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Preface

During the last three centuries Natural Sciences have become, crucial to the devel-
opment of civilisation, and their impact on our lives is daily growing. However, in
spite of the equally increasing concern for environmental issues, endangered animals
and plants, not to speak of medical issues (as indeed these are marginal to this book),
and of the proliferation of books on the various aspects of biology, the story of the
development of biological sciences has been by and large ignored.

Apart from such treatment of the history of Biology and of the biographical infor-
mations that may be found in the general histories of Sciences and in the general biog-
raphical dictionaries of scientists, whereas there are good books on the history of
Physics, Mathematics and Cosmology, and though there are many books (admittedly
mostly bad) on Alchemy as the forerunner of modern Chemistry, the books, such as
Nordeskjold’s, as were written on the story of biological thought, have been long out
of print and the history of biology has been confined to, at most, a brief introducto-
ry chapter in general textbooks on biological sciences, and they are often poor sum-
maries of a type of traditional lore, which the reader may well ignore as it is nowhere
apparent why their content may be relevant for the modern scholar.

Indeed a few excellent books have been published during the last 20 years or so,
on the development of some topics of biological thought, such as Mayr’s book “A his-
tory of biological thought”, which however, is almost entirely concerned with the
growth of evolutionary ideas, Stevens’ book “The development of biological system-
atics” (1994), dealing with the development of botanical systematics, or in Italy
Barsanti’s La scala, la mappa, l'albero (1992) on the evolution of classifications
between 1600 and the middle 1800s and their connections with graphic conventions,
or Omodeo’s (1984, 2000, 2001) and a few others, yet there a there is no compre-
hensive work currently available in English, and even the French transaltion of de Wit
(1994) is practically unobtainable, so that, to my knowledge, the only text pratically
available is Duris and Gohan’s Histoire des sciences de la vie (1997).

Such a dearth of information has been the main reason which prompted me to
prepare this summary, but, by itself, it may not have been sufficient reason for this
work. Indeed one may legitimately ask why the knowledge of long obsolete ideas may
be relevant for the modern scholar or for the cultivated layman. I do not know if my
argument for it may sound convincing, but here it is.

The reader who will have the patience to go through the following chapters, will
notice that the development of biological sciences was notably continuous: there were,



indeed momentous periods of acceleration, periods of stasis and even, because of lack
of facilities in communication of scholarly ideas and of technical problems, even peri-
ods of widespread cultural regress, but even such momentous episodes as the publica-
tion of Vesalius' “Fabrica”, of Harvey’s “ Exercitatio” or of Darwin’s “Origin of Species”
were the culmination of periods of preparation and maturation of the scientific envi-
ronment, that, without detracting from the greatness of these scholars, made their
ideas readily acceptable within the scientific media. Nor do recent developments in
biology escape this pattern, for good and bad, as we shall easily point out how impor-
tant aspects of present scientific debates have a neat pedigree of Augustinian or even
Platonic or Aristotelian origin.

Just as in any other aspect of cultural or practical life, we live (and are adapted to
live) in an environment that has been forged by past events, so that, to the student of
biology, the history of this branch of sciences should be as significant as the knowl-
edge of his country’s history to the citizen of any state.

Again, we might be asked why the history of biology offered here to the reader is
a history of Western biology, with just a brief chapter of the Medieval development of
medicine and biology in the Muslim world. As a matter of fact, while every culture
has organised the body of its biological knowledge within the framework of compre-
hensive theories, the non-European cultures had theories which were wiped away by
the impact of Western biology. They had sound practices, excellent remedies, and
both of these are increasingly received currently all over the world, but their theoret-
ical framework was at such variance with our Western methods of scientific research
and philosophical thinking that they had no impact whatsoever on the development
of our ideas and are, for us Westerners, just erudite curiosities. However, the reader
has, at least, to be cautioned: a good deal of the past scientific thinking of the non-
European peoples is still poorly studied and even unavailable for the Western scholar.
Such translations as actually exist are the work of philologists and thus often unreli-
able as far as the interpretation of technical terms is concerned. Much work is still
needed on the history of non-Western sciences before they may be fairly assessed. The
overwhelming triumph of our sciences may well have obliterated deserving discover-
ies; let us hope that Oriental, Amerindian and African biologists will investigate their
own scientific traditions with sound methods and unbiased attitudes.

However, whether or not future research will change our outlook, there is no
doubt that in the present world, the history of biology that matters to the scientist is
that of Western biology.

Within the practical limits set by the size of this book, I have endeavoured to frame
my account of the development of biological sciences within the general historical,
social and cultural environment which surrounded both researchers and teachers.
After all no one, least of all the scientists, live and work insulated from society and, as
my past experience has taught me that young people are very adept to forget the his-
tory learned in high school, thence I have prefaced each chapter with a selection of



dated historical references in the hope that these may help the reader to place both the
personalities of the scholars and their discoveries.

This volume is not a simple translation of my Italian book: “Breve storia della
Biologia dalle origini all'inizio del XX secolo”: all chapters have been revised and some
have been entirely re-written and I hope that all changes are improvements.






CHAPTER 1

The beginnings of Greek scientific thinking

SYNOPSIS OF MAIN HISTORICAL EVENTS AND OF CONTEMPORARY THINKERS

Thales of Miletus c. 620-c. 550 BC, Anaximander c. 610-c. 540 BC

612 BC Niniveh is conquered by a coalition of Medes, Babylonians and Persians.

610 BC Ciassarres of Media destroys the last Assyrian king Asur-Uballit of Harran.

585 BC war between the Medians and the Lydians, battle on the river Halys, supposed eclipse
announced by Thales and peace between the Medians and Lydians. Solon dictates the new Athenian con-
stitution.

Anaximenes ¢.580-520 BC; Pythagoras of Samos c. 570-c. 500 BC

561-528/27 BC Pisistratus rules Athens. Final editing of Homeric poems.

550 BC Cyrus the elder creates the Persian empire and conquers Media.

547 BC battle of Pteria and end of the Lydian kingdom, Miletus is allied with the Persians.

Heraclitus (c. 540-c. 475 BC), Parmenides (c. 520-c. 430 BC)

539 BC Cyrus conquers Babylonia and in 538 BC authorizes the reconstruction of the Temple of
Jerusalem. Ezra and Nehemiah begin the collection of the Biblical texts.

530 BC Cyrus dies while campaigning against the Sacae (Scythians).

530-522 BC Cambyses king of kings; in 525 BC defeats at Pelusium the Pharaoh Psammeticus III allied
with the Athenians and unites Egypt to the Persian empire; however, in the next two centuries Egypt
repeatedly regains temporary independence.

522-521 BC Persian civil war, Darius I becomes king of kings.

511 BC the Crotoniates, led by the Pythagorean sect, attack and destroy Sybaris.

Alcmeon of Croton (c. 510-c. 440 BC)

510 BC Hippias is expelled from Athens by Athenian exiles supported by Spartan troops and with the
political support of the Oracle of Delphi.

507 BC Athens allies herself with the Persian satrap Artaphernes against Sparta.

500/499-497 BC the Ionian towns revolt against the Persians, only Athens and Eretria send help, but
only unitl 498 BC.

495 BC battle and destruction of Miletus.

491 BC the Persian ambassadors who were asking for the submission of these towns are massacred in
Athens and Sparta, marking the beginning of the first Persian war.

490 BC the Athenians and Plateians defeat the Persian army led by Hippias, Datis and Artaphernes at
Marathon, the Spartan army arrives a few days later.

Anaxagoras of Clazomenae (c. 500-c. 425 BC), Aeschilus (525-456 BC), Sophocles (496-406 BC),
Euripides (480-406 BC), Zeno the sophist (c. 495-c. 440 BC), Protagoras (490-420 BC), Gorgias
of Lentini (c. 490-c. 420 BC), Empedocles of Agrigentum (c. 480-430 BC)

481 BC beginning of the second Persian war.

480 BC at Salamis the Greeks defeat the Persian fleet, simultaneously the Syracusans defeat at Hymera
the Carthaginians, allies of the Persians.

479 BC decisive victories of the Greeks on the Persians at Plathaia and Mycale.



465 BC Xerxes is killed, civil war in Persia.

467-428 BC Age of Pericles.

449/48 BC peace of Callias, the Persian empire acknowledges Greek supremacy in the Mediterranean,
Delian league and pre-eminence of Athens.

Leucippus (c. 450 BC), Socrates (470-399 BC), Democritus of Abdera (c.455 BC).

431-421, 413-404 BC Peloponnesian wars.

412 BC Sparta allies herself with Persia and, supported by Persian gold, finally beats Athens, which sur-
renders in 404.

399 BC trial and death of Socrates.

386 BC “Peace of the King”: the Greek states submit to the arbitration of the Persian king.

Architas of Taras (a. 388-p. 360 BC), Philolaos the Pythagorean (c. 495-c. 395 BC), Plato (429-
356 BC)

359-336 BC Philip II is king of Macedonia.

338 BC battle of Chaironeia and Macedonian overlordship of Greece.

Factors which allowed for the development of speculative thought

Before we begin the actual study of the development of Greek thinking, we must
first note that, to our present knowledge, this conceptual approach is the only one in
antiquity to develop a precise interest in logically rigorous abstract generalisations and
for an argumentative treatment of problems.

Scholars who studied the origins of philosophical speculation have often under-
lined the significance that — in the process — may have had both linguistic and polit-
ical factors.

It is impossible here properly to discuss cither of them, but we may well briefly
mention some considerations.

Such scholars who maintain the significance of linguistic factors, have remarked
that while other ancient languages, such as classic Hebrew, have both an extremely
simple grammar and syntax, in Greek the precise meaning of names in a sentence is
defined by both article and declension and that verbs are especially complex. Thus,
whenever a common name is united with an article, the meaning is automatically
restricted to one or a few, precisely identified, individual objects or beings, whenever
no article is used the same word signifies the whole category or class of objects which
may be called by that name. At the same time the niceties of verbal flection, such as
the use of dual or of aorist, allow for an extreme precision of speech. Obviously this
does not mean that the interpretation of a text never poses problems, especially when,
as it often happens with philosophical works, they survive as isolated quotations. The
significant thing is that, as a language is the work of a whole people, the Greek lan-
guage testifies, as such, to a generalised interest in clear, unambiguous speech and for
the possibility of abstract thought.

As far as politics are concerned, the socio-political organisation of the Greeks is
characterised by a more or less early, general evolution towards democratic assemblies.
Even the Homeric poems show us chiefs who have to account for their actions at pop-



ular meetings or have to argue and persuade numbers of people in order to win their
support for their plans.

We do not know whether this already occurred in Mycenean times, but the arts of
persuasive oratory and of clear argument were already vital in archaic Greece. This
implied logical argument as a necessary tool in debates in the assembly, and this is a
natural premise to an argued philosophy and science. Indeed, traditions indicate that
most of the older philosophers were leading political figures in their towns: were they
eminent politicians because they were natural philosophers or was it the habit of polit-
ical debates that led them to debate natural truths as well?

To all this we must add a peculiarity of Greek religion: the Greeks lived in a num-
ber of entirely independent communities; this clearly favoured the development in
each community of local varieties of even the most widespread myths, whereas the
lack of a “sacred book” and of an organised and hierarchical clergy made it difficult to
charge people with heresy. Such a charge was posed in a few instances, but, as a gen-
eral rule, thinkers felt free to propose new interpretations and elaboration of tradi-
tional myths (as is amply proved by dramatists and comedians) or to propose entire-
ly new myths. In fact when objectively considered, the so-called “scientific theories”
of the early philosophers are nothing but myths, as we shall see further on.

Finally, and we shall return to this point as well, the special significance that the
“impassible Gods” had in Greek religion must be minded as well. These Deities main-
tain the laws of the “cosmos”, of men and destiny. They watch the order of the uni-
verse, can not be prayed to and to them even Zeus must bow.

Greek philosophy and biology before the times of Aristotle; the archaic Greek
world

We do not know when Greek thinking began, but it undoubtedly has developed
a first precise character and organisation in the Homeric poems.

We now have a precise terminus ante quem for the final redaction of a Homeric text
in the quotation of some verses in an inscription from Ischia dated 720 BC, almost
200 years before the traditional date of the collation of the texts during the rule of Pei-
sistratus in Athens (around 550 BC), and the fact that it comes from an island off the
coast of Southern Italy proves that their knowledge was widespread.

Indeed we can not be certain of how much Homer testifies to the Helladic tradi-
tion and how much it portrays the Greek world of the IX-VIII centuries BC. Most
modern scholars believe that Homer did in fact know very little of the life and times
of the Mycenean lords. However the Mycenean texts, though mere administrative
documents as they are, show that he did indeed know something of it, and, most sig-
nificant, they bear witness of a clearly Greek people. The texts of Pylos etc. are in fact
written in an exceedingly archaic Greek, but nevertheless in an unquestionably Greek



language. Besides administrative matters, they relate the names of many Gods, includ-
ing many of the Olympians and even Dionysos, the god of knowledge alternative to
that of Apollo (and that has, incidentally disposed of a time-honoured theory that, as
Homer does not mention this God must have entered Greece at a comparatively late
date, after the compilation of the Homeric poems).

In recent years some scholars have maintained with good arguments and on the
evidence of the decoration of some Mycenean jewels, that the Myceneans must have
been familiar with some theorems on the circle and on the hexagon all somewhat
more advanced than those known to contemporary Babylonian mathematicians.

However it is significant that what is usually defined as philosophic-scientific
thinking, only very gradually distinguishes itself from mythologic tradition (in the lit-
eral meaning of a tale or argument about Myths), the two being completely separat-
ed in but a very few thinkers before the Hellenistic times.

The first schools of Greek philosophy

Though it is usual to preface the study of the Greek contributions to the sciences
by a consideration of what in the various disciplines had been achieved by Egyptians,
Sumerians, Assyrians and the other peoples of the Near East, I shall not follow this
habit.

From the beginning of history and long before it, all peoples, during their long his-
tory, collected a considerable amount of empirical knowledge, and even the oldest sur-
viving texts often mention different animals and give us an account of various med-
ical practices which require a precise knowledge of the pharmaceutical properties of
different plants and minerals, of anatomical and physiological data etc. However, all
this knowledge, albeit codified and, occasionally, generalised to some extent, is always
devoid of any speculative content, as, vice versa, is usually the case with Greek cul-
ture. The Greeks eventually derived such information from their neighbours (it was,
indeed, an established tradition that the first great Greek thinkers, such as Thales,
Pythagoras, etc., had learnt much of their knowledge during their true or supposed
voyages in the lands of the Barbarians). However the Greeks were able to reshape it in
the guise of theoretical generalisations, which can only be considered the forerunners
of proto-philosophic and scientific thinking. At all events, there is very little that can
be considered as ‘biology’ in what we know of the thoughts of the Greek philosopher-
scientists preceding Aristotle.

First of all, it is clear that to all presocratic philosophers the distinction between
the world of living organisms and that of inorganic, non-living, matter was either
obscure or has definitely to be ruled out.

The obvious character which allows these philosophers to separate living from
non-living things was the fact that living things are ‘self-moving’ whereas non-living



objects and corpses have to be moved by something outside them. Now such a crite-
rion was equivocal (to Thales, among others, the lodestone was a living being as it was
able to move itself towards an iron object) and left an ambiguity of somewhat inter-
mediate objects, such as eggs or seeds. On the other hand, as they could not explain
the apparently spontaneous movements of inorganic bodies, such as earth, water, and
especially wind, they naturally tended to attribute them to the whims of ‘personali-
ties’, perhaps different from those responsible for such ‘rational’ movements as those
of the celestial bodies. As a result we must deem that Thales’ statement “The world is
full of Gods” is a perfectly rational one.

We must here stress an observation that has had a very lasting significance in the
biology and physics of the Greeks: death can easily be identified with the ceasing of
breathing, and winds may well look as the breath of the world, on the other hand
there is no motion apparently more spontaneous than wind, and its motion moves the
seas, the clouds and any other sufficiently light body.

