
Finding Our Place in the Great Chain of Being  

Section Two: Biology and Evolution 

1. Aristotle’s Biology and the Great Chain of Being 

Just as we did with the case of physics we will start with the philosophy of Aristotle. Aristotle 

was a close observer of biological phenomena. One of the things he observed was that there were 

many similarities among the types of living organisms he had access to around the 

Mediterranean vicinity of Greece and Macedonia within which he moved. Whereas his physics 

was extremely speculative he is still often regarded as the father of biology. 

Aristotle proposed that there were three distinct types of "souls" (which he called in Greek 

psyches) to be found in the different living organisms. The lowest of these he called a vegetative 

soul. This rudimentary type of living principle allowed lower organisms such as plants to 

reproduce and to feed themselves. Next up the scale was the locomotive soul. This permitted 

self-motion around the land and sea. At the pinnacle of living organisms was found the rational 

soul. It was this Aristotle believed that put humans apart and above all the other animals and 

plants. There is an obvious assumption of hierarchy here that loaned itself well to human 

prejudice and later religious chauvinism.  

This early scheme of Aristotle‟s illustrates how central and deep the practice of classification has 

been to the discipline of biology. Not until the eighteenth century do we find a properly 

developed and fully naturalistic attempt to go beyond classification and to supply an explanation 

of the obvious similarities and dissimilarities among groups of organisms. And despite the 

attempts to go deeper than mere classifications, the uprooting of prejudices about the superiority 

of the human species has proved a difficult and lengthy process. As the recent Kansas school 

board decision not to make evolution a mandatory subject within biology classes (!) shows, it is a 

prejudice that self-consciously thrives on ignorance. (Let it be noted that the driving force behind 

this decision was a small but very determined and politically motivated minority of 

fundamentalists, i.e. people who believe in the literal truth of the Bible as the word of God. 

These people are also dead-set against the standard Big Bang theory of cosmogony, and so by 

implication pretty much all of modern physics according to them is so much worthless 

speculation. What was it Galileo said? "The Bible tells us how to go to heaven, not how the 

heavens go." )  

It remains a popular presumption that all the diverse forms of life can be situated on a linear 

hierarchical scale, extending up from the most "primitive" slime molds or bacteria up to the most 

perfect form of life, humans of course! This idea has been referred to as the Great Chain of 

Being or the Ladder of Creation. Within the Judeo-Christian world it has been a long standing 

belief (though only slightly less prevalent today) that the Genesis account of creation found in 

the Bible is literally true. According to that account God created all of the various species of 

plants and organisms fully formed and distinct (and did so exclusively for our benefit to use and 

abuse as we wish). This idea is known as the fixity of species thesis. It may be a nice cozy 

explanation of how all the diverse species came to be, but it provides absolutely no helpful 

explanation to the biologist for the presence of the multiple similarities among species, nor any 

explanation for why there is such diversity among and within species. To say that God just 

wanted it that way does not constitute an explanation of any use to the biologist.  

The questions "Why are there so many diverse forms of life? And how did they all come about?" 

fall under the Question of Diversity. The question "Why are there so many striking similarities 

among the many different forms of life?" is the Question of Homology. What the biologist wants 

to know is why, for instance, whales look and behave so much like fish but breathe with lungs 



and give birth to live and fully developed young, and why they suckle them like humans and 

many other terrestrial animals do. And why do whales have finger bones hidden within their 

flippers? Why do so many vertebrate species in general share a common body plan, with varying 

degrees of modification to that plan? Why do so many plant species share similar structural 

plans? Why do these similarities exist? And why do all life forms share the same genetic code? 

The biologist also wants to know why there are so many fossil remains of now extinct 

organisms. And why the fossil record is laid out in a way that suggests that creatures and plants 

gradually became increasingly differentiated from those fossils found in the oldest sediments and 

rocks. And why do so many animals that look quite distinct as adults resemble one another so 

closely when they are going through their respective embryological developments? The idea that 

these resemblances exist because all species are actually related to one another through a 

common ancestral history strikes many people as more plausible than the idea that they have no 

relation to one another at all. Similarly, the proposal that the diversity in life forms is explained 

by a natural divergence from an original form under the influence of diverse environmental 

conditions supplies a naturalistic and testable hypothesis. This raises the point that the modern 

understanding of evolution--or as Darwin called it, "descent with modification"-- involves two 

separate claims. (1) That species are mutable, not "fixed". One species can, over time give rise to 

a new and separate species. And (2) That all forms of life are descended from a common 

ancestral form of life. That is, all species share a common ancestry and so are related.   

