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Abstract 

Biosemiotics encompasses all living systems from the cell, over bacteria, fungi, plants and animals to humans as sign producers and interpreters. Signs are the basic units for the study of life. Thus biosemiotics transcends the semiotic threshold between man and the rest of the world that Umberto Eco formulated. Of the two main paradigms in semiotics, Saussurian semiology and the Peircian semiotics, it is mostly Peircian semiotics that has been used to developed biosemiotics because it has a theory of signification of non-intentional signs. Biosemiotics is already prefigured in Jakob von Uexküll's Umweltlehre , which Thomas Sebeok fruitfully used to found biosemiotics. Philosophical biologists in Copenhagen and Tartu have influenced the further development of biosemiotics. They see living systems from cells to humans defined by interactions between a digital code in the gene or genotype and an analogue in the whole individual or phenotype. The gene is a code for memory and self-representation the individual living body is a code for action and interaction with the real world and its ecology. Thus life appears to be a communicative interplay of different types of self- and other- descriptions carried by molecules. Biosemiotics is further developed in Cybersemiotics to include theories of computers and embodied sign- and language games.

Semiotics and biosemiotics

Semiotics develops a general theory of all possible kinds of signs, their modes of signification and information, and whole behavior and properties, but is usually restricted to human communication and culture. Biosemiotics (bios=life & semion=sign) is a growing field that studies the production, action and interpretation of signs, such as sounds, objects, smells, movements but also signs on molecular scales in an attempt to integrate the findings of biology and semiotics to form a new view of life and meaning as immanent features of the natural world. Life and semiosis are seen as co-existing. The biology of recognition, memory, categorization, mimicry, learning and communication are of interest for biosemiotic research, together with the analysis of the application of   the tools and notions of semiotics such as interpretation, semiosis, types of sign and meaning. The biosemiotic doctrine accepts non-consciously-intentional signs in humans, non-intentional signs, also between animals as well as between animals and humans, and signs between organs and cells in the body and between cells in the body or in nature. Thus the biological processes between and within animals transcend the conceptual foundation of the other natural sciences. 

 In the tradition of Peirce, who founded semiotics as a logic and scientific study of dynamic sign action in human and non-human nature, biosemiotics attempts to use semiotic concepts to answer questions about the biologic and evolutionary emergence of meaning, intentionality and a psychic world. Peircian biosemiotic builds on Peirce’s unique triadic concept of semiosis, where the ‘interpretant’ is the sign concept in the organism that makes it see/recognize something as an object. This is its interpretation of what the outer sign vehicle “stands for” in a motivated context by relating to a code that is connected to that specific functionality. As Peirce’s semiotics is the only one that deals systematically with non-intentional signs of the body and of nature at large, and therefore accepts involuntary body movements (such as instinctive motor patterns) and patterns of and within the body (such as limping and small pox) as signs, and further patterns and differences in nature (such as the track of a tornado) it has become the main source for semiotic contemplations of the similarities and differences of signs of inorganic nature, signs of the living systems and the cultural and linguistic signs of humans living together in a society.  
Semiotics is also defined as the study – or doctrine - of signs and sign systems, where sign systems are most often understood as codes. The biological codes for the production of proteins from the information of the genome, for the reception and effects of hormones and neurotransmitters spring to mind as obvious biological sign systems. Marcello Barbieri has pointed to the importance of codes in living systems such as the genetic code, signal codes for hormones and between nerve cells and nerve cells and muscles, codes for recognition of foreign substances and life form in the immune system etc. He defines codes as rules of correspondence between to independent worlds as for instance the Morse code standing for letters in the alphabet. A code gives meaning to differences or information in certain contexts. But information is not a code in itself. He also points to the peculiar fact that the proteins in the living cell are different from proteins created through external spontaneous chemical processes. Living systems are not natural in the same way as physical and chemical  systems because the protein molecules they are self-constructed from are manufactured by molecular machines (the Ribosomes and connected processes). They are systems that are capable of assembling molecules by binding their subunits together in the order provides by a template. Cell proteins have the sequences of their amino acids determined by the internal code system in the cell.  The ribosomal system for building proteins uses the base sequence as information for the DNA to determine the amino acid sequence in the proteins through the use of messenger RNA and of transport RNAs. Living systems are thus built out of artificially produced code based molecules from the cells molecular assembler machine. They are autopoietic – as pointed out by Maturana and Varela - as they produce their own elements and internal organization. Living system’s structure, organisation and processes are determined by internal codes and they are therefore in a certain way artificial. A code is a set of process rules or habits (for instance how the ribosome works) that connects elements in one area (for instance genes) with another area (for instance proteins) in a specific meaning context (here the creation, function and survival of the cell). As the biosemiotician Kalevi Kull points out then codes are correspondences that cannot be inferred directly from natural laws. 