The Greek word ‘Pneuma’ (;rveVuar) (and of ‘pneuma’ we shall have much to say)
does not mean breath as the act of breathing or the blowing wind, it means ‘the
breatl’, independently from what is actually breathing. Thus the concept of ‘pneuma’
will slowly evolve through the centuries, but it will always remain an important con-
cept in all biological and physical Greek theories.

In order to understand Greek science, philosophy and religion, two other concepts
are significant: namely that of ‘Nots (NooC) and of ‘Nomos’ (N6uoC). Taken
together they characterise all that is rational both in men and in the cosmos: This, in
the end, was the basis of the progressive identification with Gods of many celestial
bodies, who, with their unchangeable and mathematically perfect movements, tell the
times of terrestrial events.

All the points raised in the previous sentences, are already implicit in Homeric
poems, which are the oldest surviving documents of archaic Greek thought.

Indeed in Homer the word ‘soma’ (Ewua), body, is used only for corpses. Living
beings are always described by means of their ‘composing parts’, such as legs, arms,
head etc. and of their, so to say ‘active parts: Thymos (@UuoC), Nous and Psyché
(Wuyn). Thymos is that something which is responsible for emotions, while Nous is
what is rational and conscious. Lastly Psyché (literally ‘breath, puff’, but also ‘butter-
fly’) is that which makes an individual alive and, in men, their only immortal part.
Thus we often find sentences of the type “he was willing to do that, but his thymos
paralysed his legs”. On the other side, while ‘thymos’ is shared by men and animals,
‘Nous’ is common to men and Gods. We shall see how these ideas were significant in
later discussion of the “vegetative soul, the appetitive soul and the rational soul”,
which had a great influence on the development of systematics, embryology etc. and
that are still implicit in many extant legislations.

The fact that ‘Psyché’ and ‘Pneuma’ are to some extent synonyms led to a line of
thought, which began with a fragment of Anaximenes written around 546 BC and
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which literally reads “Just as soul (psyché) is our air (pneuma) and keeps us together
(but one may also translate “controls us”) by that, so air and breath keep together (or
“control”) the whole world”. It then passed through stoic and neoplatonic philoso-
phers, and had a considerable impact on the development of the ideas of the rela-
tionship between Macro- and Microcosmos and went into vitalism down into the
20th century.

Obviously the Greeks could not overlook the significance of the relationship
between the ‘soma’ (material body) of living beings and non-living bodies. So we shall
shortly begin to consider the evolution of concepts concerning the nature of what is
‘material’ in the world, and more properly the increasing credit of the theory of the
four ‘stoicheia’ (singular ZtouxgLov), commonly translated as ‘elements’, but more
properly ‘material principles’.

According to the essentials of the theory; all objects including the bodies of living
beings, are composed of matter, and in this we can identify a certain amount of dry
substance, that is of ‘earth’, mixed with a certain amount of ‘water’. The breath or vital
pneuma (‘air’) gives them life, and as they are moderately hot, they must contain also
some fire’.

In fact the theory of the four elements: earth, water, air and fire and of the four
qualities, opposed two to two, heat and cold, dampness and dryness, was expounded
by Empedocles, but has almost certainly much older roots. It was finally developed
fully by Aristotle (and, as we shall see, while it was accepted by many, it was ques-
tioned even by Aristotle’s friend Theophrastus). Furthermore, the theory had a great
importance in the whole development of sciences until modern times.

All the hypotheses advanced by ancient peoples in order to explain the origin and
nature of things are myths, and it is fascinating to follow how the ancient cosmogo-
nies of purely religious pattern (at least in the sense we currently give to these terms),
such as those of Hesiod, gradually change because of the unstated growing require-
ment of empirical plausibility, and eventually become what we may term as scientific
hypotheses or theories. The Gods, not only for what concerns the first origin of
things, but as rulers of the present course of phenomena, change from somewhat
whimsical players with things and men into the rational guardians of a universal
Nous.

Greek religious attitude was particularly apt for this change as, even since our ear-
liest testimonies, the Impassive Deities: Ananke, the Moirae, Dyke, Themis, who all
may be subsumed under the Latin term of ‘Fatum’ (=that which must be and cannot
be otherwise), must be obeyed even by Zeus.

There is no doubt that since the earliest times the Greeks were quite convinced of
an ambivalence in the relationship between the individual man and the events which
befell him: man may well make his choices, but this only within the limits of what
has been decreed by the impassive Deities, first of these Ananke, and the Moirae, and
by the ‘laws’: Themis and Nomos. A choice different from the one so expected was
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indeed possible, but it was the supreme offence (hybris) upon the Gods and the
implacable Nemesis was there to punish it. In this context the reply of Achilles to
Thetis, who is urging him to avoid his destiny leaving alone Hector and Troy, is typ-
ical: “Should I do it, I would no more be Achilles!”.

This attitude almost naturally led to the belief in the existence of immutable laws
in the universe, a concept that is the very core of all scientific thinking as we conceive
it. The alternative is occasionalism, which was, indeed, advocated by quite a few
Christian and by many Islamic thinkers. They maintained that everything that hap-
pens is directly the doing of God, who plays with men and things as puppets and that
God’s laws are not really laws, but simple sequels of events that might be changed at
any time by God’s will'.

Starting from the religious beliefs that we have summarised, Greek thought devel-
oped and, not surprisingly, reached its greatest achievements in Mathematics and
Astronomy, fields where, because of the extreme regularity and comparative simplici-
ty of phenomena, the implementation of a rigorous conceptual framework could bet-
ter succeed.

Chemistry and Biology approached themselves to the ideal models of science only
later and to a limited extent because of the complexity of biological phenomena, and,
in the case of chemistry, because of the difficulty of quantitative controls in the
absence of sufficiently precise instrumentation.

Aristotle is quite clear in his distinction between science and empiricism; he main-
tains that science (or philosophy) is the asking and answering the questions of how
and why the observed phenomena happen, while empiricism merely observes the phe-
nomena and possibly cares for the practical utilisation of the observations.

We must here remind the reader of a special difficulty in the understanding of the
early Greek philosophers. This is that, in order to explain their ideas, they usually use
comparisons with familiar phenomena, and it is not clear whether they thought of
these comparisons as real analogies or as rough approximations.

So, for instance, by the statement of Empedocles that sounds are moving air that
hits inside our ear onto a membrane hanging “like a rattle”, it is not clear whether he
did in fact know of the tympanum and had made a shrewd guess at its working, or
whether his was a fantastic idea such as the kind of connections that he believed to
obtain between the eye, fire and vision.

The oldest Greek philosophers called themselves ‘physiologists’, from the Greek
words ‘physis’?, that is Nature and ‘logos’, discourse, meaning that they were arguers

On this we have a curious Quaestio quodlibetalis by St. Thomas Aquinas: “Can God restore virginity
to a girl who has lost it?”, The answer being that though he may indeed restore the physical features
of it, even God can not cancel the fact that such loss had happened

@UOLC is a term that, in the oldest authors, like Hesiod, derives from the verb ¢uvar that means to
give birth, to generate, thus it is used literally with the meaning of ‘birth of things.
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about Nature. And, indeed, their main problem is the origin and nature of things. It
was only much later - and when it had already reached a high complexity - that phi-
losophy became interested in other problems, such as that of the nature of the human
mind, of the principles underlying knowledge, and of morality. Anyway, the problem
of Nature, including biology, is always the foundation of Greek philosophy, even in
those schools that left it rather in the background.

Ionic philosophers

A time-honoured and amply justified tradition rooted in Aristotle’s writings con-
siders that philosophy began with the teachings of three Milesian thinkers: Thales,
Anaximander and Anaximenes.

In Thales’ times many Greek towns flourished along the coast of Asia Minor.
These were most, but not exclusively of Ionian origin, and originated by the wave of
settlements which occurred in the wake of the ‘return of the Heraklids’, that is the
Doric invasions, which apparently caused the collapse of the Mycenean civilisation.
Such colonisation had been further enlarged and strengthened by new settlements
during the great age of colonial foundations in the 7th century BC.

A sort of symbiosis had developed between the Greek cities of Asia Minor and the
kings of Lydia. Miletos was probably the richest and more powerful of them.

However, though in 585 BC the Lydians had succeeded in throwing back a first
onslaught by the Medians (battle of Halys); forty years later, in 545 BC, Croesus, king
of Lydia, was attacked by the Persians, a new power who, after co-operating with the
Medians and Babylonians in the destruction of the Assyrian kingdom, had turned
against their former allies, had crushed them and had embarked on a course of unlim-
ited imperialism. The tradition relates that Thales, in his time, had advised the Greek
towns to support the Lydians; nevertheless the Greeks either remained neutral or
actively supported the Persians, and, when the Persians crushed the Lydians (battle of
Pteria), they discovered that they had exchanged a peaceful neighbour with an oppres-
sive power who would, at most, leave them limited autonomy.

At this point the Greek towns rose in arms, gained some limited support from
Athens and a few other towns from the motherland, but were equally beaten and in
494 BC Miletos was temporarily destroyed.

This is the historical framework in which the early Ionic philosophers operated. As
with many other Greek philosophers, we do not know the dates of their birth and
death: the Greek historians did not care about such things and they tell us, instead,
when was the “Acme”, that is the culmination of the activities of the person they
quote.

Thus the Acme of Thales, son of Praxiades, was around 580 BC, and we, there-
fore, presume that he may have been born around 620 and died around 545 BC The



13

Greeks themselves did not know of any writing of his, but they traditionally credited
him with some geometrical theorems and said that he maintained that the Cosmos is
an ordered and intelligible system.

Apparently Thales was the first to think that everything was the embodiment of a
single material principle or ‘Arché’, and he supposed that this was water. His idea bril-
liantly developed an old tradition, which is clearly expounded in the Homeric poems,
where it is stated that the Earth is surrounded by Oceanus and that its movements,
including earthquakes, are due to the aquatic God ‘par exellence’, Poseidon.

Apparently Thales conceived all matter as potentially animated and he especially
considered the lodestone (natural magnetite) as fundamentally a living thing, because
it was capable of self-movement towards iron objects. It is typical of this kind of trend
in thought both to study the rationale in Cosmos, as the foundation of all scientific
research, and to cry “the world is full of Gods!”

Anaximander, a junior fellow citizen of Thales (born perhaps in 610 and died
around 540 BC) held the same basic feeling, later termed ilozoism or ilopsychism.

Anaximander held that the basic substance of which the universe was built could
not be defined. He thought that whatever substance you choose it implies the exclu-
sion of ‘something’. Therefore he calls the basic substance ‘Apeiron’, that literally
means ‘without limits’, a universal substance which is the substratum of everything.
According to Anaximander things become identifiable by the opening of spaces or by
the emerging of quantities inside the Apeiron. It was starting from this hypothesis that
he imagined a complex cosmogony and from this he developed a chain of hypotheses
which explained every phenomenon.

As to the origin of living beings, as far as we can gather from the quotations of later
scholars and especially of Aristotle, he had some precise ideas. Anaximander believed
that there was a progressive desiccation of Earth. Living beings came from a primae-
val mud which originally covered the whole Earth. First animals and plants were
formed, then mankind. Both men and animals originally lived in water and were
sheathed by a scaly cover. When they left the water, the terrestrial animals lost the pro-
tective shell. Clearly this hypothesis was needed considering that had the first terres-
trial animals and especially man been born from earth as they are now born from their
mothers, they could not possibly have survived by themselves, therefore they must
have first emerged from water as adults. We do not know whether Anaximander
derived this idea from the observation of the metamorphosis of tadpoles into frogs.

Some scholars have argued that the ideas of Anaximander foreshadow some evo-
lutionary ideas. Neither the surviving fragments of Anaximander, nor the accounts
that later authors give of his idea provide any support to this interpretation. In fact
the name of Anaximander creeps up in some discussions on transformism in the 18th
and early 19th century, but as a gratuitous assumption.

Anaximenes was also a Milesian and a pupil of Anaximander, and his Acme is
around 550 BC. He considered Air as the Arché, but this was in the sense that he saw
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in air both the limitless Apeiron and the principle of life and movement. So his is the
first formalisation of the pneumatic theory. We have no idea of what Anaximenes
thought about living beings.

Now that Miletos was conquered and destroyed by the Persians, and the cultural
centre that had been there did not survive. Yet the Ionic school had some late follow-
ers. Among them we must mention Diogenes of Apollonia, a Cretan physician, who
lived around 430 BC (to be distinguished from Diogenes of Sinope, the famous cynic
philosopher). Diogenes of Apollonia is said to have made both anatomical and embry-
ological researches. He described the ramifications of the vascular system in Man (or,
more probably, in some mammals) and his description survives. He also studied the
development of the embryo in the uterus. Diogenes is also known as ‘the eclectic’, as
he attempted a synthesis of the various Ionic theories, mainly following Anaximenes,
with the Eleatic theory of an immutable cosmos; he is a convinced pneumatist. For
him the principle of everything is Air, an increate substance, unlimited and rational.
Thinning air gives rise to fire, whereas by condensation it changes both into water and
earth. The air is also the soul and as such the principle of life and movement. Warm
air, not as hot as the sun, but warmer than atmospheric air, flows in the vessels and
heats the body. All living things, Man included, originated from mud under the influ-
ence of the sun’s heat. All differences among things result from minor changes in the
basically immutable air, by the action of different qualities; these are relative to each
other and to the observer. So, for instance hot is relative to cold, and, anyway differ-
ent persons will judge differently about how hot or cold a thing may be.

Another physician, contemporary of Diogenes is Hippo, and we know that he
made embryological observations and that, as Thales, he considered water, or rather
dampness, to be the principle of life.

Pythagoras and the Pythagoreans

The Pythagorean school was begun by Pythagoras of Samos (who migrated to
Croton in Calabria and died around 500 BC).

While Pythagorism is extremely important in physics and mathematics, its contri-
bution to biology is a minor one. However, we must still mention the Pythagorean
theory of numbers, of harmony and of opposing qualities, as they were relevant to the
medical Hippocratic school and also to later medical schools.

Since it was the habit of the Pythagoreans to credit all their discoveries and ideas
to Pythagoras, it is impossible to tell apart the contributions of the various members
of the sect.

The influx of the Pythagorean ideas on numbers is complex. The Pythagoreans
believed that the unit had an objective reality, they thought of it as a sort of numeric
‘atom’ and that all reality was made up of such atoms. They had remarked that by an
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orderly arrangement of points (equated with units), one could build all the regular fig-
ures and the combinations of these did produce solid (three dimensional) figures.
Among these only four, the so-called ‘Pythagorean solids™ (the fifth was discovered
only much later) were characterised by all equal faces. Thus they thought that these
figures, apart from the circle and the sphere, must have a special significance. Most
thinkers, therefore, assumed that the elementary particles were either made in the
shape of the elementary flat figures (and this was the opinion of atomists such as
Democritus), ‘things’ being made by the assemblage of flat atoms. The believers in the
four elements naturally identified Air, Fire, Earth and Water with the four Pythagoric
solids.

Quite naturally these guesses, like those on the circle and the sphere in astronomy,
had a lasting influence on the evolution of scientific ideas.

As the Pythagoreans studied the laws of consonance of sounds, they evolved the
theory of the ‘harmony of celestial spheres’ (which had such a great significance in
directing the work of Kepler towards the discovery of his basic astronomic ‘laws’), and
this, in turn was a powerful factor in the development of ‘humoral’ theories in med-
icine and biology. The four basic ‘humours’ being yellow bile, black bile, phlegm and
blood) were supposed to be the equivalents in living beings of the four elements. Their
balance or unbalance determined whether an individual was healthy or sick.

We may conclude that, while the Pythagoreans contributed almost nothing to
biology, their physico-mathematical ideas had an indirect lasting influence on medi-
cine and hence on biology. Their other beliefs on the transmigration of souls, their
magic prescriptions for living, so dear to the Acusmatic sect of the Pythagorean
school, are practically irrelevant in the history of biology.

