Clamshells and Birds’ Beaks

Linnaeus to Darwin

James Ussher was an Irish prelate and expert in Semitic languages who had accumulated a prodigious library as a scholar at Trinity College.   He hired an agent to comb the Middle East for manuscripts and had a personal copy of the Book of Kells. 

Ussher’s calculation was so exact and his reputation so secure that Europeans were more than inclined to accept it.  For Linnaeus and his followers it was a boon as well since the system worked best if it never changed. His actual calculation was that the creation occurred at the nightfall preceding October 23, 4004 BC.  For this he relied on quite good scholarship to place known dates including the death of Alexander (323 BC) and Julius Caesar (44BC) both of which are accurate.  The earliest actual date he had to work with was the rule of Nebuchadnezzar.  Beyond that he had to rely on copies of the Old Testament which were not in agreement on the number of years between the Flood and the Creation.  He decided to use the Masoretic Torah which placed the Creation exactly 4000 years before the accepted date for the birth of Christ (4 BC).  He thought Solomon’s temple was completed exactly 3000 years after the Creation and that would make exactly 1000 more years from the temple to Christ who was the fulfillment of the Temple.  It all seemed to make sense.

In 1752, the world was (at least intellectually) quite a comfortable place.  Newton had evidently proven that the world operated by a definable and presumably decipherable set of rules.  The assumption that was deeply rooted enough to be organic was that those rules had been established by the Creator at the time of the creation and that they were fixed and unchanging.  The clockwork universe was entirely orderly and pleasingly symmetrical.  As the English churchman William Paley said, everything was in its place and there was a place for everything.

The eighteenth century, particularly in England, seemed a place of comfortable stability, especially if you were in the middle or upper class. You lived in orderly Palladian homes, listened to Haydn, had gardens designed by Charles Bridgeman, and had your painting done with your family, pets, and possessions by Joshua Reynolds.

John Ray gave the world a structure with which to explore nature. The idea of species is so commonplace now that it seems self evident.  That was not the case at the end of the seventeenth century.  Ray went up to Trinity College at Cambridge to study classics but had the good luck to have two things happen.  He became close to Francis Willughby whose wealth made it possible for Ray to spend his life studying and not working.  He also came up when Charles II’s Parliament passed the Act of Uniformity which required all fellows to take an oath accepting everything in the Book of Common Prayer as truth.  Ray’s unwillingness to do that saved him from spending his life as a card carrying academic and pushed him out on his own.  He and Willughby set out to categorize all of nature.  Willughby died at age 37 but left Ray enough money (6 shillings a year in return for educating his two children) that he never had to work.  In his Methodus Plantarum (1682) he presented the idea of species defining it for plants and animals as a set of individuals who give rise through reproduction to new individuals similar to themselves. Aristotle had started with large groups and subdivided them.  Ray started at the bottom and worked up.  It was an idea as revolutionary for biology as Newton’s had been for physics. Cows and bulls are the same species even though they do not look alike because they produce more cows and bulls.  And species had characteristics that did not change from generation to generation (although he came to see that there were small exceptions.)
He also abandoned the idea of spontaneous generation (dung giving birth to flies and rags to rats for instance) and left all mythical creatures out of his system.  He only included the things he and Willughby had actually seen. He was also one of the first to suggest that fossils were not accidents but rather the remains of creatures that had once lived.  He was also one of the first to suggest that there might be many species that had once existed and were now extinct.

Perhaps the archetype of order was Carl von Linné, the Swede who had been raised to enter the church but who got side tracked into botany.  His disappointed father sent him the Lund University and then to Uppsala where he impressed Olof Celsius (whose nephew Anders invented the temperature scale named for him) who put him up.  He joined the faculty at Uppsala in 1730 as an adjunct. In 1732, the Academy of Sciences at Uppsala financed a trip to Lapland after which he wrote The Florula Lapponica which discussed the relatively new (the date palm notwithstanding) idea of sexual reproduction in plants. This was actually quite daring.  Any discussion of sex (even in plants) was well outside the bounds of propriety and his ideas were received with about as much enthusiasm in polite society as those of Freud would be a couple of hundred years later. What kind of twenty year old would spend his time running around looking for genital organs on plants? He softened it in the introduction to his paper Sponsalia Plantarum (1729) by calling it “an Essay on the betrothal of plants, in which their physiology is explained . . . and the perfect analogy with animals is concluded.”  The shapes and colors and aromas of flowers were devised by an ingenious Creator so that the brides and bridegrooms of the plant kingdom could come to their marital beds and their stamens and pistils could unite and celebrate their nuptials.  The Reverend Samuel Goodenough (appropriately named) railed at “the gross prurience of Linnaeus’ mind . . . . A literal translation of the first principles of Linnaean botany is enough to shock female modesty. It is possible that many virtuous students might not be able to make out the similitude of Clitoria.” Even in 1820, Goethe was still hoping young people could be protected from the prurience of Linnaeus. 
He went to the Netherlands where he got a degree in medicine in six days awarded because he printed his botanical notes in Latin.  In 1736 he published the 11 page Systema Naturae. It classified 4,400 species of animals and 7,700 species of plants. He took the complicated Latin names of the time and reduced them to a system of binomial names (genus and species) that had actually been introduced by Gaspard and Johann Bauhin nearly 200 years earlier or Plato 2000 years earlier.
He also established friendships with Dutch merchants who brought him plants from around the world.
When he returned to Sweden in 1738, he actually practiced medicine and became a specialist in treating syphilis.  He became a professor at Uppsala and began rehabilitating the university’s famous garden (which still exists). He wasn’t exactly modest: Deus creavit, Linnaeus disposuit (God created and Linnaeus organized).  The picture on the frontis shows Linnaeus in the Garden of Eden naming the creatures.  While chairman of  the botany department at Uppsala, he rearranged Anders Celsius’s temperature scale which had the melting point of ice at 100 and the boiling point at 0.
He didn’t stop with organizing plants.  He also tried out the “kingdoms” of animals and minerals. His binomial nomenclature (genus and species) is the standard of taxonomy. Kingdoms to Classes to Orders to Genera have remains for animals only.  He based the system entirely on physical characteristics which have, of course, given way to DNA sequencing.