To most biosemioticians it is crucial that the correspondence is not a universal natural law but is local and conceptualised or rather motivated from a living signifying system. Thus machines do not make codes themselves. A sequence of differences such as the se pairs in DNA can be information for coding, but is not a code in itself. Biosemiotics argues that codes are triadic sign processes where an interpretant makes the motivated connection between objects and signs (representamens). Living systems function based on self-constructed codes. This differentiates them from both physical, chemical and  technological systems (computers do not make their own codes as they  function causally after the codes we have made and installed).  As  Alexis Sharov notes then a sign is an object that is a part of some self-reproducing system. A sign is always useful for the system and its value can be determined by its contribution to the reproductive value of the entire system. Thus semiosis is a crucial part of those processes that make systems living and lift them out of the physical worlds efficient causality through the informational realm of formal causality in chemistry into the final causation in semiotic processes.

 In Peirce’s philosophy efficient causality works through the transfer of energy and is quantitatively measurable. Formal causality works through pattern fitting, bits and with signals as information in a dualistic proto-semiotic matter. Final causation is semiotic signification and interpretation. Semiosis, both in form of signification and communication, is viewed an important part of what makes living systems transcend pure physical, chemical and even the informational explanations of how computers function. Molecules are composed of sequences of atoms and make three-dimensional shapes. They interact informationally through formal causality. Macromolecules are composed of minor molecules often put in sequences. Cells interpret the molecules as coded signs and interact with them through final causation in semiosis. 

Biosemiotics considers, so far, the simplest system to possess real semiotic competence to be the living cell and not the in language living self-conscious social human being.  Biosemiotics see the evolution of life and the evolution of semiotic systems as two aspects of the same process. The scientific approach to the origin and evolution of life has overlooked the inner qualitative aspects of sign action, leading to a reduced picture of causality.  The evolution of life is not only based on physical, chemical and even informational processes but on the development of semiotic possibilities, or semiotic freedom as the biosemiotician Jesper Hoffmeyer calls it. It is the evolution of semiotic freedom that creates that zoosemiotic system or ‘sign games’, as the bio- and cybersemiotician Søren Brier calls it, that is the primary system behind the foundation of human language games and the tertiary system of culture as Thomas Sebeok and Marcel Danesi has pointed out in their Modeling System Theory. Subjectivity and meaning are always produced from embodied beings with some kind of individuality that order perception of objects, events and possibilities into its own functionality and survival. Sebeok point out that the semiossphere, the totality of interconnected signs, is identical with the biosphere or - one might add - is a broader and more profound understanding of it. 

Multicellular living individuals beings are then understood as swarms of communicatively organized semiotic cellular units. The human body is seen as organized as swarms of swarms biologically and of layers upon layers of internal (endo) semiotic processes as well as external (exo) signification processes building up a signification sphere (Umwelt) and finally exo-semiotic social processes between individuals constructing language and first person experiences. See Figure 1.