The school of Elea

Xenophanes of Colophon (who, after journeying through many countries, came
to settle in Elea, in Magna Grecia) was both a poet and a philosopher, and is consid-
ered as founder of the Eleatic school. Among the philosophers of this school it is
Xenophanes who is worth remembering in a history of biology. To support his thesis
of the marine origin of all things and of dry lands having gradually emerged from the
seas, he quotes some examples of clearly marine fossils found well inland. Apparently
he was the first to give a correct interpretation of these finds, which became the sub-
ject of lively debate for centuries.

As late as in the times of Steno and Leibniz scholars considered two alternative
hypotheses: a) that these were true remains of animals which had once been alive (it
does not matter whether they were marine or terrestrial, even though the commonest
fossils in Europe are marine). They had been changed into stone by some local power,
which was usually called in the Latin texts a vis or virtus petrefaciens; or b) if one
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assumed the possibility of spontaneous generation of organisms from mud, fossils
were organisms which had not succeeded in completing their development and had
thus remained in a mineral state.

Nothing significant for biology was said by the other Eleatic philosophers, whose
chief contributions are in the field of logic.

Other philosophers and scientists

Some other thinkers of relevance, who cannot be grouped under any school’s label,
deserve some attention.

The earliest is Alemeon of Croton, who is usually quoted in histories of medicine
and of biology and is generally labelled a Pythagorean, because he was a Crotoniate
and lived at approximately the time when Pythagoras was active in Croton. Actually
we know very little of him. There is no doubt that, as a physician, he was among the
earliest students of many anatomical and biological problems, but, although we know
which they were, we do not know what he actually thought of them.

Another extremely important philosopher was Heraclitus of Ephesus (born c. 540
BC). He was famous as the advocate of general and perpetual motion and change. His
‘Arché was fire. It seems that he must also have written on problems of biology, but
nothing survives of these writings.

We are, however, reasonably well informed on the biological opinions of Empe-
docles of Agrigentum.

Empedocles maintains the reality of change against the Eleatic philosophers who
hold that change is basically an illusion. He also thinks that there are just four roots
of things (‘stoicheia’): earth, water, air and fire. There are two basic forces at work in
the world: the one which mixes and unites and the one that separates and destroys.
Both plants and animals were born from earth in a sort of gradual way: first their var-
ious parts originated, later these, by the virtue of ‘philia’ (this is commonly translated
as ‘love’, but its proper translation is rather ‘friendship, concord, uniting power’)
joined between themselves at random. The result was there appeared a multitude of
different individuals, many of them monstrous: Most of these individuals were inca-
pable of surviving and vanished, only those which happened to have a well balanced
structure could survive, reproduce and now their progeny prospers.

Just as with Anaximander, some scholars claimed that we have here an embryonic
evolutionary theory, including the survival of the fittest. Now a true evolutionary con-
cept is impossible for Empedocles, who believed in a series of cycles repeating them-
selves, where Philia first prevails until the perfectly homogeneous ‘Sphairos’, the
sphere of unity, is achieved. At this point Neikos (Neikos is hostility, quarrel, opposi-
tion) gradually gets the upper hand, until everything is again plunged into complete
Chaos and from this a new cycle begins. Whether these ideas of Empedocles had any
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influence on Charles Lyell’s early theories on geological cycles (see chapter X) is debat-
able.

We do not know much about the anatomical and naturalistic knowledge of Empe-
docles, but all sources agree in stressing his great interest in the study of living beings.

According to later quotations from his writings he maintained that respiration
took place not only through the lungs, but also through the pores of the skin. He
argued that during embryonic development the foetus receives some of its parts from
the male sperm and other from female’s sperm and the two unite as the two parts of
a broken ring; growth in young animals depends on the increase in bodily heat, while
the weakness of old people stems from on their low temperature. Empedocles main-
tains that sensations depend on extremely minute particles which become detached
from the object and must join with the same kind of particles contained in sensors;
he maintains, that each minute particle of in the image that travels from the perceived
object to the observer must be perceived by the corresponding particle occurring in
the sense organ of the observer; consequently the earthly part of the perceived object
is sensed by the earthly parts of the sensory organs of the percipient, the fiery by the
fiery parts etc. (this last interpretation is however doubtful, if we rely on a sentence
on the nature and functioning of the eye, which is quoted by both Plato and
Theophrastus as being by Empedocles).

Heraclitus also believed that thought is a function of the body and that it is locat-
ed in the blood, as this is the part of the body which is richest in all the different ele-
ments.

It is clear that Empedocles’ ideas were pure guesses, but though guesses, they tes-
tify to a genuine interest in the mechanisms of life. I must, however, stress that many
modern historians of philosophy have falsified the true attitude of Empedocles,
describing him as a materialist. We have enough of his fragments concerning the Gods
to show that while, in true Greek style, Empedocles considered them as parts of the
Cosmos, nevertheless he mentions them with veneration, and especially Aphrodite,
who, rather than Philia, is often recalled as the cause of union and harmony.

Traditionally the last philosopher of the Ionic trend was Anaxagoras of Clazome-
nae (c. 500-428 BC), who lived and worked mainly in Athens in close association
with Pericles. It appears that the political enemies of Pericles charged him of impiety
just because of their friendship in the same political campaign which saw Pheidias
charged with theft. To avoid prosecution at a delicate political moment, Anaxagoras
fled Athens and went to Lampsacus, where he died shortly afterwards. It is said that
when he was dying the town’s magistrates asked him how they could best honour his
memory, and he replied that he desired that on the anniversaries of his death, school-
children should get a holiday, so that they could joyfully remember him.

Anaxagoras was undoubtedly a true naturalist in the widest sense. Thus he extend-
ed the ideas of the Milesians in astronomy, and maintained that the Sun was a burn-
ing stone larger than the Peloponnesus and that it was further away than the Moon,
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but nearer than the stars. He held that meteorites were fragments of celestial bodies
which had been detached from their originating planetary body by some earthquakes
and that light was generated during their flight by the heat of the vortex of air they
were crossing (an idea probably suggested by the familiar heating of a wheel or disc
rotating on a spike).

Anaxagoras developed some ideas concerning biology in order to answer to some
of the logical difficulties which had been raised by the Eleatics. Anaxagoras assumed
that, instead there being just one or a few ‘Arché’, substances were infinite and
immutable. However they were composed by an infinite number of infinitely small
particles, which he called ‘sperms’ (literally ‘seeds’). The visible changes in things were
simply due to the disaggregation and re-aggregation of sperms. So, for instance, when
we eat, our organism chooses among all the innumerable sperms which are in the
food, in Anaxagoras example bread, the sperms of meat, of hairs or of bones and
assimilated them in their proper place. To us the interest of this hypothesis is double:
on one hand it introduces for the first time the idea of a particulate universe, which
was later developed by the atomist Democritus of Abdera, on the other it is a first
approach to the concept of Homoiomery, which was developed by Aristotle and
which brought the Stagirite pretty close to the concept of tissue, such as was envis-
aged by later biologists between the 18" and the 19% century (see chapter X).

Another important step made by Anaxagoras, developing previous ideas, was his
concept of the Nous as a principle of movement provided with a natural rationality
and that, as it occurs everywhere in the cosmos, explains its natural order. This last
concept gained him the nickname ‘Nous’, and is the original core of the concept of
Universal Pneuma of the Stoics.

As for the other biological views of Anaxagoras which are quoted in our sources,
there is little that is new: he follows the common opinion that all living beings origi-
nated from mud which had been fertilised by appropriate sperms coming from the air
or from the ether.

The atomists

As we have seen, to say that the Greek philosophers were sanguine in suggesting
their explanations of the basic natural history problems and on the past and future
story of the Cosmos is certainly, by modern standards, a blatant understatement.
Indeed they had absolutely no way of verifying their ideas. However, great is our debt
to their unflagging optimism, as the credit they won in the minds of later scholars led
these to reinvestigate with much more adequate techniques their daring hypotheses
and find that a number of them happened to have almost hit the target. Among such
pioneer theories the atomic one of Leucippus and Democritus is unquestionably
among the most historically significant.
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Leucippus may be practically dismissed as we do not know anything of him except
that he was the master and inspirer of Democritus. Unfortunately exceedingly little
survives also of the vast production of Democritus of Abdera (c. 460-360 BC), but
both his critics, his Epicurean admirers and the doxographers (= writers who collect-
ed and recorded the opinions of the ancient Greek philosophers) of Roman and
Byzantine times relate most of his ideas, except, unfortunately, for those on biology.

By tradition he was a pupil both of Leucippus and of Anaxagoras.

Democritus held that the universe was made of atoms and vacuum. Atoms are
extremely small, but yet they have a precise size and shape and the number of these
shapes is limited. It seems that he conceived this number as corresponding to that of
the Pythagorean solids and the sphere or, rather, of the flat figures which made up
these solids. So they came to correspond in number to the traditional ‘stoicheia’. If he
conceived of flat atoms, than the various kinds of matter would result by their assem-
blage into regular and irregular solids. Just as Anaxagoras with his spermata, in order
to meet the requirements of Eleatic logic, Democritus assumed that the atoms were
unchangeable, eternal and indivisible and the substance forming each one of them is
homogeneous in that it is the basic ‘undefined matter’, only their shape and size are
different. They move spontaneously at random in an infinite vacuum (an idea prob-
ably suggested by the sight of the fine dust particles dancing in a sun’s ray). Matter is
neither created nor can it be destroyed and nothing exists but atoms. All properties
and changes in visible things depend on the movements and chance aggregations of
various kinds of atoms.

In addition actions at a distance, like the influx of the lodestone, are due to atoms
and our sensations are also due to them, Soul itself is made up of round and smooth
atoms, like those of fire.

The Democritean cosmos is both rigidly mechanistic and stochastic, and it even
forecasts the continuous formation and disintegration of other worlds. Most subse-
quent philosophers, first and foremost Plato (who wished the total destruction of
Democritus’ writings; which did in fact occur probably as a result of the merging of
Christian and Neoplatonic trends in late antiquity) hated Democritus. However Aris-
totle, though basically dissenting from Democritus, had a great respect for the
Abderite.

For anti-Democritean philosophers, who were in the majority until the 18th cen-
tury, the cosmos appeared as a basically harmonious construction, where everything
had a precise meaning and purpose, something which looked incredible, should the
world have a basically stochastic origin. Anyway, just in the field of biology, well into
our century, scholars like Rosa, Father Teilhard de Chardin, etc., advocated ‘pro-
grammed’ models of evolution and even the evolution by regular dichotomies of
Willy Hennig is basically anti-Democritean.

Our sources all state that Democritus paid much attention to the study of human
and animal nature, but we only know in some detail, as related by doxographers, his
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theory of human cultural evolution, which is very well argued and factual. Otherwise
it seems that he maintained that also the smallest of living beings must have had a
well-developed structure and organs, though not visible to the human eye; he paid
attention to embryological development and to the problem of the sterility of mules.
Democritus maintained that the brain was the seat of thought (Aristotle, instead
thought that it was an organ which function was to cool the blood). Finally he may
have been the first to suggest the division of animals into ‘Enaima’ (with blood, ver-
tebrates) and Anaima’ (without blood, invertebrates), and to argue that all animals
were capable of some reasoning.

The Sophists

In every observation or experience there is a subjective factor. This was one reason
why the Eleatic philosophers denied all possible change in the ‘Being’ and maintained
that all such change as we experience was deceitful. Anaxagoras and Democritus were
very clear about it as they distinguished between the essential qualities of their sperms
or atoms and of their aggregations on one side, and our perceptions, which, so to say,
‘read’ them as colours, smells and so on.

This problem was central to the Sophist’s school. They posed as the cornerstone of
their theories that the individual man is the measure of all things, and concluded that
there is no absolute truth, but only the individual’s truth and, therefore, that real
knowledge of absolute truth is impossible. Protagoras of Abdera (485-415 BC), a
compatriot and contemporary of Democritus, was the first and foremost advocate of
this thesis.

While Sophists were basically concerned with pure logic and gave no contribution
to empirical sciences like biology, they were feared by people like Socrates, who
thought the relativism and subjectivism of the Sophists a danger for morality.

Many later naturalists, including a number of present day scientists, maintain that
that relativism and emphasis on the subjective side of knowledge either implicitly or
explicitly denies the possibility of a science of nature. This position was typical of pos-
itivist philosophers and of not a few idealists some fifty or a hundred years ago, but it
is still debated by philosophers of science.

Socrates and Plato

While Socrates (470-399 BC) may solely be mentioned as the master who out-
lined the philosophical principles which were fully developed by Plato (428-347 BC),
the latter, though he was not interested in biology as such and gave no positive con-
tribution to it, had such a pervasive influence also on biologists during the following
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centuries, even though his teachings were distorted almost beyond recognition, so
that we must give him some attention.

Plato was mainly interested in purely rational approaches to problems, rather than
in empirical observations, but he was sure that philosophy was a single, coherent sys-
tem covering at one time mankind and all its problems as well as all natural phe-
nomena.

Moreover the Academy, Plato’s school, was the environment where Aristotle devel-
oped his genius, and to him we owe the tradition of the prominent place that the
study of nature must have in philosophy.

Almost all Plato’s ideas in the field of natural history are expounded in the
Timaeus, possibly the worst of his ‘dialogues’. This is extremely long and tedious, but,
nonetheless, had a great importance, as its Latin translation by Calcidius was the only
Platonic dialogue known in the West during early medieval times.

This dialogue, also because of the continuous influence of Neoplatonic tradition
on scientists until the 17th century, had a far greater influence than it deserves.

All in all, if we consider biology properly, Plato could effectively be disregarded, as
he never made any observation on animals and plants and barely mentions biological
problems. However, since the idealistic approach of Plato had a great influence on the
subsequent development of biology and more generally on the sciences and caused a
considerable change in outlook on its problems as well.

Plato, in order to refute the Sophists, takes his start from their gnoseologic doubts
and their taking man as the yardstick by which all things shall be measured; but he
then created an anthropocentric system where the paramount values are spiritual
ones. If we limit ourselves to natural sciences, and we ignore his ethics and his theo-
ries of knowledge, Plato’s anthropocentric philosophy had a damaging influence on
the development of sciences, though neither he nor Socrates, in true Greek fashion,
ever supposed that the universe had been created for the benefit of mankind, as was
believed by not a few thinkers of monotheistic faith.

Also the Platonic concept of ‘Eidos’, which is that the Archetype of anything, its
idea, pre-exists to the thing itself played a negative role in sciences, in spite of the
prompt criticism by Aristotle.

On the whole it is difficult to estimate the precise influence of Platonism on biol-
ogy which was, nevertheless, considerable. In a sense, even if it may look like a para-
dox, Plato might be considered as the founder of systematics or, at least of that type
of systematics where the concept of ‘archetype’ is more or less presumed in the formal
description of a taxon. Linnean systematics are often quoted as an example of this type
of systematics, but, as we shall see, this is a complete misunderstanding of Linnaeus’
ideas.

Plato maintains that a horse, for instance, meaning any particular horse we see, is
just a more or less accurate material expression of an ideal ‘horse’ which exists and is,
in itself perfect and eternal. Therefore the naturalist should, according Plato, strive to
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understand and know that pre-existing and eternal idea or form of horse by studying
as many individual horses as he can (and Chrysippus commented: “Oh, Plato, I can
see the horses, but not the horseness!”

There is no question that Plato succeeded admirably in showing the imperfection of
the knowledge that we can get from our sensations. But from that he derived a gratuitous
corollary: that true knowledge can be reached only by pure reasoning. He therefore gave
the naturalist the task of acquiring, starting from observable things, the knowledge of
ideas and of laws, which are both unchangeable and eternal. This little devil lingered in
the practice of biology and is at the root of what is erroneously called the typological
concept of taxa, which should more correctly be termed ‘the idealistic concept’.

