection 

Figure 3.11. The central position of Charles Darwin.
Available to Darwin since his Cambridge days was an array of data and argument in 
natural theology, the ‘Paleyite’ enterprise. Darwin had to read and absorb Paley. It is often 
overlooked in complaints about the gaps in the fossil record that biostratigraphy was 
becoming global and highly successful, and demanding a crowning explanation of its 
success. Likewise with systematics: why was the classifying of the multitudinous kinds 
of life on earth so successful? Likewise with adding the Pleistocene to construct four-
dimensional biogeography, as we have seen. Likewise with bones and embryos, and the 
sheer success of Cuvier and Owen, whose very success demanded an overall explanation. 
All that grand science came to Darwin along with the pressure to produce a successful 
grand theory. The outcome can be deconstructed as the two historical theories (that were 
rapidly accepted) and the three causal theories (that languished until the next century); 
or as the one grand unified theory, which is how Darwin saw it and how we should, too. 
Perhaps most usually today, Darwinian evolution is seen as the two-part natural selection 
(the essential process) and tree of life (the outcome, the pattern).
Source: Author’s summary.
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The first theory, evolutionism itself, the evolution of life on an ever-changing 
planet, was not original to Darwin, but to Lamarck. Certainly original was 
Darwin’s powerful and meticulous assembling of a wide-ranging case to 
prove that evolution happened. Only a small fraction of that huge dossier 
appeared in the Origin, which Darwin saw as an extended abstract.

Second, the tree of life was not original iconography24 (Lamarck was there, 
too), but this tree, the branching transmutation of species, was the first to 
be compelling. The fossil record impressed Darwin, the geologist, with deep 
geological time and the great age of the earth, with the large-scale, macro-
succession of life on earth, and with the enormous empirical success of 
biostratigraphy in exploiting that orderly succession to construct the global 
geological time scale. Darwin forced a brutal choice upon the people, but 
especially upon those of natural-theological bent: is it to be creation after 
creation after iterating creation? Or is it to be organic speciation and descent 
from ancestors and extinction?

Third: change through time is one thing but multiplication, the emergence 
of two or more species from a common parent is quite another; and 
Darwin came to realise that a theory of speciation (the word itself came 
later) was essential. The principle is ecological, coming out of economics 
via agronomy, and arguably it is the keystone of the Origin. Biogeography 
grades into ecology and adaptation, which is the terrain of the English 
natural theologians’ arguments from design—and Darwin’s prescribed 
reading list at Cambridge had included Paley. By the 1840s Darwin was 
armed with geographic speciation ideas from the Beagle voyage, and he 
knew quite a lot about a broad swathe of geology and, in due course, of 
biology. But the botanist Joseph Hooker challenged him to accrue his own 
biosystematic credentials, to get the real depth of insight possible only 
by doing the hard yards of assembling, sorting and classifying a difficult 
group of organisms. And so began an eight-year project on the systematics 
of barnacles. Darwin commenced the project as a tyro and emerged as a 
full-blown comparative morphologist and pioneering evolutionary or 
genealogy-based taxonomist. He discovered that branching evolution gives 
the natural nesting of groups within groups within groups, and in the 1850s 
he shifted his emphasis somewhat from geographic speciation to ecological 
diversification and speciation.

24	  Archibald (2009).
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The fourth theory was gradualism. Darwin, like Lyell before him, was 
opposed to the notion that change was essentially abrupt and even 
catastrophic. Advocating for gradualism was essential to calm down 
(in people’s minds) Cuvier’s and d’Orbigny’s disruptive revolutions, and to 
head off the outright catastrophism that was still attractive to many (not 
to speak of biblical creation ex nihilo or extinction in the Noachian Deluge, 
both well dead in science); and he strove to establish the case for gradual not 
saltational change through geological time.25

The fifth theory, variational evolution by natural selection, has been the 
most-discussed component of this supertheory of evolution. There is huge if 
often cryptic variation within species; reproductive success varies markedly, 
and superior adaptive features are selected via reproductive success. Darwin 
talked widely with animal and plant breeders, people such as the pigeon-
fanciers in the East End of London, people who knew that domesticated 
organic species had vast stores of variability, rapidly exposed by artificial 
(i.e. human) selection, and that species in the wild surely did too. Lacking 
the science of transmission genetics, he could not explain why beneficial 
characteristics would be preserved by selection, not lost in blending, like 
red and blue inks blending into a muddy brown; but he did know that the 
characteristics of male and female held stable and true through countless 
generations with little blending. Therefore, whatever mechanism was 
achieving sexual segregation, would not that mechanism be available also to 
conserve beneficial characteristics?