Linnaeus presented a concept of 'race' as applied to humans, also including mythological creatures. Within Homo sapiens he proposed five taxa of a lower (unnamed) rank. These categories were Africanus, Americanus, Asiaticus, Europeanus, and Monstrosus. They were based on place of origin at first, and later on skin color. Africans were phlegmatic, black, slow, relaxed and negligent. Asians were melancholic, yellow, inflexible, severe and avaricious. Europeans were sanguine and pale, muscular, swift, clever and inventive. The "monstrous" humans included such entities as the "agile and fainthearted" dwarf of the Alps, the Patagonian giant, and the monorchid. In addition, in Amoenitates academicae (1763), he defined Homo anthropomorpha as a catch-all term for a variety of human-like mythological creatures, including the troglodyte, satyr, hydra, and phoenix. He claimed that these creatures not only actually existed but were in reality inaccurate descriptions of real-world ape-like creatures.

He also, in Systema Naturæ, defined Homo ferus as "four-footed, mute, hairy". Included in this classification were Juvenis lupinus hessensis (wolf boys), who he thought were raised by animals, Juvenis hannoveranus (Peter of Hanover) and Puella campanica (Wild-girl of Champagne).

Linnaeus' scientific research took science on a path that diverged from what had been taught by religious authorities. The Lutheran Archbishop of Uppsala had accused him of "impiety." In a letter to Johann Georg Gmelin dated February 25, 1747, Linnaeus wrote: It does not please (you) that I've placed Man among the Anthropomorpha,simian but man learns to know himself. Let's not quibble over words. It will be the same to me whatever name we apply. But I seek from you and from the whole world a generic difference between man and  that [follows] from the principles of Natural History. I absolutely know of none. If only someone might tell me a single one! If I would have called man a simian or vice versa, I would have brought together all the theologians against me. Perhaps I ought to have by virtue of the law of the discipline.”  He had gotten perilously close to what would ultimately get Darwin in trouble.

But the essence of Linnaeus’s thought was in the order of creation.  He advocated zoos in which two of each animal existed and should be kept in cages with no contact between species so the perfection of creation should be preserved. His job was to observe and list the parts of God’s perfect creation. And the system assumed that the creation was fixed and immutable.  There were exactly the right number and varieties of species because creation was perfect.  To account for domesticated plants and animals which had obviously changed, he said that, left to their own devices, they would revert to the “natural” wild state in a few generations.  House cats (striped agoutis) would seem to support that.

Linnaeus gave rise to a whole cult of “naturalists” who went around the world collecting things.  Ships’ doctors were among the most avid of the new naturalists.  The goal was to collect as much as possible and collecting and science became synonymous.  

A collection of his students spread around the world where a number of them died young collecting specimens for him.  Daniel Solander (1736-1782) would ultimately disappoint him by not marrying his oldest daughter. He did, however, go to England where he became librarian to Sir Joseph Banks, the British patron of natural history for a generation.  Solander got a place on James Cook’s Endeavor voyage (1768-71) and brought back 1200 new species and 100 genera of plants, fish, mammals, insects, and mollusks. He also set the pattern in which every exploratory voyage carried a naturalist.

William Paley extended the Linnaean systemization to a teleological explanation of the natural universe.  All things that have a design must have a designer.  And you could see the designer’s hand in everything.  Every characteristic of every organism has a function and that is proof that there is a God.  His favorite argument was that light has no weight and that is miraculous since, if it were not true, sunlight would be disastrous. That alone proved God’s care for the earth and his purpose in designing it. (Of course you could jump ahead and point out that if the speed of light were not what it is, the universe as we know it would not be the same either.)
The philosophical error was the extension of his arguments to areas where they were never meant to work—social order as opposed to natural order.  He argued that the hierarchical social structure was also part of God’s creation and any attempt by the lower orders to change their position was contrary to divine plan. Reaction to that would ultimately feed the Rousseau and the Romantic Movement.

The system was extended in the 44 volume (35 while he was alive and 9 published posthumously) Natural History by George-Louis Leclerc, Comte de Buffon who served as the keeper of the Jardin du Roi in Paris. It was said at the time that the book was read by every educated person in Europe. 

He was condemned by the Catholic Church for dismissing Bishop Ussher’s date for the origination of the earth and placing it instead at 75,000 years ago. The Church burned his books.