Some general remarks

In the next chapters we shall see how the balance between observation and theo-
retical developments evolved through classical times, but we must here point to a
technical problem and to its consequences. We shall see that after Aristotle, while sci-
ences such as mathematics and astronomy with the highest rational content and less
need for detailed empirical observations made considerable progress, the natural sci-
ences had an increasing tendency to become subservient to medical ‘praxis’.

The lack of optical instruments in classical times had a paralysing effect on biolo-
gy. As a matter of fact the Romans had some knowledge of lenses and of their prop-
erties; but magnifying instruments were not employed until spectacles came into use
in the 13th century and the first to use lenses as an aid to biological observation was
apparently Gesner, well into the 16th century.

It is equally true that where the Greek astronomers made their worst mistakes, this
was not the result of a faulty method, but a consequence of wrong measurements due
to the lack of sufficiently accurate instruments. When these became available, the revi-
sion and refutation of old theories was immediate.

Early Greek medicine

The close connections between biology and medicine through all the period cov-
ered by this book, compel us to sometimes consider studies and events that, though
more significant to the student of the history of medicine, can not be conveniently
ignored by the student of the history of biology.

We must, therefore, pay some attention to the early development of Greek med-
ical science.

If we turn again to the Homeric texts, we find that, although in the 8th century
BC, both health and disease (and particularly epidemics) were bestowed by the Gods,
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there already was a tradition of medical practitioners independent, to some extent,
from temples and religious ceremonies. Though the Gods might give some help in
aiming the spear or the arrow, this was accessory to a man-made wound which men
could cure by merely practical means. So Asklepios (in Latin Aesculapius) in the
Homeric poems is still a mere hero and a Thessalian prince, as purely human as are
his sons Podalirius and Machaon, both renowned surgeons. It was much later that
Asklepios became a God and the son of Apollo. His cult was introduced in Athens
only in 429 BC and in Rome in 292 BC.

We owe the traditional emblem of apothecaries to the cult of Asklepios, the snake
coiled around a staff. The snake was his sacred animal, and occasionally was even con-
sidered his epiphany, that is his earthly manifestation (the use of two snakes coiling
around the winged caduceus, presently often used as a symbol with the same mean-
ing is a gross mistake, as this is the symbol of Hermes in his function of ‘psychopom-
pus’, the guide of souls to the underworld!).

Around the cult of Asklepios grew many sanctuaries, and some of them became
famous as healing places. There, as we know from a variety of documents, including
votary gifts and tablets relating cures and healings, both religious practices and med-
ical care were administered and, though we have no evidence of a direct connection
between the two, some medical schools existed within the precints of some of the
most important sanctuaries. Moreover, several famous families of physicians are
known to have been known as Asklepiads, that is descendants of Asklepios. Both Hip-
pocrates of Cos and Aristotle were Asklepiads.

Beside the religious, moral, psychological and medical cures that were practised at
the sanctuaries, the Askepieia, we know that in Greece there were a number of lay
physicians; these were free men who, in order to get a licence to open a consulting
room (called ‘iatreia’) had to prove that they had followed the teachings of a qualified
physician for some years. We also have some records of medical officers who derived
a regular salary from the community. There were also wandering medical practition-
ers, the ‘periodeutac’, but they were commonly held to be hardly better than quack-
doctors, though they often practised ‘Lithotomy’, that is the removal of bladder
stones, a kind of surgery which the celebrated ‘Hippocratic Oath’ forbids to medical
practitioners, as there was a real danger of damaging the spermatic ducts, and thus
causing sterility.

Among the most celebrated early medical schools was that of Croton, whose most
famous master was Alcmeon of Croton, whom we have already mentioned, and who
is quoted as the first to dissect the human corpse, or, at least, some part of it. His book
On Nature is lost, but some scholars consider it likely that some of the earliest texts of
the Hippocratic corpus may actually derive from his teachings. Tradition credits Alcme-
on with the statement that the brain and not the blood was the seat of mind and with
the distinction between veins, which are full of blood, and arteries, which contain air;
finally he may have maintained that when the blood concentrated in the heart, sleep
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would begin and that death had a somewhat similar mechanism. Some other anatom-
ical discoveries are credited to Alcmeon by extremely dubious traditions.

Again to Alcmeon is credited the idea, of Pythagorean origin, that health depends on
the correct balance of all the substances in the body, so that the medical practitioner
must aim, in order to heal, to rebuild that balance, which is upset in diseased conditions.

To the school of Alcmeon belonged Philolaus of Taras, who lived in the 5th cen-
tury BC. He seems to have restricted the concept of disease to some inbalance of the
four basic humors of the body (thus pioneering one basic concept of the Hippocrat-
ic school) and that the balance was ordinarily kept by the soul.

Similar concepts in pathology were advocated by Empedocles of Agrigentum.
There are also stories about this philosopher which describe him as fighting epidemics
by reclamation of marshes and public fumigations, but as with most of the stories
concerning Empedocles, they are probably groundless.

Other famous schools of medicine of the 5th century BC were at Cyrene, Rhodss,
Cnidus and Cos. The oldest was probably the North African school of Cyrene, and
we know the names of some of the Cnidan masters, but, by far the most important
school is that of the island of Cos.

The fame of Cos is linked with that of its most renowned master: Hippocrates, son
of Heraclides (c.460-c.375 BC). We do not know which connections existed between
the famous temple of Aesculapius in Coos and its medical school, but it is at least cer-
tain that the great number of pilgrims who visited the sanctuary to seek healing must
have offered ample opportunity for observations, and the fact that Hippocrates
belonged to the sacred Asclepiad family and that his father was a physician gave this
most remarkable man the best opportunities. A large corpus of some 70 treatises cred-
ited to Hippocrates have survived. They are very different in nature and style and, as
the earliest commentators of early Alexandrian age knew, only of some thirty, there is
a good chance that only about one third of them really belongs to Hippocrates, some
being earlier (probably including the famous Oazh), while others were later. Howev-
er, it seems that the Hippocratic corpus was consolidated by the end of the century
following Hippocrates’ death, when the various writings were collected and to some
extent edited to be copied for the Library of Alexandria. Ancient scholars were well
aware of the fact that not all ‘Hippocratic® treatises were genuine and tried to sort
them out. It is a great pity that the work that Galen dedicated to this problem is lost
(it survived into the 8th century AD as we know that it was translated first in Syriac
and from that into Arabic. Neither of these translations has, so far, been recovered).

While all students of the Hippocratic corpus, both ancient and modern, have
hailed it as an invaluable source of information, wise advice and sound practice, we
shall only consider such items in it that concern biology, and exclude both diagnos-
tics and medical treatments.

We must first praise, as everyone did, the emphasis there is through the books both
on accurate observation and exact reporting. The corpus is notable also for the factu-
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al analysis of observed symptoms and for the fact that it does not concern itself with
any magical or religious practice, though we know from other sources that these were
both familiar to sick Greeks.

Hippocratic pathology and, by consequence, therapeutics, were based on the the-
ory of complexions, that is of the kind of basic humour that was assumed to pre-
dominate in the patient’s complexion. Thus we owe to Hippocratic medicine terms
familiar to everyone, such as the Sanguine, Phlegmatic, Melancholic and Bilious com-
plexions, just as for a number of medical terms such as ‘crasis’, ‘discrasia’, ‘crisis’,
‘prognosis’, etc.

As for the scientific knowledge of the Hippocratic school, it was not great. They
had some knowledge of the anatomy of bones, but their anatomy was still rudimen-
tary: nerves, vessels and tendons are not clearly distinguished; both the trachea and
the bronchi were called arteries and likewise, true arteries were considered to be pneu-
matic vessels and air was supposed to pass from the bronchi to the heart by an arteri-
al vessel and there, mixing with blood, it created heat, which was the cause of life.
They also supposed that from the left side of the heart, where the blood was heated,
thus acquiring its vital powers, blood reached the liver. As far as reproduction was
concerned, while the Hippocratics considered the uterus of women to be bicornuate
like that of many mammals, they thought, alternatively, either that sex was deter-
mined by the development of the embryo either in the right or in the left horn of the
uterus, or that it depended on sperm coming either from the right or from the left tes-
ticle. They also thought that the embryo derived from the union of both parents’
sperms (as they considered vaginal and vulvar secretions to be a sort of feminine
sperm). Male sperm accumulated in the testicles, but, as maintained, for instance, by
Anaxagoras, it was made of innumerable, infinitesimal particles coming from the var-
ious parts of the body.

Indeed, while, the therapeutic practices of the Hippocratic school were sound,
their observational principles good and their ideal of an empirical medicine equally
good, they contributed little to the advancement of biology. However, just because of
their principles, they are at the root of that splendid age of biology that opens with
Aristotle and practically closes with Galen in the 2nd century AD. Naturally medical
practice did not get frozen with Galen, and we shall see, throughout the late classical
times and even in the early medieval times, here and there new techniques were per-
fected, new drugs were added to the existing lists, some new knowledge was added.
However a truly scientific approach to life studies had to wait exactly 1,000 years
before truly scientific enquiries in life sciences were resumed, such being the span sep-
arating Galen from Saint Albert the Great (Albertus Magnus).






CHAPTER II

Aristotle and Hellenistic biology

SYNOPSIS OF MAIN HISTORICAL EVENTS AND OF CONTEMPORARY SCHOLARS

359-336 BC Philip II rules Macedonia.

338 BC battle of Chaironeia and Macedonian overlordship on Greece.

Aristotle 384-322 BC in 335 begins his teaching in the Lyceum, Heraclides Ponticus c. 350-300
BC, Theophrastus c. 380-326 BC

336-323 BC between 334 and 323 Alexander the Great conquers the Persian Empire.

c. 310 BC Prolemey I Soter begins the building of the Museum of Alexandria.

Zeno the stoic c. 310 BC, Epicurus c. 300 BC; Herophilos c. 290 BC ; Aristarchos of Samos c. 280
BC, Euclides c. 280 BC, Erasitratos c. 275 BC, Apollonius of Pergamus c. 260-200 BC, Strato c.
287 BC, Archimedes 287-212 BC, Eratosthenes 273-192 BC

264-210 BC first and second Punic wars, Rome becomes the foremost Mediterranean power.

197 BC the Roman victory in the battle of the Cynocephalae, ends the Macedonian supremacy in
Greece.

190 BC Roman victory at Magnesia, Rome gains supremacy in Asia and the Seleucid kingdom begins to
disintegrate.

168 BC Rome annexes Macedonia after the battle of Pydna.

146 BC destruction of Corinth and end of the anti-Roman revolt led by the Corinthian league, Rome
annexes Greece, but leaves intact local self-government in the main towns.

Ipparchos 180-100 BC, Seleucus of Babylon c. 150 BC, Phylo of Byzantium sometimes between
150 BC and 150 AD, Hero of Alexandria 1st century BC

The zenith of Greek biology

ARISTOTLE

When we meet Aristotle we may properly speak for the first time of a true science
of biology. We have seen that since the very beginning of Greek speculation, several
thinkers had considered all aspects of physical world and some had actually titled their
writings ‘perl physeos’. We should also remember that for most of them and for
Greeks in general the understanding of Nature had a strong religious significance (as
shown, for instance by the Orphic hymn to Nature).

While Greek scholarship had made great advances in mathematics and especially
in geometry, and had provided elaborate calculations and advanced theories in astron-
omy and cosmology, the situation was entirely different in the other branches of sci-
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ence. Especially in the field of ‘natural sciences’ daring hypotheses had been advanced,
including that of the possible mathematisation of the whole universe and the geo-
metric-atomic hypothesis of Democritus, but all these hypotheses, being untestable,
were suggested rather as reasonable guesses, than as what we would call scientific the-
ories.

Most of the pre-Socratic philosophers, and indeed of the later thinkers, were con-
cerned with ‘saving phenomena’, that is to provide a coherent logical framework with-
in which all known facts could be framed. Even the Sophists, Socrates (to a very lim-
ited extent) and Plato, though mainly concerned with man as an individual and as a
citizen, felt the need to complete their teachings by general hypotheses on the nature
of the world and on its laws.

Thus a rich set of ideas had been born, which needed sorting and verifying. This
was largely the responsibility of Aristotle.

Aristotle was born in 384 BC in Stageira, a small town almost on the border of
Greece proper, at least his contemporaries would have thought of it as such. He was
the son of a well-known physician who often practised at the Macedonian court.
Some sources say that Aristotle was an Asklepiad, that is that he belonged to an
acknowledged dynasty of physicians. It seems highly probable that Aristotle learnt
from his father the Hippocratic tradition of careful and methodical observation of
facts.

When eighteen years old Aristotle entered the Academy, where he remained until
the death of Plato, a master who certainly for some time had a great influence on him.
When Plato died he bequeathed the authority of ‘Scholarch’, the headmaster, for his
sister’s son Speusippos, an interesting and remarkable philosopher by his own right,
at least judging from the few fragments of his that survive. Aristotle, possibly also tak-
ing into account the latest political events left for Assos, in Asia minor, with some
other pupils. He had probably been invited there by Hermias, lord of Atarnaeus, a
eunuch who had himself been a pupil of Plato some time before.

It was apparently during his stay in Assos, from where he probably paid several vis-
its to neighbouring islands, that Aristotle made most of his remarkable studies on
marine animals.

Aristotle married a niece of Hermias, and when Hermias was killed by order of the
Persian king, he first fled to Mytilene and then to the court of Philip II of Macedo-
nia, where he was appointed tutor to Alexander (III or ‘the Great).

Although Alexander did not seem to heed his master as far as politics were con-
cerned (Aristotle was a moderate conservative and a supporter of moderate democra-
cy), he apparently had a deep feeling for his master.

In politics Alexander was thoroughly imbued with the dreams of his mother
Olympias, a Molossid princess who claimed descent from Achilles. While for his
father the war against Persia was politically expedient, to Alexander it was a mission:
to unite the civilised world into a Koiné patterned by Greek culture.
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The considerable number of ‘scientists’ that Alexander included in is staff and
charged with the collection of all sorts of information concerning the Barbarians and
their lands, is certainly the result of Aristotle’s teachings; moreover some ancient
authors say that Alexander kept Aristotle well supplied with money, specimens and
information.

When Alexander began to have an active role in his father’s government and short-
ly after became king, Aristotle returned to Athens (around 334 BC), where he devel-
oped his teaching in the Lyceum (though the formal establishment of the peripatetic
‘school” was the work of Theophrastos, who formally instituted it four years after the
death of the master). Like other Greek ‘schools’, the ‘Lyceum’ was not a school in the
modern sense. It was rather both a brotherhood and a research centre, where, under
the guidance of the ‘scholarcl’, the pupils developed their own researches and per-
sonality within what we can call a ‘study group’.

When news of the death of Alexander reached Athens in 323 BC (we should
always remember that for the good Athenians the Macedonians were Barbarians),
Aristotle, as a leading figure in the pro-Macedonian party, felt insecure and left for
Euboea, where he died shortly afterwards (322) at the age of 63.

Aristotle was a prolific writer and the subsequent story of his writings is rather
curious. During his junior years at the Academy he had written poems and dialogues
on the platonic model, but as far as we can judge from the few surviving fragments,
rather independent of the beliefs of his master. Of Aristotle’s poems we have just a
short one in memoriam of Hermias and a few other lines.

In Aristotle’s times the equivalent of modern ‘publication’ was the final copying of
the text and making it available for public reading. The cost of books was such that
people usually did not read them themselves, but assembled in small groups in private
houses where someone (usually a slave) read the book to the audience.

The ‘finished” writings of Aristotle have practically all been lost, but we still retain
their titles. As most, if not all of them, were still available in the 5th century AD to
scholars such as Simplicius, I suspect that they ceased to be copied under pressure
from religious preoccupations. Besides the lost ‘finished’ books, either at his death, or
at the time of his hurried departure from Athens, a large number of Aristotle’s writ-
ings were left to his pupil and friend Theophrastos (whom we shall consider further
on for his botanical works), who was the first official scholarch of the Lyceum.

