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1. 

ARISTOTLE AS A NATURAL SCIENTIST* 

by Wolfgang Kullmann 

(Freiburg i. Br.) 

The activities of the Greek philosopher Aristotle also embraced natural 
science, although his eminence as a scientist is no longer generally ac
knowledged. His scientific interests are evident from the topics treated in 
his work. More than half his extant writings deal with questions of natural 
science; the biological, primarily zoological writings alone constitute almost 
a third of his works. Detailed scientific knowledge of past ages, however, is 
considered to be obsolete because in science, if anywhere, there is progress, 
and this side of Aristotle has therefore disappeared from general aware
ness. Another reason for this phenomenon is to be found in the fact that 
Aristotle's name has been associated with the outmoded, Ptolemaic world 
view, which has been replaced by the discoveries of Copernicus, Galileo and 
Newton, so that studying Aristotle as a natural scientist might seem re
warding only out of antiquarian interest. Doubtless, his scientific writings 
no longer possess the same relevance as his Metaphysics or Poetics, works 
dealing with subjects which are timeless or at least less likely to become 
dated and which exert an uninterrupted influence up to the present day. 
Nevertheless, reading Aristotle can, even today, contribute to a better un
derstanding of the general questions in the different areas of contemporary 
natural science. 

In the following I propose to point out some striking examples which show 
that Aristotle's thoughts may yet play a remarkable role in contemporary 
scientific discussion. The reason for this possibility is that it was largely 
Aristotle who first conceived the idea of detailed scientific research for its 
own sake. Even in areas where his results have been principally revised in 
scientific writers, e.g. in the founders of modern physics, many Aristotelian 
categories and methods have continued to exert an influence, and have 
indeed survived. 

2. 

Aristotle is important not only because he created a great number of dis
ciplines, or at any rate advanced them significantly, but also because he 
tried to validate theoretically the foundation of the sciences. In this, he was 
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the first philosopher to develop a theory of science which is still of interest 
to the present day. Plato, in evolving an all-encompassing philosophical 
dialectic, endeavours to explain the entire world on the basis of a single 
principle called the 'unconditioned principle' (&vurc69noc; &px~) or 'God'.1 

His pupil and successor Speusippus was even more concerned with general 
systematics and claimed that no object may be recognized unless all the 
respects in which it differs from all other objects are known.2 Aristotle con
tradicted him on the basis of experience. All teaching and learning, or all 
perception, he said, always makes assumptions which cannot themselves be 
proven in a given framework, but must be evident if further knowledge is to 
be obtained.3 Therefore, the 'starting points' (&pxcxl) must be numerous; 
there cannot be just one or only a few principles. It appears that there are 
fundamental reflections with regard to cognition which induced Aristotle 
to postulate the co-existence of independent sciences which have their own 
respective starting points. He rejected the Platonic notion of a universal 
or hyper-science. Thereby he laid the foundation for the emancipation of 
science from philosophy and for the pursuit of entirely different disciplines 
for purely theoretical purposes. Whereas mathematics already existed as a 
developed science, natural science with its various divisions was established 
for the first time. 

3. 

Aristotle's most significant achievement as natural scientist lies in his estab
lishment of biology as an independent discipline. A few basic ideas should 
be mentioned in this regard, since they determine the character of this dis
cipline even today. The most important one is, no doubt , that biology, as 
a division of natural science, was founded as a theoretical science. Plato 
had thought that there could never be a science of nature, since science 
deals with unchangeable objects and in the world of appearances nothing 
unchangeable is to be found. 4 Conversely, Aristotle endeavoured to estab
lish a natural science, especially a biology which is able to make universal . 
assertions, that is, generally applicable statements. Apart from the math
ematical sciences, including astronomy, there was no theoretical science 
until that time, i.e. no science pursued for its own sake. Medicine had 
been developed, but it was subordinate to practical goals. Aristotle could 
pursue biology as a thE)oretical science because he succeeded in isolating 
'species' as the smallest unchangeable universal in the ocean of changing 
phenomena. 'Species' is the Latin loan-translation of the Greek eidos, de
noting 'form' , in Plato, 'idea'. Thus Aristotle limited the Platonic concept 
of idea to 'species' in the biological sense. It was no longer accepted that 
an individual thing derived from several 'ideas'; instead, each living thing 
now belonged to one 'form' , one species only. It is obvious how successful 
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this approach was, since the biological and zoological sciences examine the 
characteristics of these species. 

