
verifiche
Anno XLIII, N. 1-4 Gennaio-Dicembre 2014

Dir. Responsabile: Mario Rigoni • Amministrazione: Casella postale 269 - 38100
Trento - c.c.p. 16677387 • Autorizzazione Tribunale di Trento n. 168 del 13.7.72 •

Spedizione in abbonamento postale gr. IV - Pubblicità inf. al 70% • Composizione e
stampa: Litocenter s.r.l. - Piazzola sul Brenta (PD) - Via G. Rossa, 17 • A. XLIII N. 1-4  2014

The Notion of Organism
Historical and Conceptual Approaches
Edited by Andrea Gambarotto and Luca Illetterati

3 Introduction
Andrea Gambarotto & Luca Illetterati 

ARTICLES

15 The Concept of ‘the Organism’ in the Philosophy of Biology 
Catherine Wilson

39 Holism, Organicism and the Risk of Biochauvinism
Charles T. Wolfe

59 Organismicity and the Deconstruction of the Organism:
from Substantial Forms to Degrees of Cooperation, Closure and Agency
Georg Toepfer

77 The Rise and Fall of the Machine Metaphor: 
Organizational Similarities and Differences between Machines and Living Beings
Victor Marques & Carlos Britos

113 Blumenbach on Teleology and the Laws of Vital Organization 
François Duchesneau



137 Teleology beyond Regrets:
On the Role of Schelling’s Organicism in Treviranus’ Biology
Andrea Gambarotto

165 The Concept of Organism in Hegel’s Philosophy of Nature
Luca Illetterati

BOOK REVIEWS

167 S. Normandin, Charles T. Wolfe (eds.), Vitalism and the Scientific
Image in Post-Enlightenment Life Science, 1800-2010, Springer, Dordrecht
2013, 377 pages. 
(Andrea Gambarotto)

171 Francesca Michelini, Jonathan Davies (eds.), Frontiere della Bio-
logia: prospettive filosofiche sulle scienze della vita, Mimesis, Milano
2013, 328 pages.
(Elena Tripaldi)

179 Andrea Borghini, Elena Casetta, Filosofia della biologia, Carocci,
Milano 2013, 307 pages.
(Daniele Bertoletti)



Verifiche XLIII (1-4), 2014, pp. 3-13. 

INTRODUCTION 
 
by Andrea Gambarotto & Luca Illetterati 
 

 
In recent years several pieces of scholarship have manifested 

a renewed interest in the concept of organism. This interest has 
led to an overall reassessment from different perspectives, operat-
ing a fruitful dialogue among historians, philosophers and biolo-
gists1. At the same time, the importance granted to historical and 
conceptual approaches has consistently increased. Historians and 
philosophers of science have in fact produced important analyses 
of the emergence and transformation of the concept, highlighting 
the connections between the discussion of organisms originated 
in the 18th century and contemporary biological debates2. Within 
this framework, the role of Kant appears to be particularly signif-
icant3. Eminent scholars have even portrayed Kant’s view of 
organisms as the template of developmental biology and self-

 
1 P. HUNEMAN,  C.T. WOLFE, The Concept of Organism: Historical, Philosophical, 
Scientific Perspectives, «History and Philosophy of the Life Sciences», 32 (2-3), 
147, 2010. 
2 T. CHEUNG, From the Organism of a Body to the Body of an Organism: Occurrence and 
Meaning of the Word ‘Organism’ from the Seventeenth to the Nineteenth Centuries, «The 
British Journal for the History of Science», 39, 2006, pp. 319–339; P. 
HUNEMAN, Métaphysique et biologie. Kant et la constitution du concept d’organisme, 
Kimé, Paris 2008, C.T. WOLFE, M. TERADA, The Animal Economy as Object and 
Program in Montpellier Vitalism, «Science in Context», Science in Context, 21 (4),  
pp. 537-579; C.T. WOLFE, Do Organisms have an Ontological Status?, in P. 
HUNEMAN, C.T. WOLFE, The Concept of Organism, cit., pp. 195-132; S. 
NORMANDIN, C.T. WOLFE, Vitalism and the Scientific Image in Post-Enlightenment 
Life Science, 1800-2010, Springer, Dordrecht 2013. 
3 H. GINSBORG, Kant’s Biological Teleology and its Philosophical Significance, in G. 
BIRD (ed.), The Blackwell Companion to Kant, Blackwell, Oxford 2006; J. ZAM-
MITO, Teleology then and Now: the Question of Kant’s Relevance for Contemporary 
Controversies over Function in Biology, «Studies in History and Philosophy of 
Biological and Biomedical Sciences», 37 (4), 748-770; P. HUNEMAN (ed.), 
Understanding Purpose: Kant and the Philosophy of Biology, University of Rochester 
Press, Rochester 2007.  
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organization theory4. Yet, while most recent contributions situate 
the notion of organism within the framework of contemporary 
philosophy of biology5, the history of concept remains still a 
minority option. This special issue aims at partially filling this gap.  