He also noted that some animals had vestigial parts which suggested that they had evolved rather than having been created as a whole.  Darwin (in later editions of Origin) credited him with being “the first author who in modern times has treated [evolution] in a scientific spirit. Paradoxically, he not only introduced the idea of evolution, he also denied that it occurred, always holding that species were immutable. He also considered the possibility that man and apes had a common ancestor. 
“In general, the kinship of species is one of those profound mysteries of nature which man will be able to fathom only by means of long and repeated and difficult experiments.  How, save by a thousand attempts at the cross-breeding of animals of different species, can we ever determine their degree of kinship? Is the ass nearer to the horse than to the zebra? Is the dog nearer to the wolf than to the fox or the jackal? At what distance from man shall we place the great apes, which resemble him so perfectly in bodily conformation? Were all the species of animals formerly what they are today?  Has their number not increased, or rather, diminished? . . . How many more facts we shall need to know before we can promise—or even conjecture—upon these points!  How may experiments must be undertaken in order to discover these facts, to spy them out, or even to anticipate them by well-grounded conjectures!”

He also held that the climate and dense forests of the New World made both the people and the animals there inferior to those of Europe. To prove him wrong, Thomas Jefferson delivered a large panther skin to show that American animals could also be large and strong.
Buffon realized a couple of things.  First, Linnaeus’s system was too small. Also, it was clear that species were not fixed, especially if one considered domestic breeding.  His way around that was to say that God created the perfect form but species over time could degenerate as a result of the food they ate and impurities from that food collecting in the genitals where they were transmitted to subsequent generations. Buffon had actually trained in mathematics and physics and had popularized Newton in France.  He thought natural science needed a firmer set of rules like those Newton had found for astronomy and physics.
But all you had to do was look to tell that wind and weather were constantly and slowly altering the landscape and at a rate which did not fit with the world only being a few thousand years old.  To get around that, the “experts” hypothesized a series of catastrophes that created large changes in the landscape in very short periods of time.  A good example of bending a theory into uncomfortable contortions to make it fit with observed reality.  Buffon wasn’t buying it.

Newton had suggested that the very fact that six planets rotated around the Sun in the same plane proved the existence of God.  After all, it was quite unlikely on the face of it that they would be in the same plane.  Buffon said there had to be an explanation. He took the observed fact that comets fall toward the Sun (their tails point away) and surmised that they must have fallen into the Sun and caused some part of its mass to be ejected and enter orbit around it after the bits coalesced into spheres that revolved in the same direction and in the same plane.  If he could just figure out how long it would take these molten globes to solidify, he would know the age of the Earth.  So he did an experiment.
In his laboratory, he created twelve one inch diameter globes of steel and heated them until they were white hot.  Then he measured how long it took for them to cool enough to be held in a bare hand. Then he extrapolated the time to ball the size of the Earth.  He reckoned it would take 42,964 years and 221 days for the Earth to cool enough not to burn the skin and 74,832 years to cool to its present temperature.  Of course, the real answer is in the billions of years and even Buffon thought it likely that the real answer was more like three million years but he thought it would be too shocking to make a suggestion so out of line with Bishop Ussher. He got a bit of a break when he studied the ages of the Earth and came up with exactly seven geological ages.  Maybe the seven days in Genesis were really a metaphor for the seven geological ages. His seven epochs were

1) The Earth and planets take shape

2) The earth solidifies and the mountains form

3) The earth cools and gases and water vapors condense and the earth is covered with flood

4) Volcanoes erupt and earthquakes shake the land and change its shape
5) The continents are still not separated but animals emerge

6) The continents separate and arrive at their current shape

7) Man emerges

And, if the world could evolve over so much more than six days, could not the things on it change over time as well? He said that the animals formed before the continents separated and then changed over time in isolation which accounted for the fact that South America for instance had its own unique fauna.  He had described evolution and (incidentally) continental drift.
This brings us to geology.  We need to step back a century to Nicolaus Steno. Steno was born in Copenhagen the son of the goldsmith to King Christian IV of Denmark. His school was wiped out with plague and his father died when he was only six but he was taken under the wing of Peder Schumacher, a wealthy, well educated, and well traveled merchant who was raised to the nobility for his service to the crown. Steno was educated in Copenhagen before beginning a lifetime of travel that took him to the Netherlands, France, Italy, and Germany. He studied anatomy under Gerard Blasius in Amsterdam and did original research on the lymphatic system (a parotid duct he discovered (ductus stenonianus) carries his name).  In Leiden, he met Franciscus de le Boe Sylvius and Baruch Spinoza (whose books he would ban when he later converted to Catholicism and became a bishop).  In Italy he met the Grand Duke of Tuscany who assumed his support and invited him to live at the Palazzo Vecchio in return for collecting a “cabinet of curiosities.” He studied muscle and made geometrical calculations that proved that a contracting muscle changed its shape while retaining the same volume.  He was also named to the Accademia del Cimento in Florence.
In 1866, two fishermen caught a large shark near Livorno (Leghorn) and Ferdinando de Medici (the Grand Duke of Tuscany) had the specimen’s head sent to Steno who quickly recognized that the shark’s teeth were identical to rock objects that had been found in rock formations and had born the name glossopetrae or stone tongues and had been assumed to be stone themselves.  The Romans had found these as well and Pliny the Elder had suggested that they might have fallen from the sky—perhaps from the moon. Actually (proving that nothing is new) Fabio Colonna had already suggested that they might be sharks’ teeth in 1616 and Steno knew it. Actually, Robert Hooke and John Ray had also argued that fossils were the remains of creatures that had once inhabited the earth. The glossopetrae were relatively abundant around Lakes Garda and Como in the mountains of Northern Italy.  If there had been sharks there, there must have also been oceans at one time.
What fascinated Steno was the idea that one solid (the fossilized teeth) could be contained in another solid. And that led him to start looking at rock formations and the fact that they came in layers. The great insight there was that the layers could be read. He identified six different kinds of layers and said that the ones below must be older than those above.
Steno, in his Dissertationis prodromus of 1669 is credited with four of the defining principles of the science of stratigraphy: the law of superposition: "...at the time when any given stratum was being formed, all the matter resting upon it was fluid, and, therefore, at the time when the lower stratum was being formed, none of the upper strata existed"; the principle of original horizontality: "Strata either perpendicular to the horizon or inclined to the horizon were at one time parallel to the horizon"; the principle of lateral continuity: "Material forming any stratum were continuous over the surface of the Earth unless some other solid bodies stood in the way"; and the principle of cross-cutting discontinuities: "If a body or discontinuity cuts across a stratum, it must have formed after that stratum."[7] These principles were applied and extended in 1772 by Jean-Baptiste L. Romé de l'Isle. Steno's landmark theory that the fossil record was a chronology of different living creatures in different eras was a sine qua non for Darwin's theory of natural selection.
Steno later converted to Catholicism and became a major figure in the Counter Reformation.  He took religious orders and rose to the rank of bishop.  Toward the end of his life he devoted himself to the care of the poor, even selling his ring and cross to help them.  He lived on bread and beer and became wasted and died, probably of protein calorie malnutrition. The Church has beatified him (1987) with the intent of raising him to sainthood and craters on both Mars and the Moon have been named for him.