This approach necessitated practical investigation and the dissection of 
the parts of an animal. It was a revolutionary change for people who knew 
philosophy only as an intellectual endeavour. At the beginning of his work 
Parts of Animals Aristotle attempted to advertise the new subject for the 
Athenians, who tended to scorn manual activity (1.5.645 a 5 ff.): 

It remains to speak of animal nature omitting, if possible, nothing of 
high or low rank. For even in the study of those objects which are 
less attractive to perception, creating nature provides immeasurable 
pleasures to those who are capable of recognizing causes and who are 
philosophers by nature.... Therefore, one must not, in a childish, 
immature manner, be indignant about the investigation of animals 
of lower rank, since in all natural things something marvellous is 
contained. 5 

·The basis for the pursuit of the new science was a comprehensive stock
taldng of the features of all animal species and a striving both to find exact 
definitions by means of combining differences and to arrive at classification. 
This is the contents of the Historia animalium. Aristotle, by distinguish
ing between two main groups of animals established the following 'widest 
genera' within these: 6 the group of blooded animals, which corresponds to 
the vertebrates, consists of the genera of Viviparous Quadrupeds (i.e. land 
mammals), Oviparous Quadrupeds (i.e. reptiles and amphibians), Birds, 
Fishes, Cetaceans (i.e. whales, dolphins and porpoises) and the isolated 
species of Man; the group of bloodless animals, which corresponds to the 
invertebrates, consists of Testaceans (i.e. shells or shellfish), Crustaceans, 
Cephalopods (i.e. molluscs, such as cuttlefish and octopus) and Insects. An 
intermediate group are the Snakes, which are described as oviparous, foot
less animals , with the exception of Vipers, which are defined as viviparous, 
footless animals. In order to stress the relationship with other snakes and 
reptiles, vipers received the designation 'furnished with horny scales' as a 
third distinctive characteristic. The difficulties of overlapping features led 
Aristotle to abandon the programme of comprehensive detailed classifica
tion, which could be successfully achieved only from a Darwinian point of 
view, since Aristotle knew nothing of the phylogenesis of animal species.7 

Aristotle assumed that the species of animals are eternal. He opposed 
naive, speculative evolutionary theories such as were sometimes held by 
the Presocratics. Empedocles, for instance, believed that at some ancient 
time certain isolated living organs developed which combined with each 
other and reproduced themselves sexually as far as the combinations were 
viable. 8 Aristotle noticed, however, that there are no such leaps in nature, 
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and he claimed that 'a man begets a man' always. 9 This viewpoint must 
be considered as scientific progress if compared with the unbridled specu
lation of Empedocles and others, since it rests upon exact observation. His 
intellectual experiments show that Aristotle did not absolutely rule out an 
origin of species, but he could of course not prove it. 10 This is important 
for an evaluation of his much derided doctrine of spontaneous generation. 11 

Aristotle believed that many insects and most testaceans come into being 
spontaneously, from inorganic matter, perhaps mud. However, he never 
expressed the opinion often attributed to him, that these animals can pro
pagate sexually. According to his view the individuals of the respective 
species always originate from inorganic material. Here we are reminded of 
the virus, which we likewise assign to the border region between organic 
being and inorganic matter. 

Aristotle's clear recognition that morphology must be the basis for the 
definition of animals is also important (see Parts of Animals 1.4.644 b 13; 
History of Animals 1.6.491 a 14££.) .12 He believed that ecological features 
which Plato had used in his diaereseis from a primarily logical point of 
view (he had, for instance, distinguished between aquatic, terrestrial and 
flying animals13 ) were less suitable in postulating definitions. This does not 
mean that Aristotle confined himself to the consideration of morphological 
features. In the beginning of the History of Animals 1.1.487 a 11 ff. he says 
he would treat the differ.ences between animals according to their form of 
life, their behaviour, their character and their parts, i.e. organs and tissue. 
Indeed, we find interesting ecological remarks in Books 8 and 9. But in 
the bulk of the History of Animals he concentrated upon the treatment 
of organs and tissue. This decision to base definition and classification on 
morphology has had a great impact on the further development of zoology. 

