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The Metamorphosis of Plants

"The happiest moments of my life were experienced during my study of the metamorphoses of plants, as the sequence of their growth gradually became clear to me. This method of regarding the plant world inspired me during my stay at Naples and Sicily; it became more and more precious to me; everywhere I gave myself practice in its application.”                                          J. W. Goethe

”Goethe’s theory of metamorphosis  has gone the way of all unproven theories, and plays no role in contemporary botany.”

   C..H. Sherrington (1857-1952) 

The Received View

In 1790 a little book left Carl Wilhelm Ettinger’s press in Gotha: “Versuch die Metamorphose der Pflanzen zu erklären”. The writer of the booklet -containing not more than 123 paragraphs- was the secret councillor of the small Sachsen-Weimarischen dukedom. This pamphlet translated into English as The Metamorphosis of Plants undoubtedly became the best known and probably most famous of Goethe’s scientific endeavours
.

Although far from a thorough study on plants, the Metamorphosis of Plants is considered as one of the best (if not the best) examples of Goethe’s method of science. It is by no means a ‘mere side glance of the poet into a strange field’ as Augustin Pyrame de Candolle (1778-1841) stated
, but the result of a thorough, laborious study of a topic that has intrigued Goethe’s mind well before his famous Italian Journey in 1786-1788. 

This chapter will mainly deal with the effects of his work on his contemporaries especially the mainstream of biological thought, the development of his concept of plant metamorphosis and the comparison of his ideas with certain aspects of contemporary and modern notions of metamorphosis and form. As the Metamorphosis of Plants is one of the key texts in the study of Goethean science, and the knowledge of it cannot be expected of the reader, I find it important to familiarize the reader– where possible – with Goethe’s own words. This, I hope, explains the numerous quotes and the detailed description of how Goethe arrived at the mysterious concept of the Urpflanze.

How the Metamorphosis of Plants was received, and what remained of Goethe’s Urpflanze by the time it crossed the English Channel.

Similar Theories

If someone, who has read about Goethe’s scientific achievements, is asked to summarize the Metamorphosis of Plants he will probably say a single phrase: “everything is leaf”. And this is indeed similar to what Goethe wrote in his own journal:  “Hypothesis: everything is leaf, and through this simplicity the greatest manifoldness becomes possible.”
. However what is acceptable in shorthand by the writer can easily mean misinterpretation by an outsider. When we say ‘everything is leaf’, we claim that all organs of the plant can be derived from the ‘leaf’, an organ that is still visible on most plants as vegetative leaf. If this is true, and by saying “Blatt”, Goethe means nothing more than a vegetative leaf, then his idea carries nothing new in itself, he becomes just one of the many before and after him. First Theophrastos, later Nehemiah Grew (1672, 1682), Malphigi (1671), and C. Fr. Wolff (1768) all treated the leaf as a universal organ.
  Similar views appear in Augustin Pyrame de Candolle’s Organographie végétale.
 But Goethe seems ignorant of these. 

Being one of the numerous botanists expressing similar views would not explain the extensive literature on the Metamorphosis of Plants. And what explains the constantly renewing interest is Goethe’s notion of the archetypal plant, the Urpflanze, (when there is no direct reference to the Urpflanze in the whole of the Metamorphosis of Plants)? I will try to find a position, from which the above problems can be resolved.

Darwin

The essay itself became a part of the scientific canon. By the middle of the 19th century the concept that ‘all the organs of the higher flowering plants can be derived from a simple leaf’ had been accepted
. In fact there is a reference to Goethe’s botanical studies in Darwin’s Origin of Species
. In chapter 13 we read:

“It is familiar to almost every one, that in a flower the relative position of the sepals, petals, stamens, and pistils, as well as their intimate structure, are intelligible in the view that they consist of metamorphosed leaves, arranged in a spire”

This notion of Darwin can be taken as the received opinion of most of his contemporaries, and, in general the scientifically educated minds about Goethe’s concept of the Metamorphosis of Plants. According to this view Goethe becomes one of the many scientists preparing the final triumph of 19th century biology: the theory of evolution. Goethe’s Urpflanze, the mysterious archtypal plant, is thus to be discarded as the product of Romantic imagination, something that has no scientific significance, unless it be meant as a vague term for “the ancient progenitor, the archetype as it may be called”
, as Darwin later expressed it.

I will try to argue that this is not a correct interpretation of the Metamorphosis of Plants. It accommodates the Goethean way of thinking to the later emerging evolutionary paradigm. But the corruption of meaning is certainly not Darwin’s fault. He only used concepts and interpretations of them as he found them. Probably Owen
, the greatest of all English natural philosophers, circulated and supported this above described interpretation of the Metamorphosis of Plants. One reason for this (and we shall mention a few others) was that at the time of Goethe’s unusually long scientific career the international scientific community was just being formed. Although scientists knew of each other, and the most famous investigators and their methods were well known all over the continent, the scientific communities still remained much in isolation. 

‘Ut pictura poesis’, what is true for the one is true for the other, too. This striking separation and virtually independent but parallel development is probably best seen in the Literature of Romanticism in England and Germany. The same trends, strivings, philosophies were born mostly independently from each other, only a few hundred miles away. To overcome this separation is one of the main aims of the old Goethe. His goal is the bringing about of a better understanding amongst nations
, ‘by means of a universal World-Literature’
 (see also chapter on Der Versuch als Vermittler…).

The History of the Urpflanze

One of Goethe’s strangest notion, for some a romantic illusion, for others the common evolutionary ancestor, for still others a common “idea” which holds all plant forms in an all-encompassing archetypal image is the notion of the ‘Urpflanze’. To have a better understanding of Goethe’s botanical ideas, it is probably best to see at least the outline of their development

Early Interest in Plants

Goethe’s interest in forms of all type is well known, so much that he is considered to be the coiner of the phrase ‘morphology’ as a term describing the scientific study of the morphe, or form. From his early youth he was enthusiastic about shapes and enjoyed drawing. Although he was certainly not lacking artistic abilities, and devoted much time later in his life to develop his faculty of drawing, he realized - probably during his Italian Journey, where he was in close connection with the painter Tischbein - that he can never become a professional painter or draughtsman. The long hours spent with practising, however, invoked an enhanced ability to concentrate on forms. This, together with his renewed interest in the kingdom of plants during his escapade to Italy between 1786 and 1788, led to the basic ideas written down in 1789 and published in 1790, in the thin volume of the Metamorphosis of Plants.