[image: image1.wmf]SOCIO

-

COMMUNICATIVE 

AUTOPOIETIC 

LANGUAGE GAMES

CULTURAL 

SIGNIFICATION 

SPHERE

INTRASEMIOTICS

ENVIRONMENT

SIGN GAMES

ENDOSEMIOTICS

INDIVIDUAL

SIGNIFICATION 

SPHERE

BIOLOGICAL

AUTOPOIESIS

Information

thriugh 

structural couplings

INSTINCTUAL

SIGNIFICATION

CONCEPTUAL 

SIGNIFICATION

PSYCHO

-

LOGICAL

AUTOPOIESIS

STRUCTURAL

COUPLINGS

PHENO

-

SMIOTICS

THOUGHT SEMIOTICS

CYBERSEMIOTICS


Figure 1: The model classifies types of semiosis and proto-semiotic (informational) processes. On the left side Luhmann theory of viewing both the body, the psyche and the linguistic system as autopoiesis (closed and self-organized).The localization of the processes in this diagram is  symbolic and not really unrelated to actual physical locations; for example, the head is part of biological autopoiesis and the location of endosemiotic processes. To simplify this model, I have placed all the cybernetic-autopoietic concepts on the left and all the biosemiotic ones on the right, although all concepts concern both persons. Each person is placed within a signification sphere (Umwelt). When these spheres are combined through socio-communicative autopoietic language games, a common signification sphere of culture is created. One part of exosemiotic signification is based on the linguistic processes of conceptualization and classifications. Underneath the language games is the biological level of instinctually based sign games, and under that is the informational exchange through structural couplings. Thus, exosemiotics also has a level of bio-psychological, or emphatic, signification, as well as a level of structural couplings that the organism, or rather the species, has developed through evolution. Endo semiotics are the processes between cells and organs in the body. Phenosemiotics is pre-linguistic sign processes in the mind such as emotions and imaging. Where thought semiosis is conceptualized thinking. On the far left side are the signification processes towards the environment that consists of non-intentional potential signs that becomes the signification sphere when they are interpreted as signs.

Complex self-organized living systems are not only governed by physical efficient causation they are also governed by formal and final causality. They are governed by formal causality in the sense of the "downward causation" from a higher level structure (such as a tissue, an organ or the whole organism) to its individual cells, constraining their action but also endowing them with functional meanings in relation to the whole metabolism. Organisms are governed by final causality in the sense of their tendency to take habits and to generate future interpretants of the present sign actions. In this sense, biosemiotics draws upon the insights of fields like systems theory, theoretical biology and the physics of complex self-organized systems. As Alexis Sharov points out then biosemiotics can be viewed as a root of  both biology and semiotics rather than a branch of semiotics.

Biological systems are then understood as being hold together by communicative reasons and are therefore not natural kinds in physical-chemical understanding. They are communicative structures as Kull argues. One could call them discursive material systems. As we can call humans for language-cyborgs because our minds are artificially formed by language we can call all other living systems for sign-cyborgs recourse they are made of coded molecules and organized communicatively by semiotic processes. But computers only work on and are organized around differences or informational bits. Thus they are dualistic and therefore proto-semiotic. The same goes for information in natural systems such as dissipative structures such as tornadoes. 

Biosemiotics offers a rich field of exploration and ongoing research into the life of signs as they are found in the actual world's ecological, mental and artificial systems. Examples of relevant topics: Sign-functions in physical, chemical, biological and computational system like molecular biology, cognitive ethology, cognitive science, robotics, and neurobiology; communication of all living systems including the area of ethology; the semiotics of cellular communication in the body among organs, the immune system and in the brain for instance as psycho-neuro-immunology, the representational dynamics of disease and possible relevance for medical diagnose and treatment; the study of the semiotics of complex systems, anticipatory systems, artificial life and real life; the semiotics of collective biological phenomena such emergent signs in swarm-intelligence; the metaphysics of Darwinism: Can semiotics provide a foundation for a new evolutionary paradigm through Peirce’s idea of Thirdness, and the emergence of interpretants in biotic evolution? How to integrate second-order cybernetics, autopoiesis and semiotics; the theory of biological self and its relation to the emotional and sign producing systems in animals as well as the linguistic thinking system in humans; theory of the embodiment of consciousness and language and internal mental causation. 

Such may a short and bold formulation of the biosemiotic view be presented combining several researcher’s contribution into a view that is as close to consensus as possible for the leading researchers in this still young research program. Apart from C. S. Peirce and Charles Morris (1901-1979), early pioneers of biosemiotics are Jakob von Uexküll (1864-1944), Heini Hediger (1908-1992), and Giorgio Prodi (1928-1987); founding fathers are Thomas A. Sebeok (b.1920) and Thure von Uexküll (b.1908), and contemporary scholars include biologists Jesper Hoffmeyer, Kalevi Kull, Alexei Sharov, Søren Brier, Marcello Barbieri, Anton Markos, and semioticeans as Floyd Merrell, John Deely, Lucia Santaella, Frederik Stjernfelt  and Winfried Nöth. In the following we look into foundations and specific theories.