Even if his research did not result in a complete classification, Aristotle 
succeeded in grouping animals according to the degree of their complexity. 
This order of precedence was later called the scala naturae, 'the ladder 
of nature' .14 It extends from inanimate things through the plants to the 
lower and higher animals up to man. As for sponges, ascidians, and sea 
anemones, which Aristotle, on principle, classes with the animals, he says 
there is some doubt as to whether they are animals or plants. The higher 
species are distinguished by more, or more complicated activities (see es
pecially History of Animals 8.1). 15 Another criterion for the extent of the 
complexity of a species is, in Aristotle's view, the manner of reproduction 
(cf. Generation of Animals 2.1.732 a 25ff.). 

Aristotle also developed exact notions about the structure of the animal 
body. The organs, which he also called 'inhomogeneous parts', are formed 
out of the 'homogeneous parts', which correspond to what we call tissue. 
Seen historically, the two concepts of organ and tissue can be traced back 
directly to this Aristotelean distinction. The homogeneous parts or tissue 
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are composed of inorganic compounds which are formed from the elements 
of water and earth (see Parts of Animals 2.1). The active element which 
determines the form of a compound is the 'warm', sometimes also the 'cold' 
(these abstract qualities 'warm' and 'cold' represent the elements of fire and 
air [see Meteorology 4]). This warmth or fire, or this cold or air is operative 
as a sort of 'body energy' in all organic and inorganic compounds.16 

Aristotle's observations on the anatomy and physiology of animals form 
the core of his zoological writings. These observations cannot here be 
treated in detail , but I should like to deal with a theory which is of interest 
to the present day. I mean the theory of compensation which refers to the 
materials of which the animal body is composed. Aristotle, for example, 
thought that the reason why the upper front teeth of deer are missing is 
that the dental material is used to produce the antlers (see Parts of Ani
mals 3.2.663 b 31 ff. and other passages) . Or he observed that birds which 
have hard and large bills have only small claws and vice versa. The German 
poet Goethe took up this theory in a hexametrical poem entitled 'Meta
morphose der Tiere',17 and modern scientists, like the anatomist Louis Bolk 
(1866-1930) , have included it in the theory of evolution.18 They asserted, 
for example, that in the course of evolution the progressive development 
of the new part of the human brain, the cerebrum, more exactly the neo
cortex, was accompanied by a retardation in other areas, such as the organs 
of movement and digestion. The limited degree of specialization and the 
morphological immaturity of the human hand are held to be an especially 
revealing instance of this retardation. According to the modern scientists, 
progressive cerebralization is combined with fetalization (neoteny) or re
tardation of certain other organs .19 The similarity between Aristotelian 
and modern concepts is obvious, despite the fact that Aristotle could not 
explain the compensation in terms of the theory of evolution. Although 
most of his examples are taken from other animal species, even when man 
is concerned, the modern thesis is anticipated in his work. In Parts of An
imals 4.10 Aristotle, in comparing man with other animals, speaks of the 
morphology of the human hand. He associates it with walking upright and 
designates it as 'an instrument which serves the purposes of several differ
ent instruments'. 20 While the animals have only one instrument, a single 
weapon, the human hand can become any instrument, since it can hold 
and grip anything. 21 In this, Aristotle alludes to its being unspecialized as 
opposed to its special functions in other animal species, even if he does not 
characterize this lack of specialization as an ultimate deficiency. He says 
that man, because he is the most rational creature, has hands which he can 
put to multiple use. The deficiency becomes a special advantage because 
of human intelligence. Of course, an evolutionary viewpoint is lacking in 
Aristotle. However, the causal relation maintained by him between intelli
gence and the unspecialized hand can be compared with modern findings. 
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In a similar way the sociologist Arnold Gehlen in his book Der Mensch, 
described man as a 'creature of need', relying on the theses of Louis Bolle 
He says:22 

Man, unlike all other higher mammals, is morphologically determined 
primarily by needs which in the exact biological sense are to be defined 
as the state of being unadapted, unspecialized, as primitivisms, i.e. 
as something undeveloped . . . . He is unique in his destitution and 
he compensates for his lack only through his ability to work or his 
talent for action, i.e. through his hands and intelligence; therefore he 
is erect , circumspect, with the hands free. 

