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Introduction


Charles Darwin


Charles Darwin, regarded by many as one of the great British intellects, had largely completed his conclusions on the theory of evolution by 1839. Although he produced a summary of his main arguments in 1842, followed by a more comprehensive account in 1844, he didn’t really write these with the intent of publication. However, realizing the magnitude of his groundbreaking theories, he did request that his wife Emma should publish the more comprehensive version in the event of his unexpected death.


Although he published other works shortly after this time, Darwin’s theory of evolution was not published until 1858, and even then this was because similar conclusions on evolution developed by another naturalist working independently from Darwin, Alfred Wallace, were about to enter the public domain.


Speculation surrounds the reason for the almost 20-year delay in publication – there is little doubt that Darwin was fastidious in the accumulation of data and evidence to support his theories but it is very likely that he delayed publication as he knew the effect the theory of evolution would have on mid-nineteenth-century Britain. As expected, there was considerable outcry against a theory that had no need for a God in the development of life on Earth. This controversy continues today, almost 150 years later. The rationale of this book is to provide a thorough understanding of the key elements of evolution theory, set in a modern context where possible and appropriate, and to highlight and evaluate the contentious issues, some of which have persisted from Darwin’s time.


The theory of evolution


In essence, the theory of evolution suggests that all living organisms of a similar species or type show variation. As a consequence of these variations, some of these organisms are better equipped for survival in the environment in which they live. The organisms better adapted, or ‘fitter’, are the ones more likely to survive and pass their characteristics on to their offspring. Over time, this may lead to modification in the species itself, as some of the ‘beneficial’ characteristics become incorporated into all the members of the species and less favourable characteristics are eliminated.


Over a long period of time, as a result of an accumulation of genetic change, a species may vary considerably from its ancestors. For evolution to occur and to account for the range of organisms present on the Earth today, it is important that there is a very long time over which it can happen – many millions of years are necessary to account for the complexity and diversity of the organisms that are present on Earth today.


The alternative to evolution


The obvious alternative to evolution is ‘creation’, the idea that the living organisms present on the Earth today were created, in the form that they currently exist, or at least very similar to their current forms, by a God, or Gods.


A belief in creation has been at the heart of civilization throughout the history of man, and the concept of creation has only been seriously questioned by a significant percentage of the population over the last 150 years; the theory of evolution has certainly acted as a catalyst in provoking this questioning of our origins.



Chapters 1 to 5 review the key planks in the evolutionary story, looking at the science that underpins the theory and the evidence that is used to suggest, or argue against, the idea that evolution can fully explain the diversity of life on Earth. Later chapters will evaluate some of the alternatives used to explain life on Earth. Chapter 1 shows how the theory of evolution itself evolved and investigates how Darwin, and others, produced a model that remains so contentious in the world today.
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	The theory of evolution








In this chapter you will learn:


•  about the early evolutionary theorists


•  about the life and works of Charles Darwin


•  about post-Darwinism.


The early evolutionary theorists


Although Charles Darwin is credited with developing the theory of evolution, the suggestion that species could change was made long before his time. Many other scientists and philosophers speculated about the origins of the world and life itself, often at a time in history when their life was at risk for considering such anti-establishment views.


The early workers


Aristotle (384–322 BC), a great scientist by any standards, believed in the concept of ‘spontaneous generation’. Spontaneous generation was the idea that living matter originated spontaneously out of non-living matter. The appearance of small organisms, such as maggots, from apparently nowhere helped promote this theory. Although other scientists investigated spontaneous generation in the intervening centuries it was not until the mid-nineteenth century that the theory was eventually disproved. Louis Pasteur (1822–95), a famous French scientist, carried out the experiment to disprove spontaneous generation once and for all. Pasteur’s experiment in 1860 was such a landmark in scientific investigation that it still remains on the school curriculum in many countries. Pasteur demonstrated that if nutrient broth could be properly sterilized, and kept in sterilized containers, with microbial spores being unable to gain access, then the broth would not become contaminated. As a comparison, if microbes were allowed access to the broth, then in due course the broth would show the effects of microbial contamination.


George-Louis Leclerc de Buffon (1707–88) speculated that species changed as structures became more efficient or degenerated over time. He suggested that degeneration had allowed the donkey to develop from the horse and, more controversially, that monkeys were a degenerate form of man.


Darwin’s grandfather, Erasmus Darwin (1731–1802), was aware that the characteristics of parents could be passed to children, but also recognized that competition with other living organisms and the environment are important in the changes in species. Some of Erasmus’s embryonic ideas were much more fully developed by his grandson.