It took Darwin almost a quarter-century of obsessive hard labour to weld 
those five components into the supertheory of organic evolution by natural 
selection. In the decade or two after the Origin’s publication, the evolution 
of life as a fact was becoming a non-issue for virtually every competent and 
professional biologist and, more tardily, every geologist, and for most more-
or-less-informed citizens in the Greco-Judean milieu.

25	  But we have seen that the ‘revolutions’ in the Paris district were already being toned down or 
smoothed over in the 1820s, by Prévost (see Figure 2.6).
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Near-death of Darwinism, another thin red 
line and the Darwinian Restoration
Fully respecting the entire corpus of anatomy and embryology and 
palaeontology from the eighteenth century to Owen, Darwin interpreted 
homology and affinity, meaning everything that might indicate a carpenter’s 
blueprint or an intelligent designer’s template adapted to different species, 
as due simply to common ancestry. Likewise, taxonomic descriptions 
and classifications, also compiled mostly by non- or anti-evolutionists and 
culminating in Linnean systematics, slotted into place as genealogies. 
And the third major category of labours by the anti- and non-evolutionists 
was the fossil record and its scale of deep time. Palaeontology presented 
Darwin with a massive compendium of the succession and history of life 
on earth and the insights of half a century’s wrestling with the discipline of 
geohistory. Fossils revealed the rise and fall of major groups of organisms. 
(Admittedly, the opening chapters on early life were missing.) In return, 
palaeontology received from Darwin and Wallace a comprehensive 
explanation of that document, a great boosting of the discipline.

Organic evolution was simultaneously: (1) an all-pervading fact of life on 
earth, (2) a scientific supertheory and (3) a research program of limitless 
potential. But what was accepted after 1859 was evolution as tree of life 
alone—without natural selection! Owen was more influential in those seven 
decades of fossil discovery (1860s–1920s) than was Darwin. It took all those 
decades to complete the Darwinian Revolution of organic evolution by 
natural selection. Those times have been called the non-Darwinian decades, 
including even the death of Darwinism. What happened? It is not helpful to 
classify interested persons simplistically as pro-evolution or anti-evolution. 
It is too easy to invoke Max Planck’s rule, whereby younger scientists accept 
new scientific ideas with greater alacrity than do their elders; or, in other 
words, that science progresses one funeral at a time, as the old reactionaries 
shuffle off the stage, still nursing their antiquated world views. What 
happened was that only transformational evolution and saltation could 
be ‘seen’ in the fossil record, in embryology and in comparative anatomy. 
All the new knowledge expanded and clarified the tree of life; nothing much 
seemed to demand natural selection, and the fossil record seemed to be 
too coarse and fragmented to clarify the evolutionary processes. Meanwhile 
the pioneering geneticists saw no implications in inheritance (transmission 
genetics) for natural selection and variational evolution.
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The field naturalist Alfred Russel Wallace defended and promoted 
Darwinism, meaning speciation via variation and natural selection (he 
saw himself as more Darwinist than Darwin himself ), into the twentieth 
century, at a time when there were very few others.26 It really was a thin 
red line. In palaeontology there were very few Darwinians. In our story 
the most noteworthy was William Diller Matthew,27 a shining Darwinian 
exception to the North American anti-Darwinians in his understanding 
of Darwin’s theory of variation and selection, in his grasp of rock strata, 
ancient environments and deep time as strongly as his grasp of teeth 
and bones, and in his mentoring of George Gaylord Simpson, who was 
to usher in the Darwinian Restoration and become the most significant 
palaeontologist since Cuvier. Simpson’s Tempo and mode in evolution 
(1944) was the palaeontological foundation document in the Restoration.28 

26	  Wallace (1989).
27	  William Diller Matthew (1871–1930) achieved the trifecta, uniquely in vertebrate palaeontology 
before Simpson: (i) he was enormously successful and respected by his peers in ‘palaeomammalogy’, 
namely the anatomy, systematics and phylogeny of the ancient bones and teeth, biological palaeontology; 
(ii) he was robustly Darwinian in the face of Darwinism’s dark days in his grasp of evolution by natural 
selection in (but not only in) vertebrate palaeontology; and (iii) he was strong and insightful in his 
biostratigraphy, namely building the North American Land Mammal Ages on the succession of fossil 
assemblages, geological palaeontology. When kidney disease took him before 60, his bibliography had 
attained 352 entries. See Matthew, ‘Climate and evolution’ (1915 and 1939 with Colbert) and studies 
by Rainger (1981, 1985, 1986). The biography by Colbert (1993), his son-in-law, portrays satisfyingly 
a fine and high-achieving human being but says all too little about the actual rich science.
28	 Tempo and mode (Simpson 1944) was one of four books published on evolution by Columbia 
University Press between 1937 and 1950. The others were Genetics and the origin of species (Dobzhansky, 
1937), Systematics and the origin of species (Mayr, 1942), and Variation and evolution in plants (Stebbins, 
1950). This clutch together with Genetics, paleontology, and evolution (Jepsen et al., 1949; a symposium 
volume) and Evolution, the modern synthesis (Huxley, 1942) are considered to be the foundation volumes 
of the Synthetic Theory of evolution which, following Ghiselin, I prefer to call the Darwinian Restoration. 
In hindsight this rapprochement between disciplines noted for their low levels of intercommunication 
was deemed worthy of a two-workshop conference in 1974, The evolutionary synthesis: Perspectives on the 
unification of biology (Mayr and Provine, 1980). But palaeontology’s shifting Zeitgeist is captured best in 
Simpson’s 1944 ‘Introduction’ to Tempo and mode (p. xxvii):