Thomas Sebeok’s development of zoösemiotics and biosemiotics

Ever since Umberto Eco formulated the problem of the “semiotic threshold,” Peircian semiotics has developed further into the realm of biology. The efforts of Thomas Sebeok (1920- 2001) have led to the development of a biosemiotics encompassing all living systems, including plants and microorganisms as sign users. Sebeok's name is associated most of all with the term zoösemiotics, the study of animal sign use. It was coined in 1963 and it deals with species-specific communication systems, their signifying behaviour.  Zoösemiotics is concerned more with a synchronic perspective than the ethology of Lorenz and Tinbergen, which focuses primarily on the diachronic dimension. Sebeok’s research succeeded in broadening the definition of semiotics beyond human language and culture to a biosemiotics encompassing not only human nonverbal communication but also all sign processes between and within animals. We are living in a world of signs: a semiossphere. Sebeok argued that the biosphere and the semiossphere are linked in a closed cybernetic loop where meaning itself powers creation in self-excited circuits. With Sebeok’s enthusiastic support as editor, the two large special volumes of Semiotica on biosemiotics (vol. 127(1/4), 1999), and on Uexküll’s contribution to the foundation of biosemiotics (vol. 134(1/4)) was edited by first the Copenhagen and next the Tartu school of biosemiotics. Later through the collaboration of these schools of biosemiotics a series of annual conferences under the name Gatherings in Biosemiotics has been developed since year 2000, now also in corporation with biosemioticians in Prague. In 2004 work on starting a Journal of Biosemiotics  has begun. 
Hoffmeyer and Emmeche’s theory of code-duality

Later Sebeok decided that that zoösemiotics rests on a more comprehensive science of biosemiotics. This global conception of semiotics – namely biosemiotics, equates life with sign interpretation and communication. It is carried by an inspiration from Jakob von Uexküll’s theory of that all living beings are the centre of a phenomenal ‘Umwelt’. This idea was carried on through Thure von Uexküll’s with whom Sebeok interacted in creating the foundations for a modern biosemiotics. In the late 1980’ies these ideas merged with the ideas of the Danish biochemist Jesper Hoffmeyer communicative view of life and his and the bio-philosopher Claus Emmeche’s theory of the foundational code-duality of living systems: They see living systems defined by the interactions through evolution between a digital code in the gene or genotype and an analogue in the whole individual or phenotype. The gene is a code for memory and self-representation the individual living body is a code for action and interaction with the real world and its ecology. Thus life appears also to be an interplay of different types of self- and other- descriptions. You can see as an example the egg and the hen are two interacting aspects of a living system evolving through time and space. Thus signs and not molecules are the basic units of the study of life and the semiotic niche is the species home. Biological evolution is a development towards more semiotic freedom. 

The roots from Uexküll and ethology

Although biosemiotics is already prefigured in Jakob von Uexküll's Umweltlehre Sebeok fruitfully combined the influences of von Uexküll and Charles S. Peirce, to merge them into an original whole, in an evolutionary perspective, arriving at the thesis that symbiosis and semiosis are one and the same Biosemiotics finds its place as a master-science, which encompasses the parallel disciplines of ethology and developmental psychology. As Uexkull was one of Konrad Lorenz’ most important teachers the ethology he and Tinbergen developed fitted nicely in as a part of biosemiotics as it developed from Sebeok’s studies of animal communication and ethology.

In von Uexküll’s writings about the species specific and subjective Umwelt in animals one finds the roots of important concepts such as sign stimuli, innate release mechanisms, and  one motivation that are later utilized in Lorenz’ ethological research program. Von Uexküll’s “tone” concept is the root of Lorenz’ specific motivation – but it seems even more closely related to Gibson’s affordances, although it is unclear whether Gibson ever read von Uexküll. The functional tones are the number of functions an animal can distinguish in its surroundings, which creates its functional images of “thing” that this way becomes ‘object’ in the animals Umwelt. Brier has coined the term ‘signification sphere’ to give a modern semiotic term to Uexküll’s pre-semiotic concepts. Figure two shows the presemiotic Uexküll’s model  of  object perception.
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Figure 2: Uexküll’s functional circle that demonstrates his (phenomenal constructivistic) concept of objects (Uexküll 1957: 10-11 Referred as “Fig. 3”.) In cybernetic recursive e process between receptors and effectors the perceptual object is created on the basis of a functional tone.