Jean-Baptiste Lamarck: the first groundbreaking theory


de Buffon, Erasmus Darwin and many others began theorizing over the immutability of species, but it was Jean-Baptiste Lamarck (1744–1829) who was the first worker to contribute significantly to the theory of evolution. He produced three key conclusions that summarize his work:



1  New structures (organs) develop in response to an organism’s needs.



2  Law of Use and Disuse – parts of the body will vary in size and efficiency in proportion to how much they are used by the organism concerned.



3  Law of Inheritance of Acquired Characteristics – characteristics acquired in an organism’s lifetime will be passed on to offspring.


Many textbooks use the example of the giraffe’s long neck to explain Lamarck’s views. Lamarck’s theory suggests that the giraffe had a ‘need’ for a longer neck to reach food and, consequently, giraffes were able to stretch their necks and, in time, they became longer because of this need or inner want. Current evolutionary theory shows that he was incorrect in this assumption. While evidence shows that the giraffe’s neck (in the context of the species and not in individual animals) did become longer over time it was not because of an ‘inner need’ but because genetic changes that contributed to a longer neck were favoured in particular environments; therefore, the giraffes with the longer necks were more likely to survive and produce offspring.


The Law of Use and Disuse is generally true and can be supported by examples of vestigial organs, such as the human appendix that appears to have limited use today. The appendix is an interesting example, as scientific and medical research indicates that this structure is of little or no value in our species today. However, a similar structure is of value in many plant-eating mammals and allows these animals to store grass and other hard-to-digest vegetation for the necessary period of time to allow the process of digestion to take place. One can only assume that in our distant evolutionary past when we were plant eaters the appendix was as active as other parts of our digestive system.


Lamarck’s Law of Inheritance of Acquired Characteristics has been shown to be incorrect. While it is true that many characteristics of parents are passed on to their offspring – we often can identify children by their likeness to their parents through traits such as eye colour, hair type and colour, facial expression etc. – these characteristics are not developed during the lifetime of the individuals, that is, they are genetic. We now know that characteristics acquired during the lifetime of an individual, such as well-developed muscles built up through extensive aerobic activity, are not passed on to the offspring.


Lamarck, in his famous publication Philosophie Zoologique (1809), disagreed with the almost universally held belief of the time that all species were created at the same time in a special creation. He also suggested that the outcome of evolutionary change was predetermined. Although some of Lamarck’s major ideas have subsequently been shown to be biologically inaccurate, there is no doubt that he was a significant player in the development of evolutionary theory. Like so many great people, Lamarck’s achievements were ahead of his time and were not fully recognized until after his death. Lamarck fell foul of an influential scientific establishment that strongly believed in creationism.


Charles Darwin


Putting evolutionary theory firmly on the map


It was the work of Darwin that placed evolutionary theory on the map. He was born in Shrewsbury, England, in 1809, the son of a doctor. His mother was a daughter of Josiah Wedgwood, of potteries fame. Not surprisingly, given his background, the young Charles went to a local public school and then on to Edinburgh University, Scotland, as a medical student. Darwin became disillusioned with the possibility of a career in medicine and moved south to Cambridge, England, with the intention of becoming a cleric. By this time he had become a serious and very talented naturalist, spending much of his time collecting and studying plants and animals. As a result of his growing love of nature and stature as a naturalist, Darwin was given the opportunity to become the ship’s naturalist on the HMS Beagle, which was to undertake a major surveying expedition.


The voyage of the Beagle



The five-year voyage on the Beagle (1831–6) was to give Darwin the stimulus and evidence to allow him to formulate his famous theory of evolution. Observations of living and fossil animals on the continent of South America, and most importantly the variety and uniqueness of the plants and animals he studied on the Galapagos Islands, were very important in his early evolutionary thoughts. The Galapagos Islands are a group of over 20 islands that lie in the Pacific Ocean about 1000 km (621 miles) to the west of Ecuador, and these islands are almost as synonymous with evolution in the public psyche as is the name Charles Darwin.


One particular group of birds on the Galapagos Islands particularly intrigued Darwin – these have become known as ‘Darwin’s finches’. There are 13 species of finch on the Galapagos Islands and these are unique to the islands and are not found anywhere else in the world. Furthermore, some of the finches are only found on one island within the Galapagos group. What could have caused this? It took Darwin some time to come up with his conclusions, but the distribution of the finches (and that of other organisms unique to the islands, including the giant tortoises) was essential in allowing him to propose the theory of evolution by natural selection. The explanation of the finches’ distribution will be described later.