Paradoxically Gehlen did not realize that he forms part of an Aristotelian 
tradition. 

4. 

Another, even more important, point where Aristotle's biological views 
remain relevant is teleology or - in Latin terminology - finality. On this 
point, Aristotle is, as will be seen, widely misunderstood and is burdened 
with the responsibility for views and theses which are not his, but belong 
rather to his followers and predecessors. Thus, for example, Chrysippus and 
the Stoics assumed that beasts and plants and the whole world were created 
by the gods hominum causa. 23 In this the Stoics could refer to a passage 
in Xenophon's Memorabilia where such a view is expressed, following some 
Presocratic source, perhaps Diogenes of Apollonia.24 But Aristotle strictly 
avoids the assumption of a hierarchy of ends.25 

Aristotle is often reproached for having advocated an explanation of bio
logical events through final instead of efficient causes . It is claimed that he 
used explanations which were focused on purposes or goals instead of on 
causal explanations in the modern sense of the phrase. Aristotle is supposed 
to have believed that it is the future goal that controls a biological process 
as a retroactive cause. Other people condemn him for having claimed that 
Nature has 'motives' when forming its objects.26 In a similar way, the Vi
talists speak of Aristotle as their forefather. Hans Driesch (1867-1941), the 
famous German biologist and one of the main representatives of modern 
Vitalism, took up his concept of entelechy in order to designate a spiritual 
directive power in the embryonic development of animals. 27 

In order to judge how the final cause in Aristotle ought to be assessed we 
must consider some examples. The most important area in which the final 
cause is found as an explanation is the description of the functions of the 
various tissue and organs in human and animal bodies in Parts of Animals 
2-4.28 Aristotle says, for example, that the veins exist for the benefit of 
the blood; the bones serve as a support for the flesh , e.g. to protect it; 
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the feet exist for the sake of movement; nails, claws, hooves, horns and 
stings serve as weapons or for protection; the liver exists for the sake of 
digestion; the bladder is the receptacle for the residue etc. These are typical 
examples of the formUlation of the Aristotelian final cause which explains 
the purpose for the sake of which something exists. All these statements 
are physiological. They are not meant to replace an explanation through 
efficient causes. Aristotle leaves no doubt about his conception of the origin 
of these organs. They are composed of blood, which for Aristotle is not the 
means of transport of nourishment , but is in itself the universal material 
of which the body is constructed. The blood is directed by the heart 
which is the next efficient cause. Aristotle's teleological statements merely 
emphasize the functions of the various organs; similar descriptions are also 
found in modern biology. Strictly spealdng, it is misleading to speak of 
final causes with regard to Aristotle. The problem arises from the word 
causa which evokes the notion of causality and which was the misleading 
Latin loan-translation of the Greek word aitia. Aristotle arrived at this 
notion from his analysis of techne, i.e. art, handicraft. 29 He tries, as far 
as possible, to malm natural processes understandable by analogy with the 
processes of 'technical', handicraft production. In every technical process 
he distinguishes four factors , i.e. aitiai. The most important factor is the 
purpose, i.e. the function which the product is to fulfil. Another factor is the 
craftsman himself, who represents the efficient cause; a third factor is the· 
material he uses (i.e. the material cause); and a fourth factor is the plan, 
or the form, which is to be actualized. Accordingly, Aristotle attempts 
to determine the purpose, the function, in every product of nature, for 
example, in every part of the body. 

In a similar way Aristotle considers the procreation of an animal as a 
teleogical, goal-directed process. In this case our question is again how this 
process can be explained causally, in Aristotelian terms. While the plan for 
the fabrication of a product of art is pre-existent in the soul of the crafts
man, at first sight nothing comparable can be found in nature. Aristotle, 
it is true, on occasion expresses the view that nature is the agent as if it 
were a divine creator. Thus one of his assertions is, 'Nature does nothing in 
vain' .30 But this is obviously only a metaphorical expression, since Aristo
tle leaves no doubt about the fact that the species have no origins and are 
eternal. It is impossible to take this statement as expressing the view that 
the goal-directedness in nature can be accounted for by motives of nature. 