In addition to the questions of Diversity and Homology, biologists have been and continue to be 

interested in the Question of Adaptedness: That is, why are the various forms of life so well 

suited to their particular environments and their means of living and surviving? For instance (to 

use a rather cliched example), how did it come about that the giraffe has a neck (and legs) long 

enough to enable it to graze on the leaves of tall trees? Why are birds so well "designed" for 

flight (e.g. have light hollow bones), why do some species of monkeys have prehensile tails that 

allow them to grip branches and maintain balance? Why are orchids constructed in such a way 

that nectar-seeking bees must first be dabbed with pollen in order to get what they are after, and 

consequently go on to spread the pollen from flower to flower (acting as a kind of gamete 

delivery service for immobile plants)? It is to this question that Darwin and Wallace provided the 

answer that is the most distinctive feature of modern evolutionary biology. Rather than suppose 

that plants and organisms are well adapted to their environments and means of life because they 

were consciously designed to be that way by a supernatural intelligence, such as a deity, Darwin 

and Wallace both hit upon the idea that the mechanism was the purely naturalistic result of a 

natural selection by environmental circumstances of the randomly occurring natural variation 

among organisms within that environment. But we should not jump too far ahead at this point. 

Let us shift our attention back in time, to a period before Darwin and Wallace, to the pre-

revolutionary France of the eighteenth century.  

2. The Philosophes and Pre-Revolutionary France 
Over the centuries leading up to the eighteenth century there had built up within the structure of 

European society a mirror reflection of the hierarchy called above the Scala Naturae. The Ladder 

of Creation (or Great Chain of Being) represented a natural progression leading up from the least 

to the most perfect beings. Similarly the feudal system represented what was supposed to be the 

"natural order" appropriate to the social and political realm. At the bottom of society were found 

the peasants and commoners. Above them were the merchants and burghers (townsfolk from 

which we get the term "bourgeoisie"). Next up the scale were the Nobility: the counts and 

marquis, princes and princesses. In France this level of society was known as the "second estate." 



The "first estate" above that was the Church and its clergy, including priests, abbés, cardinals, 

bishops etc. But even above the Church in this post-reformationist time was the monarchy, the 

King and Queen. The Church may have been a powerful conduit between humanity and the 

Creator, but in this earthly life it was the monarchy who enjoyed the seat at the top. And just as 

one's position within this hierarchy reflected one's degree of perfection or superiority, so too did 

it reflect (for the most part) one's level of wealth. Those at the bottom were poor and at the mercy 

of those above them. Nor could one ever hope to improve one's position in this "natural order" of 

things. Born of peasant stock, fated to produce peasant stock. By comparison, it was believed 

that each organic species always reproduces its own kind, and that nothing could ever change 

that. Worms give birth to worms, birds to birds, and cats to cats. There is no way for a worm to 

improve its lot in life, and likewise peasants could only dream of overturning this natural order 

of things.  

But if peasants could only hope for a better life or a bigger slice of the pie, members of the 

nobility and the middle class could use their greater influence to their own advantage. (Some of 

the nobility and middle class even had good intentions of helping out the lower classes.) 

Obviously this ambition of the "upwardly mobile" fits poorly with the old idea of a rigid and 

immutable hierarchy. As the events of the French Revolution played out in 1789, the climate 

became much more congenial for ideas of biological change. Inspired by the great success of 

Newton in explaining the workings of the universe without any explicit appeal to the deity, a 

group of French "Freethinkers" began spreading ideas of deism (the thesis that although God 

created the world, he no longer meddles in its affairs) and atheism. In addition to these ideas this 

group (which included Voltaire, D'Alembert, Diderot, Condorcet and others) was also spreading 

sentiments about liberty, equality, and brotherhood among all men (women were included in 

these ideals to some extent, but not entirely). And so it was that the seeds of modern evolutionary 

biology had their germination in the soil of post-revolutionary Paris, in the Museum of Natural 

History to be precise. It was there that a debate broke out between France's most brilliant 

biologist Baron Georges Cuvier, and two of his colleagues, Étienne Geoffroy Saint-Hilaire and 

Jean Baptiste Lamarck.  

Cuvier had begun amassing a huge collection of strange bones and fossils that had begun to 

surface in excavations. He was able to reconstruct many strange new creatures that were then 

extinct. That any of God's creations could go extinct was an unsettling thought, (How did it bode 

for us?!). But despite this slight anomaly Cuvier managed to retain a belief in the fixity of 

species and their separate creation. (And why not? The evidence of now extinct life forms really 

has little direct impact on the question of whether one species can turn into another.) Geoffroy 

and Lamarck on the other hand were sympathetic to the idea of species transmutationism. Or 

perhaps it would be just as accurate to say they were very critical of the idea of rigid and 

immutable hierarchies -- for they were both supporters of the ideals of the revolution: equality 

and whatnot. Whereas Cuvier had enjoyed the good graces of the return to hierarchy and empire 

that had been restored by Napoleon's self-appointment as emperor. Despite his intentions his 

excellent work in the fields of palaeontology and comparative anatomy only provided more 

evidence for the idea that different species are very closely related. 

You may have noted in the paragraph above the term transmutationism. Why not use the more 

familiar term evolution? Because at the time "evolution" had quite another connotation; in fact 

evolution originally had very little to do with the problem of whether species were fixed or 

related. Aristotle had made observations on the development of individual organisms from egg to 

mature adult. This study is called embryology, or alternatively developmental biology. At the 



time of the debate between Cuvier and Lamarck (and even as late as Darwin's time in the 

nineteenth century) "evolution" referred to a particular theory of embryological development. 