Not long ago paleontologists felt that a geneticist was a person who shut himself in a room, 
pulled down the shades, watched small flies disporting themselves in milk bottles, and thought 
that he was studying nature. A pursuit so removed from the realities of life, they said, had no 
significance for the true biologist. On the other hand, the geneticists said that paleontology 
had no further contributions to make to biology, that its only point had been the complete 
demonstration of the truth of evolution, and that it was a subject too purely descriptive to 
merit the name ‘science’. The paleontologist, they believed, is like a man who undertakes to 
study the principles of the internal combustion engine by standing on a street corner and 
watching the motor cars whiz by. Now paleontologists and geneticists are learning tolerance 
for each other, if not understanding.

And more pungently (p. xxix):
[The geneticists] may reveal what happens to a hundred rats in the course of ten years under 
fixed and simple conditions, but not what happened to a billion rats in the course of ten 
million years under the fluctuating conditions of earth history. Obviously, the latter problem 
is much more important.
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Tempo  proclaimed palaeontology as the only four-dimensional science. 
As to ‘mode’, Simpson perceived organic evolution at three levels, namely 
micro-, macro- and mega-evolution, or more clearly in three modes, namely 
speciation (origin of species), phyletic evolution (change in a lineage through 
time) and quantum evolution (jumping from one adaptive zone, or lifestyle, 
to another) (Figure 3.12).

Figure 3.12. The bell curve in Simpson’s modes of evolution.
The rays on the shells of scallops (left), a character that is easily preserved in fossils, 
is the example of normal distribution in a large sample, informally known as the bell 
curve. Thanks largely to Simpson’s forceful arguments in 1937, the bell curve became 
popular as the symbol for variation in populations of a species in the 1940s when 
population thinking was being urged as the bridging concept between palaeontology, 
field biology and genetics. Sudden jumps in an upward succession of fossil samples 
(centre) might indicate not evolutionary jumps but gaps (i.e. hiatuses) between sampled 
strata. Right, Simpson’s three modes of evolution. The adaptive zone is a species’ place 
and space in the world. In speciation, populations are split, for a wide range of physical 
and ecological reasons, and henceforth go their separate ways. In phyletic evolution, 
the shift happens without splitting. Quantum evolution is driven by a major shift. These 
diagrams are conceptual and Simpson did not scale the time dimension or specify the 
structural dimension. See Chapter 10.
Source: Left and centre, diagrams by Norman D Newell. Right, Simpson’s three modes 
(1944, Fig. 31), used with kind permission of Joan Simpson Burns.
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Simpson’s driving thesis (in his own words three decades later29) was:

that the history of life, as indicated by the available fossil record, 
is consistent with the evolutionary processes of genetic mutation 
and variation, guided toward adaptation of populations by natural 
selection, and furthermore that this approach can substantially 
enhance evolutionary theory, especially in such matters as rates of 
evolution, modes of adaptation, and histories of taxa, particularly at 
superspecific levels.

And in Gould’s words it was:

as close to a ‘one-man show’ as any movement I know in the history 
of paleontology. It was idiosyncratic, unique, and surprising, and 
it both annoyed traditionalists (or left them utterly confused) and 
inspired a generation of younger workers.30

In the rise of transmission genetics and population genetics, and in 
emphasising variation in populations and species in the field and in the 
fossil record, the Darwinian Restoration successfully established variational 
evolution by natural selection. It would take several more decades for 
evolutionary developmental biology (evo-devo) to fill out the Restoration 
with a reinvigorated study of bodies, their development and their deep, 
deep interconnections of more than half a billion years ago (Chapter 10). 
But our story is going in a different direction—towards the microfossils, low 
in profile in the first four of the eight surges, then erupting to reinvigorate, 
even revolutionise, biostratigraphy and lately yielding insights into the 
environments staging and impelling the evolution of Cenozoic life.

29	  Simpson (1976, p. 5).
30	  Gould (1980, p. 157).
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