In modern science and philosophy «organism» is the word 
used to define living beings. However, when we use the term 
«organism» with regard to living beings we are not formulating a 
tautology, as if  the two terms were synonyms. The notion of  
organism stresses the fact that living beings are characterized by a 
peculiar structure, i.e. organization. More precisely, to use the 
notion of  organism with regard to living beings means that living 
beings are characterized by a peculiar kind of  organization in-
volving the relationship between whole and parts. Therefore, 
when we say that living beings are organisms, we are claiming that 
living beings are characterized by a peculiar relationship between 
whole and parts that cannot be found in other entities. 

In the transcendental doctrine of  method, while he discusses 
the conditions for the construction of  a system of  knowledge, 
Kant argues that «without systematic unity, our knowledge cannot 
become science; it will be an aggregate, and not a system»6. Ac-
cording to Kant’s definition, by a system is meant «the unity of  
various cognitions under one idea». The system is thus a whole in 
which every part receives its own specific place according to a 
principle of  organization, a whole with a peculiar structure, 
according to which all the parts are not merely put side by side, 
but have a specific relationship to one another. For this reason, 

 
4 S.A. KAUFFMAN, Investigations, Oxford University Press, Oxford 2000; S.F. 
GILBERT, S. SARKAR, Embracing Complexity: Organicism for the 21st Century, «De-
velopmental Dynamics», 129, 2000, pp. 1-9.  
5 E.g. T. PRADEU, What is an Organism? An Immonulogical Answer, in P. HUNE-
MAN, C.T. WOLFE, The Concept of Organism, cit., pp. 247-268; M. MOSSIO, A. 
MORENO, Organizational Closure in Biological Organisms, in HUNEMAN, C.T. 
WOLFE, The Concept of Organism, cit., pp. 269-288; P. HUNEMAN, Assessing  the 
Prospect of a Return of Organisms in Evolutionary Biology, in P. HUNEMAN, C.T. 
WOLFE, The Concept of Organism, cit., pp. 241-372. 
6 I. KANT, Kritik der reinen Vernunft (2 Aufl. 1787), in Gesammelte Schrifeten, hrsg. 
von der Königlich Preussischen Akademie der Wissenschaften (henceforth 
Ak), Bd. III, G. Reimer, Berlin 1911, p. 538. 
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Kant claims that in a system «the whole is thus an organism 
(articulatio), and not an aggregate (coacervatio); it may grow from 
within (per intussusceptionem), but it cannot increase by external 
additions (per appositionem). It is, thus, like an animal body, the 
growth of  which does not add any limb, but, without changing 
their proportions, makes each in its sphere stronger and more 
active»7. Therefore, the general definition of  a system – as a set of  
elements characterized by a reciprocal and goal-directed interaction – can be 
considered as a possible definition for the notion of  organism. 

On this conceptual background emerges the idea of  the or-
ganism as a key-term to think about different aspects of  reality in 
opposition to mechanical reductionism. This is the case of  the 
so-called Lebensphilosophien between the nineteenth and twentieth 
century, but also that of  systems theory (not only in its biological, 
but also in its sociological applications8), politological discussions 
(concerning the distinction between individualism and organi-
cism9), and of  various organicist approaches in the life sciences10. 
These views strive to overcome the classical opposition between 
mechanism and vitalism, as they maintain that it is impossible to 
explain the organization of  living beings by analyzing their ele-
mentary components (molecules, genes). On a molecular level, 
organic processes can be fully explained in physical and chemical 
terms, but with regard to higher levels of  organization it is neces-
sary to acknowledge the existence of  emergent features that 
cannot be reduced to physicochemical mechanisms11. 