One school of thought believed that the egg underwent a series of differentiations, whereby the 

original homogenous matter became heterogenous. This was known as the "epigeneticist" theory. 

The competing theory maintained that, since there was no way to explain how this process of 

differentiation could occur (what could possibly be guiding such a complicated process from the 

inside?), it must be that all the adult parts are already preformed within the egg, and that 

embryogenesis (or ontogeny) is a process of  unrolling what is already there. The Latin for "to 

unroll" is "e-volvere." Hence the notion of evolution was associated with this "preformationist" 

school. It was for this reason that Darwin himself attempted to avoid the term in expressing his 

own theory about the mutability of species. (He didn't want people to think there was anything 

inevitable about the process of transmutation as he envisioned it, i.e. there is no preset blueprint 

or design, the process of evolution is a contingent one subject to the accidents of environmental 

and hereditary influences.) 

Now back to Lamarck. Lamarck presented the first well developed attempt to answer the 

Questions of  Diversity, Homology and Adaptedness in naturalistic terms. Lamarck rejected the 

thesis of the fixity of species. He argued that the reason there are so many different forms of life, 

and that they often closely resemble one another, is that they are actually related to one another 

through a process of transmutation of morphological form. Lamarck's theory involves a couple 

of key theses (this presentation simplifies it considerably but will assist us well enough in 

understanding what is novel about the theory of Darwin and Wallace). First, individual 

organisms can bring about alterations to their parts through use or disuse of those parts. A limb 

used often will tend to develop in strength and in a fashion conducive to the use to which it is 

put. A limb or feature neglected will tend to weaken and deteriorate. Changes in parts resulting 

from such use or disuse are called "acquired traits" to distinguish them from traits possessed 

from birth. Naturally, many such traits could prove to be beneficial to the organism. In fact there 

is little reason to suppose that an organism will waste energy developing traits that are not 

beneficial or adaptive. Second, acquired traits can be inherited or passed on to the offspring. And 

in this way what is gained in one generation can be retained and improved upon even further in 

the next generation. (The belief in the inheritance of acquired traits was very common in 

Lamarck's time, and is even today in some circles. Do you believe that the son or daughter of a 

good hockey player is more likely to be a better hockey player than their peers? Why?) On this 

account of transmutation there would be a cumulative progression toward ever better adapted 

organisms. Extended over a long enough period of time, Lamarck argued, this could result in the 

production of new species from populations of pre-existing species. To use a well worn example, 

the modern giraffe's ancestor we may suppose did not have a long neck. But by continued 

stretching and exercise in the attempt to reach leaves available to few other animals, the giraffe 

created for itself a longer neck. Each generation would be born with a "headstart" passed on to it 

from its parents.  

Unlike Darwin and Wallace, however, Lamarck did not make the claim (in addition to the 

mutability of species) that all species share a common ancestry. Lamarck believed that species 

were continually being generated "spontaneously" in very rudimentary forms and by the 

mechanism he proposed were raising themselves up through the (formerly static) Chain of Being 

and Perfection. It is interesting to note that Lamarck was not the first to propose such a 

mechanism for transmutation. In fact Charles Darwin's grandfather, Erasmus Darwin (1731-

1802), had published just such an account in his Zoonomia, or the laws of organic life in 1794. 



Lamarck's Philosophie Zoologique came out in 1809. 

Despite Lamarck's attempt to work out a naturalistic mechanism for the transmutation of species, 

evolution (as we understand that term) remained a merely popular heresy among a few free-

thinking liberals. It still lacked any significant proof. In fact its association with the bloody 

events of the French Revolution and its Reign of Terror was enough to ensure that most 

conservative and law-respecting individuals (especially across the Channel in Britain) continued 

to view the idea of evolution with suspicion if not outright fear. 

3. Darwin, Wallace, and the Nineteenth Century  
Charles Robert Darwin (1809-1882) was born into a wealthy upper middle class English family, 

which included among its ancestry the already noted early transmutationist Erasmus Darwin and 

the industrialist Josiah Wedgwood of the Wedgwood pottery fame. As a young man Charles 

displayed an obsession with natural history, being described by his physician father as an idle 

"ratcatcher." Darwin studied medicine for a time in Edinburgh University, but his sensitive 

nature ill disposed him for the often bloody and barbaric methods of surgery practised at the 

time, (operations were performed without anaesthetic and blood letting was still in vogue). 

Darwin then eventually acquired an education at Cambridge University, a time which he 

described as idly frittered away on cards and wine. His appetite for natural history still 

unquenched, he was able to secure his uncle Wedgewood's support in a campaign to convince his 

father to permit him to travel. So it was that at the age of twenty two Darwin set sail in 1831 

aboard Her Majesty's ship Beagle, not to return to Britain's shores until five years later.  