Building up the research


Although Darwin built up his collection of notes explaining the theory of evolution in the years following his return to the UK, these notes were for his private use and not intended for publication. These were then summarized in a short account in 1842 and a more detailed version in 1844 – as recounted in the Introduction to this book, these were not for publication but he did have arrangements in place for his wife Emma to publish them should he die. Darwin obviously knew the importance of his deliberations and he was convinced that they should eventually enter the public domain.


His published work in 1839 (Journal of Researches) outlined the travels of the Beagle and its discoveries, but was light in terms of evolutionary theory. From the early to mid-1840s, the geological data built up during the Beagle expedition was published as part of an official record, but yet again nothing on evolutionary theory entered the wider public domain.


Darwin’s research and original thinking was stimulated during this time by his friendship with several eminent scientists that included Charles Lyell, an outstanding and far-thinking geologist, and the botanist Joseph Hooker. Although still accumulating evidence for evolutionary theory, Darwin spent much of the late 1840s and early 1850s researching barnacles, small marine crustaceans commonly found on rocky shores in the inter-tidal zone, work that was published during the first half of the 1850s.


By the mid-1850s, some 20 years after returning from the Galapagos Islands, Darwin was ready to write a full account of his theory of evolution by natural selection, but before he had completed this he was shocked by a letter he received from another naturalist, Alfred Wallace, in 1858.


1858: Darwin and Wallace’s joint presentation


Wallace was born in 1823 and, like Darwin, was involved in expeditionary work; in Wallace’s case in the Amazon basin and in Malaya. Although working totally independently from Darwin, Wallace’s argument for evolution was very similar to Darwin’s in many respects and Darwin could not contemplate Wallace getting the credit for a theory he himself had spent much of his life producing – particularly when a synopsis had been written as early as 1842 – 16 years before receiving Wallace’s work!


In desperation, Darwin contacted Lyell, Hooker and other supporters of his work and together they worked out a sequence that was deemed fair to both men. At a meeting of the Linnean Society in London on 1 July 1858, Wallace’s paper was read, as were extracts from Darwin’s unpublished work and a letter he had written in 1857 to a Professor Asa Gray outlining aspects of his theory. Darwin’s and Wallace’s conclusions received a fairly muted response at this time, possibly because they were relatively short summaries that were not supported by a weight of scientific evidence.


Following the meeting of the Linnean Society, Darwin began work on an ‘abstract’ of his work, which was published in 1859 with the title On the Origin of Species by means of Natural Selection, or The Preservation of Favoured Races in the Struggle for Life. Unlike the Linnean meeting, the publication of the Origin of the Species did gain a lot of publicity and stimulated considerable debate in scientific and wider circles. One of the most famous examples of the controversy that developed was the spat between the biologist Thomas Huxley, a supporter of Darwin and frequently referred to as ‘Darwin’s bulldog’, and the Bishop of Oxford, Samuel Wilberforce, at a meeting of the British Association for the Advancement of Science in Oxford in 1860. As the debate became personal, Wilberforce asked Huxley ‘whether he was related by his grandfather’s or grandmother’s side to an ape,’ a jibe that will forever be synonymous with the fierce debate that followed the publication of the Origin of the Species.


Summary of Darwin’s conclusions


By this time, Darwin’s main conclusions were very much in the public domain and they can be summarized as follows.


•  All organisms vary. Darwin recognized that there were two different types of variation within a species – some species had discontinuous variants (‘sports’ or saltations) that showed considerable differences between individuals, and some showed more gradual or continuous variation between different individuals. Darwin suggested that it was the minor modifications between individuals of a species that were important from an evolutionary perspective and that differences between organisms have generally developed incrementally.


•  Organisms produce many more offspring than survive to reach adulthood. However, as the numbers of most species remain fairly constant it is obvious that mortality is a means of keeping numbers in check – accordingly there is a ‘struggle for existence’ in nature. Darwin was much influenced by the work of the Reverend Thomas Malthus in developing these conclusions. Malthus argued that the potential rate of growth of the human population is much greater than the potential growth of the food supply and that therefore unchecked growth could only lead to struggle and famine.


•  Due to the competition for resources, the best adapted organisms of a particular species survive – survival of the fittest. The concept of fitness in evolution refers to how well suited an individual is in the environment within which it lives. This encapsulates Darwin’s greatest idea – the concept of ‘natural selection’. Darwin suggested that in the harsh realities of nature, not all organisms were equally equipped to survive and that the odds on survival depend on how well an organism is adapted for this battle for survival.