The notion of  organism refers to a whole characterized by a 
peculiar relation to its parts. Therefore, it is defined in opposition 

 
7 Ivi, p. 539.  
8 L. VON BERTALANFFY, General System Theory: Foundations, Developments, Applica-
tions, Braziller, New York 1968. 
9 A. MEYER, Mechanische und organische Metaphorik politischer Philosophie, «Archiv 
für Begriffsgeschichte», XIII, 1969, pp. 128-199; N. BOBBIO, Organicismo e 
individualismo, «Mondoperaio», gennaio-febbraio 1983, pp. 99-103. 
10 e.g. K. GOLDSTEIN, Der Aufbau des Organismus. Einführung in die Biologie unter 
besonderer Berücksichtigung der Erfahrungen am kranken Menschen (1934), neue Auflage 
hrgb. von T. Hoffmann und F.W. Stahnish, Wilhelm Fink, Padeborn 2014. 
11 Cf. M. BEDAU, P. HUMPHREYS (eds.), Emergence: Contemporary Reading in 
Philosophy and Science, MIT Press, Lodon 2007. 
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to both aggregates and machines. With regard to aggregates, the 
difference is already outlined in classical thought, that is in the 
Platonic and Aristotelian distinction between a whole conceived 
as to pan, and a whole conceived as to holon. In his Metaphysics12, 
Aristotle defines to pan as «those quantities in which the position of  
parts does not produce difference», and to holon as «those quantities 
in which the position of  parts does produce difference». In a 
whole conceived as pan the modification of  a part does not change 
the general structure of  the whole, and the absence of  a part 
produces only a quantitative change, but not a qualitative one. In 
the case of  a whole conceived as holon the modification of  a single 
part implies the modification of  the whole itself, and is thus to be 
seen as a mutilation. Aristotle also outlines the difference between 
an organic whole and a machine. Indeed, both artifacts and natural 
bodies can form a whole as to holon, because in both cases the 
position of  parts produces a difference. However, between the 
artifact and the natural body there is a difference that cannot be 
forgotten: «of  this very things – says Aristotle – rather are those 
wholes which subsist by nature than such as are made by art»13, 
because they are not produced by a simple juxtaposition of  parts 
put together. Instead, the parts of  a living organism are formed 
together with the whole, and are not put together by an external 
principle. The principle of  unity is rather internal to the body itself, 
and the parts are nothing more than the articulation of  a structure 
which is unitary from the beginning.  

The relationship between the notion of  organism and that 
of  machine is particularly complex in the early-modern period14. 
In early modern thought, in fact, the concepts of  organism and 
machine often overlap. They both refer to the structure of  an 
organization unifying a plurality of  parts in reciprocal interaction. 
It is certainly true that the concept of  organism emerges in a 
context completely dominated by the idea of  nature as a ma-

 
12 ARISTOTLE, Metaphysics, V, 26, 1023 b 26-1024 a 10. 
13 Ivi, 1023 b.  
14 Cf. F. DUCHESNEAU, Les modèles du vivant de Descartes à Leibniz, Vrin, Paris 1998. 
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chine15. For Leibniz in fact, the term machina does not mean 
exclusively a product of  the art, but rather a united organization 
of  distinct parts, in which every part is an instrument (i.e. organon) 
in relation to all the others. In this particular case, the notion of  
machina is not opposed to that of  organism, but rather to aggre-
gates. Of  course Leibniz does not ignore the difference between 
organized structures in which the origin of  organization is exter-
nal to the body and requires the intervention of  a designer, and 
structures whose organization is spontaneous, but this difference 
marks the distinction between artificial and natural entities, not that 
between machine and organism. This is clearly testified by the 
fact that, in order to indicate structures that are put together 
through an external intervention, Leibniz uses the expression 
artificial organisms, while to indicate self-organizing structures he 
uses the term natural machines. According to Leibniz, the specifici-
ty of  organisms is not of  being different from machines, but 
rather the fact that every part of  them is itself  a machine, which 
is not the case for artifacts. For Leibniz, machine and organism 
are not opposed notions, as they both indicate an organized set 
of  parts in which every part is an instrument (organ) necessary for 
the functioning of  the whole. The difference is rather between 
artificial and natural bodies, because what is artificial always 
presupposes an external action, while what is natural acts sponta-
neously, and can thus be called living. But the concept of  organ-
ism as such is not different from the concept of  machine. 