Darwin was at this time interested in the species question, though he was not a supporter of the 

transmutationist idea. He set out on the voyage to conduct the type of exploration of God's 

creation that the influential Bishop Paley had made popular. By learning more about the grand 

designedness of nature humble men could learn more about their master and creator. It was 

Darwin's plan upon conclusion of the trip to settle down as a country parson, to live a quiet and 

uneventful life within the Anglican Church. That was not to be however. For the things that 

Darwin observed in the strange lands of South America, so different in terms of its flora and 

fauna from that of his own familiar Britain, were to shake his belief in the fixity of species, and 

ultimately in his belief in a grand benevolent creator.  

Darwin made three basic types of observations: (1) That species of organisms were not 

uniformly or homogeneously distributed about the globe. Why were different types of life forms 

found in different environments he wondered? Why are quite different, though functionally 

similar, forms sometimes found in similar environments?  (2) That the fossil records displayed a 

pattern of forms; earlier forms looking less like any creatures now living, later fossil forms 

resembling more closely--by and large--existing species. There appeared to be some progression 

from more "primitive" forms to the more familiar ones. (3) That within the small area 

represented by the Galapagos Islands, off the coast of Ecuador, different varieties of the same 

species of creatures appeared to flourish in different environments. The most famous example of 

this latter category is that of Darwin's finches. These small birds displayed a variety of beak 

shapes and sizes, each of which seemed ideally suited for the type of habitat within which the 

bird lived. Darwin began to entertain the hypothesis that these different varieties of finch 

originated from a common ancestral population, within which there was a range of variation of 

beak shape and size. Members of this original population he supposed would find themselves 

better suited to certain environments and food sources as a result of the type of beak morphology 

they possessed. In those specific environmental niches finches with the right beak morphology 

would have an advantage over the other forms, and so would flourish, leaving behind more of 



their offspring possessing the favoured beak morphology of its parent generation. This process 

whereby varieties of the same species with different morphologies become "fitted" to specific 

niches is called adaptive radiation. With great expanses of time, Darwin began to suppose, this 

"fitting" of morphological and behavioural types to specific environmental niches might 

ultimately result in the further separation or reproductive isolation of the different forms from 

one another. New species of organism would emerge, constituting groups not only distinct in 

appearance in some respects, but no longer able to reproduce viable and fertile offspring with 

one another. In short, the environment operates to "select" or favour those forms best suited to 

make a living within it. 

Darwin spent the next twenty-three years after his return from the Beagle voyage attempting to 

work out the details of how new species might emerge from ones already present. He was by that 

time convinced that evolution -- the transmutation of one species into another -- was a reality. 

What remained to be done was to provide the mechanism by which it occurred. The chief 

mechanism he proposed was the Natural Selection of Well-Adapted types, these varying types 

arising Spontaneously and Without any prior Design or concern for whether or not they will 

prove beneficial or not. Variation of form occurs "randomly" or by "chance." This does not mean 

that variation has no prior cause, that it is some miraculous event. What it means is that a 

variation is just as likely to occur whether it would prove deleterious to the organism possessing 

it as it would if it would prove to be beneficial to the organism. Variation, in other words, is not 

aiming at anything. It just happens whether it is good or bad for the organism. In that sense 

variation is said to be random or by chance. But those variations that are of benefit will bestow 

upon their possessers an advantage over their peers. Consequently, on average and in the long 

run, those better adapted to the local environment can be expected to flourish and to pass on their 

genetic inheritance to their offspring, thereby increasing the proportion of those well adapted 

traits within the emerging generations and populations. It should be noted that possessing an 

adaptive trait is no guarantee of greater reproductive success. A plant that possesses a mutation 

say for a fragrant scent found attractive to bees and other pollinating insects may still get eaten 

by a passing herbivore before it can enjoy the benefits which that variation would have bestowed 

upon it. Evolution by Darwinian methods is very sensitive to such contingent events.    

A few things should be noted here. First, Darwin's theory about how evolution occurs does not 

propose that it is "all a matter of chance." Natural selection is a deterministic and algorithmic 

device. The environment and competition for its resources do not select individuals at random. 

They favour very selectively and distinctively organisms possessing adaptive (i.e. beneficial) 

traits. These individuals are said to have a greater degree of "fitness" relative to the local 

environment. What people are thinking of when they say that Darwinism makes natural history 

look to be all a matter of chance or randomness, is that it does away with the need for the 

supposition that organisms have all been well "designed" by some intelligent agent to fit their 

environments and ways of life. Secondly, in contrast to Lamarck's theory, Darwin's states that 

evolution is something that occurs to populations of organisms, not to individual organisms 

themselves. Darwinian evolution is the change in frequency of certain traits and characteristics 

displayed within a population of interbreeding organisms over time. An additional feature of 

Darwin's theory must be noted. Again in contrast to Lamarck, and definitely in contrast to the 

thesis of the fixity of species, Darwin proposed that all species share a common ancestral history 

going back to an original form of life. It is for this reason perhaps that Darwin originally referred 

to his theory as Descent with Modification rather than using the more vague term "evolution," 

which at the time implied a predetermined "unrolling" of species in accordance with an internal 



blueprint regulating the entire process from beginning to end of time. 