•  These better adapted organisms survive the struggle for existence and are more likely to pass on these favourable characteristics to their offspring because the less fit organisms are less likely to survive the competition – if they cannot survive they will be unable to pass on their characteristics.


Over time, this natural selection can lead to changes in a species or even the development of a new species. To illustrate this, it is now time to return to Darwin’s finches in the Galapagos Islands. How do they fit in with the theory?


The Galapagos Islands revisited


The Galapagos Islands are volcanic in nature, and when they formed relatively late in geological time there were no living organisms present when the once molten lava cooled. Over time, some plant spores and seeds and other terrestrial (land-living) organisms were carried to the islands by strong winds, currents or on driftwood. Very few birds arrived to colonize the islands as they were so far away from the South American mainland, but it is thought that a small number of one species of finch did reach the islands. Eventually, the number of finches increased through breeding, and some of them developed slight variations, as happens through time in any species – the variations in beak shape are particularly relevant in this example. Because of the fierce competition between the finches for food on the islands (initially the finches were all of the same type and were thus competing for the same food), the slight variations in beak shape and size could be an advantage – the birds with certain variations could access other food sources that some finches were unable to eat. Therefore, finches with variations in beak size were not competing with the main finch population and they were becoming winners in the struggle for existence on the islands. In effect they were ‘fitter’ in their particular environment. These favourable characteristics were passed down from parent to offspring and the numbers of finches with favourable variations increased. Over (a long period of) time, separate species of finch evolved as the different types developed more significant differences between each other until they were unable to interbreed.


One example of the finch is the ground finch (very similar to the finches found on the mainland of South America), which has a typical finch-like beak used for crushing seeds. Other finches (unique to the Galapagos Islands) include the insectivorous finch that has a curved beak and feeds on insects, and the cactus finch which has a long straight beak for obtaining nectar from the numerous prickly pear cactus plants growing on the islands. Other species include the woodpecker finch and warbler finch that feed in similar ways to true woodpeckers and warblers respectively.


There are two factors that have been critical in allowing the finches to evolve as they have into a number of different species on the islands.


 



1  There were very few other birds on the islands. Consequently, as the finches evolved into a range of types (eventually to become species), they did not have other competitors. For example, if there had been a large number of other species of insectivorous birds the finches that slowly developed suitable beaks for this type of food would have been unlikely to be able to compete successfully with them, particularly in the early stages of adaptation. Accordingly, evolution in this direction would have been stamped out.



2  Finches are generally poor fliers. As a result, there was not a continuous stream of new arrivals from mainland South America, and this allowed the Galapagos finches to evolve in isolation (the importance of this reproductive isolation will be discussed in more detail later).


The evolution of the finches on Galapagos is an excellent example of ‘adaptive radiation’ – the process of a range of species rapidly evolving to fill the available ‘ecological niches’ a vailable. Adaptive radiation is most likely to occur when there is relatively little competition from similar species and/or when there is a range of habitats available to be exploited. The Galapagos Islands provided both these criteria in abundance!


This example also helps to explain why it is Darwin who gains most of the credit for the development of evolutionary theory as opposed to Wallace – Darwin provided much more evidence to support his ideas.


Darwin’s missing links


However, as Darwin himself was aware, there were some difficulties with parts of the theory and these were seized on by his critics. The difficulties included the following.


•  A major difficulty was that Darwin could not explain the process of heredity. He did not know the mechanism of how characteristics could be passed on from parent to offspring. In Darwin’s time it was assumed that inheritance involved a form of blending – this entailed the offspring having a particular characteristic that was intermediate between the two parents. We know that this can happen in inheritance, in that a child resulting from a very tall and a very short parent might grow to an intermediate height somewhere between the two extremes. However, this will not necessarily be the case. The difficulty with a blending mechanism for Darwin’s work was that if a potentially favourable variation existed in an individual, by its very nature this must be at the extreme of the range of this characteristic in the population at large. If the individual with the advantageous variation produced offspring as a result of blending, the degree of variation of the characteristic concerned must be reduced in the offspring. In effect, blending will reduce change, not increase it, and increasing it is a requirement for evolution.