Von Uexküll’s concept of “tone” becomes Lorenz’ “motivation,” the “subjectively defined object” becomes the “sign stimuli” in ethology and finally the “functional relation between receptors and effectors.” becomes the “IRM”. But it is clear that von Uexküll’s bio-phenomenological concepts differ from the bio-cybernetic and partially mechanistic framework found in the theoretical foundation of Lorenz and Tinbergen’s articles from around 1950. 

Animal languages or sign games?

The empiricist and natural science readings Sebeok offers for communication were new to the semiotic field. References to animal models are made throughout his work in the context of ethology. The approaches of ethology and sociobiology have been controversial and, in their applicability to human culture and society, accused of reductionism. Sebeok shows that some of this controversy may find itself played out in the new transdisciplinary framework of biosemiotics. In 1992 he and his wife Jean Umiker-Sebeok published The Semiotic Web 1991 as a volume titled Biosemiotics. This volume was predicated on a book they edited in 1980, Speaking of Apes, that presented a detailed critical evaluation of current investigations of the ability of apes to learn language. Sebeok showed in a profound critique of the way the experiments were constructed that it is very doubtful that apes have such capabilities. Thus biosemiotics does not entail that there are no significant differences between man and apes.But through biosemiotics Sebeok and Marcel Danesi has argued that there exists a zoosemiotic system as the foundation of human language, which has to be called the primary one, thus languages becomes the secondary and culture the tertiary as already mentioned. 

Antroposemiotics as part of biosemiotics

But biosemiotic do not only deal with animals in zoosemiotics, it also deals with signs in plants in phytosemiotics, with bacterial communi​cati​on. According to one standard scheme for the broad classification of organisms, ​five super ​kingdoms are now distinguished: protists; bacteria; plants; animals; and fungi, thus the major classification categories in biosemiotics are: bacteriosemiotics, protistosemio​tics, phytosemiotics, mycosemiotics, and zoosemiotics. Within zoosemiotic antropose​miotics encompasses the traditional semiotics of language and culture mostly inspired by Saussure. Going into the body of multi-cellular organisms endosemiotics deals with communication between the cells in the body. In the framework of endosemiotics, there is for instance a special area of immunosemiotics dealing with the immunological code, immunological memory and recognition. The way that we now know that the nervous system, the hormone system and the immunological system communicative codes work on each other is considered to be the basis of the biological self: an endosemiotic self-organized cybernetic system with a homeostasis.

The Peircian influence

Biosemiotic build on Peirce’s unique triadic concept of semiosis, where the ‘interpretant’ is the sign concept in the organism’s mind that is the interpretation of what the outer sign vehicle “stands for” – its object. For instance, that a raised fist’s object is a physical ‘threat’. This view is part of biosemiotics. Peircean biosemiotics is based on Peirce’s theory of mind as a basic part of reality (in Firstness) existing in the material aspect of reality (in secondness) as the ‘inner aspect of matter’ manifesting itself as awareness and experience in animals and finally as consciousness in humans. Peirce’s differentiation between the immediate object of semiosis and the dynamic object - that is all we in time can get to know about it - is an evolutionary solution to the problem of the relation between the significations sphere or the “Umwelt” of the organism and the environment or universe outside it. Biosemiotics begins with the process of knowledge: how signification occurs within living systems, making perception and cognition possible.
Peircian biosemiotics

The modern Peircian biosemiotics is very different from the symbolic semiotics of human language that cyberneticians distanced them selves from many years ago. The theories of Heinz von Foerster on recursive functions in the nervous system establishing perceptual objects as eigen-functions of this recursive cognitive interplay between nervous system and environment has supported Uexküll’s older concept of object. Humberto Maturana & Francisco Varela’s concept and theory of autopoiesis, the cell as a self-and closure organizing system recursively reproducing the closure and internal organization of living systems have had significant influence on the development of the Copenhagen school of biosemiotics. The interaction between the autopoiesis, the genome and semiosis in an animal (here a small fish) as understood through biosemiotics can be modelled as showed in figure 3.
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Figure 3: Brier’s model showing two autopoietic systems (males) of the same species (gene pool) see the same sign in an object, creating the interpretant of a female of the same species. This occurs through the partially inherited structural coupling that ethology calls the “innate response mechanism” (IRM), which is tuned to anticipate certain differences as significant for survival and proliferation, i.e., as sign stimuli. The whole model is within one life form (naturalizing Wittgenstein’s concept), mating, which again generates the mating sign game or ground (Peirce). I have excluded here, for simplicity, the female’s point of view as a species-specific autopoietic system.
Peircian biosemiotics is distinct from other semiotic paradigms in that it not only deals with intentional signs of communication, but also encompasses non-intentional signs such as symptoms of the body and patterns of inanimate nature. Peircian semiotics breaks with the traditional dualistic epistemological problem of first-order science by framing its basic concept of cognition, signification, within a triadic semiotic philosophy. The triadic semiotics is integrated into a theory of continuity between mind and matter (Synechism) where the three basic categories (Firstness, Secondness and Thirdness) are not only inside the perceiver’s mind, but also in the nature perceived. This is connected to the second important ontological belief in Peirce’s philosophy, namely Thycism that sees chance and chaos as basic characteristics of Firstness. This is combined with an evolutionary theory of mind (Agapism), where mind has a tendency to form habits in nature. Chaos and chance is seen as a First, which is not to be explained further (for instance, by regularities). It is the basis of habit forming and evolution. The chaos of Firstness is not seen as the lack of law, as it is in mechanicism and rationalism, but as something full of potential qualities to be manifested individually in Secondness and as general habits and knowledge in dynamic objects and semiosis in Thirdness. This is the deep foundation of Peirce’s pragmaticism. 