One of the first mentioning of Goethe’s interest in plants is in 1777 October 31, when he requests all sorts of mosses from Frau von Stein
. This interest is not that of a professional scientist. The young lawyer who is freshly appointed as Privy Councillor (1776) in Weimar is involved in numerous activities, from hunting with the Duke Karl August to appearing in the popular saloons of the Weimarian aristocracy. 

It is in 1782, when we first hear about his studies of Linne, whose classification of plants he finds invaluable. In 1785 he writes to his friend Friedrich Jacobi (1743-1819), a writer, philosopher and later president of the Academy of Sciences in München: ”A microscope is set up in order, when spring arrives, to reobserve and verify the experiments of von Gleichen, called Russwurm”. He reads Russwurm’s Special Microscopic Discoveries about Plants, and he is intrigued to find out the validity of the descriptions in the book.

General belief holds, partly facilitated by the fact that the Metamorphosis of Plants contains no microscopic observations, and that Goethe seems mostly ignorant of the fact that plants have less aesthetically pleasing aspects under the ground – namely roots, that Goethe wasn’t interested in these aspects of the world. His interest in mosses, lichens, and microscopic structures, however, seems to contradict this general view.

Journey to Italy

 By the time of his journey to Italy his knowledge of plants and contemporary botany is anything, but negligible. It is here that he realizes the effect of the climate on certain plant species, and starts to develop his archetypal plant, Die Urpflanze.

In his diary of the Italian Journey he writes in 
Venice, on the 8th of October, 1786:

 “Whereas in lower-lying regions, branches and stems were stronger and thicker, the buds closer to each other, and the leaves broad, higher in the mountains, branches and stems became more delicate, the buds moved farther apart so that there was more space between nodes, and the leaves were more lance-shaped. I noticed this in a willow and in a gentian, and convinced myself that it was not because of different species, for example. Also, near Walchensee I noticed longer and more slender rushes than in the lowlands.”
 

Let us quote other, relevant fragments from this diary
:

Padua Botanical Gardens, September 27, 1786

“To wander among vegetation which is new to one is pleasant and instructive. It is the same with plants as it is with other familiar objects; in the end we cease to think about them at all.But what is seeing without thinking? Here where I am confounded with a great variety of plants, my hypothesis that it might be possible to derive all plant forms from one original plant becomes clear to me and more exciting. Only when we, have accepted this idea will it be possible to determine genera and species exactly. So far this has, I believe, been done in a very arbitrary way. At this state of my botanical philosophy, I have reached an impasse, and I do not see how to get out of it. The whole subject seems to me to be profound and of far-reaching consequence.”

Botanical Gardens, Palermo, Sicily, April 17,1797

“Here where, instead of being grown in pots under glass as they are with us, plants are allowed to grow freely in the open fresh air and fulfil their natural destiny, they become more intelligible. Seeing such a variety of new and renewed forms, my old fancy suddenly came back to mind: among this multitude might I not discover the Primal Plant [Urpflanze]? There certainly must be one. Otherwise, how could I recognize that this or that form was a plant if all were not built on the same basic model?”

I tried to discover how all these divergent forms differed from one another, and I always found that they were more alike than unlike. But when I applied my botanical nomenclature, I got along all right to begin with, but then I got stuck, which annoyed me without stimulating me.

Naples, May 17,1787

“I must also tell you confidently that I am very close to the reproduction and organization of plants, and that it is the simplest thing imaginable. This climate offers the best possible conditions for making observations. To the main question - where the germ is hidden - I am quite certain I have found the answer; to the others I already see a general solution, and only a few points have still to be formulated more precisely. The Primal Plant is going to be the strangest creature in the world, which Nature herself shall envy me. With this model and the key to it, it will be possible to go on forever inventing plants and know that their existence is logical; that is to say, if they do not actually exist, they could, for they are not the shadow phantoms of vain imagination, but possess an inner necessity and truth. The same law will be applicable to all other living organisms.”

Rome July 31,1787

“While walking in the Public Gardens of Palermo, it came to me in a flash that in the organ of the plant which we are accustomed to call the leaf lies the true Proteus who can hide or reveal himself in vegetal forms. From first to last, the plant is nothing but leaf, which is so inseparable from the future germ that one cannot think of one without the other.”

These fragments show the development of Goethe’s concept. First probably as a historical ancestor, later as an underlying scheme, the ‘plantness’ of a plant. From these wanderings grew the essay on the Metamorphosis of Plants in 1789. There is, contrary to the fragments of the diary, no mentioning of the Urpflanze. Instead, a different approach to plants is given.

\An Essay in Plants

In the foreword of the 1829 French translation of the Metamorphosis of Plants by M. Frédéric de Gingins-Lassaraz we read:

 “There are two very different methods of studying plants. The most common is to compare with one another all the individual plants making up the entire world of vegetation. The other method compares the various organs comprising the individual plant and searches there for the characteristic symbol of plant life. The first of these two methods of study leads us to knowledge of the plants that exist throughout the world, and of their environment, mode of life, and uses. The second method acquaints us with the organs of the plant, with their physiological functions and the roles that they must play in the plant economy. It studies the course of development, the metamorphoses to which the individual parts must adjust themselves; it allows us to see the plant as an organism, which is born, grows, reproduces, and dies. In brief: the one method is the history of the plants; the other, the history of the plant” 

"This latter method of considering plants has been called the philosophical because it is more closely associated with natural philosophy. Actually these two methods of studying living organisms are quite inseparable. It would be absolutely impossible to understand the natural relationships of the plants being compared if there were no means of evaluating the various disguises which the organs assume before our very eyes; and on the other hand, the true nature of the organs themselves can be disclosed to us only if we compare analogous parts of a great number of varied plant genera.”
 

Goethe is mainly concerned with the second approach. Many of his contemporaries (like Humboldt) stress the importance of the first one. The study of plants should comprise both, but in different periods of the history of Botany the stress shifted from one to another. After the acceptance of the theory of evolution, however, the first was regarded as something of greater importance. This (still existing) imbalance is one of the sources of the harsh rejection of ‘evolutionary’ thinking on the side of D’Arcy Thompson. His On Growth and Form is, to my belief, a continuation of the Goethean program in many aspects in an epoch hostile to any such ‘phenomenological’ approach. That this ‘second method’ is far from being extinct, is proven by books like Climbing Mount Improbable by Richard Dawkins (1997) The importance of these in light of Goethe’s scientific method and achievements will be discussed later.