It is important to note that Darwin thought about species, not as ideal types of organisms (what 

the evolutionary biologist Ernst Mayr calls „typological thinking‟), but as variable populations of 

individual organisms. A species, for Darwin and for modern biology, is a group of successfully 

reproducing organisms. (Mayr calls this obviously enough „population thinking‟.) When Darwin 

wrote about the evolution of species therefore, he was not thinking about the abstract 

transformation of some ideal type of organism into some other ideal type of organism, but the 

change in the ability of certain populations of organisms to successfully reproduce with one 

another.  

So far we have seen a casual and somewhat disorderly account of Darwin's argument for the 

origin of new species form old ones by the mechanism of natural selection. We ought however to 

have a more orderly and systematic depiction. Here, listed in eight chief parts, is the basic 

structure of the argument put forth by Darwin in his book, The Origin of Species by Means of 

Natural Selection, or the Preservation of Favoured Races in the Struggle for Life. 

Darwin's Argument: The Long Form     

1. Organisms and populations thereof tend to reproduce more of their kind than can be 

supported by available resources. This is often referred to as the thesis of Malthusian 

Reproduction because the idea was first explicitly stated by the Reverend and political economist 

Thomas Malthus (1766-1834) in his book An Essay on the Principle of Population. 

2. This results in a competition for resources (food, shelter, mates). 

3. There is a Natural and Random Variation of traits within populations. (Random in the sense 

that the variation is not "aiming" at anything; adaptive or beneficial variations are no more likely 

to occur than neutral or deleterious ones). 

4. Some traits are better adapted (better fit) to the local environment. 

5. 2 + 4 entails that some individuals have an advantage over others. This leads to a Natural 

Selection for more Adaptive traits. 

6. There is an Inheritance of characteristics or traits from parent to offspring. (Darwin 

included Lamarckian inherited traits, but this has been dropped from the modern Darwinian 

theory.) 

7. This results in more of the adaptive traits being passed on into the next and subsequent 

generations (assuming the traits remain adaptive relative to the local environment); i.e. 

Evolution occurs -- changes in frequencies of traits in a population. This is called 

microevolution. 

8. Over Great Lengths of Time evolution will result in the origin of new species, reproductively 

isolated from one another. This is referred to as macroevolution. It concerns the evolutionary 

change in taxonomic levels above that of individual populations, e.g. species, genus, family, 

order, class, phylum, kingdom. 

So here, in a nutshell, is Darwin‟s argument. Organisms are capable of producing a lot of 

offspring over the duration of their productive lives. Think of a pair of mice or the number of 

little “parachute fluffs” on a dandelion. If each of these „offspring‟ were successful in reaching 

maturity (and successfully reproducing themselves), the world would soon be overrun with mice 

and/or dandelions or what have you. (Darwin showed that the same holds even for slow 

reproducers like elephants.) Obviously not every offspring survives to maturity since the world is 

not overrun with hordes of mice or dandelions or whatever. The reason, Darwin surmised, is that 

there is not enough food and other necessary resources to support every single offspring. This 

means that there will be competition for those resources. And if some of those organisms happen 



to have inherited traits that give them a competitive advantage over the others, they will not only 

survive but will produce more offspring of their own type or variety; and over time individuals 

possessing these advantageous (adaptive) traits will come to dominate the population of any 

particular species. Given enough time, this natural selection (by the local environmental 

conditions) for adaptive traits can lead to significant changes in the look and behaviour of a 

population of plants and animals. This will be especially true if a population of organisms 

invades a new environment or the environment in which it lives changes in some way, thereby 

shifting the competitive advantage to those individuals with some other trait that is as yet 

statistically rare in the population as a whole.   

Another key difference between Lamarck‟s and Darwin‟s theory of how evolution occurs is this: 

According to Lamarck, if an animal would benefit from having some trait, then that trait will 

arise or evolve in order to help the animal survive and reproduce. Lamarck‟s theory is 

teleological in this way. So giraffes originally had short necks; they „needed‟ longer necks to get 

the vegetation at the tops of trees, and voila, longer necks evolve in them. But for Darwin the 

fact that an animal or plant has a „need‟ for or could benefit from having some trait is irrelevant. 

There is no beneficial force that will ensure they get the trait they need. (Giraffes might also 

benefit from having wings or wheels, but that doesn‟t mean they‟re going to get them.) For 

Darwin, long necks occurred in some giraffes first, just by natural „random‟ variation; but 

because having a longer neck just happened to be advantageous in their environment, those lucky 

giraffes born with longer necks tended to out-perform their shorter-necked peers. For Darwin 

there is no beneficent (teleological) force looking out for organisms ensuring they get the traits 

they need – traits appear independently of whether they are beneficial or not; but if beneficial 

traits do happen to appear, the local environment will ensure that the organisms lucky enough to 

possess them will survive and reproduce those adaptive traits in greater numbers.    