•  Although small variations in the organisms within a species could be accounted for, it was assumed there was a limit to the degree of variation that could exist within a species for natural selection to act on. This is not surprising as Darwin was not familiar with ‘mutations’ that are responsible for more significant changes in an organism. Mutations are changes in our genetic make-up that can arise spontaneously or may occur through exposure to certain environmental agents. We are probably most familiar with those (invariably harmful) mutations that have the greatest impact in many of our lives. Medical conditions such as cystic fibrosis and Down’s syndrome are examples. However, there are many other types of mutation that produce much smaller change in the organism concerned and obviously some of these have the potential to be beneficial.


•  The origin of complex organs provided a major obstacle to a wider acceptance of his theory, a point to which Darwin referred in his work. The possibility of complex organs that have many inter-related working parts, which on their own have no value, but as a result the organ could not operate at a simpler level suggesting that it couldn’t have evolved through small gradual steps, is still a hotly debated issue. Now referred to as the concept of ‘irreducible complexity’ this, and the other difficulties with Darwin’s theory, will be addressed later.


•  Imperfections in the fossil record.This was especially true in the case of ‘transitional fossils’ – the fossils that actually show one species evolving into another. Many very significant fossil finds have been made since Darwin published his work as the techniques of extraction, preservation and identification have improved dramatically in recent decades.


Darwin’s later work


Nonetheless, Darwin’s ideas gradually gained wider acceptance, particularly in the scientific community, with time. A prolific writer, Darwin produced a number of books between the publication of the Origin of the Species and his death – in fact there were a number of editions of the Origin of the Species, each with subtle changes from the earlier versions. The Descent of Man, published in 1871, proved to be particularly controversial as it considered the position of man in the evolutionary hierarchy. Other books on diverse topics, such as the domestication of animals, climbing plants and the role of earthworms in nature, underline his voracity as a scientific researcher and writer. He truly was one of the great British scientists of all time.


Post-Darwin


Many of the gaps in Darwin’s theory have become resolved with time. The work of Gregor Mendel, an Austrian monk who had worked out the principle of inheritance through his elegant experiments with garden peas in the monastery in which he lived, was not available to Darwin.


Mendel’s paper was published in 1865 but Darwin did not become aware of its existence. Mendel’s conclusions on the particulate nature of inheritance suggested that particles within the body (we now know these as genes and chromosomes) passed unaltered through the generations and it is the presence of these that determines how organisms develop and is responsible for the variations that exist between individuals. Had Darwin been aware of Mendel’s work, it would have solved the main mystery in his theory.


The understanding of the nature and structure of Mendel’s particles (the hereditary molecule, deoxyribose nucleic acid – DNA), and how they are subject to change through mutations, has led to a more complete understanding of the mechanism of variation in living organisms – the building block upon which natural selection can act. This updated version of Darwin’s work, where his natural selection model is supported by evidence from Mendel’s work and other advances in genetics and from other branches of science, is often referred to as ‘neo-Darwinism’ or the ‘modern synthesis’.


Genetic mutations were discovered around the start of the twentieth century and their significance is crucial in a fuller explanation of natural selection, as will be seen in later chapters. However, some evolutionary theorists went as far as suggesting that mutations on their own could account for the development of new species without the action of natural selection. They assumed that the mutations could produce large enough changes to produce new species in their own right. Two biologists who supported these ‘mutationist’ theories were Hugo de Vries (one of the people who realized the significance of Mendel’s long-lost paper in 1900) and Thomas Morgan. Now it is generally accepted that the mutationist theory was an inaccurate sideline in the account of evolution as it significantly underplays the role of the key agent, natural selection.


The story doesn’t stop with the concept of neo-Darwinism, and much work continues to be done to fill in the gaps that remain. Many contemporary evolutionary scientists strive to provide further supporting evidence and/or focus on particular themes within the overall story. An excellent example of a relatively recent addition to the story can be seen in the bestselling book The Selfish Gene written by Richard Dawkins (1976), which views the process of evolution from the perspective of the hereditary unit, the gene.


Summary


This chapter has reviewed many of the most important contributors to the theory of evolution as we know it now. Charles Darwin is seen as being at the pinnacle of this group, but it is important to realize that he did, like most great scientists, build on the work of others. He also supported his conclusions with well-researched evidence. Obviously his conclusions are not accepted by all otherwise there would be no controversy concerning evolutionary theory but, irrespective of an individual’s beliefs concerning the theory of evolution, it is difficult not to have great admiration for Darwin, the man and the scientist.


Having reviewed many of the key players in the evolutionary story and their main contributions, it is time to analyse Darwin’s work in more detail. Chapter 2 looks at the key component in Darwin’s theory – natural selection.
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	Natural selection








In this chapter you will learn:


• about the process of natural selection and some contemporary examples
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