The Industrial Revolution was, by the mid 18th century, creating a demand for metals that had to be mined and the men who were creating better mining techniques were also noticing that strata were a main characteristic of geology and that there were fossils imbedded in the strata.  Moreover, there were fossils in some of the higher strata that were not present in the deeper ones.  He also amassed a huge collection of the fossils from holes dug for canals, roads, railways, and quarries and later published books with pictures of them.
William Smith was busy looking for coal in Somerset in the early 1790s.  In March 1793, a local group of investors asked him to survey the territory with an eye to building a canal that would link the coalfields of Somerset with the Kennet and Avon canal.  When he started digging the canal, Smith saw three distinct and continuous layers with different fossil types in each layer. He actually thought about it backwards. He used the fossil types to identify the strata from one area as being the same as those from another.  He was more interested in the geology than in the animals when, in 1814, he published Strata Identified by Organised Fossils. He had proceeded to make a geological map of all England (hand colored). His work was actually shelved by most of the British scientific establishment because he was from the lower class and was not formally educated.  Others stole his work and his ideas and he wound up in debtors’ prison for a time. On release, his house and belongings were seized and he was forced to work as an itinerant surveyor until Sir John Johnstone, a former employer, brought him to work at Scarborough and help in building the Rotunda, a geological museum on the Yorkshire coast that still exists and is being refurbished by Prince Charles’ Trust.
But Smith’s work caused some serious problems.  If the fossils in different layers were of different types, did one not have to assume that they had been formed at different times?  And clearly, some of the fossils were remains of animals and plants that no longer existed. Did that mean that God had made mistakes and decided to remove some of what he had created?  But the Creation was assumed to have been perfect and to have contained an exactly perfect number of organisms. Worse, if God had made mistakes and had to correct them, would he do it again?
This brings us to Georges Cuvier who, in 1794, was Professor of Vertebrate Zoology at the Natural History Museum in Paris (which is now part of what had been Buffon’s zoo) and who would put the idea that species could become extinct beyond question. As a child, Cuvier had discovered and become enchanted by Buffon’s Natural History and read it so often that he memorized large sections by the time he was twelve.

In 1800 he published Memoires sur les especes d’elephants in which he proved that African and Indian elephants were different species and also that neither was a mammoth and that the latter were of necessity extinct. He also described the Ohio Animal which was yet another extinct species (the mastodon). He also compared a Peruvian fossil which he called megatherium to the giant sloth and showed by comparison that they were similar with one still being extant and the other extinct. And he first identified a fossil found in Bavaria as a flying reptile and named it Ptero-Dactyle. Remember, at the time it was widely believed that Creation had been perfect and that no species could have become extinct. Even Buffon had believed that fossils of animals like the wooly rhino and mammoth that had been found in Europe were simply the remains of animals that still lived in the tropics (rhinos and elephants) or the leftovers from Hannibal’s elephants.
He actually showed that, with a limited number of bones, he could tell a great deal about what an animal that no longer existed looked like.  Carnivores had sharp teeth and jaws capable of supporting strong biting muscles and claws for grasping prey.  They had eyes set to the front so they had binocular vision best suited for pursuit and a spine capable of supporting a muscular body.  He had invented comparative anatomy.