Theories of speciation 
Consider this: a small portion of a population of animals moves away from the larger parent 

group, or is separated from it by the emergence of a mountain chain or subsidence of a 

landbridge between two bodies of water; if the smaller group undergoes a lengthy period of 

adaptation to the new environment (i.e. evolves by natural selection), it may happen that when 

the descendants from these two groups are reintroduced they cannot or will not reproduce with 

one another. They will have become essentially two separate species. This mode of speciation is 

called allopatric (meaning “in another place from the parent”) and is currently the most popular 

with evolutionary biologists. Remember that what we mean by a species is just a group of 

successfully interbreeding organisms.    

Darwin had been writing draft after draft to make the most persuasive case possible for the claim 

that evolution of species had occurred and that natural selection was the chief mechanism 

responsible. But in 1858 he received a letter from a friend, Alfred Russel Wallace, who like 

Darwin had explored South America and was presently gathering specimens of the plants and 

animals of Malaysia. Included in Wallace's letter was a paper he had written on the species 

problem, titled "On the Tendency of Varieties to Depart Indefinitely from the Original Type." 

Wallace sent the manuscript to Darwin because he knew that he was working on the same 

problem. Darwin was shocked to see that Wallace had hit upon the very theory which he, 

Darwin, had been painstakingly developing all those years. Darwin was quite concerned that all 

his work would be for nought if Wallace published before him. Yet he was not about impede 

Wallace's deserved recognition. in the end Darwin's friends Joseph Hooker and Charles Lyell 

had it arranged that a draft of Darwin's manuscript in progress was presented along side 



Wallace's complete piece at a meeting of the Linnean Society in London. (Some people have 

claimed that Darwin is not entirely above reproach in the way this "delicate arrangement" was 

engineered.) In any event Wallace graciously conceded priorty to Darwin's longer ruminations 

on the subject and even gave currency to the term "Darwinism" to describe their mutual theory. 

The two men remained amiable colleagues despite later diverging in their opinions about the 

implications of their theory for the human species. (Darwin extended the theory to humans in his 

work The Descent of Man (1871), arguing that humans shared an ancestry with modern apes and 

chimpanzees by being descended from some earlier ape form. Wallace on the other hand could 

not bring himself to believe that the human mind could be the result of natural selection and so 

reverted to the belief in humanity's special and divine creation. Wallace assumed that every  

feature must be explained by the mechanism of natural selection. As understood at present--and 

even by Darwin himself--however, there is nothing in the theory that requires such a rigid 

adherence to pan-selectionism.) 

That two people should hit upon the same theory at roughly the same time is not all that unusual 

in the history of science. But what is interesting is that both Darwin and Wallace reported that it 

was Malthus's Essay on Populations, with its emphasis on the competitive struggle for resources, 

that triggered in their minds the idea of natural selection. That this most controversial biological 

theory should have been inspired by a treatise in political economy--and an apology for 

capitalism and laissez faire policies at that--provided fuel for much criticism. Karl Marx, while 

approving the challenge to rigid hierarchy, criticized Darwinism for reflecting the bourgeois 

background of its namesake. This could hardly be a criticism of Wallace, however, whose roots 

were in the lower working class of British society. Indeed, Wallace was an active proponent of 

socialism and critic of capitalism in his later years. Russian thinkers too, absorbed with the 

cooperative tradition of the Russian peasant communes, reacted negatively to the competitive 

Malthusianism inherent in Darwin's theory. The anarchist and socialist philosopher and geologist 

Pyotr Kropotkin provided evidence from his own expeditions into the Russian steppes and 

Siberia of cooperative behaviour among many members of the same species. This perspective 

was given in his book Mutual Aid, a Factor of Evolution (1897). At present the tide of opinion is 

even more strongly in favour of competition and struggle in nature, as evidenced by the great 

influence of the English biologist Richard Dawkin's idea of the selfish gene. But these are 

matters best dealt with in later discussions on the philosophy of science.   

4. Mendel and the Problem of Genetic Inheritance 
Darwin's account of evolution required that there be a range of variation within a population of 

organisms for Natural Selection to select from. Variation, in other words, is the raw material of 

evolution. But Darwin and his colleagues of the time understood very little about how variation 

arose and how it could be maintained. It was a common belief that when two parent organisms 

produced an offspring, that offspring would exhibit a medium of the characteristics of the 

parents. For example, if a tall and a short plant are crossed, the resulting plant is very often of an 

average height between its parents. It was assumed that the inheritance of traits involved a 

mixing of parental blood. Hence expressions like "Blood is thicker than water", "Being of Royal 

blood" "Blood lines" etc. This idea was called the blending theory of inheritance. And it 

represented a stiff challenge to the Darwinian (and Wallacian) theory. For if the characters of 

each parent are blended and averaged in the offspring, then eventually all variation will be lost, 

and there will be no raw material for natural selection to work upon. Think of mixing a bucket of 

black paint with a bucket of white paint. The result is a bucket of grey paint. Now mix two grey 

buckets and all you get is more grey paint--the black and white colour varieties are eventually 



lost.   