However, Aristotle's conception must not be misconstrued as an indica
tion that he failed to consider a programme as necessary in both technical 
and natural production. Admittedly, in his Physics and his Metaphysics 
he says that the form of the future animal is pre-existent in the form of the 
parent,31 yet this statement, if taken alone, is not completely satisfactory. 
One may ask how an immaterial form can work as a programme, but Aristo-
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tle expresses his view more precisely in his work on Generation of Animals 
which comprises both his embryology and his genetics. Unfortunately this 
work has not always received proper attention. 

According to this work the semen of the male animal originates in and 
has the same qualities as blood. Since for Aristotle the blood is not only 
a carrier of nourishment, but is itself the final form of nourishment,32 it 
has the capacity for constructing all parts of the body and for transmitting 
this capacity to semen. Furthermore, Aristotle erroneously thought that 
menstrual blood is analogous to male semen33 and is distinguished from it 
only in not being thoroughly refined. To explain the reproduction of the 
species, Aristotle now falls back on his model of craftsmanship. Just as 
the carpenter transmits certain impulses to his tool which then transmits 
the impulses to the material, so the semen transmits impulses to the men
strual blood, to allow the foetus to develop. There is, however, a difference 
between nature and craftsmanship. In animals the transmitted impulses 
come into effect only successively, by chain reactions, while in art the im
pulse of the craftsman influences the material immediately and gives it 
form. Aristotle, in order to make this understandable, also uses the model 
of the 'marvellous automatic puppets'; a single push sets certain cylinders 
successively into motion and finally causes all the dolls to dance. 34 One 
is reminded of the modern embryological induction theory developed by 
Hans Spemann, the 1935 Nobel prize winner of Freiburg.35 Here Aristotle 
uses a mechanism known to him, such as would have been found at fairs, 
and employs it as a kind of cybernetic modeL From the pseudoaristotelian 
Mechanics -we know descriptions of how such automata were constructed 
and so we may gain an idea of the modeL 36 Obviously Aristotle thinks 
that the process is activated purely mechanically. 

Incidentally, contrary to widespread views, he holds that the shares of the 
sexes in procreation, though they are asymmetrical, are not quantitatively 
unequal, as far as the hereditary dispositions are concerned. He proceeded 
from the 'normal case' in which the male contributes the form, the female 
the material_37 Yet this means only that in procreation the active factor 
lies first of all in the male semen, thus allowing for development of the 
foetus in the female body. The theory does not lead to the conception of 
unequal heredity. If the male impulses do not prevail, the female impulses 
potentially existent in the menstrual blood enter into the process, and if 
they are not strong enough either, then development is directed by the 
hereditary impulses which, originating from male or female ancestors, are 
contained in a latent form in the semen or menstrual blood (Generation of 
Animals 4.3). Quite obviously the 'normal case' for Aristotle is no more 
frequent than the deviation, since the male sex inherited from the father 
does not occur more frequently than the female. The details of the theory of 
genetic impulse are very well thought out. Impulses exist for all hereditary 
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factors, i.e. for genus, species, individual type, sex and for the form of 
the several parts of the body. All these impulses are also present in the 
blood, and nourish the several parts of the body; this carrier is the warmth 
present in blood or semen. Aristotle may have thought of the impulses 
as wave movements, superimposed on the warmth. Apparently, he had a 
detailed mechanical model in mind. For him the effect of a future 'telos', 
i.e. goal, on the present or the control of a spiritual entelechy would have 
been inconceivable. The concept of entelechy plays no part in this context; 
Aristotle is not the vitalist he was made out to be by Driesch.38 