This tension between organism and machine, where these 
two concepts are at the same time opposed and overlapping, has 
a significant expression in the Kantian thought. According to 
Kant, the concept of  organism explicitly indicates those products 
of  nature that cannot be understood by means of  an explanatory 
framework based on mechanical efficient causality. According to 
Kant, to understand living organisms one has to refer to a final 
cause, although only in heuristic terms. More specifically, organ-

 
15 Cf. A.M. NUNZIANTE, Organismo come armonia. La genesi del concetto di organismo 
in G. W. Leibniz, Verifiche, Trento 2002; ID., Vita e organismo tra biologia e 
medicina: le ragioni di una polemica, in G.W. LEIBNIZ, Obiezioni contro la teoria medica 
di Georg Ernst Stahl, Quodlibet, Macerata 2011, pp. 123-194. 
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isms imply the reference to the notion of  internal purposiveness. This 
notion, opposed to that of  external purposiveness, is one of  the most 
original elements in Kant’s discussion of  biological issues and it is 
what especially makes the conceptual distinction between organism 
and machine possible. One speaks of  external or relative purposive-
ness when an entity is useful for something else: purposiveness is 
thus external because it does not concern things in themselves, but 
rather in relation to something else16. One can instead speak of  
internal purposiveness when an entity is at the same time «cause 
and effect of  itself»17, that is when in the end it realizes it is not 
external to itself, but rather (the product of) its own realization.  

For Kant, organisms exceed mechanical explanations exactly 
because they are the cause and effect of  themselves in three 
different respects: First according to the species, because by pro-
ducing another organism, the latter «continuously preserves itself» 
(and is thus at the same time cause and effect of  the persistence 
of  its species); secondly, according to the individual, because in 
growth (which «is to be taken in such a way that is entirely distinct 
from any other increase in magnitude in accordance with me-
chanical laws») every organism develops itself  (and is thus cause) 
«by means of  material which, as far as its composition is con-
cerned, is its own product» (that is, its effect); thirdly according to 
the parts, because the preservation (Erhaltung) of  every part «is 
reciprocally dependent on the preservation of  the other» in a way 
in which, as it were, parts are functional to the whole and the 
whole is functional to the parts. So that e.g. «the leaves are cer-
tainly products of  the tree» (i.e. , its effects), but «yet they pre-
serve it in turn»18 (and are therefore its cause). These characters 
are those which, according to Kant, make the distinction between 
products of  nature and products of  art possible. Indeed, alt-
hough a product of  art is also an organized body, its purpose is 
never internal to itself, but always relative to something else: In 
the case of  artifacts one always deals with external purposiveness, 
and not – as in the case of  organisms – with internal purposive-

 
16 Cf. I. KANT, Kritik der Urtheilskraft, cit., p. 367. 
17 Ivi, p. 370. 
18 Ivi, p. 371. 
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ness. In a machine one part is the instrument for the motion of  
another, but not the efficient cause for the production of  the 
other. Thus, one part of  a machine does not produce another 
part, and even less does a machine produce another organizing 
other matter. In an organism, instead, «each part is conceived as 
if  it exists only though all the others, thus as if  existing for the 
sake of  the other and on account of  the whole»19. 

The model of  purposiveness employed to account for orga-
nized beings (internal purposiveness) cannot be reduced to the model 
of  artifacts. If  one thinks of  the internal purposiveness of  living 
bodies on the model of  the external purposiveness proper to 
artifacts, he would exceed the legitimate boundaries of  scientific 
account. The application of  the artifact model to nature would 
imply assumptions (such as the idea of  an intelligent designer, or 
the idea of  nature acting intentionally) that a naturalistic account 
cannot endorse. Teleological judgment concerning natural bodies, 
even if  necessary, can therefore only be a reflective judgment and 
never a determinant judgment, because otherwise it would imply 
the acknowledgment of  an intention behind that object. In fact, 
according to Kant, a purpose can be explained on the basis of  a 
designer’s intention, and to think of  a purpose without a designer 
(as internal purposiveness compels us to do) means thinking of  the 
purpose without the structure that normally supports it. The 
impossibility to grant any constitutive value to purposiveness in 
nature – and therefore to consider it only as a maxim of  reflective 
judgment that has no determining value with regard to living 
nature – finds thus its justification in the impossibility, according 
to Kant, to think of  purposiveness without referring to intention. 
In this respect, Kant’s position seems to be marked by a peculiar 
tension. On the one hand, Kant operates a distinction between 
internal (purposiveness) and external purposiveness, which implies 
the idea that the products of  organized nature are characterized by a 
purpose that makes them irreducible to an explanatory model based 
on mechanical efficient causality. By operating this distinction, Kant 
seems to think of  living beings as irreducible to the way of  being of  
the artifact. On the other hand, recognizing just a regulative and 