Theophrastos, who had somehow also acquired the library of Speusippus, at his
deathbequeathed all his books to his own nephew Nelaeus of Scepsis, rather than to
the next scholarch, and so the Aristotle books went to Asia. Either Nelacus himself or
his heirs sold some of the manuscripts to Ptolemy II Philadelphos for the Library of
Alexandria, and hid the rest.

Many years afterwards the peripatetic Apellicon of Teos purchased this remainder
and brought it back to Athens. But Apellicon, besides being a rich and passionate aris-
totelic, was one of the leaders of the party that in Athens favoured Mithridates VI
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Eupator of Pontus against the Romans; and when Sulla, during his campaign against
Mithridates, conquered Athens (84 BC), Apellicon was killed (or he may have died
shortly before), and Sulla, as an intelligent and cultivated man, among his share of the
plunder, took the library of Apellicon. Thus the manuscripts ended in Rome. Short-
ly before that, other Aristotelean books may well have reached Rome through Rhodes,
where we know that there was an active Aristotelean school, by the agency of Lucul-
lus, another brilliant Roman general and a cultivated man.

Around 72 BC all the manuscripts were entrusted for editing to a former prison-
er of Lucullus, the grammarian Tyrannion. However, his work did not proceed fur-
ther than to the production of a catalogue of the manuscripts, although, as his friend
Cicero relates, Tyrannion made them known among the Roman elite, which includ-
ed Pomponius Atticus, who was the protector and ‘editor’ of all the great Roman writ-
ers of the Augustan period.

It thus happened that, apart from the Athenian constitution (a book which was part
of a comparative study of the constitutional history of 158 Greek towns and which
came to us through a papyrus discovered in 1891 at the British Museum), what we
have is the result of the work of Andronicus of Rhodes who, around 50 BC under-
took the reordering and ‘editing’ of all the material.

Actually he grouped the various texts so as to make them in some fashion into
organic treatises. Although they are all in Greek, as they were edited in Rome, they
were then generally known (and are familiar to us now) by their Latin titles.

It is certain that not all of Aristotle’s biological work survived. We know, e.g., of a
treatise of his on plants (see further on) and the Stagyrite himself refers in his surviv-
ing works to a Zoika and to an illustrated Anatomai, which have been lost as such,
though we indirectly know part of their contents.

There are also several works of biological content that were traditionally included
in the Aristotelean corpus and which have been dismissed by critics as either entirely
spurious or, at least, not Aristotelean in their present form.

Aristotle mentions in his writings on natural history that he had prepared draw-
ings or diagrams, apparently to clarify his lecture notes. These diagrams are lost and
so we may also have lost some of his general conclusions.

In order to understand really Aristotle’s biological works, it is necessary to sum-
marise the philosophical-logical framework of all his scientific work.

We may consider that Aristotle posed the problem of the essential character of the
logical problem in the De interpretatione. To this premise there follows, in the Analyt-
ici 1, the analysis of the syllogistic argument and the clarification of the causal rela-
tions that are the premise of any demonstration. After that, in the Analytici 11, he
studies the demonstration and the conclusion. Finally, as there are statements which
cannot be shown to be either absolutely true or absolutely false, he examines in the
Topici the judgements of probability.

To sum up the whole discussion, Aristoteles holds that science has some precise
limits: as far as its ‘first principles’, that science can not prove its very basic principles,
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but, that by clearly identifying them, it can falsify deceptive probabilities and thus
identify the real difficulties or ‘Apories’.

The terms of logical discourse are propositions and these can be either syllogistic,
that is that they can be proved or falsified by this type of logical procedure, or non-
syllogistic, which cannot be either proved or disproved by syllogistic analysis. Of these
last, he does not provide a full discussion, but lists over a hundred examples (these had
the greatest importance both in the development of medieval logic and of modern
modal logic).

Within a proposition Aristotle distinguishes a subject and the ‘predicates’ of the
proposition.

The ‘categories’, which may be identified with the predicates, are that which can
be said (predicated) of a subject. Thus, of a given animal you can say (= predicate) that
it is a mammal. The ‘categories’ are the object of a special treatise of the same name,
which had the greatest significance in the general development of human thought.
The categories are: substance or essence (for instance man, horse)!, quantity, quality,
relationship (e.g., double, half. etc.), where, quantity, quality, relationship (e.g., dou-
ble, half, etc.), where, when, position (e.g., standing), situation (e.g., booted, loved),
action and passion (this in the sense of being subject to an action, e.g. to cut is an
action, to be cut is a passion).

The subject to which categories apply, that is the ‘bearer’ of the attributes, is the
substance. Moreover Aristotle identifies quite clearly a critical point even in today’s
debates and this is a point where he has often been misunderstood: Aristotle says that
species and genus are secondary substances, while the primary substance is the essence
and the essence may well be entirely fictitious (or imaginary).

It is necessary here to point out that, unless it was discussed in his lost writings,
both Aristotelean physics and metaphysics deal with transcendent problems in a
strictly rational way, and it is not at all clear whether, apart from ‘God” who thinks
himself, and ‘Nomos’, a natural law which rules Nature’s matters in the best possible
way, there is a room in his world for the Olympian Gods.

The fact that a good deal of Aristotle’s writings vanished shortly after the closing
of the Academy by Justinian I on religious grounds, as he thought the Academy to be
a dangerous stronghold of Paganism, suggests that such a possibility was there, at least
in the views of later scholars.

As we shall see, during Roman times, philosophers spent a good deal of ingenuity
in an effort to reach a synthesis of the main philosophical schools and paid much
attention to Aristotle (so much that the late antiquity handled down to medieval
thinkers some spurious Aristotelean treatises with a strong Platonic or neoplatonic
tinge, that our western scholars took at face value until well into the early renaissance)
and the loss of certain Aristotelean writings may well have been planned.

! Substance was however defined as a special kind of category, see appendix to Chapter IV.
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Coming back to Aristotle’s scientific works, I shall not consider his works in math-
ematics, physics and astronomy, as they are usually adequately dealt with in high-
school textbooks (I want, however, to recall that his considerations on the infinite and
on potential infinitesimals opened the road to the calculus of Archimedes and of Leib-
niz, and equally important is his discussion on the possibility of non-Euclidean
geometries). Nevertheless there are some general points worth mentioning.

The first thing to notice is that, though Aristotle was the first to deal systemati-
cally with logic and of logic as the foundation of true knowledge, he not only devel-
oped syllogistic logics, but was well aware of the need of instruments to deal with non-
syllogistic statements, which he did not have the time to study; moreover, he always
stressed the need for empirical observations. his observations on anatomy, physiology
and behaviour of animals unquestionably prove him to have been a first class observ-
er and a scholar of literary sources, the more remarkable if we consider that, as he says
himself, he had no examples to follow, nor had he magnifying glasses or any other
optical instrument.

A second point: he is constantly preoccupied with the ‘utility’ of the structures or
of the behaviours that he describes and holds that everything exists for a purpose (the
so-called, and criticised, ‘teleological view’ of the phenomena). However, he separates
that which happens ‘by necessity’ or, better, ‘that must be’, from that which is mere-
ly useful (and we shall see that his pupil and successor Theophrastus raised serious
objections to this interpretation. It is to the credit of Aristotle that he chose as a friend
and successor a man who was critical of his ideas, but it must be said in fairness that
also a dogmatic character such as Plato, choose for his successor his nephew Speusip-
pos, a man who did not see eye to eye with him).

Finally Aristotle tried to frame all the basic phenomena within general physical
theories (unfortunately mostly wrong). More precisely he tried to explain also biolog-
ical phenomena in the framework of the following theories of his: (i) theory of
motions, (ii) theory of substance, (iii) theory of rationality. Of this last we shall have
to say something later, on the first two let us consider their basic tenets.

Concerning movement, Aristotle distinguishes two basic kinds of motions: natu-
ral and violent. Natural motions are those that the objects possess spontaneously in
order to get to their ‘natural place’, that is the natural place of their main constituent
elements. So as fire and air are ‘light’, they tend to move upwards and objects mainly
made of air or fire, such as smoke, move naturally upwards. Vice versa, earth and
water being heavy move downwards and so will move basically watery or earthly
items. ‘Violent motions’ are such motions that are imposed on an object by an exter-
nal agent. However, on theoretical considerations Aristotle discusses the possibility of
vacuum or ‘emptiness’ and, notably, he remarks that if vacuum existed, objects mov-
ing in vacuum would have a tendency to move forever, a remarkable anticipation of
the principle of inertia which, as we shall see also on other matters, brought Aristotle
very close to some of the greatest achievements of science, and that he refused for curi-
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ous verbal illusions: ‘Emptiness’ he says, is ‘nothing’ and ‘Nothing’ can not be an
existing thing. But, having denied the existence of a vacuum and not having the con-
cept of energy, Aristotle thinks that, in order to continue moving, an object moved by
a violent motion, it must continue to get pushed by it throughout its trajectory, oth-
erwise it would instantly stop. Moreover to Aristotle any change in shape, including
growth, is a kind of motion.

As for matter, his theory is both complex and confused. Matter consists in the tra-
ditional four ‘elements’ (Stoicheia): Earth, Water, Air and Fire, but there is a fifth ele-
ment which characterises the celestial spheres (which spontaneously move in rational
movements), and is the same as the forces’ which keep the living beings alive and
moving. So Aristotle calls as ‘primary substances’ these elements, and distinguishes
them from ‘secondary substances’, the two pairs of basic qualities: heat and cold, dry-
ness and humidity. It is the various mixtures of the ‘secondary substances’, acting on
the undifferentiated Arché, which make it into the four elements, which mixture, in
turn, made the real, observable things (and this whole theory was criticised by
Theophrastus). It must be remembered that, as Aristotle rejected the atomic model
and saw matter as a continuum, he did not conceive of the mixture of the ‘secondary
substances’ or of the ‘elements’ as a mixing, but rather as a sort of alloy or of an alge-
braic addition of the various characteristics.

We shall see later how this Aristotelean theory became the basis of much alchem-
ical research on transformation, especially of metals. Indeed, if one assumes that any
known object potentially contains something of every substance, it was reasonable to
assume that by appropriate treatment one could either enrich it with some qualities
or vice versa and thus that one could transform things (which are not substances in
the Aristotelean sense). It may also be added that to the Greeks and for many cen-
turies afterwards, such transformations were a daily experience: the production of pot-
tery, of metal alloys, dyeing of objects, fermentations, digestion itself (and on that we
shall have much to say) were all examples of such transformations.

It must be added that the concept of ‘matter’ by Aristotle is complicated as his idea
of substance (his ‘ousia’) is basically correspondent, in the physical field at least, with
the older ‘stoicheia’, while the form’ (Eidos, translated also as ‘species’ and, in Plato,
with ‘idea’) is the actual cause by which the indeterminate substance gets its own char-
acters (attributes).

Given these premises, we may now turn to Aristotle’s biological works. Sparse, and
sometimes important remarks are scattered in several of his books, and we have a
series of short treatises (Parva Naturalia) of biological subject, but at least some of
them are certainly spurious. The main biological treatises are the Historia animalium
(10 books), De partibus animalium, De incessu animalium, De generatione et corrup-
tione (5 books), De anima (3 books), moreover, as we have already said, we know the
titles of other biological treatises now lost. Of his botanical treatise in 7 books only a
few quotations survive, but we know that he was the first to compare a plant with an
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animal with its head buried in the soil and which roots were functionally equivalent
to mouths.

As a whole, in his works, Aristotle deals with some 540 kinds of animals, and he
assembled much evidence on their aspect and structure. Aristotle must have been
indebted for many such evidence to some older and lost works (probably including
those by Democritus), or have relied on second-hand information by supposedly reli-
able informers, but most of the evidences related were certainly personal observations.

As he constantly recommended following in investigations the still prevailing prac-
tice of: (i) to proceed to the statement of the problem, (ii) to quote older literature
and discuss it, (iii) to perform and describe personal observations, (iv) to reach con-
clusions; we may be sure that he must have tried to verify the reliability of his sources
whenever possible.

We shall now list, as examples from his gigantic work, some of his most remark-
able achievements.

However, a necessary premise to the description of his achievements is the consid-
eration of his interpretation of the animal’s structures. Though he is to some extent
rather ambiguous, Aristotle does often consider the concepts of analogy and identity.
Obviously he could not provide either a clear definition of them or avoid some seri-
ous mistakes with this which is the very first discussion of problems that were suffi-
ciently clarified only in the second half of the 19th century on the basis of evolution-
ary theories. It is, however, surprising how clearly the Stagirite stated the problem. He
writes: “Groups that are different only by the type or number of identical features are
grouped into one single class, while groups whose attribute are analogous but not
identical, must be separated. Thus the different birds differ by the type of their feath-
ers, sometimes long and sometimes short, but all of them have feathers. Fishes and
birds, instead, are distant as they have only analogous organs: birds having feathers
and fishes scales: these analogies are scarcely useful for the grouping of the animals as
almost all of them show analogies in their corresponding parts”.

Let us begin with terrestrial Arthropods (Entoma), as they clearly illustrate the
range of Aristotle’s curiosities concerning even animals apparently devoid of practical
interest.

Aristotle defines these animals as follows: “Animals without blood, with more than
four legs, some winged, They are neither osseous nor fleshy and their body is rigid
both internally and externally”, a rather good definition except for this last, rather
obscure statement (does it refer to the existence of tentoria?).

Though Aristotle deals rather vaguely with some groups such as butterflies or
grasshoppers, he maintained that Insects should be grouped by the characters of their
wings and of their mouth-parts, precisely the basic criteria followed since the end of
the 1700s and, to some extent, still used.

Aristotle suggests the following alternative groupings:

On the evidence of the wing’s structure:
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1) Winged (Pterota)
A) With helitrae (e.g. .Beetles, Coleoptera)
B) Without helitrae
b1) with four wings (e.g. Bees)
b2) with two wings (e.g. Flies)
2) Without wings (Ptilota)

On the evidence of mouth-parts:
1) With teeth, eat everything (e.g. Beetles)
2) Without teeth and with a proboscis
a) consume any liquid (e.g. Flies)
b) consume only blood (e.g. Cowflies)
¢) consume only sweet liquids (e.g. Bees)

Generally Aristotle describes in detail only the exterior aspect of insects and dis-
cusses their metamorphosis. He justifies himself for not doing their anatomy, saying
that they are too small to see in detail their anatomy, but even in this field he made
some remarkable discoveries.

Unquestionably Aristotle had considerable difficulties with dealing with the devel-
opmental stages of insects. So he uses the term ‘skolex’ both for insect larvae and for
worms; he uses ‘Kampe’ for caterpillars, for the triungulins of the Cantarids, and for
the campodeiform larvae of fireflies. ‘Chrysalis’ is usually the term for pupa, but
speaking of the Bombyx which was bred in Cos to produce a kind of silk, Aristotle
calls ‘Kampe’ the first developmental stages, and ‘Bombylios’ the advanced stages,
while the pupa is called ‘Nekadylos’. ‘Skolex’ and ‘Nymphe’ are respectively the larvae
and the pupae of Coleoptera, Diptera and Hymenoptera, while ‘Kones’ are both the
eggs and larvae of lice, fleas and of cockroaches.

Aristotle describes the moults of Arthropods, but completely misunderstands their
metamorphosis, and has some important observations on the reproduction, feeding,
care of the eggs and of the larvae and on the production of sounds.

Though he made only sparse observations concerning the anatomy of insects, nev-
ertheless he says that the heart is between the head and the abdomen and that some
insects have only one heart, while others had many of them, so that, if they are cut
into two pieces, they can still live for a while. Surprisingly he maintains that some
insects have a trunk, but others (which we would call ‘mandibulates’) have a similar
organ (the labium in our nomenclature), between the teeth; that in Cicadas the
mouth and the tongue are fused and that they feed through this organ as through a
root. Aristotle says that the gut of insects can be either straight or convoluted and that
the big ones have a stomach to the fore of it.

