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Without any doubt, biology - the science of living systems - requires the upmost skill in the art of modeling in order to analyze all the different observed phenomena. Biological processes usually have a high degree of complexity, partly because of the large number of involved components (or parameters) and interacting channels (“network-complexity”) and partly because of the enormous computational effort necessary for the realization of the algorithms which are associated with such processes (“Turing-machine-complexity”). Systems Theory, which is defined as the discipline which has to deal with the formal part of modeling (here mainly in the engineering disciplines) has so far not succeeded in controling the complexity of biological modeling efforts. 

However, in the past, systems theory has nevertheless gained by its involvement with biology. First the contribution of the Austrian biologist Ludwig von Bertalanffy, the founder of the field of “General Systems Theory” has to be mentioned. Bertalanffy, unsatisfied with the leading mechanistic point of view in modeling biological systems, introduced important new concepts to biology such as the concept of equifinality and open systems and emphasized the need of general concepts in high-level system modeling. 

In this paper we will deal with the work of another Austrian biologist, Raoul H(einrich) Francé, which is nearly forgotten today. We will try to point out the importance of the work of Raoul Francé to the field of systems theory. 

Raoul Francé (botanist, writer, artist, polyhistorian in the sense of Humboldt) emphasized in his work the importance of biological models for other scientific disciplines. His goal was to provide the requisite philosophical orientation. The main achievement of Francé was to see nature as an hierarchical system - starting from protoplasma, followed by cell-structures, complex organisms, and ultimately organized social systems. In addition he believed in the harmonic adaption of the individual components to reach an optimum from a holistic point of view. These lines of thought run through his whole work, starting with his first book “Der Wert der Wissenschaft” (engl. “The Value of Science”) from the year 1900, in which he defined his position on the question of modeling. He rejected the traditional approaches of his time, on the basis of his own experiences during his academic studies in Budapest. By his approach, namely considering biology as a rich source of modeling concepts, he made an important contribution to the development of scientific knowledge and Francé deserves to be considered as one of the pioneers of modern science. In the following we will try to show this for the case of “bionics”, a field which was envisioned very early on by Francé.

Bionics – nature as a teacher in technology and engineering

Bionics, can be defined as that part of technology which applies the “inventions” made by  nature during its evolution to engineering tasks. Examples of bionic approaches of this kind are: Leonardo da Vinci’s flying equipment with wings constructed after those of the bat, Otto Lilienthal who constructed wings based on those of the stork, and Franz Reuleaux whose kinematic mechanical systems followed the examples of insects. Raoul Francé deserves the priority of having presented in his book “Die technischen Leistungen der Pflanzen” (1919) (engl. “The engineering performance of plants”) for the first time a complete definition of the field of bionics (called “Biotechnik” by Francé) as an independent scientific discipline. In his following books, he described the field of bionics for the general public (“Die Pflanze als Erfinder” (1920) – the plants as inventors) and provided many important specific examples and applications. His book “Das Edaphon” (1921) - which deals with the ecology of the microorganisms in the soil and shows how this knowledge can be applied to produce compost from waste-products - is considered his most important contribution.

The reason for the important role of nature’s creations in engineering modeling according to Raoul Francé is that nature enforces a selection mechanism over a long period of time to achieve optimal functioning. In the book “Das Buch des Lebens” (1924), the work best suited for learning about the “Lebenslehre” of Francé, he writes in the chapter “Hochschule der Erfinder” (Graduate school of inventors) the following:

“The optimal engineering design is realized in animals and plants since any nonoptimal performance will suffer in the competition of survival. Such a performance is lowering the vitality and the power of reproduction and will disappear after a long period of time. Since life exists for such a long time we see around us only good, in fact exceptionaly good “engineering designs”.

Further on Francé writes:

“Today it is already a fact, that mankind will use bionics, which until now has been applied only in an intuitive manner, as the foundation of civilization”.

To Raoul Francé it is quite clear, that the application of the methods of bionics and its accompanying industrialization have natural bounds given by the “law of harmony”. In this context he writes in the chapter “Der Sieg des biotechnischen Gedankens” (the success of the bionic approach) about the negative experience of industrialization in the past:

“This kind of industrialization and materialistic oriented thoughts, where nature, the well-being of the people and the lasting laws of harmony are completely neglected, such kind of “dictatorship of the industry”, this is the degeneration and the recession of the modest craftsmanship and trade business of past years. The balance between people is ruined and life becomes abnormal and unlawful, people become unhappy and the society is thrown into confusion. The whole philosophy of thinking is contaminated”.

In the chapter “Die Zukunftsaufgabe der Industrie” (future tasks for the industry) Francé postulates a desired orientation of the industry, writing:

“the industrialization of our country may extend to such a degree, such approaches have to be chosen by it, that the balance between nature and man and the even more important balance from men to men is not disturbed. To point it out, limits in consumption have to be established, such that the industry, comparable to the past craftsmanship, manufactures only the necessary goods”.
Francé urgently requested research into the application of bionic methods to the chemical industry, which in his time was the source of the most enviromental pollution.