To have a clearer understanding of Goethe’s ideas as expressed in the Metamorphosis of Plants, here are some of the paragraphs. Their aim is not to summarize the work, or to give a ‘briefing’ about it. They are simply aimed at stressing some points and notions that are or have been misunderstood commonly. The style of the Metamorphosis of Plants is somewhat unusual
, and is even different from contemporary scientific writings. This may explain some of the misunderstandings in Goethe’s time. 

In the first few chapters Goethe sets up his task, ‘determines his area of research’ within the broader meaning of metamorphosis:

5. This metamorphosis may be of three different types: regular, irregular, and accidental.

6. Regular metamorphosis we might also call progressive, for it is this type that may be observed at work step by step from the first seed leaves to the final development of the fruit.
By transmu-tation of one form into another, it ascends as though on the rungs of an imaginary ladder  to  that climax  of  Nature,  reproduction  through  two  sexes. It is this type of metamorphosis which I have been studying attentively for several years and now undertake to explain in this essay. In the following demonstration, we shall therefore consider the plant only insofar as it is an annual, advancing continuously from seed to fructification.

After this straight-forward introduction Goethe sets out to describe the different ‘leaves’ of the plant, starting from seed leaves, through stem leaves, to the formation of calyx, corolla, the staminal organs, the style and finally the fruit. He recapitulates the first half of the work before talking about the buds of a plant:

84. We have attempted to follow as circumspectly as possible in the steps of Nature, accompanying the plant through all its outward transformations, from its development out of the seed to re-formation of the seed. Without claiming to be revealing the origin and mainsprings of Nature’s processes, we have directed our attention to those manifestations of the forces by which the plant gradually transforms one and the same organ. To avoid losing the thread of our discourse we have considered the plant as an annual throughout; we have observed only the transformation of the leaves associated with the nodes and have derived all forms from them…

Goethe explains the change in form of the different organs with ‘expansion’ and ‘contraction’, while there is a general ‘rectification of sap’. This way of explanation should not make the reader uneasy, as in the 18th century there was hardly any theory better than the one Goethe uses here
: the changing quality of the ‘sap’ in a plant, determining the shape of the developing organ. If the early atomists’ theories are accepted as forerunners of modern chemistry and molecular explanations, than so can this be a predecessor of explanations on a hormonal level. But just as I consider the first to be a serious misreading of the history of science, similarly, caution is to be taken when drawing the latter parallel.

Goethe’s explanation is doubly polar. First because it contains a polar element, i.e. the ‘contraction’ and ‘expansion’, expressions, that are clearly visible on the plant, and second because, opposed to this polarity, on the other pole is a one-way, gradual development, an ‘enhancement’. This mode of explanation reappears in Goethe’s later writings, in his Farbenlehre he will talk of a ‘strengthening’ (Steigerung), of the two basic colours (polarity again). 

Here, in the plant realm he considers the refinement of the sap as a process that is partly independent of the plant itself. The effect and importance of the surroundings is stressed: 

    30. It has been noted that abundant nutriment retards the flowering of a plant and that moderate, or indeed scanty, nutriment hastens it. Here we see even more clearly the influence of the stem leaves discussed previously. As long as cruder saps remain in the plant, all possible plant organs are compelled to become instruments for draining them off. If excessive nutriment forces its way in, the draining operation must be repeated again and again, rendering inflorescence almost impossible. If the plant is deprived of nourishment, this operation of Nature is facilitated and curtailed. The nodal organs become more refined, the action of the unadulterated saps becomes purer and stronger, and the transformation of the parts is made possible and proceeds irresistibly.

In his whole essay Goethe never wants to make the reader believe that he explains the plant world. At best he hopes to give us a better tool, with which the reader can make his or her own investigation:

    102. We are convinced that with some practice it would not be difficult to account for the diversified forms of flowers and fruits in this manner. To be sure, the conceptions established above-of expansion and contraction, compression and anastomosis-would have to be manipulated as expertly as algebraic formulae, and would have to be applied in the right places. A great deal would depend upon accurate observation and comparison of the various steps which Nature takes in the formation of genera, species, and varieties, as well as in the growth of each individual plant. Hence, a collection of illustrations, arranged with this end in mind, and the application of botanical terminology to various plant parts would be desirable from this point of view alone, and not without use. Two cases of perfoliate flowers, which merely seem to bear out the theory cited above, would furnish conclusive proof when presented graphically to the eye.

The last sentence shows one of the most ground-breaking aspects of Goethe’s attitude to botany. Contrary to the general view he did not condemn malformations as ‘freaks of nature’, discarding them as useless for scientific studies, rather, he collected them and used them to ‘test his hypothesis’. He believed that these ‘exceptions’ are only exceptional insofar as they are unusual; but if there is a rule governing the formation of ordinary forms, these rules must apply to the extraordinary rules as well:

     103. Everything that we have hitherto sought to understand through imagination and intellect alone, we find most clearly exemplified in the perfoliate rose. Calyx and corolla are arranged and developed around the axis; however, the seed container in the center is not contracted nor are the male and female sexual parts arranged on and around it in ordered sequence; instead, the stalk shoots upward again, half red and half green; smaller, dark-red, folded petals, some bearing traces of anthers, develop successively on it. The stalk keeps on growing; thorns even appear on it again; the individual colored petals that follow become smaller and finally are transformed before our eyes into half-red, half-green stem leaves; a succession of regular nodes is formed, from the buds of which there again emerge little rosebuds-albeit imperfect ones.

     As always, Goethe is seeking predecessors here, too. It is interesting to see what he writes about Linne and his theory of anticipation, as it explains one of the ‘mysteries’ of the Metamorphosis of Plants, namely why did Goethe choose simple, annual, flowering plants, and did not try to encompass the whole of the Plant Kingdom. For many this simply signified the lack of scientific attitude in a poet, who stumbled into areas foreign to him and his nature.  