Aristotle thinks that the insects eat little ‘because they are cold’, adding ‘because
heat requires and digests food rapidly’. We shall come back on his remarks on insect
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reproduction, a subject on which he gave very accurate descriptions and a wrong
interpretation.

All in all T think that his observations just listed qualify Aristotle as a most acute
observer.

Aristotle made a number of studies on marine invertebrates, which is most notable
as these animals tend to look as of small interest. Apart from his studies on the anato-
my of Sea-urchins, he described the peculiar reproduction of some Cephalopods,
where one arm of the male becomes modified into a storage place for semen and
works as the copulatory organ, being introduced into the syphon of the female where
it may even detach itself. Although it is often credited to him in histories of zoology,
his description of the ectocotile tentacle is based on Octopus vulgaris, and he, appar-
ently, never examined Argonauta, where the ectocotyle arm of the male becomes
detached and swims by itself into the female. Aristotle’s description was discarded for
centuries as fantastic, and generally overlooked, until in 1827 Delle Chiaie, discov-
ered the ectocotyle arm of Argonauta attached to a female, and misidentified it as a
parasitic worm, describing it as a Nematode, a diagnosis which none other than
Georges Cuvier changed into the equally wrong identification as a Trematode and
proposed for it the name Hectocotylus octopodis (Delle Chiaie had ranged it into the
genus Trichocephalus). The first doubts occurred independently to Oronzo Gabriele
Costa and to Defilippi around 1841, but it was only in 1852 that J. Miiller finally
showed that Aristotle had been absolutely right.

Still on Cephalopods, we owe to Aristotle the description of the development of
the eggs of the Octopus and the Cuttlefish and of the peculiar relationship that the
yolk has with the mouth of the embryo.

Aristotle says that usually dogfishes reproduce by eggs, but that there is a species
where the embryo is fed inside the mother by a placenta like that of Mammals, which
he proceeds to describe. Again this was not believed by later scholars, until Steno
made the same observations in 1673; but it was only in 1840 that again J. Miiller
proved that in the Mediterranean species Mustelus laevis and in a few others, the devel-
opment was precisely as described by Aristotle.

Again, Aristotle gave an accurate description of the Angler-fish and of how it cap-
tures its preys, but, because of its poorly ossified skeleton, grouped it with the Sharks.

We shall come back to the studies of Aristotle on reproduction; here we just men-
tion two things as related by him, one correct and one wrong, and consider the rea-
sons that explain he error.

Aristotle describes the reproductive behaviour of the catfish living in the river Ach-
elous, how the male remains at the nest and attacks possible predators of the eggs,
and, finally, how fishermen take advantage of this habit. This piece was generally
labelled as fantasy, as such behaviour was not known in any other European fish.
Then, around 1850 Louis Agassiz described exactly the same behaviour in an Ameri-
can catfish. The absolute reliability of Aristotle’s account was thence verified precise-
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ly in the Achelous catfish (Parasilurus aristotelis) and it is presently known also in other
species, such as the Danubian catfish, Silurus glanis.

In another passage Aristotle relates how Crocodiles, alone among the quadrupeds,
in order to open the mouth, elevates the maxilla instead of lowering the lower jaw.
Obviously crocodiles must depress the mandible, just as any other tetrapod and,
moreover, as their skull is completely akinetic, the upper jaw can not move even
slightly, with respect to the braincase, as it is possible with the upper jaw of vertebrates
with a kinetic skull. Nevertheless the statement of Aristotle (who, for that and a few
other items has been charged as being quite gullible by phantastic tales), is fully jus-
tified as (i) the braincase of crocodiles is very short in comparison with that of the
snout and the jaw is articulated at the back end of the skull, and (ii) the legs are short.
Thus, especially when basking in the sun, the mandible rests on the ground, so in
order to open the mouth (as a thermoregulatory device by ventilation), crocodiles are
forced to rotate the skull on a vertebral hinge, thus giving exactly the impression of
merely rotating the upper jaw.

Naturally Aristotle also made some, apparently inexplicable blunders, such as
maintaining that both the Lion and the Wolf have a single bone in the neck (yet in
some small mammal which Aristotle did not know and in Cetaceans, the cervical ver-
tebrae actually fuse together, apart for the Atlas).

If we are to evaluate Aristotle’s work both in the context of Greek science and in
comparison with later developments, we must acknowledge that he was the first to
employ consistently comparative methods in order to study the correlations between
organs and their functions as well as between different organisms and to evaluate their
significance in terms of affinities, and thus that he was also the first to consider the
possibility of systematics.

It is clear that he was not interested in merely cataloguing and describing animals.
Thus a number of animals very common in the areas where he lived, and that he must
have known quite well, are not mentioned at all in his writings. In his surviving books
(his Zoika may have been different) the animals quoted are referred to just because
they have some characters which are significant to the discussion of some general
problems.

It is quite clear from the texts that Aristotle’s studies imply criteria for affinities and
distinctions (that is grouping the animals at the same time by ‘genus” and by ‘species’,
more or less inclusive), but it is equally clear that, unless this was formalised either in
the lost tables or in the lost treatises, while he was establishing the basic criteria by
which a formal classification is possible, Aristotle refrained from proposing one.

As a whole Aristotle considered some 540 species or groups of species of animals
and, starting with the consideration of a number of correlations such as “all horned
quadrupeds lack the upper incisors and have a multi-chambered stomach” (which he
describes), he reached some general conclusions. In principle, Aristotle was sceptical
of dichotomic classifications, and wrote a vitriolic criticism of them. Nevertheless he
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recognised a basic distinction between ‘Enaiman’ animals, that is ‘with red blood’, 7.c.
Vertebrates, and ‘Anaiman’ animals, without blood or more precisely without red
blood, the invertebrates (actually, on this point Aristotle makes an ambiguous refer-
ence to Democritus, so that it is not clear whether this distinction was originally pro-
posed by the Abderite).

Within each of these major groups, Aristotle distinguishes various ‘genera’, each
one inclusive of a number of ‘species’ (eidos). The reader must remember that in
translations this same word ‘eidos’ is given as ‘idea’ when used by Plato, and ‘species’
when used by Aristotle. In fact the correct translation in both cases would be ‘model’
or ‘archetype’, of which the different individuals are but the empirical manifestation.
We shall come back to that when we consider Aristotle’s ideas on reproduction. Any-
way, and this is made quite clear by Aristotle’s books on logic, ‘genos’ and ‘eidos’ are
relative categories: when one considers the totality of animals, the Anaima and
Enaima are genera, while each of the included, comprehensive categories are ‘Eida,
for instance ‘Cetac’, the Cetaceans. But if we consider a subordinate category only,
again the ‘Cetae’, then ‘Cetac’ becomes the ‘Genos’, and each kind of dolphin is an
‘eidos’.

With this proviso, the ‘genera’ of vertebrates (defined as ‘with blood, viviparous or
oviparous’) are 1— man, 2— Viviparous quadrupeds (which include as subordinate
groupings “non anphodont” (ruminating, with a clowen hoof and incisors only in the
lower jaw); Monycha (without clowen hoof, horses); other viviparous quadrupeds; 3—
Cetae (viviparous, with mammae, without scales and with double respiration: Aristo-
tle believed that Cetaceans could breath both air and water, as shown by the puff of
vapour, which he considered to be water, that they emit on surfacing); 4- Birds, which
are further subdivided into Gampsonycha (= raptors), Steganopods (birds with
webbed feet), Peristerocida (Pigeons), Apodes (Swallows, House Martins and Swifts),
other birds; 5— Oviparous quadrupeds (Amphibians and the majority of reptiles) 6—
Ophioda (snakes and some limb-less lizards; though Aristotle remarks that Vipers do
not lay eggs and are ovoviviparous); 7— fishes, which he subdivides into osseous fish-
es and selachians or cartilagineous fishes, among these last he includes the Angler fish,
a mistake justified by its poorly ossified skeleton.

Turning to the Anaima (invertebrates), the subdivision implied by Aristotle’s texts
is the following one: 1— with imperfect egg: Malacia (today’s Cephalopods); 2— Mala-
costraca (the Crustaceans still known by this name); 3— With scolex (that is with
worm-like larva): Entoma (Insects, spiders, scorpions, etc.); 4— With generative
mucus, budding, or with spontaneous generation: Ostracoderma (shelled molluscs,
sea-urchins, ascidians); 5— reproducing only by spontaneous generation: organisms
intermediate between plants and animals, they include: Acalephae (jelly fishes),
Tethya (corals), Holothuria (holothurians, but probably also other animals).

Although, as we said, Aristotle has not left us a formal classification, it is apparent
that he recognised several groups which are still deemed to be perfectly natural and valid
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groups. Moreover his arrangement was influenced by concepts that he expounded in
the De anima, the first treatise on psychology. Aristotle thought the soul to be a sort of
complex ‘gadget’, which could to a large extent be identified with the form’ or with an
‘efficient cause’, that is a causative agent, which not only is the cause of life and growth,
but which also produces and develops the own peculiar characters of each organism.

In the Homeric tradition, Aristotle holds that there is an elementary ‘vegetative
soul” which exists in all living beings and which appears from the earliest embryonic
stages. Later in all animals appears (or becomes) a ‘sensitive soul’ which allows them
to feel and react to sensations. Higher animals have an ‘appetitive and locomotive
souls’, z.e. is that they have desires and can move in a planned way. Finally man has a
rational soul.

This stance is qualified by a passage in which Aristotle emphasised that there is no
basic difference between man and animals, but only a difference in the degree of
development of intellectual powers, which must also exist in dogs and horses. More-
over in several passages Aristotle maintains that all organisms form a continuous series
in which the qualities of one kind merge and vanish gradually into those of another.

This is the basic principle underlying the scala naturae which had a great influence
on Islamic scholars, was enthusiastically supported by St. Albert the Great, and
through him continued to influence biologists even after Linnaeus.

Even today average learned people are liable to ask the zoologist questions that
subsume the scala with its lower and upper steps.

This chapter naturally leads to the consideration of Aristotle’s observations and
theories on reproduction.

We have seen that Aristotle considered that the ways in which animals reproduced
were highly significant for the assessment of their affinities. So he paid great attention
both to the collection of data and to their theoretical interpretation.

Aristotle distinguishes various kinds of reproduction: spontaneous reproduction,
reproduction without coupling, budding and reproduction by copulation. In the
times of Aristotle, spontaneous reproduction (in Latin generatio aequivoca) was gen-
erally considered quite common, even if Redi, for instance, writes that the idea of his
classic experiments which disproved spontaneous generation in insects occurred to
him when considering a passage in the Iliad where Achilles asks Thetis to keep the flies
away from the corpse of Patroclus so that worms will not develop in it.

Aristotle thought that spontaneous generation occurred only in some plants, in
many, but not all insects and in most of the animals that he grouped into the Testacea
(Ostracodermata), and in those that he considered to be intermediate between plants
and animals (Zoophyta). Aristotle thought that, when it occurred, spontaneous gen-
eration was something like a fermentation or leavening, which are spontaneous (obvi-
ously Aristotele had no idea of bacteria or leavens).

A Vis, a virtue or force, as it was called by later medieval scholars, which existed
almost everywhere in the environment, by acting on appropriate earthly-watery sub-
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strates, could start this process, which was even easier when it was acting on decom-
posing organic materials, and, according to the kind of matter on which it was acting,
would produce some minute germs, which then developed into visible organisms.

Indeed Aristotle was well aware that many insects, including flies, copulated; but
he gave the most curious interpretation of the metamorphoses. While insects with
gradual development, such as grasshoppers, were no problem to him, holometabolic
insects, 7.e. those with complete metamorphosis, he thought that copulation produced
a scolex, a worm (apparently either he did not notice or recognise the eggs), but
thought that the worm was a peculiar kind of animal and believed that the pupa was
the true egg. Because of some of his theoretical assumptions he thus developed the
idea that the larvae were peculiar, imperfect organisms, which remained such until
death, as he considered the pupal moult as a death. At their death, inside the larvae
an egg (the pupa) was produced by spontaneous generation, and from such an ‘egg’
the insect was born. The theoretical background for the wrong interpretation of facts
correctly observed was this: according to Aristotle, if from an organism there arose a
different organism, itself capable of reproduction, it could in turn produce something
different again, and so on ad infinitum, but as nature cannot admit the unlimited, the
scolex must be unable to reproduce!

Among vertebrates Aristotle believed that spontaneous generation occurred only
in the eels, which is a mistake that further substantiates the greatness of Aristotle:
indeed eels are catadromic fishes, which when adults, reach the sea and swim to breed
in the middle of the Atlantic ocean, the Sargassum sea, whence their larvae return to
swim upriver to complete their development. The difficulty of tracing the whole story
of the eel’s development was such that it was finally unveiled only by Grassi and
Calandruccio when, about a hundred years ago, they recognised that the larvae
already described under the name Leprocephalus were just eels.

Aristotle considered reproduction without copulation as normal for some fishes
(but he does not specify which ones), for the bees and in plants (he obviously thought
of the higher plants), and identified the seeds with eggs.

As for the bees ‘pseudo-Aristotle’ (in fact the whole IX book which deals with the
bees was not written by Aristotle and we do not know the real author) provides a curi-
ous account: the queen is believed by pseudo-Aristotle, as by everyone in his time, to
be a ‘king’, it procreates a small number of individuals like itself and a large swarm of
workers; the workers generate the drones, which are sterile.

Reproduction by budding is quoted only in a few cases and is apparently consid-
ered as an auxiliary possibility for organisms which reproduce also ‘more normally’; it
is quoted for some plants and some shellfish and clams such as Buccinum and the Pur-
ple clam (Murex); in this last instance Aristotle, apparently, had got the idea by the
frequent occurrence of small clams growing on large individuals. Aristotle considered
sexual reproduction the normal reproductive way in most animals he studied and, as
he was always very careful to properly define phenomena, defined sexes thus: “we call
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male the animal which generates into another animal, female that which generates
within herself”. This is a definition unquestionably correct for all animals with inter-
nal fertilisation (external fertilisation was proved only at the end of the 18th century).

Quite naturally Aristotle studied the anatomy of the reproductive organs of mam-
mals. He described their blood vessels and the deferentia, the testis, the epidydimus
and the external genitalia. Here, again, Aristotle made a mistake, but a reasonable one:
he thought that the semen was formed in the first genital tract, and not in the testis;
in fact while the sperms are obviously formed in the testis, the bulk of the seminal lig-
uid is secreted by the seminiferous tubules and by the glands of the deferentia and the
prostate, so that, as far as the liquid was concerned he was reasonably right. Again, he
denied that fishes have a true testis because he judged that long and thin testes of these
animals were deferentia. Having thus considered the deferentia as the source of sperm,
there arose the problem of the function of the testis. Here Aristotle, who cannot con-
ceive of useless structures, thought that their function was to slow down the flux of
the sperm, thus aiding in its maturation (‘coction’ in the language of alchemists-phys-
iologists).

In fact Aristotle correctly considers that digestion, especially in its early stages, is
like the cooking of foods (hence ‘coction’). According to Aristotle, food, once ingest-
ed, is first ‘cooked’ in the stomach, thence it is refined in the gut undil it is made quite
liquid and useless materials are eliminated, and thus absorbed through the gut’s walls.
Thence it is ‘cooked” again in the veins and in the liver, where it is transformed into
an impure blood (ichor). From the liver the ichor is passed to the heart (which he con-
siders as being both the seat of life and of intellect), and in the heart it is further
refined and enriched with vital spirits, so that it becomes true blood, with the power
to regenerate the tissues and make them grow. He holds that, even in the refined
blood, two fractions may be distinguished, one sour, that nourishes the less noble
parts (= tissues) of the body, such as nails or bones, and a sweet one, which nourish-
es the noble parts: muscles, sense organs, etc.