Biosemiotics and information in Computer and physico-semiotics

The essential question for the current debate about the possibility of a transdisciplinary information/signification science is whether the Percian biosemiotics can comprise un-interpreted “natural objects,” dissipative structures, and other spontaneous generations of order and patterns in nature as signs. These objects were previously described in physical-chemical terms. Now some adherents of the pan-informational paradigm want to explain them in purely informational terms. From a Peircian view, these phenomena are proto-semiotic, or quasi-semiotic, when compared to the semiosis of living systems because they are only displays of Secondness in the well-argued view of Winfred Nöth . There is thus a competition between the informational and the semiotic approaches in producing that new transdisciplinary framework that can unite the traditional views of nature by the sciences, with the new understandings of computers and cognition and finally the social aspects of language and consciousness in communication. 

But some scholars even accept to use the sign concept also of processes between non-living entities in nature and machine: physicosemiotics. John Deely is one of the more prominent promoters a Peircean view of semiotics as a transdisciplinary theory encompassing both the human mind and its text production as seen from phenomenology and hermeneutics as well as all of nature and life seen from a biosemiotic as well as a physicosemiotic view.  That is not the discussion of whether any natural thing can become a sign when placed in a meaningful context by a living system, but if the objects and their processes are signs per se.

It is interesting to see that semiotics thus has moved from the humanities into biology and  from there even into the other natural sciences at the same time as the formulation of objective informational concepts has been used as the basis of  understanding all types of cognitive processes in animals, machines, humans and organizations in the ‘information processing paradigm’. Information science is thus moving from computer science down into nature and up into cognitive systems, human intelligence, consciousness and social systems and communication in competition with semiotics that is moving in the other direction. See figure 4
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Figure 4: The relevance of the bottom-up informational view and the top-down semiotic view in the area of the foundation of information science. On the left side is a hierarchy of sciences and their objects, from physics to humanities and vice versa. On the right is an illustration of the two most common “scientific” schemas for understanding and predicting communicative and organizational behavior: 1. the semiotic top-down paradigm of signification, cognition and communicative, and 2. the informational bottom-up functionalistic view of organization, signal transmission and A.I. The width of the two paradigms in correlation with the various subject areas shows an estimate of how the relevance of the paradigm is generally considered, although both claim to encompass the entire spectrum.
Information theory is now an important part of the new science of consciousness research program, but there is a lot of work to do for serious philosophy, considering how many central philosophical topics of mind, language, epistemology, and metaphysics are going to be affected by the biosemiotic development. Peircian biosemiotics may contribute to a new transdisciplinary framework in understanding knowledge, consciousness, meaning and communication. But to do this, new elements has to be integrated making it possible to unite the functionalistic approaches to information and communication coming from cybernetics and computer science with the semantic pragmatic approaches coming from the linguistic turn and semiotics. Concepts of closure, self-organization, and differentiation of biological, psychological, and social systems developed in second-order cybernetics and autopoiesis theory need to be integrated into theories of embodiment and Peircian biosemiotics.  

Cyber(bio)semiotics

Søren Brier has developed such a philosophy of information, cognition and communication science framework that encompasses biosemiotics and informational and well as second order cybernetic and autopoietic to this transdisciplinary area, which he calls Cybersemiotics.