    109. He [Linne] made his observations first on trees, those complex and long-lived plants. He noticed that a tree, placed in a rather large pot and supplied excessively with nourishment produced branch upon branch several years in succession, whereas the same tree, confined in a smaller pot, quickly bore fruits and flowers. He saw that in the latter case the usual successive development was sudden and concentrated. He therefore called this operation of Nature prolepsis, anticipation, because by means of the six steps outlined above, the plant appeared to advance by six years. And so he also developed his theory with respect to the buds of trees without giving much consideration to annual plants, for he evidently noticed that his theory did not fit the annuals so well as it did the trees. For according to his theory, one would have to assume that each annual plant, though actually destined by Nature to grow for six years, on reaching the flower and fruit formation, prematurely completes this prescribed period and thereupon dies.

110. Unlike Linne, we have followed first the growth of annuals, and can now easily make the application to perennials, for a bud unfolding on the oldest tree is to be regarded as an annual plant, even though it has developed from a stem which has long been in existence and may itself be of longer duration than a year.

    Seen in this light it makes sense that the explanation should start from the simple and proceed towards the more complex – if it is possible to reduce the complex case into a composition of simple cases. This is exactly the reduction Goethe applied when tackling his task, and a similar ‘reductionist’ approach will evoke so much condemnation on the side of experts, when, instead of Newton’s complicated experiment Goethe will propose a simpler set of phenomena from which to derive the laws of chromatics.

    Though reduction in itself is no sin, it has to be a conscious act, and has to have its reasons. While reducing the notion ‘plant’ to ‘annual, flowering dicotyledoneus plant’ he tackled a problem very well in its own right, another reduction brought about the serious misunderstanding of his endeavour. Many have mistaken his concept of the Leaf (‘Blatt’) as a simple leaf, in spite of the fact that this Leaf does not equal to a leaf but is analogous to saying a Stamen, or a Petal:

    119. We have ventured to trace back to the leaf form those fruits in which the seeds are firmly enclosed, just as we sought to show that the organs of the vegetating and flowering plant, though seemingly dissimilar all originate from a single organ, namely, the leaf [sic!], which usually develops at each node.

    120. It is self-evident that we ought to have a general term with which to designate this diversely metamorphosed organ and with which to compare all manifestations of its form. At present we must be content to train ourselves to bring these manifestations into relationship in opposing directions, backward and forward. For we might equally well say that a stamen is a contracted petal, as that a petal is a stamen in a state of expansion; or that a sepal is a contracted stem leaf approaching a certain stage of refinement, as that a stem leaf is a sepal expanded by the influx of cruder saps.

121. We may likewise say of the stem that it is an expanded flowering and fruiting phase, just as we have predicated of the latter that it is a contracted stem.

    It is clear that transformations must be run in both directions; his Blatt confused many commentators, they mistook it for a simple leaf. Why is this so important? He could have provided a form that is the common schema (much like Owen’s vertebra: see Homology) but he did not. The concept of homology on the plant parts as based on a common ‘plan’ has been forced on his theory by the contemporaries, who were used to such thinking.

    The identification of plant parts is based on common recognition. There is no valid strict positional schema, the topography is not determining (tulips, and monocots in general, have no sepals, yet this does not deter us from calling the petals ‘petals’, the stamen ‘stamen’). Instead plant nodal points are multivalent, and although we can usually guess right as to what comes next, sometimes we see double flowers, foliage leaves instead of the corolla (and Goethe noted this clearly). This proves the  multivalency and thus the underlying identity. Sometimes even intermediary forms, snapshots, visible movement can be seen: “the same organs which, with different destinies and under protean shapes, fulfil the part prescribed by Nature”. Goethe made several drawings of these forms, and asked painter friends to make detailed pictures of some.

Some (More) Modern Theories

Many of Goethe’s notions seem to be backed up by 20th century theories and results. Here are just a few:

Walter Zimmermann, a German paleobotanist explained the formation of the shoot, leaves, and flower of higher plants as the result of an evolutionary development from primitive ferns (Psilopsida). The important part of the theory, and many others based on it, is that in the beginning the vegetative and generative functions of the ‘leaf’ were  not separated. We still see examples of this on some ferns (Dryopteris genus), but we also find cases, when the plant has two types of leaves, one vegetative, the other producing spores (Matteuccia struthiopteris). This means that all the different types of leaves (vegetative leaves, sepals, petals, stamens, and styles) have a common origin, a leaf that had both vegetative and generative functions. These support Goethe’s claim, his ‘Blatt’ is no simple ‘leaf’, but a now non-perceptible organ, that lies behind all its manifestations. It could be called ‘Leaf´ or ‘Stamen’, both being as close to the truth as the other. 

Many critics hold that Goethe is the founder of scientific morphology
 (like Troll (1926), Arber (1937)).  In the 19th century evolutionary theory spreads, Casimir de Candolle (the other Candolle’s nephew) in 1868 introduces the concept of  ‘partial-shoot’ (Partialschoss). Arber (1950) extends the concept to the female organs as well.
 All these are refinements of Goethe’s theory.

By concentrating on unusual plants, ‘freaks of nature’ neglected by most contempoararies, Goethe used a method that won acceptance only in our century. Occasionally he would come across a plant with a flower organ growing in the wrong place, a leaf growing in place of a sepal or a petal where a stamen should be. This phenomenon is known to biologists as 'homeosis', the rare tendency of a plant organ or the limb of an animal to adopt the character of a quite different organ or limb during development evidence. In the 20th century a vast field of academic research - the genetics of fruit fly development - has grown up around such creatures.

In recent years answers have begun to emerge from genetic studies of mutant flowers similar to those which exercised Goethe's mind. It seems that a single gene triggers the growth of flowers in plants, which sets off the cascade of changes needed to produce a flower. “The discovery is part of a wider series of breakthroughs in the study of flower development which have confirmed the theory, originally put forward by the poet Johann Wolfgang von Goethe more than 200 years ago, that the different organs in a flower, such as petals and stamens, are all variations on a single theme.”

It is very tempting to stop here, and claim that Goethean science is not extinct, that his ideas have been incorporated into the mainstream of science. This would be the safer route. However I believe that Goethe’s concept is not that of an evolutionary precursor, or his vision is not the foretelling of recent results concerning the flo gene in flowering plants. This would be the ‘weak argument’ for Goethe’s morphology. To try to follow the ‘strong argument’ in favour of Goethe demands a detachment from our everyday mental habits. 