Unbeknownst to anyone the solution to this problem had been found and published in 1866 by an 

obscure Monk living in what is now the Czech republic. Gregor Mendel (1822-1884) was 

familiar with all of Darwin's published works and was interested in the species question. But he 

was also interested in how species manage to remain stable entities. Why, that is, do members of 

given species always reproduce members of their own kind? Mendel had made experiments with 

pure lines of pea plants. (Pure lines are said to 'breed true', i.e. tall plants always produce tall 

plants when self-fertilized, short plants always produce short plants when self-fertilized.) When 

he crossed two lines of pure breeding plants the result was a "hybrid". Crossing a tall pea plant 

with a short pea plant resulted in tall plants exclusively. No averaging of traits here; but no 

retaining of variation either (of course there would be some normal distribution in heights of the 

tall plants, but no plants of intermediate height and no short ones). Yet when these hybrids of the 

first generation were crossed with one another Mendel found that the original trait of short plant 

reoccurred, but as a minority. Approximately 25% of the second generation (the F2 generation as 

geneticists call it) were of the short variety, and 75% were of the tall variety. From these results 

Mendel drew the following conclusions: 

(1) Law of Unit Characters: Inheritance of traits is passed down from parent to offspring in 

discrete "particles" that Mendel called "factors" (later identified as genes). There is no "blending" 

of the factors responsible for the phenomena of inheritance. 

(2) Law of Dominance: Certain varieties of a trait display a property of dominance over other 

varieties of the same trait. For instance, the factor for tallness in pea plants is dominant over the 

factor for shortness. 

(3) Law of Segregation: Each sex cell derived from a parent organism (the gametic cell, the egg 

or sperm) receives just half of a pair of factors required to create a new individual. 

(4) Law of Independent Assortment: When the factors for two different traits are involved in the 

creation of a hybrid (e.g. tall-short and red flower-white flower) each pair of factors is assorted 

independently of the other. I.e. Factors for tallness or shortness get "assigned" to the gametic 

cells independently of the "assignment" of the factors for flower colour. (Unless, as modern 

genetics researchers later found, the two traits are "linked" by being both located on the same 

chromsome.) 

The implications of Mendel's findings were significant. For it showed that variation is not lost 

through a blending of the parental traits. There will always be some variation within a population 

upon which natural selection can operate. Unfortunately Mendel's paper went unnoticed, 

gathering dust on library shelves until rediscovered in 1900 by several researchers also working 

on the problem of inheritance. One of these people, the Dutch botanist Hugo De Vries (1848-

1935) used the Mendelian theory in tandem with his own discovery of large mutations in a 

variety of evening primrose to challenge the importance of natural selection as the mechanism of 

evolution. De Vries proposed the theory of MacroMutations, of sudden large spurts of variation 

leading to fully fledged new species. This mechanism would operate much more quickly than the 

gradualist Darwinian theory, and so seemed attractive in light of the criticisms made by 

physicists such as William Thomson, Lord Kelvin (1824-1907), to the effect that the earth must 

be much younger than the hundreds of millions of years required by the Darwinian theory. It also 

fit well with Mendel's concentration on discrete genetic traits: his plants were either short or tall, 

the peas either smooth or wrinkled, the flowers either red or white. Such "Mendelian" traits, as 

they are called, are usually controlled by just two varieties of a gene (called "alleles") and do not 

typically admit of a continuous range of variation. Such traits were not at first glance a very good 



fit with the Darwinian emphasis on small and continuously varying traits.  

And so the evolutionists were split into two camps: the Darwinians, who believed that evolution 

proceeded gradually by natural selection favouring certain ranges of continuously varying 

characteristics represented within populations (compare this school to the Uniformitarianism of 

Lyell in geology); and the Saltationists who believed that variations could arise suddenly, and in 

large discrete mutations, creating new species from old ones in a single leap. ("Saltus" is Latin 

for "leap"; there was an old saying that "natura non facit saltus" -- "Nature makes no leaps", i.e. 

moves and operates in a continuous fashion -- a belief shattered twice in the year 1900 by 

Mendel and Planck in what would eventually become quantum physics.)   

Another line of research developed by the German biologist August Weismann (1834-1914) 

bolstered the importance of inheritance and genetics for the study of evolution. Weismann 

argued that the germ cell line (carrying the sex cells, the gametes and the genes) is sealed off 

very early from any modifications that may eventually occur to the somatic cell line (the cells 

which arise from the fertilized sex cells to constitute the rest of the organismal body). In other 

words, Weismann argued, "information" can only flow from the sex cells to the somatic cells, 

but not back the other way. This would rule out the Lamarckian Inheritance of  Acquired 

Characteristics. Weismann's thesis eventually became known as the "Central Dogma of Modern 

Evolutionary Genetics." Weismann also attempted to refute the Lamarckian theory of inheritance 

by amputating the tails of successive generations of mice and showing that trait of being tail-less 

was never inherited by later generations. But of course neither Lamarck nor Darwin (who had 

also felt compelled to rely upon its plausibility) had ever suggested that acquired mutilations 

would be heritable. Rather, it was the effects of use and disuse, of exercise, that they had 

suggested might be passed on.  