 Peircean  cybersemiotics is based on Peirce’s theory of mind as a basic part of reality (in Firstness) existing in the material aspect of reality (in secondness) as the “inner aspect of matter” (hylozoism) manifesting itself as awareness and experience in animals and finally as consciousness in humans. Combining this with a general systems theory of emergence, self-organization and closure/autopoiesis, and a semiotized version of Luhmann’s triple autopoietic theory of communication (see figure 1) combined with pragmatic theories of embodied social meaning, it forms an explicit theory of how the inner world of an organism is constituted and, therefore, how first-persons views are possible and just as real as matter. Such a theory has been missing from the modern discussions of a science of consciousness. Through this foundation for semiosis, a theory of meaning and interpretation including mind -- at least as immanent in nature -- is possible, and cybernetic views of information as well as autopoietic views on languaging can be combined with pragmatic theories of language in the biosemiotic perspective. 

 The term “pro- and quasi-semiotic objects” recognizes that systems in nature and culture work with differences, often in the form of coding, instead of through either physical causality or meaningful semiosis. Systems of Secondness have established an information level above the energetic and causal level of nature. This area, delimited from a semiotic point of view, is part of what classical first-order cybernetics considers their subject area: goal-oriented machines and pattern forming, self-organized processes in nature that are based on information. The terms “informational,” “coding,” and “signal” are used mainly in cybernetic contexts for these systems, before attempts, foreshadowed by Wiener, to create a pan-informational paradigm. In Peircean biosemiotic philosophy, these levels can be bound together by Synechism, Tychism, and Agapism, combined with an evolutionary view of the interactions between Firstness, Secondness, and Thirdness. The view of Firstness as a blend of qualities of mind and matter containing qualia and living feeling and a tendency to form habits, is crucial for understanding the self-organizing capabilities of nature and how what seems to be “dead” matter can, through evolutionary self-organization, become autopoietic and alive with cognitive/semiotic and feeling abilities. 

To summarize Cybersemiotic develop a semiotic and informational theory accepting several ‘levels of existence’ now placed in the broader Cybersemiotic framework that combines Peirce triadic semiotics with systemic and cybernetic views including autopoiesis and second order cybernetics. When talking about reality I think we should distinguish between

1. The first level of quantum vacuum fields entangled causality is not considered physically dead as usually done in physicalistic physics. Cybersemiotics conceives it as a part of Firstness, which also holds qualia and pure feeling. Although physicist may be bothered by this new metaphysical understanding of this level of reality, they cannot claim that there is no room for new interpretations, because physics has a complete understanding of it. On the contrary, this is one of the most mysterious levels of reality we have encountered, and its implications have been discussed since the 1930’s and were central in the disputes between Bohr and Einstein and now the entanglement is attempted exploited for the possibility of teleportation.

2. The second level of efficient causation is clearly what Peirce describes as Secondness. This realm is ontologically dominated by physics as classical kinematics and thermody​namics. But for Peirce it is also the willpower of mind.

3. The third level of information is where the formal causation manifests clearly and where the regularities and Thirdness becomes crucial for interactions through stable patterns that are yet only protosemiotic. This level is ontologically dominated by the chemical sciences. This difference in ontological character may be one of the keys to understand the differences between physics and chemistry. It is not only a matter of complexity but also of organization and type of predominant causality.

4. On the fourth level, where life has self-organized, the actual semiotic interactions emerge. First internally in multi-cellular organisms as ‘endosemiotics’ and between organism as ‘sign games’, this framework –based on biosemiotics– points out that the informational concept may be useful at the chemical level of analyzing life, but it is not sufficient to capture the communicative, dynamic organizational closure of living systems. This is one of the reasons why Maturana and Varela do not want to use the information concept in their explanations of the dynamics of life and. But they do not use a semiotic either.

5. Finally on the fifth level with syntactic language games, human self-consciousness emerges and with that rationality, logical thinking and creative inferences (intelligence). Intelligence is closely connected to abduction and conscious finality. Abduction is crucial to signification. It is the ability to see something as a sign for something else. This something else has to be a habit of nature. Some kind of regularity or stability in nature that the mind can recognize as somewhat lawful is necessary for it to be a fairly stable eigen value in the mind (an interpretant).