In the following I will attempt to make this ‘strong case’ approachable. It is a perilous attempt to resolve a puzzling problem, I do not know whether I will succeed. The reason for taking this road is that I side with some of Goethe’s  commentators (more about them later) that:

“The main thing is not his emphasis upon the fact that leaf, calyx, corolla, etc. are organs of the plant which are identical to each other and which develop from a common basic structure; the main thing is what mental picture Goethe had of the whole plant nature as something living and how he thought of the particulars as coming forth out of this whole. His idea of the nature of the organism has to be called his most original and central discovery in the area of biology. Goethe’s conviction was that something can be seen in the plant and in the animal that is not accessible to mere sense observation. What the bodily eye can observe about the organism seems to Goethe to be only the result of the living whole of developmental laws working through one another and accessible to the spiritual eye alone”

Interpreting Goethe’s Botanical Views

The theory of metamorphosis has nothing to do with this question of the historic sequence of the appearance of life. It is quite separate from every ‘theory of descent’ not only in its content but in the posing of the question and method. Goethe’s concept of ‘genesis’ is dynamic, not historical; ”It is not a broadening but a deformation of the sciences,” said Kant, “when their boundaries are allowed to run together.” It would be such a deformation if we were to confound Goethe’s biological idea of knowledge with that of Darwin or Haeckel.”


  Ernst Cassirer 1950

The Accepted Notion of Homology

In modern taxonomy biologists assume a common plan underlying certain taxa. The actual classification, however, is according to only a few general characters. This has been the accepted method since the time of Owen (separation of birds and reptiles based on minor osteological differences). Whether an animal belongs to one taxon or another depends on the existence or lack of these few, ‘distinguishing’ features
.  Identification of these general characters implies the rest as a context, but this is not how the process of classification is carried out. The relationship between forms is established first, and this is followed by the search for a ‘missing link’. The first step is done without any possibility of ‘proving’ whether it is a correct step or not. It assumes the common plan which infers the grouping, but the existence of the full plan often an object of speculation. 

There are many examples of this in taxonomy. The limbs of fish and tetrapods have supposedly the same origin, but as yet there is no good (meaning close) series of transitional forms between the two. To find our hypothesis well grounded, we have to see the ‘missing link’. To solve the problem we can either imagine an intermediary that establishes a connection between the two forms, or find a generalized schema, on which both can be mapped
. This latter might also be called a progenitor, or an Archetype, usually something simple, and not yet specialized. 

The search for these forms have begun well before the time of Darwin. Oken, Owen, Carus, and many others have made efforts to find the common progenitor of a taxon. Prior to this Robinet and Diderot wanted to find a prototype for all natural forms, from insects to apes. As time progressed the scientists became less ambitious, and concentrated on smaller groups. But even for Darwin one of the questions to be answered by his evolutionary theory was the existence and emergence of these progenitors.

The strategy of finding speculative progenitors and homologizing dissimilar organs is used even today
, when there is not enough evidence for seeing the connection between forms. 

 It must be remembered, however, that in these cases evidence is mixed with theory; an idealization is homologized with actual features or forms through abstract transformations. This is a very dubious practice, indeed! Comparison should only be between empirical forms, not between empirical and hypothetical forms. “The procedure treats the invention as if it were an empirical discovery, and results in the determinations that would follow from such a discovery.”
.

Obviously the devised intermediary forms (or hypothetical progenitors) will differ from scientist to scientist, it is unlikely to find two forms that are the same. Does this mean that there are many progenitors? How many, then?  Of course we all agree that (if our hypothesis about the common origin is right) there should be only one. But we can invent an infinite number of intermediaries and they may all be non-existent. How are we to choose or recognize from this multitude of hypothetical forms the one, the ‘real’ one? The case is the same with the hypothetical ancestor as with the intermediary form.

“The mediating form was created because the data in itself was inconclusive without it. The known forms are now interpreted by the hypothetical. The theory of the particular homology is therefore tested (and found true) using artefacts of that same theory in its hypothesis-form.”

These hypothetical forms were widely used in 18th, 19th century Biology. That these ‘ancestors’ are still not extinct, here is an example from a 1997 issue of Science [Figure 4.3]. To see on example of this archetype, here is a picture of Owen’s vertebrate Archetype [Figure 4.4]

 Owen was probably the last giant in England. He was greatly influenced by German Naturphilosophie, namely Oken and Carus. His plan of the vertebrate phylum shows surprising similarity with that of Carus. It is basically a series of segments linearly arranged.  Owen draws a ‘typical vertebra’, and derives from its segments the thorax of a bird (sternum as the haemal spine, sternal rib as haemapophysis, etc. see Figure 4.5). From this ‘typical vertebra’ he also constructs the limbs of tetrapods. To account for the numerous bones in the limbs of terrestrial tetrapods he claims that the simple vertebra became ‘teleologically compound’. He also reduces the skull into vertebrae, (for which he will be ridiculed in Sir Peter Medawar’s Pluto’s Republic). He builds the ‘vertebrate archetype’ from a series of underdeveloped vertebrae. 

Owen introduces general homology, which is ‘a part or a series of parts stands to the fundamental type’, while special homology is the standard part identity of different organisms. Just as the vertebral Archetype of Carus and Owen could be drawn, so was the case for Goethe’s Urpflanze. [ Figure 4.6 is one attempt to draw the ideal plant]. This led to a confusion of the original Goethean idea, and this misinterpretation was spread in Germany just as well as in England

A Comedy of Errors

“Goethe created with originality and brilliance a general theory of metamorphoses, and this theory has remained for years the most comprehensive treatment of the special subject of plant physiology." 

Kieser: Aphorisms of Plant Physiology, 1808

Against the background of Naturphilosophie Goethe’s notion seems to stem from the same source as Owen’s general homology of the vertebrates. This can be summarized as follows: (a) there is a general homology of all organs of the shoot. (b) the leaf is a generalized plan for the underlying organ, (c) by repetition transformation of the underlying organ a generalized plan of the whole shoot can be built (Brady 1987:267-269). Goethe’s solution is radically different, as I will try to show in the following section. But these three points are what might be called the ‘received view’, and also the view of Owen, the most influential representative of Naturphilosophie in England. The more influential Owen (in England at least) prevented a “decent reading of his text” (ibid. 269).