5. The Modern Evolutionary Synthesis 
This impasse between the Mendelian Saltationists and the Darwinians would not begin to be 

resolved until 1918, when the English population geneticist (one who follows the spread of genes 

within and among populations of organisms) Ronald Aylmer Fisher (1890-1962) published a 

paper showing that Mendelian genetics and Darwinian natural selection theory are compatible. 

Among other things, Fisher showed that many Mendelian factors (genes) acting together to 

create a particular trait can result in a distribution of smooth and gradual (nearly continuous) 

variation for that trait within a population. (Oddly enough Mendel himself had voiced this 

possibility in his 1866 paper, but once again no one seemed to pay sufficient attention to him.) 

Such multifactorial traits can be selected for in the way originally expressed by Darwin and 

Wallace. Others contributing significant results to this topic were J.B.S. Haldane (1892-1964) 

and Sewall Wright (1889-1988). It was later discovered that many of the striking examples of 

sudden new "mutant" varieties that had captured the Mendelians attention were the result of the 

recombination of the gene-carrying chromosomes within the nucleus of the sex cells. 

(Chromosomes, the long threadlike protein chains of DNA --deoxyribonucleaic acid--will at 

times cross over one another to form new chemical bonds and thus new gene sequences. This can 

result in new genetic combinations being passed on in the gametes and ultimately to the 

offspring. These new gene sequences can result in significant new variations in old body plans 

and behaviour, some of which may be adaptively beneficial. Research conducted by people such 

as Thomas Hunt Morgan (1866-1945) and Barbara McClintock (1902-1992) (Nobel prize1983) 

has shown that recombinations, in addition to mutations -- actual changes in the chemical base 

pairs that make up the genetic code -- provide the novelty and variation which is the raw material 

of evolution.) 



Weismannism, or the Central Dogma of Molcular Biology, implies that all heritable variation 

must occur in the sex cells. Variation in the somatic cells cannot be inherited by future 

generations. That means that heritable variation, the only type that is of any importance for 

evolution, arises from one of two sources: (1) recombination of gene sequences through the 

"crossing over" of chromosomes; or (2) mutations in the DNA code that makes up genes. It is 

crucial to note that none of this variation is aiming at anything, least of all at adaptive traits. This 

variation at the germ cell level is said to be "random" or by "chance." Which is just to say that 

whether it will occur or not has nothing to do with whether or not it will prove to be of adaptive 

benefit or not. Natural selection works on this "random" variation, weeding out ranges of the 

naturally occurring variation that is non-adaptive and favouring that which is through the result 

that organisms which just happen by chance to possess adaptive traits will tend to flourish more 

and reproduce their genes in greater numbers than their nonadaptive compatriots (or competitors, 

depending on how strongly you wish to read the whole "struggle for survival" idea). In contrast, 

Lamarckism, the inheritance of acquired characteristics, does suppose that variation is aimed 

specifically and quite intentionally at adaptive variation. According to Lamarckism, organisms 

choose to mold themselves to fit the environment. According to Natural Selection, the 

environment molds populations (species) to fit it. Random variation is the "raw material" upon 

which Natural Selection operates. 

6. So What is Our Place in the Great Chain of Being? 
The Darwinian response to that question involves a wholesale rejection of the very premise that 

such a linearized hierarchical ordering of living things makes any biological sense. Each living 

organism is more or less well adapted to its own local and specific environment. Judgments of 

greater "perfection" or complexity have no basis in biological science. There is no sense in 

asking who is the best adapted in an absolute sense. As the Harvard paleontologist Stephen 

Gould likes to point out, a one-celled bacteria living deep within the recesses of your gut is just 

as well adapted to its own environment as human beings are to theirs; actually there are good 

biological reasons to say that the bacteria are better adapted to their environments than we are to 

ours. Bacteria can withstand a vast range of climactic and environmental fluctuations, from 

intense heat to bitter cold. Humans are, in this sense, extremely vulnerable creatures. It is also 

quite humbling to reflect upon the fact that well over half of the history of life on this planet has 

consisted exclusively of bacterial form (that's about 3 billion years of nothing but bacteria; Homo 

Sapiens have only been around for probably less than 100,000 years). And if humans do manage 

to wipe themselves out -- through a nuclear incident or other human-induced environmental 

disaster -- bacteria are probably the best candidates to survive such a cataclysm. So who are we 

to look down upon them as "primitive" life forms? In short the idea that humans occupy the top 

rung of some ladder of creation has just as much support from biological science as the idea that 

we occupy the center of the universe has from astronomy and cosmology. 

We have so far barely touched on many of the controversial issues arising from the tension 

between scientific and religious beliefs. These will be discussed in greater depth next term, when 

we focus our attention upon the nature of scientific knowledge and practice. 
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