Cuvier begged to disagree: All of these facts, consistent among themselves, and not opposed by any report, seem to me to prove the existence of a world previous to ours, destroyed by some kind of catastrophe. This was the idea of catastrophism and he believed that there had been several such catastrophes. This would be disputed by the uniformitarians led by Charles Lyell who believed that the changes could be accounted for by processes that still existed such as erosion and volcanism that happened over time and gradually.  The idea of mass extinction came back in the 20th century as the theory of the Cretaceous-Tertiary (or more commonly now the Cretaceous-Paleogene) extinction event which is assumed to have occurred 65.5 million years ago and to have been the result of a meteor strike evidenced by a thin band of iridium containing sediment.  (In the slide, the upper layer contains 1000x more iridium than the lower. This marks the end of the Mesozoic and the beginning of the Cenozoic Era. Non avian dinosaurs are found only below the K-T boundary. A likely site of the strike is the Chicxulub impact in the Yucatan or the Shiva Crater beneath the Indian Ocean and the assumption is that dust clouds from the impact led to climate change and catastrophic cooling and impaired photosynthesis with die out of herbivorous animals.
Cuvier also (with Alexandre Brogniart an instructor in the Paris mining school) published a monograph on the geology of the area around Paris in 1808 (including the limestone quarries of Montmartre) and in a more complete form in 1811. He concluded that the layers around the Ile de France had been put down sequentially over a long period of time and that, at times, the area had been under the sea and at other times under fresh water.  It was the perfect complement to William Smith’s work in England.
Paradoxically, Cuvier’s idea that species tended to appear and disappear abruptly rather than (as Lamarck and Saint-Hillaire believed) gradually has become a favorite of the creationists although they overlook the fact that he was talking about multiple episodes rather than just one and that he was quite clear that new life forms regularly replace old ones. That said, he did remember the Biblical flood and considered it as a description of one such catastrophe, but he actually thought there had to have been at least two such floods to account for what he found. The first would have to have been before they were people since the lower levels had no evidence of human remains. He also reckoned that the floods had actually been tidal waves. He even went to ancient Jewish, Indian, Egyptian, Babylonian, Armenian, Chinese, and even American Indian texts and legends where he found support for the idea of two floods.
The double flood theory was picked up by a British clergyman and amateur geologist William Buckland. Buckland got an interest in fossils as a child while walking with his father who was Rector of Templeton and Trusham in Devon and who was responsible for road maintenance. He became interested in geology and especially studying strata while a student at Corpus Christi College at Oxford.  He subsequently became a fellow of Corpus Christi and was ordained an Anglican priest.  He continued to study geology in England, Scotland, Ireland, and Wales as an avocation and, in 1813, was appointed a reader in geology and paleontology at the university. His travels also brought him together with Cuvier. In his 1819 Vindiciae Geologiae; or the Connexion of Geology with Religion explained he attempted to reconcile the evidence from geology with biblical accounts of creation and the flood. He posited that the word “beginning” in Genesis actually meant some undefined period between the origin of the earth and the creation of its inhabitants during which there was a succession of creations and extinctions of plants and animals.  It was a form of catastrophism that came to be called Old Earth or Gap creationism.
When he found hyena fossils in caves in Yorkshire, he concluded that hyenas had actually been there at some time prior to the flood. Conventional “wisdom” held that they had been washed there by the flood.

“It must already appear probable, from the facts above described, particularly from the comminuted state and apparently gnawed condition of the bones, that the cave in Kirkdale was, during a long succession of years, inhabited as a den of hyaenas, and that they dragged into its recesses the other animal bodies whose remains are found mixed indiscriminately with their own: this conjecture is rendered almost certain by the discovery I made, of many small balls of the solid calcareous excrement of an animal that had fed on bones... It was at first sight recognized by the keeper of the Menagerie at Exeter Change, as resembling, in both form and appearance, the faeces of the spotted or cape hyaena, which he stated to be greedy of bones beyond all other beasts in his care.”
He continued to live in Corpus Christi College and, in 1824, he became president of the Geological Society of London. Here he announced the discovery, at Stonesfield, of fossil bones of a giant reptile which he named Megalosaurus (great lizard) and wrote the first full account of what would later be called a dinosaur.
He married Mary Morland who was herself a talented fossil collector and artist. He was also more than slightly odd.  He devoted himself to eating his way through the animal kingdom finding the mole and bluebottle fly less appealing than the panther, crocodile, puppy, snail, or mouse. Augustus Hare, a famous English raconteur and contemporary, recalled, “Talk of strange relics led to mention of the heart of a French King preserved at Nuneham in a silver casket. Dr. Buckland, whilst looking at it, exclaimed, ‘I have eaten many strange things, but have never eaten the heart of a king before,’ and, before anyone could hinder him, he had gobbled it up, and the precious relic was lost for ever.” The heart in question is said to have been that of Louis XIV. Visiting a European cathedral, he was shown a stain on the floor said to be the blood of a martyr.  He bent over, licked the stone, and pronounced it bat urine.

He was also the first to recognize that stony “bezoar stones” found in the abdominal areas of ichthyosaur skeletons were actually fossilized feces and he coined the term coprolite. Years later, when Darwin returned from the Beagle voyage, Buckland discussed the land and marine iguanas he had found in the Galapagos. (Although Darwin later said, “Though very good humored and good natured, he seemed to me a vulgar and almost coarse man.  He was incited more by a craving for notoriety which sometimes made hi act like a buffoon, than by a love of science.” 
He was in a bit of a bind.  A chair in geology at Oxford had been created for him by the Archbishop of Canterbury under the condition that, if geology supported the church, the church would support geology. His first lecture in 1819 was based on the idea that geology supported the biblical description of history.  His contortions to make that work varied from dense to impenetrable. A contemporary poem: “Some doubts were once expressed about the flood; Buckland arose, and all was clear as mud.” Darwin and his critics notwithstanding, he became and remained a scientific celebrity and a senior church official (he was involved in the repair and maintenance of Westminster Abbey) until he died of TB of the cervical spine and meninges.
The confusion was settled (and not to the taste of Buckland’s church superiors) by one of his students.  Charles Lyell had attended Buckland’s lectures on the principles of geology just before he graduated from Oxford to start what would be a very brief career as a barrister.