 
19 Ivi, p. 373.  



 Andrea Gambarotto & Luca Illetterati  10 

heuristic value to the principle of  internal purposiveness (which is 
precisely what characterizes the organism in its difference from 
artifacts), he implicitly assumes an artifact model of  purposiveness 
as a basis for understanding natural purposiveness. 

This controversial overlap between organism and machine 
plays a role also in recent developments of  modern biology. We 
speak in fact of  artifact model in science every time organisms are 
conceived, in terms not far from Kant’s, as if  they were intention-
ally organized structures: biology would thus be a science investi-
gating living organisms as if  they were artifacts20. This happens 
because what makes biology independent from physicochemical 
sciences is its peculiar necessity reference to teleological concepts, 
which cannot be completely removed21. According to Ernst Mayr 
e.g. it is basically impossible to get rid of  teleological language in 
biology, not just because it is helpful to understand its key-
objects, but because it enables us to express properties that can-
not be expressed without it. Therefore, the basic consequence of  
its elimination would be the loss of  precious information, that 
cannot be recovered using other explanatory models22. In this 
respect, biology seems to be incapable of  realizing the positivistic 
dream and eliminate every teleological language from scientific 
explanations. Of  course, the idea of  teleology as a metaphysical 
or theological concept referring to a perfection-directed universe 
has clearly been eradicated from modern science. That does not 
mean, however, that modern science has completely eliminated 
every kind of  teleology. On the contrary, according to Ernst Mayr 
the use of  teleological language is not only legitimate, but also 
necessary in order to explain living systems.  

On the one hand the notion of  organism represents the 
word we use to define living beings in opposition to aggregates 
and machines. On the other hand, trying to express the purposive 

 
20 Cf. T. LEWENS, Organisms and Artifacts: Design in Nature and Elsewhere, The 
MIT Press, Cambridge and London 2004.  
21 Cf. W.C. SALMON, Four Decades of Scientific Explanation, Minnesota University 
Press, Minneapolis 1989; L. ILLETTERATI & F. MICHELINI, Purposiveness. 
Teleology between Nature and Mind, Ontos Verlag, Frankfurt 2008. 
22 E. MAYR, The Growth of Biological Thought: Diversity, Evolution, and Inheritance, 
Harvard University Press, Cambridge MT 1982.  



 Introduction 11 

organization of  parts in relation to a whole, it constantly refers to 
an artifact model that seems the only one capable of  expressing 
the functional relationship of  parts with a goal-directed whole.  

The first part of  the volume includes four contributions 
concerned with a broader approach to the notion of  organism, its 
conceptual history and theoretical implications. Catherine Wilson 
addresses the question whether the notion of  organism is detec-
tive or projective. In the former case, we can discover whether 
particular items are or are not organisms because the category is 
in some way mind-independent and theoretically significant for 
biology; in the latter case, we decide that certain things are to be 
considered organisms because we perceive them as resonating 
with our subjective notion of  an individual ‘self ’ in a way which 
has no theoretical significance for biology. Her conclusion is that 
the notion of  organism has certain projective features deriving 
from human interests and concerns. At the same time, insofar as 
some features of  what-we-term organisms are theoretically pre-
dictable from the theory of  natural selection, she claims that the 
concept is grounded in nature. The paper by Charles Wolfe is 
concerned with some varieties of  biological holism, mainly in the 
twentieth and twenty-first centuries. He evaluates some of  the 
tensions or excessive commitments carried by various forms of  
holism, in order to see what can be saved therein. His goal is to 
assess the potential legitimacy of  a certain kind of  holism or 
organicism, which, he suggests, needs to steer clear of  a variety 
of  wrongheaded, anti-naturalistic or otherwise excessively falsifi-
able answers to the initial question. The issue is then: which 
varieties of  organicism are ‘worth wanting’?  