 This misunderstood interpretation is used by Darwin as supporting his theory of evolution. Later the Theory of Evolution gains popularity and is generally accepted. Darwin mentions Goethe (see Chapter 1 of the Origin for direct reference and Chapter 13 for indirect mentioning)
, and so now Goethe is taken to be a proto-Darwinist. This view emerged after the works of Ernst Haeckel, and became generally accepted. Goethe’s ideas are considered to be correct to the extent they resemble Darwin’s evolutionary ideas. 

This then brought back the original misunderstanding to Germany. As Germany was usually very receptive to English discoveries, this view quickly gained popularity.

We have run a full circle. An initial misunderstanding supported a theory, and the theory, once generally accepted, acknowledged the misinterpretation as its forerunner. And in this circle the real significance of Goethe’s discovery is lost. Instead it becomes a rather primitive predecessor of the triumphant Evolutionary Theory. 

Goethe’s Solution: Form as Movement

"How rewarding indeed it was to understand the historical origin of the science of many things. Yet now that Goethe has led me to this perception, it will not be sufficient to the purpose I have in mind-I must experience things for myself. From this source something wells up, insignificantly perhaps in itself, but tinged with a truth capable of replacing many a lack of another sort.” 

Wilhelm Schütz 1821

The Type

As mentioned earlier Goethe was not the first to suggest that ‘everything is leaf’, but his solution is radically different to all before him and most following him. The most ‘worthy precursor’ from the list preceding Goethe’s notion of metamorphosis is Kaspar Friedrich Wolff (1735-1794)
, who holds that the higher organs (corolla, stamens, pistil, and seed) are transformed leaves, with diminishing life-force.
 This has much in common with Goethe’s view, as he himself happily recognizes the similitude. But, however similar their views seem, Goethe believes that his method is different. Let us quote at some length his criticism of Wolff: 

“Wolff explicitly recognizes the identity of plant parts in spite of their variability; but his experimental method, once he has adopted it, prevents him from taking the final and decisive step. That is to say, because the theory of pre-formation and insertion which he opposes, rests on a mere speculative concept – in other words, rests on an assumption that seems plausible, but cannot be made evident to the senses – he sets forth as a basic maxim of all his experiments: that one may assume, grant, and assert nothing except what one has seen with one’s own eyes and what one is at all times in a position to produce again. … Excellent as this method is, and however much he may have accomplished with it, the worthy man nevertheless failed to realize that there is a difference between seeing and seeing; he failed to realize that the intellectual eye must work in constant and spirited harmony with the bodily eye, for otherwise the scholar might run the risk of looking and yet overlooking.”

How can this difference be understood? Many of the critics agree that his concept of the type is different to most of his contemporaries
. As Cassirer writes it:

“To Cuvier or Candolle 'type' was an expression of definite and basic constant relationships in the structure of living things that are fixed and unalterable and upon which all knowledge of them depends. They follow rules no less inviolable than the purely ideal figures of geometry. Candolle insisted that the disposition of the parts was the most important factor for the establishment of the plan of symmetry of a plant. Likewise K. Ernst von Baer explained the type as the "positional relationship of the inherent elements and the organs." But this view was not Goethe's. He did not think geometrically or statically, but dynamically throughout. He did not reject permanence, but he recognized no other kind than that which displays itself in the midst of change, which alone can discover it to us.”

But, then, how can this Typus be grasped? To understand Goethe’s notion it is probably the easiest to start from the simplest case. We cannot attempt to find the underlying schema of the whole plant world, Goethe’s Urpflanze. Before raising too high expectations, I will venture only to arrive at a better understanding of the Urorgan, the ‘Leaf’.

Leaf-series

The leaves of a plant usually resemble each other. In fact, for a trained botanist, most of the species can be identified by a single leaf, regardless of the leaf’s origin. This implies the existence of general homology among leaves. That we are able to find a  ‘theme’ behind the ‘variations’ (and say that a leaf is the leaf of a beech tree, for example) is the result of our working, ever-searching intellect. For modern theory of science this is not something from the phenomena, and can only be hypothetical. 

Goethe, on the other hand, clearly talks of finding an underlying schema! Is it possible to follow him and try to grasp what he meant by this? Why don’t we make an experiment? By looking at the leaves of a thistle as arranged in the plant we see something like the picture in 4.7a.
If, however the leaves are arranged in a semicircle, where the oldest ones (near the base) are on the left, and the youngest ones (near the top of the plant, right under the flower) are on the right we get the following picture [Figure 4.7b].

Clearly, they resemble each other. But how can we find the ‘theme’? By taking the simplest forms on either end of the series we see that it gives us no information about the complex ones. By taking one of the complex ones we only reach the others through deletion. In either case the obvious progression is lost. By starting with any one of the forms the ‘movement’ cannot be detected. Any schema seems painfully arbitrary, there is no reason why we should take one leaf and not the other as the basis. Picking one and ‘explaining’ the others using it does not allow us to grasp the underlying unity.

There is another way of tackling the problem, and this is if we start from the progression itself. That there is positional information within the series can be seen if we mix up the leaves. For someone, who has never seen these leaves before it is not hard to reshuffle them and find their correct order (he might begin with the end, but the order is not changed by this). Taking this route the forms of a graded series appear to be arrested stages, ‘snapshots’ of a continuous movement. The more ‘missing pictures’ we have, the more continuous the movement is. An infinite number of logically possible leaves could be inserted, just like an infinite number of pictures can be the intermediaries of two pictures of a running athlete
. No particular schema are present, however, as the connections themselves are transformed. Owen and many others think that similarity makes the series. In the Romantic Naturphilosophie it was generally accepted that though forms are ‘on the surface’ different, they really aren’t, that there is a general Bauplan or blueprint on which the forms are variations. This view stresses the importance of similarity, while in Goethe’s method the difference is just as crucial, and the two, similarity and difference, have the same importance in understanding the movement. As Brady (1987) puts it, “change demands difference, and continuous change, continuous difference”.

What can this movement be used for? Has it got any predictive value? Clearly, the ‘usual’ way of investigating forms is an indispensable tool in deciding which forms belong to the same group. Is the overall movement as good a tool as this idealized schema? 

The movement enables us to include or exclude potential new members. It is perfectly continuous, specifying forms by generating them. Individual pieces do not show the movement by themselves, but are governed by it. The mobile governs the static. In this sense the movement works as a law, that can be used to generate new forms that follow it. 

 Each individual form thus turns out to be an arrested stage of the transformation. the independence of forms are cancelled, they become manifestations of something that is not visible, but traceable. This something is, in itself, never visible, however this invisible form unites all pictures. 