Appendix :Quotes on biosemiotics

Biosemiotics (bios=life & semion=sign) is an interdisciplinary science that studies communication and signification in living systems. Communication is the essential characteristic of life.An organism is a message to future generations that specifies how to survive and reproduce. Any autocatalytic system transfers information (i.e. initial conditions) to its progeny so that daughter systems will eventually reach the same state as their parent. Self-reproducing systems have a semantic closure (Pattee 1995) because they define themselves in their progeny. A sign (defined in a broadest sense) is an object that is a part of some self-reproducing system. A sign is always useful for the system and its value can be determined by its contribution to the reproductive value of the entire system. The major trend in the evolution of signs is the increase of their complexity via development of new hierarchical levels, i.e., metasystem transitions (Turchin 1977).

"The process of message exchanges, or semiosis, is an indispensable characteristic of all terrestrial life forms. It is this capacity for containing, replicating, and expressing  messages, of extracting their signification, that, in fact, distinguishes them more from the nonliving - except for human agents, such as computers or robots, that can be

 programmed to simulate communication - than any other traits often cited. The study of the twin processes of communication and signification can be regarded as ultimately a

branch of the life science, or as belonging in large part to nature, in some part to culture, which is, of course, also a part of nature." (Sebeok 1991: 22) 

"The life science and the sign science thus mutually imply one another." (Sebeok 1994: 114)

"Biosemiotics proper deals with sign processes in nature in all dimensions, including (1) the emergence of semiosis in nature, which may coincide with or anticipate the emergence of living cells; (2) the natural history of signs; (3) the 'horizontal' aspects of semiosis in the ontogeny of organisms, in plant and animal communication, and in inner sign functions in the immune and nervous systems; and (4) the semiotics of cognition and language. /../ Biosemiotics can be seen as a contribution to a general theory of evolution, involving a  synthesis of different disciplines. It is a branch of general semiotics, but the existence of signs in its subject matter is not necessarily presupposed, insofar as the origin of

 semiosis in the universe is one of the riddles to be solved." (Emmeche 1992: 78)

"The most pronounced feature of organic evolution is not the creation of a multiplicity of amazing morphological structures, but the general expansion of 'semiotic freedom', that is  to say the increase in richness or 'depth' of meaning that can be communicated" (Hoffmeyer 1996: 61).

The sign rather than the molecule is the basic unit for studying life." (Hoffmeyer 1995: 369) 

 "Sign processes penetrate the entire body of an organism. [...] Signification is the fundamental property of living systems that can be taken as a definition of life. Hence, biosemiotics can be viewed as a root of both biology and semiotics rather than a branch of semiotics." (Sharov 1998: 404-405) 

 "Biosemiotics can be defined as the science of signs in living systems. A principal and distinctive characteristic of semiotic biology lays in the understanding that in living, entities do not interact like mechanical bodies, but rather as messages, the pieces of text. This means that the whole determinism is of another type. /../ The phenomena of

recognition, memory, categorization, mimicry, learning, communication are thus among those of interest for biosemiotic research, together with the analysis of the application of  the tools and notions of semiotics (text, translation, interpretation, semiosis, types of sign, meaning) in the biological realm." (Kull 1999: 386) 

 "With the discovery that a set of symbols has been used by nature to encode the information for the construction and maintenance of all living things, semiotics - the analysis of  languages and texts as sets of signs and symbols - has become relevant to molecular biology. Semiotics has given students of the DNA text a new eye for reading, allowing us to argue for the validity of a multiplicity of meanings, or even for the absence of any meaning, in a stretch of the human genome." (Pollack 1994: 12)
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Links

The international biosemiotics page:  http://www.ento.vt.edu/~sharov/biosem/welcome.html 
Gatherings in Biosemiotics: http://www.nbi.dk/~emmeche/pr/Gatherings_overview.html 
Jakob von Uexküll Centre: http://www.zbi.ee/~uexkull/ 
Zoosemiotics Home Page: http://www.zoosemiotics.helsinki.fi/
� Early draft of an article ( Brier. S. (2006): “Biosemiotics”, Int. enc. of Language and Linguistics. 2end Ed., 2006, vol. 2, pp. 31-40 ) plus extra plus quotes, of which Claus Emmeche has  kindly given me the most,  extra literature list and links. A thanks to Claus Emmeche for being helpful with other material to base this  work on and Marcel Danesi for asking to write it.
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