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Peter J Bowler, Queen’s University, Belfast, UK Lamarckian inheritance requires the hereditary transmission of characters acquired by the organism in the course of its adult life, usually through the adoption of new habits in a new environment. Although widely accepted in the nineteenth century, it has been rejected by modern geneticists.
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Introduction Modern debates center on the roles of genetic preformation (in which the organism’s characters are predetermined by its inheritance) and epigenesis (the generation of characters by the complex interplay of genetics and environment in ontogeny). Lamarckian inheritance blurs this distinction by assuming that new characters produced as a result of environmentally induced changes in epigenesis can be incorporated into heredity and transmitted to the next generation. This is the ‘inheritance of acquired characteristics’, almost always seen as a process capable of directing evolution through its cumulative effects over many generations. Lamarckian inheritance thus breaks the barrier postulated by August Weismann between the germ plasm (the genome as we would call it today) and the soma (the body of the organism). It required a reversal of the unidirectional ﬂow of information enshrined in the central dogma of molecular biology: somehow, information about characters developed by the mature organism must be transferred into the DNA (this is sometimes known as ‘soft’ heredity). The Lamarckian theory is thus rejected by modern biology, although some researchers, such as Ted Steele, have tried to resurrect it by suggesting indirect ways in which Weismann’s barrier could be evaded; for example, by viruses transferring deoxyribonucleic acid (DNA) from the immune system to the genome (Steele et al., 1998). Such controversial proposals recall an earlier, pregenetical phase of biology, in which the Lamarckian effect was widely accepted. Opponents of rigid genetic predeterminism also identify with the philosophical arguments of the old Lamarckians, if not with their actual theory.



Jean Baptiste Lamarck The Lamarckian effect is named after the French biologist Jean Baptiste Lamarck who incorporated it into the evolutionary theory proposed in his Zoological Philosophy of 1809 (Lamarck, 1914). This theory was



profoundly different from modern Darwinian evolutionism, and indeed the inheritance of acquired characteristics played a relatively minor role. The mechanism was invoked to explain the adaptive component of evolution, although Lamarck also believed in a linear progressive trend. He appealed to the well-known fact that when an organism changes its habits in a way that requires its body to be used in new ways, the organs involved undergo corresponding modiﬁcations. Repeated exercise increases the organ’s size (e.g. the weightlifter’s muscles), while inactivity allows it to decrease. If such acquired characters were inherited to even a slight degree (‘use-inheritance’), the next generation would be given a head start if it continued the new habit and the organ would continue to develop or diminish. Thus the giraffe’s long neck is a product of many generations of its ancestors stretching upwards to reach the leaves of trees. As a theory of evolution this was highly controversial, although many biologists accepted that the effect itself was real. Even Darwin allowed a Lamarckian component in his theory to supplement the action of natural selection.



Neo-Lamarckism After Darwin’s Origin of Species converted the scientiﬁc world to evolutionism, many biologists remained unconvinced that natural selection was the main mechanism of change (Bowler, 1983). Their objections were largely based on religious or moral considerations: natural selection seemed incompatible with the belief that evolution was a process instituted by a benevolent Creator because it required the elimination of many maladaptive individuals in every generation. A group of thinkers, eventually known as neo-Lamarckians, realized that the inheritance of acquired characters sidestepped this problem and thus provided a morally acceptable alternative to selection. In Lamarckism, the animals choose their own way of responding to an environmental challenge and all can adopt the new habit and acquire the new
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character. No death and suffering is involved, and one can imagine a benevolent God delegating His creative power to living things. Many nonscientists promoted Lamarckism as an alternative to Darwinian materialism, including the novelist Samuel Butler. But a whole generation of biologists also took the idea seriously, in part because they shared Butler’s moral qualms about natural selection. The scientiﬁc evidence for the Lamarckian alternative was almost all indirect. Much of it came from paleontologists, who were convinced that they could see linear adaptive trends in the fossil record that were more consistent with a habit-directed form of evolution than with Darwinian ‘trial and error’. There were many appeals to Lamarckism’s consistency with other biological theories, most importantly the recapitulation theory in which the development of the individual (ontogeny) is supposed to recapitulate the course of the species’ evolution (phylogeny) (Gould, 1977). The inheritance of acquired characteristics ﬁts in better with this theory than does natural selection because acquired characters are additions to, not modiﬁcations of, the existing ontogeny. The acquired character is merely compressed back into the last stage of ontogeny so that it can be inherited, leaving the previous adult stage untouched as the last phase of embryological development. In any theory involving random variation, including Darwin’s natural selection and the concept of genetic mutation, the previous adult form simply disappears as ontogeny is distorted, so it cannot be preserved in or recapitulated by the embryo. Many Lamarckians appealed to what we would now call a holistic or even openly vitalistic philosophy of the organism and the ‘self-evident’ impossibility of a rigid barrier between the hereditary process and the adult body. The major weakness of the case for Lamarckism was the lack of convincing experimental evidence. It was often simply assumed that if the acquisition of new characters could be demonstrated, then the effect had been proved. Some experiments involving the actual transmission of characters were undertaken, the best known being C. E. Brown-Se´quard’s demonstration of the inheritance of artiﬁcially induced epilepsy in guinea pigs. However, there were always other possible explanations of the results, and by the end of the nineteenth century, the lack of convincing experimental evidence began to tell against the theory. The problem became acute after Weismann published the results of his classic experiment in which he cut off the tails of successive generations of mice, but found no tendency for the size of the tail at birth to be reduced. The Lamarckians responded by arguing that mutilations would not be inherited in the same way as beneﬁcial acquired characters, but they were now under pressure to provide hard evidence of this effect.
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Weismann’s experiment was effective in disproving one particular explanation of the Lamarckian effect. Darwin’s own theory of heredity, pangenesis, had postulated small particles or ‘gemmules’ budding off from the tissues of the body to be transported to the reproductive organs, where they served as the basis from which the offspring would be developed. This would allow acquired characters to be inherited because the gemmules would bud off from the affected tissues and thus reﬂect the new character. Weismann had shown that the information for constructing tails in embryonic mice is not derived from the tails of their parents. He now focused on the newly developed cell theory, insisting that the material of heredity was focused in the chromosomes in the nucleus of the reproductive cells. Within this new paradigm, the Lamarckians would have to explain how information from modiﬁed parts of the adult body could be transferred to the nucleus. Many simply denied that the material source of heredity could be so narrowly localized, insisting that the cytoplasm must also play a role and was more susceptible to environmental inﬂuence (Sapp, 1987). Others abandoned all hope of providing a materialistic explanation of heredity. They explored the analogy between heredity and memory, suggesting that the growing embryo is, in effect, remembering the stored experiences of all the generations of its ancestors. This analogy was entirely consistent with the recapitulation theory and with Lamarckism because new experiences (acquired characters) would be ‘remembered’ by future generations.