Lyell was born near Dundee. His father was a lawyer and amateur botanist who introduced his son to the study of nature. He went up to Oxford in 1816 where he majored in classics before entering Lincoln’s Inn in 1820, but he maintained an interest in geology and was elected joint secretary of  the Geological Society in 1823. When his eye sight became too bad to practice law, he became a full-time geologist in 1827.  He also became a principle proponent of James Hutton’s uniformitarianism.  His wife Mary Horner was the daughter of another geologist and they spent their honeymoon on a geological tour of Switzerland and Italy.  He later went to the United States and Canada and published two popular books on his travels and the geology of North America. His books—especially Principles of Geology which Darwin considered his best (which were famous and which continued to sell well through several editions) and his inheritance allowed him to live quite comfortably. 

He was also a hopeless snob who spent hours with his wife discussing whether it was in their best social interest to accept a social invitation. “The degree to which he valued rank was ludicrous, and he displayed this feeling and his vanity with the simplicity of a child.”

His main thesis was that one could understand what happened in the remote past by looking at geological processes (erosion, volcanism, and glaciation) that were still in action. Geologic change was the result of gradual accumulation of small changes over very long periods of time—obviously a problem for the creationists.  Lyell had asked Robert FitzRoy, the captain of the HMS Beagle, to look for odd boulders on his voyage and FitzRoy gave Darwin a copy of Lyell’s Principles just before the ship sailed. Darwin looked at geological formations on the voyage through Lyell’s lens and supported his uniformitarian ideas of geology.  Although they differed on evolution (Lyell believed in “centres of creation” to explain the fact that species varied by location), they became close friends when Darwin returned. Lyell was never able to reconcile his devout Christianity with Darwin’s natural selection.
But the biblical account was progressively under fire.  A crushing blow came when J.B. de Perthes discovered flint tools that had clearly been created by men in strata that were far too old for the biblical chronology.  The lack of human evidence had been a fall back before then.

And then there was Darwin.  By the time he became interested, it was hard not to believe that species evolved.  But no one had yet posited a mechanism.
Darwin was born the fifth of six children to a wealthy physician.  His paternal grandfather was Erasmus Darwin and his maternal grandfather was Josiah Wedgwood. The families were mostly Unitarian although Darwin’s father had the boy baptized as an Anglican.  He was sent to Edinburgh University to get a medical degree but he spent more time collecting shellfish from the Firth of Forth than he did studying.  His father pulled him out and sent him to Christ’s College at Cambridge to study for the ministry in January of 1828. He later remembered his father saying “You care for nothing but shooting, dogs, and rat-catching and you will be a disgrace to yourself and all your family.”  At Cambridge, his cousin introduced him to beetle collecting and he actually published some of his findings.  He also became close to botany professor John Stevens Henslow.  He also became enamored of William Paley’s Evidences of Christianity and Natural Theology, both of which purported to prove that the complexity of nature proved its divine origin.  He picked up the academic pace enough to finish tenth of 178 graduates.

Henslow arranged for him to be offered an unpaid post as naturalist and companion to Captain Robert FitzRoy on a proposed two year voyage to chart the coast of South America. His father reluctantly agreed to let him go and they departed December 27, 1831 on a voyage that would actually last five years. While the Beagle surveyed coastlines, Darwin was left to roam about on land cataloguing plants, animals, Fuegians and geology.  He amassed a huge collection that was sent in bits back to Cambridge and also kept an extensive set of notebooks and drawings.

FitzRoy had given him a copy of Lyell’s Principles of Geology and on his first landing at the island of St. Jago; he found a band of fossilized sea shells well up on a volcanic cliff.  He took it as irrefutable evidence the Lyell’s uniformitarian concept of rising and falling land masses had to be correct.  He would later see more seashells high in the Andes. He also accepted Lyell’s idea of centers of creation.

When he got to the Galapagos Islands (which are 600 miles off the coast of South America), he went looking for evidence that would support the centers of creation theory.  What he found were birds similar to ones found in Chile but with subtle differences even between the various islands. That together with variations in mockingbirds, tortoises, and foxes in the Falklands that were not afraid of men was making him wonder about the stability of species.  Maybe plants and animals changed when they were isolated in different ecologies.

Darwin came back to England still not sure that species were mutable, but the more he thought and the more he considered his notes, the more convinced he became.  But the real breakthrough was in his realization that natural selection was the mechanism. It came in October 1838 when “after I had begun my systematic enquiry, I happened to read for amusement “Malthus on Population,” and being well prepared to appreciate the struggle for existence which everywhere goes on from long-continued observation of the habits of animals and plants, it at once struck me that under these circumstances favourable variations would tend to be preserved and unfavourable ones to be destroyed.  The result of this would be the formation of new species.”  
Malthus was an ordained Anglican priest and a brilliant amateur mathematician who said, “Population, when unchecked, increases in a geometrical ratio.  Subsistence increases only in arithmetical ratio.” Something had to give. Malthus actually convinced Prime Minister William Pitt to withdraw a bill supplementing poor house payments with the argument that a well funded poor house would remove the fear of starvation and encourage the unemployed poor to take the risk of having larger families.  He also argued for late marriage and for contraceptive birth control.
But Darwin thoroughly understood the societal risk that hypothesis entailed.  He outlined it to the botanist J.D. Hooker in 1837 and to his fiancée Emma Wedgewood at about the same time but he was unwilling to take the risk of making the theory public.  He sat on it while he studied mollusks and raised a large family in upper middle class comfort until 1857 when he received a manuscript for the East Indies from a man he had only met once and then briefly.
Alfred Russell Wallace was born in Monmouthshire (Wales) as the eighth of nine children in a modest family.  His father had lost most of the family’s limited inheritance with bad investments and Wallace was forced to leave school at age 13 and become an apprentice builder under his older brother and later as an apprentice surveyor under another brother. He worked for his brother for a time until that business went under and he was hired to teach drawing, surveying, and mapmaking at the Collegiate School in Leicester.  He was a library rat and read the anonymous (actually written by publisher Robert Chambers who was afraid of the uproar it would cause and was sure it would ruin his business and refused to put his name on it) Vestiges of the Natural History of Creation, Lyell’s Principles of Geology, and Darwin’s Journal.  Before going to the Moluccas.