By his contribution to the field of bionics, Francé can be considered one of the true founders of this field. Although Major Jack E. Steele of the “Aerospace Division of the U.S. Air Force” has recently brought this field again to public attention, the priority for the proper definition of bionics should be given to Raoul Francé. This point of view is also taken by Hans Maguerre (“Bionik – Von der Natur lernen” (1991) who considers Franz Reuleaux (1829-1905), Vitus Graber (1844-1892) and Raoul Francé (1874-1943) as being the intellectual ancestors of bionics; as well as by René Roth, a zoologist, who is an internationally recognized expert on the work of Raoul Francé.

Plasmatics – The science of the future

In addition to bionics, which we considered above, we want to shortly discuss the contribution of Raoul Francé to the field of “Plasmatics”. Plasmatics, in the sense of Francé, contributes to the foundations of biology as part of a “metabiology”. It provides biology with a framework in which to see models of cells, organs, and living organisms from a common point of view such that for example “the true image of men for the humanities” can be discovered and biology is in a state to see both science and the humanities as a whole.

The basis for such a holistsic viewpoint is the “plasma”, the material for living, which leads to plasmatic models. When hearing of Francé’s “plasma” we are temptated – to have a negative point of view – to think of it as similar to the “Aether”, which was assumed in 19-th century physics to fill the “inside” of the “black box” of a physical space. However Francé’s  plasma is better associated with modern developments in microbiology such as expressed by I. Prigogine and his school regarding the creation of macroscopic phenomena by deterministic microscopic mechanisms. Also the constructions of the “evolutionary theory of the mind” as developed by the Viennese school led by the biologist Rupert Riedl, could be seen in strong relation to the field of Plasmatic as proposed by Francé. 

The question of what role Plasmatics will play in the biology of today is still open.  In any case, the contribution of Francé to biology by his concept of “Plasmatics” is a valuable contribution towards a biocentric view of different scientific disciplines.

The work of Raoul Francé today

Raoul Francé was very popular during the years 1920-1930 and his numerous books – we should specifically mention the numerous volumes of the “Kosmos Bücherei” – were read by many people. However, his books before and after this very successful period are also remarkable. The book “Die Alpen” (1902) with its more than 1000 pages is in its kind unique, also the edition of the 8 volumes of “Das Leben der Pflanze”, where Francé himself is the author of the first four volumes, is a masterpiece. This work has also been correctly called the “Pflanzen-Brehm”, in comparison with the famous work of Brehm in zoology. It is still today an important compendium for the ecology of plants. Many of Francé’s books have gone through several editions. The most important contributions of Francé as regards the bionic method are the book “Das Edaphon” in 1959 and 1982 and the popular science oriented two volumes, “Die Welt der Tiere” in 1968 and “Die Welt der Pflanzen” in 1969. The wife of Raoul Francé, the writer Annie Francé-Harrar, continued in her many books the work of her husband. René Roth, professor emeritus zoologist at the University of Ontario in London, Ontario (Canada) is the curator of the legacy of Francé. It can be hoped that the many original notes and sketch-books of Francé with the beautiful drawings and paintings of Francé (we could not deal in this paper with the artistic talent of Raoul Francé) will finally find a permanent place in a public library or institution in Austria, Germany or Hungary the countries in which Francé lived during his life-time. Professor René Roth is today by far the most profound expert concerning Francé and his work. In 1993 on occasion of the 50th memorial of Raoul Francé death, an international symposium was organized by this author in Salzburg, Austria, in which Prof. Roth and participants from Hungary, Austria, and Germany presented lectures.

Raoul Francé was certainly one of the few scientists which in the tradition of Alexander von Humboldt was in posession of a complete polyhistorical knowledge and at the same time was able to contribute by his scientific work to the solution of important problems of his time. The work of Raoul Francé is still important today when taking a biologically centered approach to modeling. 
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Biographical Notes to Raoul H. Francé

Raoul H. Francé was born on May 20, 1874 in Vienna. During his youth he stayed in Budapest, where he studied biology at the University. In 1905 he founded in Munich (Germany) his “Biologisches Institut” and in 1909 the “Deutsche Naturwissenschaftliche Gesellschaft”. During the years after the first world war he concentrated his efforts on scientific writing. Within a short period of time a number of important books were published such as “Die technischen Leistungen der Pflanzen” (1919) – to contribute to the foundation of bionics –  “München, die Gesetze einer Stadt” (1920) – a pioneering early contribution to the field of systems analysis taking a multi-disciplinary approach – “Bios: Die Gesetze der Welt” (1921) – the basic work for the foundation of his “objective philosophy”, and others. His second marriage with the writer Annie Harrar-Francé was very happy. The couple moved from Munich to the lovely old town of Dinkelsbühl (Franken), then to Salzburg (1923-1931) and finally for health reasons to Ragusa (Dalmatia), which is today Dubrovnik (1931-1943).

In the year 1943 Francé was forced – due to the war – to return to Budapest. Sick from leukemia he died there that same year. The government of Hungary honored Francé by arranging an official state funeral for him. Following the last will of his widow the urn of Francé was moved after her death to the graveyard of the village of Oberalm near the city of Salzburg, Austria. 
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