Genetics and Lamarckian Inheritance The problems highlighted by Weismann came to the fore after the rediscovery of Mendel’s laws in 1900 and the subsequent emergence of genetics (Bowler, 1989). The chromosomal theory of the gene proposed by T. H. Morgan reinforced Weismann’s argument that there was no mechanism by which acquired characters could be reﬂected in the material basis of heredity. Even those geneticists who did not accept the chromosome theory were convinced that the unit characters they studied would breed true whenever they were expressed, and could not be modiﬁed by trivial environmental effects. Their suspicion of Lamarckism came to the fore in their efforts to discredit the most important effort to provide the theory with experimental evidence. This was the work of the Austrian biologist Paul Kammerer, described subsequently by Arthur Koestler (1971) as The Case of the Midwife Toad. In the years before the First World War, Kammerer had bred specimens of the toad Alytes
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obstetricans in water (unlike other toads, this species normally breeds on land). The males had acquired mating pads typical of other toad species to grip the females, and the character had apparently been inherited. In fact, the acquired character was an ancestral one, suppressed in this species, but along with experiments on other species Kammerer proclaimed his results as the long-sought experimental proof of Lamarckism. After the war, Kammerer toured Britain and America seeking support for his work. The geneticists, led by William Bateson, responded by challenging his results and an investigation revealed that crucial specimens had been tampered with (no one else could get the toads to breed in captivity, so the experiment could not be duplicated). Kammerer denied fraud but then committed suicide, reinforcing the suspicions of Anglo-American geneticists. It should be remembered, however, that in France and Germany the nuclear preformation theory did not become so deeply entrenched in genetics. Here many geneticists still held open the possibility of cytoplasmic inheritance and were less dogmatically opposed to Lamarckism.



The Lysenko Affair It is in this context that we should try to understand the last great outburst of support for Lamarckism in the Soviet Union of the 1930s and 1940s. T. D. Lysenko was an agricultural biologist who used the unique opportunity offered by Stalinism to impose a Lamarckian theory on Soviet biology, effectively eliminating genetics for a whole generation (Medvedev, 1969; Joravsky, 1970). Initially, Lysenko’s ideas were little different from those still quite common among European biologists in the 1920s (Roll-Hansen, 1985). He applied a Lamarckian approach to the modiﬁcation of wheat, hoping to produce strains that would thrive in the short growing season available in Russia. He exploited a process known as ‘vernalization’, in which the seeds are frozen before planting, and claimed to have used this to produce new strains with the required characteristic. Lysenko gained inﬂuence with Stalin by promising to reduce Russia’s massive grain shortages. He also appealed to the Marxists’ ideological opposition both to Darwinism (because of its analogy with individual competition) and to genetics (because of its association with the hereditary predetermination of human character). Under his inﬂuence, geneticists were purged from the Soviet scientiﬁc community, allowing a revived Lamarckism to be imposed as the sole orthodoxy. Only in the 1950s did Lysenko’s inﬂuence begin to wane as it became evident that the wheat shortages were as bad as ever.



Western geneticists point to this episode to illustrate the dangers of imposing an ideological framework onto scientiﬁc thinking, but Lysenko’s rise was as much a result of his ability to manipulate Stalin’s dictatorial control as it was of his ideology. Nor were his ideas quite so far-fetched as they were presented – they certainly violated the principles accepted by English-speaking geneticists, but they were more closely in tune with the less deterministic way of thinking adopted on the continent. The association between the early geneticists and the eugenics movement, especially in America, suggests that ideological inﬂuences may have operated on both sides. The Kammerer and Lysenko affairs show that the spectre of Lamarckism continued to haunt twentieth century biology, and their memory continues to polarize opinion. To geneticists convinced of the incorruptibility of the gene, they indicate the bankruptcy of the Lamarckian principle, which can only survive by fraud or brute force. Those who are uneasy about the link between orthodox genetics and the ideology of genetic determinism take a more sympathetic view of these incidents, and of Lamarckism itself. Even if the theory is wrong, it articulates the unease felt by many who see genetics being used to deny any environmental inﬂuence in the shaping of the organism’s character.



See also Evolution: Views
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