Georg Toepfer stresses that organisms provide the best ex-
amples of  integrated and functionally closed systems in nature. 
However, these systems are not easily specified by one single 
criterion or a set of  clear-cut criteria. Moreover, all the criteria we 
use for the identification of  organisms admit of  degrees. Organ-
isms seem to be at an extreme point in a whole spectrum of  
organized systems in nature. Given this situation, the notion of  
‘organismicity’ in the sense of  a state variable, i.e. a property of  
systems that comes in degrees, seems to be more suitable, at least 
in some contexts, for describing the phenomenon than the notion 
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of  ‘organism’, which denotes individual systems themselves and 
not their type of  causal structure. Carlos Brito and Victor Marques 
focus on the machine metaphor and its meaning for our contem-
porary understanding of  living beings. While giving great attention 
to contemporary debates, they suggest that the Kantian conceptu-
alization of  the organism as a «natural purpose» proves to be the 
tool through which several scholars address the question today.  

Marques and Brito provide the link to the second part of  the 
volume, concerned with more specific ʻcase studiesʼ and focused 
on the time when biology emerged as a proper field at the turn 
of  the 19th century. Their general aim is to emphasize the concep-
tual history of  the notion of  organism as a condition for the 
formulation of  a properly biological discourse. François Duch-
esneau focuses the attention on the seminal figure of  Johann 
Friedrich Blumenbach, who is often considered as the principal 
initiator of  biological vitalism in Germany at the turn of  the 19th 
century. This is partly due to the fact that he managed to graft a 
hypothesis on the formation of  organisms by epigenesis to an 
analytic physiology in the style of  Haller. This hypothesis attrib-
utes the processes of  generation to a formative drive that he terms 
‘Bildungstrieb’ or ‘nisus formativus’. This theoretical entity, apart from 
meaning a principle of  vital self-organization, was further designed 
to provide a sufficient reason, a methodological key, for explain-
ing the regular processes that unfold in integrative fashion 
through the various functions of  organic parts. Blumenbach’s 
views played a major role in subsequent biological theorizing.  

In his seminal monograph on teleology and mechanics in 
eighteenth-century German biology23, Timothy Lenoir claims that 
Blumenbach was the first naturalist who accepted the Kantian 
understanding of  teleological principles and organized it as a 
structured research program, later developed by his students at 
Göttingen. Lenoir sees his study of  the ʻKantianʼ teleomechanis-
tic tradition as an answer to those who wrongly believe that early 
nineteenth-century German biology was dominated by Schelling’s 
Naturphilosophie. In opposition to Lenoir’s account, Andrea 

 
23 T. LENOIR, The Strategy of Life: Teleology and Mechanics in Eighteenth-Century 
German Biology, Riedel, Dordrecht 1982. 
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Gambarotto argues that Schelling’s organicism played a rather 
pivotal role in the formulation of  a conceptual framework aimed 
at accounting for biological organization. Finally, Luca Illetterati 
focuses on the conceptualization Hegel offers of  the organism in 
his philosophy of  nature. The aim of  his paper is to show the 
naturalistic roots of  the notion of  subject and to shed light on its 
connection to that of  organism. Hegel’s position, he argues, 
seems to endorse a naturalization of  the subject, showing how sub-
jectivity develops primarily in nature and specifically in animals.  

The volume concludes with three reviews: Andrea 
Gambarotto discusses Vitalism and the Scientific Image in Post-
Enlightenment Life Science (Springer 2013) by Sebastian Normandin 
and Charles Wolfe, Elena Tripaldi discusses Frontiere della biologia 
(«Boundaries of  Biology», Mimesis 2013) by Jonathan Davies and 
Francesca Michelini, Daniele Bertoletti discusses Filosofia della 
biologia («Philosophy of  Biology», Carocci 2013) by Andrea 
Borghini and Elena Casetta.  

Despite the somewhat different approaches, this collection of  
essays can be read as a unitary work. The various contributors 
address in fact the same problem, i.e. the role of  organismical 
notions in biological theorizing, and put the emphasis especially on 
the epistemological implications of  conceptual history. We thereby 
want to suggest that a historical perspective can be a useful tool for 
philosophy of  biology, one which can help us frame our contem-
porary problems correctly, provide interesting conceptual solutions 
and avoid unfortunate cases of  theoretical amnesia.  