The sperm is an extremely refined part of the sweet portion of the blood, which is
produced in the spermatic ducts, where it is enriched with a vis spermatogena. It will
be noticed that, given the facts that could be known in his times, the physiology of
Aristotle is remarkably reasonable and matter of fact.

In the animals provided with semen, this transmits the ‘eidos’, the form or, to use
the medieval term, the vis informativa. Even when there is no sperm (which Aristotle
believed for insects, in which he could not possibly observe it), the male is neverthe-
less capable of transmitting the vis informativa, the ‘power which induces the form’.

Aristotle is, indeed an extreme, ‘macho’, the female only supplies the menstrual
blood, which is just an inert substrate, in which may develop the processes which pro-
duce the new individual only if the semen brings its vis informativa. Aristotle some-
times compares the action of the semen to that of the artist who carves the statue, but
more often his comparison is the yeast which causes the coagulation of milk.
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Aristotle deals at length with the problem of the semen and of its function and
some of his conclusions are right and others are wrong. He is right in criticising the
idea, which seems to have been commonly held in his times, that the semen forms in
all the organs and then accumulates in the genitalia, so that each organ contributed a
little of itself to build the new organism (an idea which died hard, as it is still trace-
able in Darwin’s hypotheses on the transmission of hereditary characters).

He is also absolutely critical of the idea of Empedocles that, like the two halves of
a broken ring, the male semen produces one half of the body and the female semen
(actually the vaginal and vulvar secretions) produced the other half.

So far his arguments are reasonably sound (and we shall see that the problem of
the female semen was discussed anew by St. Albert the Great with interesting results);
but his argument that, if the female semen existed, we should have for each pregnan-
cy a male and a female twin, looks definitely strange.

Aristotle holds that in almost all animals the female produces eggs. For him these
do not however, exist in mammals or in many ‘Entomata’ (insects, etc.).

It is remarkable that Aristotle noticed the difference between the eggs of Reptiles
and of Birds (which he calls ‘complete eggs’), which do not grow after laying, and
those of fishes, which grow (‘incomplete eggs’); in fact, the eggs of fishes, as they do
not have a calcified shell can absorb a certain amount of water during development,
and thus grow somewhat in size.

It is interesting to see how Aristotle, when discussing reproductive phenomena,
combines data and hypotheses of different origins. His argument for the thesis that
the ‘form’ is induced only by the male semen is based on the ‘evidence’ that as semen
and menstrual blood are the corresponding secretions of the male and the female, and
as the menstrual blood is still blood, and therefore, is clearly not sufficiently enriched
with ‘pneuma’ to cause the development of the ‘program’ of movements that is the
‘transmissible form’, it follows that this ‘program’ belongs to the semen only. One may
notice that here, as in other sections of the Stagirite’s physiology, the ‘pneuma’ plays
an important role. Now ‘pneuma’ is an ambiguous entity in his writings: in some pas-
sages, Aristotle speaks of it as just an ordinary material entity, while in others it
appears just as a purely immaterial power.

Aristotle deems copulation to be necessary for reproduction, and that in Mam-
mals, which do not lay eggs, menstrual blood has the function of the egg. Neverthe-
less he also notices that in fishes fertilisation is external as he describes how fishes,
instead of copulating, swim side by side, occasionally hitting each other.

The description by Aristotle of the copulation of lobsters is famous for his preci-
sion.

It is worth remembering that Aristotle believes that the first result of fertilisation
is to bring to the egg a ‘principle of motion’, the stimulus to begin growth: obviously
Aristotle could not have any idea of the contraction wave of eggs, following penetra-
tion by the spermatozoon.
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In his investigation on embryological development Aristotle, quite naturally, used
bird’s eggs at various developmental stages, and his brief remarks are about the best
that one could make without the help of any magnifying instrument. We do not
know whether the Stagirite also examined mammalian embryos, but he states that
after the first ‘coagulation’ of the embryo, the first organ formed is the heart, followed
by the main vessels (in fact the haemal node and the first vessels are about the first
thing that can be clearly distinguished in a chicken embryo).

He assumes that in mammals and in some sharks these vessels will reach the uter-
ine wall and there form the placenta. The second organ to appear, he says, is the brain,
and the eyes will later bud from the brain.

Aristotle believes that the various apparatuses are made by ‘omoiomerous’ elements
(‘omoiomerous’ literally means ‘made by identical parcels’), which roughly correspond
with our concept of ‘tissue’, and the Stagirite thinks that there are five basic kinds of
them. He thinks that during development first the ‘noble’ parts are formed: meat and
sense organs, later bones, tendons, nails etc. The theoretical interest of Aristotle’s dis-
tinction between omoiomerous and anomoiomerous parts has recently been investi-
gated by the famous mathematician and theoretical morphologist René Thom, who
holds that in fact Aristotle’s concepts are more complex than is usually explained in
textbooks and that they still have a precise interest in theoretical biology.

The development of birds, according to Aristotle, follows the same pattern: he
thinks that the embryo is formed from the albumen (probably as it actually forms on
the surface of the yolk mass, which later remains attached to the embryo by the yolk
sac) and describes how the early blood-vessels develop until they reach the yolk mass,
and how later and gradually develop the different structures.

Aristotle was thus a staunch believer in the gradual development of embryos, that
is an ‘epigenist’ in the sense that this term had from the 17th to the 19th centuries,
and that his ideas, in some way, imply the first hint of the genetic pool as an infor-
mation program. It is also necessary to stress that for the Stagirite the ‘soul’, though
its nature is close to that of the higher celestial spheres, still has a peculiar material
nature and is not immortal in the sense of salvationist religions, as with death every
soul loses its individuality.

We might easily continue listing the many correct observations made by Aristotle
and his shrewd deductions, just as it would be easy to list several serious mistakes.

Among these we find instances of unjustified belief in ancient traditions, such as
that goats and some horses might be fertilised by the wind. More serious is for
instance his denial that the brain is the centre for consciousness, as it was already cur-
rently believed, and to held, instead, that its function is basically that to cool the
blood coming from the heart. This mistake was the consequence of an argument part-
ly based on correct observations. As we said, Aristotle had noticed that the cardiac
node is the first visible structure in the embryo; as he presumed that there could be
only ‘one’ soul which is both the principle of life and of conscience, it appeared that
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from this premise would follow the conclusion that if the soul had a precise location
this should be where the main organising centre appeared to be. Moreover, given the
limited technical means available, he had rightly observes that the meninges, which
are rich in blood vessels, are not part of the brain. The latter appeared as an almost
bloodless organ, and thus, being poor in blood, the brain must be a cold body (it is
odd to remember that in fact in some Mammals the blood vessels at the basis of the
midbrain, in the horns or in the nasal mucoses, have a peculiar structure and arrange-
ment so that they really function as heat-exchangers keeping the temperature of the
brain tissues constant and comparatively low).

Another seriously weak Aristotelean theory concerns motion. Equally confused
and partly wrong is his description of the anatomy and function of the circulatory sys-
tem.

Vice versa I shall quote, as an instance of his understanding and objectivity, Aris-
totle’s discussion of inter- and intraspecific competition for the limited resources of
what we would now call the ‘ecologic niche’, and he goes so far as to ask Darwin’s fun-
damental question: could it be that the perfect adaptation of every organism (that
looks so well designed for a precise purpose), is the simple result of the extinction of
the less adapted animals? Aristotle wonders: some fish produce a large number of off-
spring, but that is because many of them die before they have completely grown up.
Finally Aristotle argues that it is not extinction of the less fit, which leaves the world
to the fittest. His conclusion is accurately argued, but on premises we now reject. His
conclusions are wrong, but who else could ask the right question based on the only
evidence that he had personally collected, twenty-two centuries before it was again
correctly posed?

Aristotle was also greatly interested in problems of behaviour and physiology. For
instance he accurately describes the function of the filament of the Angler-fish and the
way this fish ‘sucks’ its prey, and the electric shock of the Torpedo.

In the Problemata, a text of which the authorship is disputed, there is a study of
problems of acoustics and of the anatomy of the ear, which much later had a great sig-
nificance in the development of morphology and physiology. We may bypass the valu-
able considerations of physical acoustics, but we must recall that ‘Aristotle’ was con-
vinced that sound could be transmitted only by air. He thus studies the morphology
of the ear, and provides a summary description of the external ear and of the acoustic
meatus, then maintains that there is a closed cavity filled with air (aer innatus) which,
in a difficult passage, appears to function as a resonator and a site at which sounds are
perceived. In fact Plutarch of Chaironeia credits Empedocles, Diogenes of Apollonia
and Alcmeon with the same opinions and a cursory description of the ear-drum
occurs in the Corpus hippocraticum. Many later anatomists argued that ‘Aristotle’
thought of the inner ear as being filled with air. I think, instead, that he was referring
to the tympanic cavity, that, not having seen the ruba Eustachii, he thought it to be
closed, and I do not think that ‘Aristotle’ had any knowledge of the labyrinth. Indeed



45

the labyrinth is almost the same in terrestrial and aquatic animals, while the author of
the Problemata appears to consider as a possibility only aerial transmission of sounds.
Anyway there is no doubt that the opinions advanced in the Problemata were a source
of difficulty and confusion to the Renaissance anatomists.

Before we leave Aristotle, we must come back to some basic informative and
directing concepts of the whole of Aristotlean biology, which are: the conformity of
all structures for the purposes for which it is used, and the ‘necessity’ of nature, ‘neces-
sity’ being a traditional, but unfortunate and approximate translation of the Greek
‘anagke’, that exactly means that which cannot be otherwise (which in his Divine
aspect, Ananke, is the goddess to whom one cannot pray to, as she is what she is and
can not be moved or be made to change her rulings; in her temple in Corinth men
were not admitted so that they could not be tempted to pray).

It is precisely Aristotle’s emphasis on the conformity with or tendency towards a
foreordained end that made many sections of his natural philosophy so adaptable to
Christian thought, and was thus instrumental in furthering the unparalleled longevi-
ty of his theories.

As regards the necessity (= law) of Nature, this is not understood by the Stagirite
in a Democritean material sense (what we would nowadays call deterministic), but
also both causal and chance-determined. Aristotle envisaged a finalised necessity (to
him the ‘final cause’ is that which tends and pushes towards a given goal and only
towards that). In other words Nature has a purpose of her own, and for its fulfilment
it must follow a certain way or, at most, choose between a few opportunities, and
Nature always chooses the way best fitted for her purpose and thence cannot depart
from the set track. It follows that each organ, every organism, even the smallest detail
necessarily occur for a given purpose.

In order to understand Aristotle’s ideas on life it is also necessary to bear in mind
his theory of the four causes: the final cause or the end envisaged, the logical reason
or formal cause, the material cause, and the efficient cause or principle of movement.

The first two causes work practically as one and in biology are the organism itself
and its soul; the material cause is just the passive matter of which the organism is
built, which in reproduction is supplied by the female. The efficient cause, again in
the reproductive processes (particularly suitable in order to understand his concepts)
is the active, male semen.

Yet another concept to remember is the distinction between first and second caus-
es. Again we can clarify it by considering reproduction: Aristotle is well aware that
organs appear in succession in the embryo, and does not believe that they pre-exist in
the semen as a sort of miniature animal (this was a common idea in the 18th centu-
ry); he was thus an epigenist. But he does not believe that the various organs must
form one as the consequence of the other. So the heart does not cause the liver, but
simply the liver follows it like night follows the day or the man follows the boy. How-
ever, as it is necessary in nature just as in art that that which is being generated must
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be the result of the action of something actually being (entelecheia) acting on some-
thing potentially existing (dynamis), the philosopher must try to distinguish what is
entelecheia and what is dynamis. So the heart does not produce the liver because, not
only would we then be faced by the question of what causes the heart itself, but also
if the heart were to produce the liver it should contain the qualities of the liver, which
Aristotle deems incredible. Therefore there must be something else, something exist-
ing in fact (in actum) before the heart and the liver which causes both. This ent-
elecheia is the soul, which is essentially the same as the logos, the rational and formal
plan of the organism, which is like the Nous of Anaxagoras, and which exists iz acru,
while the dynamis ‘actually’ exists in the matter. The semen, which in a sense acts like
a link between the soul-eidos of the parent and that of the son is the ‘efficient cause’,
the cause of movement.

The semen, this entity ‘superior and more divine’, has a much higher dignity than
the feminine semen, the menstruum, and because of that it is capable of organogen-
esis.

In order to appreciate correctly the value of this complex mechanism imagined by
Aristotle, and not dismiss it in a supercilious and superficial attitude, as happens even
in recent books, we must consider the technical possibilities for scientific research into
these matters until quite recent times. We must also remember that science is basical-
ly a great unitarian building which must pool the evidence and theories of other
branches of science into the development of each individual sector.

The difficulty scientists had in avoiding some degree of teleology will be evident
when one considers that even in 1918 an extremely learned zoologist like Daniele
Rosa was advocating, as alternative to Darwinism, his theory of hologenesis, which
won considerable support in France and which still had supporters in the ‘40s and
‘50s; a theory where, having eliminated all traces of optimistic finalism ‘necessity’
ruled. With Rosa’s theory all phylogeny was, in a sense, planned since the first organ-
isms appeared, just as the whole development of the individual is programmed in the
zygote, just to employ a comparison dear to Rosa like the adult in the egg, and the envi-
ronmental conditions merely caused the organisms to react by evolving, and selection
merely eliminated the unfit organisms, just as advocated by Empedocles or Epicurus.
It is notable that some important aspects of the hologenist evolutionary model are still
quite alive and active, embedded in the beliefs of Hennigian biologists. In the 30s,
Aristotelean teleology was rather prominent in the writings of Teilhard de Chardin for
quite different philosophical reasons.

Ninetenth century biologists of the positivistic school, though aware of the gigan-
tic work done by our philosopher, have criticised Aristotle both on account of his
finalism as well as for his tendency to allow his metaphysical theories to impinge on
his biological work. I think that this is a gross mistake due to a complete lack of his-
torical perspective: we should never judge the work of a past scholar by the yardstick
of later theoretical advances. We should rather appreciate how much the work of a
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particular scholar has advanced knowledge beyond existing ideas and appreciate how
far he has been able to pursue the fundamental scientific ideal of the search for a uni-
fied science. Under both these accounts the best appreciation of Aristotle may be
found in a letter by one of the giants of the history of biology;

Charles Darwin, when writing to Ogle, who had sent him a new translation of
Aristotle De partibus animalium writes:

“My Dear Dr. Ogle:

you must let me thank you for the pleasure which the introduction to the Aristotle
book has given me. I have rarely read anything which has interested me more, though
I have not read as yet more than a quarter of the book proper.

From quotations that I had seen, I had a high notion of Aristotle’s merits, but I had
not the most remote notion what a wonderful man he was: Linnaeus and Cuvier have
been my two gods, though in very different ways, but they were mere schoolboys to
old Aristotle. How very curious, also, his ignorance on some points, as on muscles as
the means of movement.

I am glad that you have explained in so probable a manner some of the grossest mis-
takes attributed to him. I never realised, before reading your book, to what an enor-
mous summation of labour we owe even our common knowledge. I wish old Aristotle
could know what a great Defensor of the Faith he had found in you.

Believe me, my dear Dr. Ogle,

Yours very sincerely

Ch.Darwin”

and before leaving old Aristotle, let us listen to his own words:

“Some of the works produced by Nature are ungenerated and incorruptible, others
instead, participate in becoming and in corruption. Of the high and divine things we
can know very little, as they are scarcely accessible to our senses. If we take these (few
things) as starting points, we may still enquire on them and on that part thereof which
we wish to know. Instead we can know well mortal things, such as plants and animals,
that are near and familiar to us, and on which we have more ample sources of knowl-
edge. (On them) we may verify a lot of facts on every genus, if we are only sufficient-
ly committed. Both fields of research have their own fascination. Even if we may learn
only to a limited extent of those incorruptible things, yet, because of their very height,
they are dearer to us than all the things of our world, just as it is sweeter to us to grasp
even the smallest fragment of things dear to us, than to observe with the utmost pre-
cision many other things, albeit they may be by themselves important.