If one wishes to come to an exact appraisal of the characteristics in 
Aristotle's genetics and embryology these may, if anything, be compared 
only with modern theoretical ideas. It is possible to say that the various 
impulses stand for a genetic programme which directs the successive epige
netic development of the embryo. Only modern genetic information theory 
allows us to evaluate Aristotle's theory adequately. When modern molecu
lar biology had been developed, Max Delbriick, the well-known American 
biologist of the Pasadena Institute of Technology, claimed in his paper iron
ically entitled Aristotle-totle-totle that Aristotle discovered DNA, which he 
identified with the Aristotelian 'form', i.e. the eidos which, pre-existent in 
the father, is reproduced in the offspring.39 He said that Aristotle should 
be considered as a candidate for the Nobel prize if the committee in Stock
holm had the liberty of giving awards posthumously. Another well-known 
American biologist, Ernst Mayr, formerly director of the Harvard Museum 
of Comparative Zoology, echoed this view in his book on Evolution and 
Diversity of Life.40 But as may be seen from what I have pointed out, the 
similarities of Aristotle's genetics to modern genetics are even closer than 
assumed. Strictly speaking, it is not the immaterial eidos or form inherent 
in the father which is the carrier of the programme, but the impulses which 
are always present in man's blood and therefore in either the semen, which 
consists of blood, or in the menstrual blood. These impulses, which always 
originate from both father and mother, constitute the hereditary disposi
tions of the offspring. They include impulses from the ancestors though 
these are weaker. Here Aristotle's genetics are far superior to, for example, 
Darwinian genetics. Charles Darwin, the same scholar who wrote On the 
origin of species by means of natural selection (1859), in 1868 established 
his 'Provisional Hypothesis of Pangenesis', which contains a theory of ge
netics, in a book on Variations of Animals under Domestication.41 This 
was hefore the Mendelian laws were known. According to this theory of 
genetics there are small 'gemmules' or 'atoms' departing from all the cells 
in all parts of the body, which are collected in each ovum or semen and 
control reproduction and heredity. Against this view some of Aristotle's 
arguments used against his own forerunners who propounded a pangenesis 
theory in combination with a preformation theory, still obtain.42 Aristotle, 
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in opposing pangenesis theory, claims for instance that men who have lost 
an arm always beget children with two arms or that men generate progeny 
before they have certain parts such as beards or grey hair which their chil
dren will later have. Both cases cannot be sufficiently accounted for in 
terms of the theory of Darwin, who derives the parts of the body of the 
offspring from the gemmules coming from the extant parts of the body of 
the parents. 

I return to the problem of Aristotle's teleology. It has been proved that 
there is nothing mysterious in this concept. The purposeful structure of 
a living being depends on the programme pre-existing in the blood of the 
parents. This seems to be a sufficient causal explanation of the procre
ation of an animal. But another question arises. What is the origin of the 
purposeful structures of animal species? If God had created the species, 
motives would have come into play, but Aristotle does not try to explain 
the existence of the species metaphysically. To him, God is the Unmoved 
Mover who needs nothing. God's perfection does not allow him to take 
care of the world. Neither does Aristotle derive the purposive structure of 
animals from another source. He had no empirical evidence for an origin or 
a development of species, and confined himself to discussing the basic fact 
of their continual reproduction. Because of this caution his views are fully 
compatible with modern biology as far as goal-directedness is concerned. 
In order to avoid linguistic confusion, modern biology has abandoned the 
word teleology completely and spealcs of teleonomy. Therefore, if Aristo
tle's theory is to be assessed from the modern point of view, he should 
not be referred to as the 'father of teleology', but rather, as the 'father of 
teleonomy', as the Freiburg biologist Bernhard Hassenstein correctly calls 
him.43 By the new expression 'teleonomy' invented by the American bi
ologist Pittendrigh in 195844 biologists mean that a biological fact is, in 
Hassenstein's definition, 'purposive .. . without thereby at the same time 
expressing an hypothesis about the origin ofits being purposive'. 45 Another 
definition is proposed by Ernst Mayr in his book. He says: 'A teleonomic 
process or behavior is one that owes its goal-directedness to the operation 
of a program'.46 Both definitions may be applied to Aristotle's concept of 
'telos ' or purpose. The problems of the interpretation of goal-directedness 
in species arose when the Aristotelian explanations were combined with 
the view that God is the creator of animals, a view held by the Stoics and 
the Christians. When this idea was secularized and God eliminated as an 
explanatory factor, the unsatisfactory vitalist theory of Driesch and others 
remained. It has nothing to do with Aristotle. 