He also read Thomas Malthus’s An Essay on the Principle of Population, the same book that had led Darwin to the idea of natural selection through the pressure of increasing population on decreasing resources and the book would come back to him while he was collecting in Southeast Asia.

 “I was suffering from a sharp attack of intermittent fever, and every day during the cold and succeeding hot fits had to lie down for several hours, during which time I had nothing to do but to think over any subjects then particularly interesting me.  One day something brought to my recollection Malthus’s “Principles of Population,” which I had read twelve years before.  I thought of his clear exposition of “the positive checks to increase”—disease, accidents, war, and famine—which keep down the population of savage races to so much lower an average that that of more civilized peoples.  It then occurred to me that these causes or their equivalents are continually acting in the case of animals also; and as animals usually breed much more rapidly than does mankind, the destruction every year from these causes must be enormous in order to keep down the numbers of each species . . . as otherwise the world would long ago have been densely crowded with those that breed most quickly. . . . Why do some die and some live? And the answer was clearly, that on the whole the best fitted live. From the effect of disease the most healthy escaped; from enemies, the strongest, the swiftest, or the most cunning; from famine, the best hunters or those with the best digestion; and so on.  Then it suddenly flashed upon me that this self-acting process would necessarily improve the race,” because in every generation the inferior would inevitably be killed off and the superior would remain—that is, the fittest would survive´. . .  I waited anxiously for the termination of my fit so that I might at once make notes for a paper on the subject.” He spent the next two evenings writing the paper that he then sent to Darwin.

Two lessons here—fortune favors the prepared and “Aha!” moments exist.  
Inspired by Darwin’s travels, he decided to become a peripatetic naturalist as well and got himself on a ship to Brazil to collect insects in the Amazon rain forest.  He was specifically interested in finding evidence of the transmutation of species.  He spent four years charting the Rio Negro and collecting specimens. On his way back to England, the brig Helen caught fire and he was able to save only his diary and a handful of sketches.  His specimens were lost, and Wallace and the crew spent ten days in an open boat before they were rescued. He used his notes to write six papers and he also corresponded with Darwin in the eighteen months he was back in England.

In 1854, he left for the Malay Archipelago to again collect specimens. There he found the sharp differences between species on either side of the deep water separation in the archipelago that has become known as the Wallace Line.  The difference led him to the idea of natural selection and he wrote a paper that he forwarded to Darwin with the request that it be sent on to Lyell if Darwin found it worthy of publication.  His book about his trip (The Malay Archipelago) was dedicated to Darwin and became a popular seller that stayed in print almost to 1920.  When he returned to England, he became close to Lyell and to Herbert Spencer and continued to write Darwin regularly. 

Unlike Darwin, he deliberately set out to prove the transmutation of species and, from early on, realized that the mechanism was Malthusian natural selection.

Wallace, like his father, made bad investments and was reduced to grading government examinations and doing editing for Lyell and Darwin. He also became a social activist, becoming an opponent of Social Darwinism, a socialist and promoter of land nationalization, and advocate for paper currency, and opponent of militarism, and a proponent of women’s suffrage. He also became a passionate opponent of vaccination, believing that the scientific studies showing it prevented smallpox had been falsified. 

Wallace would later serve as one of Darwin’s pallbearers.  He died at age 90 and his obituary in the New York Times said “The last of the giants belonging to that wonderful group of intellectual that included, among others, Darwin, Huxley, Spencer, Lyell, and Owen, whose daring investigations revolutionized and evolutionized the thought of the century.” A medallion honoring him is near Darwin’s grave at Westminster Abbey.
When Darwin’s and Wallace’s papers were presented in tandem to the Linnaean Society in 1858.  They were recommended by Hooker and Lyell and were read to the 30 members (neither Darwin nor Wallace was present) and generated no discussion.  A contradictory paper had been scheduled but was not considered necessary.  Thomas Bell, the society’s eminent president, reported that “The year which has passed has not, indeed, been marked by any of those striking discoveries which at once revolutionize . . . the department of science on which they bear; it is only at remote intervals that we can reasonably expect any sudden and brilliant innovation.”  Professor Haughton of Dublin told Darwin that “All that was new in them was false and all that was true was old.” Bell and Haughton notwithstanding, one can readily date the public revelation of the theory of evolution to July 1, 1858.