The Goethean Leap as a Goethean Step?

Don’t we go a little too far by claiming that there is an invisible ‘movement’ underlying the forms? We are, after all, doing something that we criticized just a while ago: interpreting the factual by the hypothetical! ‘The still pictures of a movement’ don’t prove the existence of the ‘movement’. Seeing only the pictures the intellect can not arrive at the movement. One can believe in it, but to say that it exists is outside the intellect’s domain. In modern Science we do not take this step – Goethe, to my belief, made it. It cannot be proven, again, but believing in an underlying Bauplan
, or in recent times a progenitor is just as hypothetical. 

It should be noted here that, though we might consider both hypothetical, they are so in different ways. The ‘common scheme’, for the first impression, seems more concrete. It can be drawn, planned, and made visible, while the ‘movement’ cannot; it forever hides among the forms that are its manifestations. But the ability to visibly grasp the former one is its real weakness. As noted before, for a certain number of forms an indefinite number of intermediaries or hypothetical ancestors can be built, and the decision necessarily contains subjective elements. In the ‘movement’, though it cannot be drawn or sketched, all the forms are given, and the viewer is not forced to make any unfounded steps to acquire it. The only hypothetical step is accepting that the series ‘makes sense’, that is, it is a manifestation of something objective, yet unperceivable by the senses. This step, even if it cannot be proven, cannot be discredited either as something fallacious in principle, while the ‘common scheme’ certainly has no such merit.

By making this Goethean leap of faith a new level of investigation is opened, just as making the important, crucial step, that by using mathematics we can explain some parts, aspects, and phenomena of the world. By not taking the step we remain in the realm of isolated signs, phenomena, hypotheses, conjectures about the form of the plants. These cannot be proven as real, existing rules of the world. They might seem logical according to our intellect. Their structure follows certain rules, but these rules are that of our reason or intellect. They are logical. But this intellect, the mathematical capacities we develop have no connection to the realm of the phenomena outside. 

This is why Jochen Bockemühl, one of the foremost researchers in this area uses qualitative terms for describing the ‚forces‘ shaping the forms. That ‚stemming‘ and ‚spreading‘ dominate initially, later ‚differentiation‘ and finally ‚pointing‘
 might seem ridiculously anthropocentric, and detached from ‚exact science‘, but there is no reason to consider it less applicable to a plant, as any other method. As Frederick Amrine writes it: “A common approach is to locate the leaf within the three dimensions of the Cartesian co-ordinate system, and then determine the length, breadth and thickness of the leaf at each stage. Yet this is to import into the plant a thought model that might be foreign to its own nature.” 
 To avoid this Bockemühl remains absolutely phenomenological, using a language that is as neutral as possible: “he seeks to avoid abstract scientific terminology, favouring instead adjectives and verbs that convey the qualities of the forms.”
 

By making the Goethean step we attribute the same lawfulness to the outer world as to our intellect. We can still misunderstand these laws, but, according to Goethe these faculties can be trained, just as the faculty of mathematical understanding
. 

This knowledge might be called generic, as knowing the movement can be used to generate new forms. It is depicted a posteriori, and about one single plant. By looking at others the common movement, characteristic transformation becomes visible (this general transformation is far easier to see than the specific one)
. The apprehension of movement can be extended over several plants in a species, over related species, and the plant kingdom in general. We dealt exclusively with spatial movement, but the same laws apply for the study of temporal movement

The above was only an example trying to show the basis of the method, and that in principio it is not less scientific than other approaches to make plant form intelligible. The generally accepted notions of homology at Goethe’s time were unable to give a more correct answer as to how the morphe of plants can be grasped. His method is therefore justifiable in his time. Whether it is a useful alternative to modern morphology depends on how we define ‘usefulness’. 

Summary

“The leaves are like footprints of a plant which develops in the realm of the invisible”
 

Jochen Bockemühl  (1992)

The general trend of morphologists (like Oken or Owen) tried to materialise the Archetype by forming a hypothetical Typus and then treating it as real - adding an artificial number to the series. Against this light Goethe's method seems less of an intuitionist approach. This ‘movement’ as creating the form is generic, but not causal. As Bardy puts it
:

”If we take this approach, the dynamic aspect of the forms becomes little more than an artefact of perception, and should we choose to call it generative, in that it specifies all forms potential to the series, there would seem less reason to suppose it causal. After all, a mathematical differential, however predictive of future forms, is not a productive power but a specification of relations. It shows us how the finished product is structured, but not how it was caused.”

If we still want to consider his plant-organs as homologous, it is neither special nor general homology. His leaf is not any sort of simplification, it has no form at all. These organs are not the same because of positional or compositional identity, and it is not a schematic archetype as it can’t take on any form!

All members of the series will be manifestations of the underlying movement, yet none will be the movement itself. This is the crux of the Goethean Weltanschauung. Not one individual empirical object corresponds to the Typus. However this Typus exists for Goethe. And even if it doesn’t for us I see no way of proving that it can’t. The conclusion is rather disturbing for our mental habits. “The content of the Typus concept cannot therefore stem from the sense world as such, even though it is won in the encounter with the sense world.”
.

It could be expressed in the following way. The objective world as such (the denial of which is not very fruitful from a scientific point of view) contain elements that are perceptible to the senses, but are added to it by the intellect. To prove that these exist is futile for the intellect. From the above discussion, however it seems that it also contain elements that are undetectable for the senses. It is just as impossible to prove this as the previous, but to falsify it is just as futile. The question is whether it is a fruitful approach or not. 

Every particular form is one aspect of the Form, and they all fall short of the whole. To grasp this whole as a visible form is easier with animals (like Tetrapods), but is just as hypothetical, or even tautological
. But it is inadequate for botany, as the number of organs can change, and, as we have seen it is arbitrary which form is picked as the scheme.

Goethe chooses movements rather than forms. In the outcome Goethe’s ‘movement’ approach is similar to the ‘schematic one’ simple difference of forms is reduced to intelligible difference, using descriptive concepts.
 That it is not a method inferior to the one generally accepted in the course of the 19th century, I hope I could show. That it is even a better way of describing plant forms is a statement that can be argued for and against. And whether this method is useful for science at the present time is not for me to decide.