5. 

Up to now I have dealt at length with Aristotle 's genetics. I should like to 
conclude my paper with some remarks on his embryology which is closely 
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connected with his genetics. Unlike his genetics, however, Aristotle's em
bryology has been most familiar for centuries; it is known today as the 
'epigenesis theory'. According to this theory the embryonic development 
of an animal consists of a series of successive formations of organs. Generic 
characteristics precede specific characteristics.47 In the beginning the em
bryo is unspecialized, then it is successively differentiated. Aristotle set 
this finding, gained by exact observations of hens' eggs, in opposition to 
the theory of preformation which was held by the atomists, above all by 
Democritus. According to this older theory the entire creature is always 
preformed in the germ, and only unfolds itself in the course of the em
bryological development. As already stated above,48 the theory of prefor
mation was connected with a theory of pangenesis according to which the 
performed creature is made up of particles departing from all parts of the 
body.49 This theory was also abandoned by Aristotle. In modern times, 
Aristotle's theory of epigenesis first found recognition, with people such 
as William Harvey, the discoverer of the circulation of blood, in his work 
Exercitationes de generatione animalium of 1651.50 The incorrect theory 
of preformation later gained ground, to the detriment of the doctrine of 
epigenesis. This may be because of the increasing influence of the new 
antiaristotelian mechanistic world view, as it was developed by Gassendi, 
Descartes and others. The impression is gained that the theory of epigene
sis was rejected only because of its connection with Aristotle's name. The 
fact that his physics and cosmology proved to be obsolete, led to a widely 
held assumption that every theory of his must be wrong. The followers 
of the theory of preformation divided into the animalculists who assumed 
or, under the microscope, 'saw' the small creature in the newly discovered 
spermatozoon, and the ovulists who considered the supposedly discovered 
ovum of the mammals to be the place where preformation occurred. 51 Cas
par Friedrich Wolff, who adhered to the epigenesis theory, is an exception 
with his Theoria generationis of 1759.52 The struggle for recognition of 
Aristotelian embryology took place without any observation of Aristotle's 
genetics, especially his theory of impulses, since it was largely unknown. 
Thus vitalistic views could be combined with the epigenesis theory. Cas
par Friedrich Wolff, for instance, accepted a spiritual vis essentialis, an 
essential form, as the directing force of epigenesis. 

This development had far-reaching consequences, when at the end of 
the 19th century (from 1891 on) the doctrine of epigenesis could at last 
be proved by experiments undertaken by Hans Driesch on the embryos of 
sea urchins. Again, Driesch linked his sound observations with a vitalism 
that had no link with Aristotle. Especially confusing was the fact that he 
established an immaterial factor as the directing force of the embryonic 
development and designated it with the term 'entelechy', which he bor
rowed from Aristotle, who had used it quite differently. He defined it as 
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'intensive diversity', which he made responsible for the successive forma
tion of the 'extensive' diversity of the organism.53 It is an irony of the 
history of science that in spite of his historical studies54 Driesch had not 
read the chapters on Aristotle's genetics, or at least did not understand 
them correctly. Not until molecular biology developed after the Second 
World War did the vitalistic interpretation of procreation at last become 
obsolete. Until the discoveries of James Watson and Francis Crick in 1953, 
who won the Nobel prize for their Desoxyribonuclein acid model, the model 
of DNA, Aristotle's theory exhibited a model of reproduction which was far 
better balanced than any modern theory, though of course modern science 
was infinitely more advanced in the abundance of its detailed knowledge. 
Unfortunately it was only after modern molecular biology had been estab
lished that Aristotle's combined embryology and genetics could be given 
its correct evaluation. 

In summarizing my remarks, which could not be exhaustive, I would 
like to say that the greatness of Aristotle lies in the fact that he invented 
natural science and combined in a unique way exact observations with an 
extraordinary theoretical approach, which makes him a participant even in 
the discussions of the twentieth century. 
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