Darwin had waited 14 years to release his “summary” of his findings because he was worried about the effect in society of his revolutionary (and anti clerical) hypothesis.  He only presented the paper when he received Wallace’s manuscript and still had a crisis over whether to write a whole book.  He was somewhat relieved that Bell and the Linnaeans had totally missed the point. 
In 1859 he opted for priority and decided to publish On the Origin of Species.  He had a hard time with John Murray, his publisher, who was worried about the repercussions.  Darwin argued that he had specifically left humans out of his evolutionary scheme (although he believed they belonged there) and had never mentioned Genesis or even the Bible although he had long since given up any belief in formal Christianity.  An initial run of 500 was expanded to 1,500 which promptly sold out and led to 3,000 more.  It quickly sold over 16,000 copies and was translated into Spanish, French, Slovak, and even Japanese.

The clergy attacked.  In 1864, 11,000 Anglican clergymen signed the Oxford Declaration that stated that Bible was either true in its entirety or it was not. Darwin had left man in the same realm as animals and the argument became (and remains) science against religion.  The church gradually softened and, in 1884, Frederick Temple, the Archbishop of Canterbury, took the stance that the Bible was, in fact, allegory.

The real problem, however, was that of intent.  The idea of evolution was certainly not a new one and had never raised many eyebrows.  The problem with Darwin’s proposal was that evolution was random and not with some intent in mind. The loss of divine intent was a huge threat to the Church.

Hume had said that it was obvious that the world was designed and ran as a great machine—just one that was too complicated for us to understand yet.  In fact, that complexity was the proof that God existed by analogy.
The view of the Enlightenment is capsulized in his Dialogues, Part II:
“Look round the world: Contemplate the whole and every part of it: You will find it to be nothing but one great machine, subdivided into an infinite number of lesser machines, which again admit of subdivisions to a degree beyond what human senses and faculties can trace and explain.  All these various machines, and even their most minute parts, are adjusted to each other with an accuracy which ravishes into admiration all men who have ever contemplated them.  The curious adapting of means to ends, throughout nature, resembles, exactly, though it much exceeds, the production of human contrivance—of human design, thought, wisdom, and intelligence.  Since therefore the effects resemble each other, we are led to infer, by all the rules of analogy, that the causes also resemble, and that the Author of Nature is somewhat similar to the mind of man, though possessed of much larger faculties, proportioned to the grandeur of the work which he has executed. By this argument a posteriori, and by this argument alone, do we prove at once the existence of a Deity and his similarity to human mind and intelligence.”
The situation was aggravated because, in 1858, Johann Karl Fuhlrott had found the skeletal remains of a primitive humanoid in a cave in Germany which he named (after the discovery site) Neanderthal.

The thing began to get out of hand when Darwin’s cousin Francis Galton got involved.  The idea of racial inequality’s first real proponent had been Joseph Arthur, the Comte de Gobineau who published Essay on the Inequality of the Human Races in 1853.  Galton thought that urban life had led to deterioration of the human species and he had published a beauty map of Britain.  Understandably (considering that he was from London) he found the most beautiful people in London and the least in Aberdeen.  He rated the number of “attractive, indifferent and repellent-looking women” in a variety of towns using a patented recording machine.  Using Darwin as scientific justification, eugenicists began advocating preventive sterilization of imbeciles, syphilitics, patients with TB, and even bankrupts.  On the other hand, they advocated financial supplements for parents of children with “civic worth.”
The extension on the continent was championed by Ernst Haeckel, a German scholar and zoology student. He based his ideas on the philosophy of Georg Wilhelm Friedrich Hegel (1770-1831) who held that all the world and man in particular was constantly perfecting itself.  That was an idea to which Darwin heartily subscribed.  What he did not subscribe to was the additional idea that the Germans were the height of that perfection. And beyond that, the most perfect expression of humanity was the state and Prussia was the perfect state and the Prussian monarch the perfect human. And, as in animals, it was survival of the fittest and the best of nations inevitably fought and disposed of inferior ones.
Also, Europeans were no more like Africans that sheep were like goats and mankind had to be divided into groups based on both physical attributes (color) and intellectual ones (who had the purest language, the best music, the greatest books, etc) and Germans were clearly at the top on both counts. It was all the perfect support for the Romantic Germans’ racism, imperialism, nationalism, and anti-Semitism. Haeckel’s Weltsrätsel (The Riddle of the Universe) sold half a million copies by 1933. By 1904, eugenics had its own journal (Archiv) and proposals had been put forward for Mittgard, a city devoted to breeding a master race. And a political party emerged dedicated to service to the state, hierarchy based on ability (without pollution by parliamentary process), and creation of a nation of the biologically elite—Nazism. 
Herbert Spencer brought the same general ideas to America.  “The poverty of the incapable, the distresses that come upon the imprudent, the starvation of the idle . . . are the decrees of a large, far seeing benevolence, [which also] brings to early graves the children of diseased parents, and singles out the low-spirited, the intemperate and the debilitated as the victims of an epidemic.” Social Darwinism fit perfectly with Andrew Carnegie’s Philosophy of Wealth and was used to counter efforts at social engineering. 300,000 copies of Spencer’s book were sold around his tour of America. Carnegie: “We accept and welcome, therefore, as conditions to which we must accommodate ourselves, great inequality of environment; the concentration of business, industrial and commercial, in the hands of a few; the law of competition between these, as being not only beneficial, but essential to the future progress of the human race.”  Rockefeller called the rise of monopoly “the survival of the fittest” and “If it be said that to be free on the terms accessible to poor men is harsh, freedom is harsh.”  
Of course, Karl Marx also used Darwin as the justification and explanation of class struggle toward the ultimate revolution that would do away with Rockefeller’s capitalism.
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