�  Goethe himself notes that Robert Brown uses but does not mention his theory: in an essay on Rafflesia he considers all flower parts as modified leaves, attempting then to explain the normal formation of anthers from this point of view. 


� This, given no direct reference to Goethe is questionable. However Goethe’s scientific achievements were definitely known to Darwin, most probably through Owen. He even cites his name in the chapter ’An Historical Sketch’ of the Origin. Another supporting fact is that Darwin in this paragraph mentions “metamorphosed leaves arranged in a spire”, which might have its source in Goethe’s late essay on The Spiral Tendency in Plants.


� Owen is best known for his anti-Darwinian views (Webster 1994). He was greatly attracted to the scientific views of German Naturphilosophie. The connection between Owen and Carus (1789-1869), a multi-talented doctor, is shown in Rupke (1994) p.114-115. Goethe personally exchanged views with Carus, from 1822, a pleasant and stimulating meeting for both men. Brady (1987) shows Owen’s indebtedness to Oken.


� For this reason in his later years he deliberately sought foreign connections. In England he found, among others, Walter Scott and the young Thomas Carlyle. 


� It closely resembles Linneaus’ Fundamenta Botanica, a book that Goethe was well acquainted with, containing 365 aphorisms


� For the most arduous and devoted reader here is a description of the other two types of metamorphoses:


“7. 1rregular metamorphosis we might equally well term retrogressive. Whereas in regular metamorphosis Nature hurries forward to her goal, here she takes a step or two backward. In the one case, she fashions the flower … in the other, she slackens, so to speak, and irresolutely leaves her creations in a soft and indeterminate state which is often pleasing to the eye, yet internally impotent and ineffectual. Through the knowledge we gain from studying this latter type of metamorphosis, we shall be able to bring to light what the regular type keeps hidden from view and to distinguish clearly what otherwise we are allowed only to conjecture. It is by this procedure that we have the best prospect of attaining our purpose.


8. On the other hand, we shall disregard the third type of metamorphosis, which is effected accidentally by outside agents, chiefly insects, since it might divert us from the single path marked out for us and thus defeat our purpose. Perhaps there will be an opportunity elsewhere to speak of those excrescences, which are abnormal and yet restricted within definite limits.”


 


� See more in Coen (1992) and Bown (1991). Of course there is not enough space to give a detailed discussion on the topic. It is enough to note that modern scientists – for some obscure reason or another – do not deny the originality and correctness of Goethe’s basic idea.


� In this part of the chapter I try to support and possibly further elaborate a view of Goethe’s morphological works. This view is shared by numerous scholars, yet still a significant minority. Rudolf Steiner, Ernst Cassirer, Agnes Arber, Jochen Bockemühl, Ronald H. Brady all express similar views. The discussion below will rely heavily on the article by Brady (1987). But Brady himself is expounding views previously expressed by Steiner (1985, 1988) and the practical work of Jochen Bockemühl.


� These features are not necessarily morphological in a ‘macroscopic’ sense, they may be certain ‘microscopic’ features, like the lack or existence of certain types of organic molecules, etc. This difference doesn’t affect the above statements. There is no cardinal difference between molecular or embryonic features and ‘macroscopic’, morphological ones.


� I hope the reader can forgive me if I give a simple example. Most of us have seen computer-converted images, where there is a transition between one form to another. One of the first ‘public transformations’ was Michael Jackson’s transmutation into a black leopard (or the other way around). The intermediary would be here a half-hairy, half-clothed four-limbed monster, the progenitor a much simplified proto-vertebrate.


� In Chapter 13 apart from the citation above we can also read: “An indefinite repetition of the same part or organ is a common characteristic (as Owen has observed) of all low or little modified forms; therefore we may readily believe that the unknown progenitor of the vetebra possessed many vertebrae; the unknown progenitor of the articulata many segments; and the unknown progenitor of the flowering plants, many spiral whorls of leaves.”


� It is enough to note the very strong and narrow-minded Newtonians of Goethe’s time, or the later advocates of Darwnism. See more in Jackson (1994)


� Born in Berlin, studied in Halle, later became the Professor of Anatomy in St. Petersburg (FA 17: 1038). Goethe knew about him, and wrote an essay discussing Wolff’s views between 1816 and 1817, titled ‘Entdeckung eines trefflichen Vorarbeiters’ (FA 24:426-432), in English see in Mueller (1989:176-181). Wolff’s views are opposing Albrecht von Haller, a preformationist, encapsulationist.


� Obviously this is the opinion of the ‘unorthodox’ critics (Arber, Cassirer, Steiner, Brady, and others). And, naturally these writers refer to each other in supporting their own points. This interpretation can be questioned, and often is. However, to my belief, this is still the best interpretation of Goethean science there is, and even if it is wrong I believe that it is ‘less wrong’ than the received view, or any other interpretation I have as yet come across. 


� The more forms we have the better. The transitions will be smoother and smoother. To define a circle two points only give a line, three a triangle. By increasing the number of points given so increases the precision of future predictions.


� In Goethe’s time the empirical evidence did not support strongly any such hypothesis more than several others.


� To make it more understandable I will elucidate it with my own example. Recently I have met a young boy with his mother. Playing with the boy I asked him to count the number of cars he had. He was touching the cars one by one, and saying the numbers one, two, three… Unfortunately his hand was slightly faster than his counting. So by the time he finished touching all nine cars he only counted till seven. Clearly, he could count. Clearly, he knew that to one car one number belongs. And yet he made a mistake. He will not make this mistake forever. By realizing it, he will develop. If we find this acceptable, indeed necessary, I do not see how we can negate the development of another faculty for understanding another area of the world. I am not trying to prove the correctness of such a view. One of the reasons is that it obviously cannot be proven to the intellect. All I am trying to do is to show that in principio there is nothing that stands in the way of this possibility.


� Geoffroy Saint-Hilaire postulated that connections of organs can undergo different changes (simplification, even disappearance, further complication, change in form and function) but not transpositions.  But connections are defined by their position, therefore, even if the system is exceedingly useful, its tautological. The same can be stated on the molecular level. The evolutionary trees based on Genetics have the same contradictory starting point. We believe that the genes of the investigated organisms are in fact the same genes – modified.  


� Whichever method we apply it is prior to the stage of hypothetical explanation. One of the ‘facts’ Darwin wanted to explain by his theory was the common plan of organisms (Brady 1987:295-298)
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