However, corruptible things are the most important in science, as of them we may
achieve a comprehensive and multiple knowledge.

As they are closer to us and to our nature, they largely compensate for the incomplete
knowledge of divine things.

After I have explained my thoughts on this, I must still speak of the animal nature, and
I shall not leave anything out, as far as I am able, both if it appears of the humblest
quality, or of the highest.

.... Indeed, even in these parts that are less pleasant to our senses, nature supplies not
mean joys to whom is able to understand the causes, and has a mind open to philoso-
phy. It would be absurd and unreasonable if we were to enjoy more by the contempla-
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tion of images produced by painting or sculpture, than by that of those made by
nature, just as we are able to understand at the same time the creative force of the artist
— as this is indeed the case with paintings and sculptures — and, instead we were not to
sense an even greater joy when considering the works of nature herself, and even more
if we can have a glimpse of their structure. And we should not despise, like little chil-
dren, the lower animals, as in all the works of nature there is something marvellous.
And just as it is said that Heraclitus said to some who had come to visit him, and yet
they hesitated, as they were seeing that he was drying himself close to the oven, that
they could freely enter as even there some Gods were present. So we must, without dis-
gust, begin the study of animals, as in everyone of them there appears the beauty of
Nature, built as they are by nature itself so that nothing is at random, but everything
is for a purpose, and the purpose for which they are made takes the place that beauty
has in a work of art. I say “beauty” as in the works of nature, and especially in them,
purpose dominates and not blind chance. But the ultimate purpose for which a thing
exists or has been born has taken the place of beauty. If someone thinks that the study
of other living beings is something inferior, he should, logically, think the same of his
own person, as we cannot consider without disgust the different constituent parts of a
man. It must also be absolutely clear that when we speak of given organs, or of given
vessels, we are not merely considering matter, nor do we organise our search for this
mere purpose, but we do it in order to understand the complete form: we deal with the
house, not with the bricks, the clay, or the timber. So the naturalist deals with the struc-
ture and with the complete being of a thing and not with its mere parts, which
detached from the unity to which they pertain, have no real existence”.

Hellenistic biology

At the same time that the Academy continued to develop along Platonic lines for
a while, Theophrastus, as the scholarch of the Lyceum, continued the work of Aris-
totle. Theophrastus was born in Eresos, on the island of Lesbos, about in 371 BC in
poor family. His real name was Tirtamus and it was Aristotle who changed it into
©e0ppaotolC (= divine speaker). He had co-operated in Aristotle’s researches since
the days in Assos or shortly afterwards, and led the Lyceum for as long as 36 years,
beginning in 322 BC. The list of his writings is as long as their subjects are varied; but
they are almost all lost. He wrote on logic, rhetoric, ethics, politics, religion, meta-
physics, physics, including books on soils and rocks and his celebrated botanical
books; moreover he produced several historical studies on older philosophers, in all
about 200 titles. Now, apart from fragments, we still have an important study on
metaphysics, a considerable part of his history of psychology, some short and incom-
plete treatises on physics, his famous On characters, his book on rocks and minerals
and the two basic studies A study of plants and The causes of plants, a total of 15 books.
Several scholars credit Theophrastus of some texts which are usually considered to
have been written by Aristotle. Because of the importance of Theophrastus in the his-
tory of botany, and in order to correctly appreciate his personality, it is useful to con-
sider also his contributions in the other fields of Natural History.
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In all the works of Theophrastus the influence of Aristotle’s thought is evident, but
the pupil is always prepared to criticise the master. The most critical point, for the
basic framework of Aristotelean theories, is that Theophrastus does not agree with his
master on some physical theories, nor does he agree with the Stagirite on first and
final causes.

We have already mentioned the essentials of Aristotle’s ideas on final causes and
how he is still somewhat influenced by Platonic ideas. Theophrastus does not reject
the theory outright, but he drastically qualifies it. First he maintains that to identify
the final causes is much more difficult than it looks; second he flatly refuses the prin-
ciple, so dear to Aristotle, that everything has a purpose; he remarks: what is the pur-
pose of tides? What of the breasts (mammae) in males? Some of these things, as for
instance excessively developed antlers in deers, may actually damage their owners:
Theophrastus concludes with a moral: “We must think of limits to the final cause and
to the tendency towards that which is best, and we should not expect this to obtain
always ... Indeed, even if that was the wish of Nature, there is much that does not obey
it or that does not accrue any benefit”.

Theophrastus is equally critical of those philosophers who undervalued final caus-
es, he merely insists that it is sometimes a mistake to try at all costs to find a final cause
for anything.

In truth even Aristotle had conceded something of the sort where he had distin-
guished between that which happens ‘for love of the better’ and that which happens
‘by mere necessity’.

Theophrastus holds that, in principle, the cosmos is well-ordered and that espe-
cially celestial bodies show order at its best, but thinks that in the sub-lunar world
much happens both to elemental substances and to animals, which is just the result
of chance and has no purpose.

Another field where Theophrastus is a good critic of his master is the basic theory
of elemental bodies. In his short work On fire, Theophrastus remarks how fire is basi-
cally different from the other elements; true: all elements are capable of changing from
one into another, but fire is the only one capable to generate itself; second: fire is the
only element that both naturally and artificially requires a force to be produced; third:
while we cannot create the other elements, we can create fire, and we can do it in sev-
eral ways. The last and basic difference between fire and the other elements is that
while the others can exist by themselves, fire can exist only where other substances
occur, so he concludes “Everything that is burning is like it was existing and self gen-
erating at the same time and the fire is a sort of movement; it vanishes while it is being
created, and, as soon as the fuel is gone, so itself perishes. Therefore it seems absurd
to consider it as a primary element as if it was a principle (stoicheion), as it cannot
exist without other materials”. Nevertheless Theophrastus, typically, does not propose
a new theory of elements, nor does he decide what Fire actually is.

Again, in his metaphysics, Theophrastus suggests some basic criticisms of Aristo-
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tle’s theory of the ‘immovable mover’, but does not suggest any alternative idea.

The same occurs with his criticisms of the theory on the nature of heat and cold,
which we have seen to be primary qualities for Aristotle, but which Theophrastus
holds to be simple attributes. In his treatise on fire, Theophrastus, amongst a series of
other arguments on problems and facts of varying relevance, remarks that he consid-
ers that the whole theory of the simple substances or elements needs a radical revision,
but does not proceed with it.

The major surviving contributions by Theophrastus are his short treatise On the
stones and his botanical works.

Theophrastus in his mineralogical work divides the substances which may be
found in the ground in two classes: those, like the metals, which are mainly ‘water’
and those like earths and rocks, which are mainly made of ‘earth’> Within these two
classes Theophrastus suggests a classification based on colour, toughness, grain, spe-
cific weight, solidity and — and here he is especially interesting — on the evidence of
their reactions towards other ‘substances’, fire and heat being especially significant.
Discussing this point Theophrastus remarks that while certain minerals fuse, others
break and fly to pieces, while yet others, like marble, burn and change into something
else, like lime, and still others, at last, neither burn nor change.

In his discussion Theophrastus provides many technical and geographical details.
At a certain passage he mentions the digging of something, which is probably lignite
and this is the first time that a ‘mineral’ is recorded to be used as fuel. In another pas-
sage he provides a lengthy discussion on the touchstone, which, again, is the first
mention of the possibility of establishing the amount of certain substances in an alloy.
In the section on pigments Theophrastus records the first account of the preparation
of lead-white and, among the recent discoveries, he records the preparation of red
ochre and the extraction of cinnabar. At the end of the book Theophrastus states that
art may imitate nature and create its own substances, some for their practical use,
some for their look and some for both purposes, ‘like quicksilver’, and describes its
production and concludes: “perhaps many other like discoveries might be made”.

While most surviving Greek texts on stones give ample room to their supposed
medical or magical virtues, Theophrastus has only a few cursory references to these
items, and usually doubts the traditions that he quotes.

His typical conservative approach to theorising, his care in ordering data and his
keen eye as an observer excel in his two famous botanical works.

These were patterned on the model of the zoological works of the master and
include both careful descriptions of individual plants and general theoretical discus-
sions.

It is highly probable that many reports quote facts which were common knowl-
edge to gardeners, horticulturists and so on. Here Theophrastus” work consisted of
collecting, evaluating, comparing and organising his information, but in most
instances, all or part of the evidence is first hand.
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Theophrastus, as was his style, did not advance a true formal classification. Plants
are empirically divided into trees, shrubs, bushes (phrygana) and herbs, but
Theophrastus emphasises that these divisions must be taken in a very general and
broad sense, as some plants have an intermediate character between two groups and,
when they are cultivated, change their aspect and diverge from their essential nature.
He remarks “Nature does not seem to obey clear laws (literally “possesses necessity”):
our study and distinction of the plants in general must be taken in a broad sense and
as such must be understood”.

A good part of the two treatises consists of the methodical description of the indi-
vidual species, and here he has sometimes been criticised as quoting nonsensical leg-
ends and traditions. However when the original text is read, we find that Theophras-
tus almost always clearly distinguishes what was known to him from personal experi-
ence, what he reports and considers to be reliable and what he was quoting for the
sake of completeness, but on which he had his doubts. But for a few instances, the
legends for which Theophrastus is reproached by his critics are quoted with substan-
tial reservations.

Theophrastus also deals with some general problems and identifies different natu-
ral groups, such as Leguminosae, Graminaceae, Conifers and Palms. He is also the
author of a uniform nomenclature for the different parts of plants and for the differ-
ent types of fruits. Theophrastus, also paid special attention to the different modes of
reproduction of plants. He tells us how they can reproduce by budding, from seeds,
from a root, by suckers, from branches, from the main stem and so on.

He then discusses the problem of sexual reproduction in plants. Several authors,
probably following popular tradition, had already mentioned the possibility of sex in
plants. We do not know what Aristotle thought of it, as his botanical books are lost,
but in most instances, those that Theophrastus identifies as the male and female of
one species belong in fact to different species.

In one instance, that of the typically dioic Date-Palm, Theophrastus is right, as its
feminine flowers, in the date orchards, were traditionally fecundated by shaking the male
flowers above them. Equally correct is Theophrastus” description of the ancient practice
of caprification. We should remember that serious advances in the field of sex in plants
had to wait for the contribution of Camerarius, almost at the end of the 17th century.

In his discussion on seeds, Theophrastus comments on some important differences
between monocotyledon and dicotyledon plants and he remarks that while mono-
cotyledon plants have bushy roots and often several caules, in dicotyledon plants there
is a main root and stem, and this usually branches repeatedly.

When Theophrastus died his appointment as scholarch was taken by Strato of
Lampsachus, but only a few fragments of his writings survive.

What we know is that the pupils of the Lyceum continued to add to Aristotle’s
Zoika (whether for the better or for worse we cannot tell) and this augmented Zoica
was one of the main sources used by Pliny.
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The school of Alexandria

The contributions to biology by the scholars of Alexandria pertain almost entire-
ly to human biology and medicine.

The two main authors are Herophilus of Chalcedon in Bithynia, a pupil of Pras-
sagoras of Chos and of Chrysippus of Cnydus (both of whom should not be confused
for their homonyms both philosophers and theoreticians of knowledge), and Erasis-
tratus of Cheos, a pupil of Metrodorus, who was a good friend of Aristotle (some late
authors say that Erasistratus was a relative of Aristotle, but that is probably legend).
Both were active in Alexandria around 300 BC, that is in the times of Ptolemy I and
Ptolemy II.

But for a few lines, none of their writings survive, but, as their discoveries and the-
ories are exhaustively discussed by Roman authors such as Soranus, Celsus, Rufus and
Galenus, we are fairly well acquainted with their work.

Herophilus followed the Hippocratic school and was a keen anatomist. He is cred-
ited by Galen with being the first to practise the dissection of human and animal
corpses systematically and to compare them and Celsus says that both he and Erasis-
tratus practised dissections also on living criminals from the king’s jails (a practice
which was revived for a short time in Tuscany and perhaps elsewhere in Italy in the
late Renaissance).

Herophilus made a special study of the anatomy of the brain and surrounding tis-
sues: he described the ventricles, the calamus scriptorius in the floor of the fourth ven-
tricle, the Zorcular Herophili, the plexi chorioidaei, several of the vessels of the brain-
case and maintained, contrary to Aristotle, that the brain was the seat of mind and
soul. He was also the first to clarify the distinction between nerves, arteries and veins.
He studied the anatomy of the heart and eye (and proposed the term which has come
to us in its Latin translation retina. His study of the human genitalia led to the dis-
covery of the ovaries and he compared them with the testes. Again we owe to his
description of the gut the term dodekadactylon (= 12 fingers in length), which the
Latin anatomists translated as duodenum. From a quotation in Galen we know that,
studying the liver, he remarked the different lobation of this organ in different ani-
mals, though he, apparently, did not say which ones he had studied.

Most of Herophilus” anatomy is good, but there are, naturally, mistakes. One such
alleged mistake, however, may not be a mistake after all: Herophilus and other Greek
anatomists maintained that the optic nerve was hollow, which is generally charged to
be false; however, they may have noticed the retinic artery, which for a brief tract runs
inside the optic nerve and would obviously be found empty upon dissection. We do
not have the original description and, thus, we shall never know for sure.

Obviously much of his work is on purely medical problems, and does not concern
us here, but it must be mentioned that his book on the arterial pulse is largely quot-
ed by the Roman writers and is surprisingly advanced.
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Erasistratus is chiefly remembered for his physiology, which is indeed the first sys-
tematic discussion of animal functions. Luckily, besides the quotations we have a sub-
stantial fragment of him in the so called Menons papyrus, a text of the 1st century AD.
Rather than for his conclusions, often quite wrong, Erasistratus is interesting for his
methods and principles.

He clearly distinguished between arteries and veins, and assumed that the two sys-
tems were in communication and gave a good description of the heart’s valves and
understood their function; however, he was convinced that the arteries contained
‘pneuma’ and that, when the arteries were cut, the pneuma escaped, so that blood was
sucked into them from the veins. He was thus to some extent less advanced than
many of his contemporaries, who held that in the arteries circulated a mixture of
blood and pneuma.

Erasistratus’ physiology of digestion (like that on excretion and circulation) is
based on some sound observations of the chilifer vessels and the general assumption
that all processes are the result of purely mechanical factors related to the selective
function of vessels in proportion to their size.

Galen, himself a stoic of sorts, thinks that Erasistratus’ preoccupation with ‘pneu-
ma is a development of the dogmatic school, which held that the universal basic prin-
ciple was Anaximenes ‘pneuma’, which, in its common aspect is just air, and became
more and more ‘refined’ as it went through the smaller vessels, thus becoming ‘vital
pneuma’ and in its most refined form actually runs through the nerves as a sort of
nervous fluid (and see further on how the concept of a nervous fluid continued to
hold sway through the 18th century). Indeed Erasistratus holds that all organs are
actually a thick meshwork of extremely thin veins, arteries and nerves.

Here we must make a brief digression on the barely mentioned fact of human dis-
sections. That these were practised in Alexandria was probably a side effect of the tra-
ditional Egyptian practice of opening the corpses and removing the viscera for the
preparation of mummies, so that the local society was not, in principle, opposed to
the dissection of human bodies, moreover the opportunity of properly examining
pathological conditions was obvious. More controversial was, even in antiquity the
attitude to vivisection, particularly of humans.

Physicians of the ‘dogmatic’ school were definitely favourable (though in fact they
seldom practiced it) and one of them writes: “indeed it is not cruel, as most people
say, to search for cures for multitudes of men of future ages, by the sacrifice of a few
criminals”.

On the other side Celsus is probably expounding the advice of most learned men in
the Roman empire when he writes: “To open the bodies of living men is both cruel and
superfluous, to open corpses is necessary for medical students, as they must know the
position and disposition of the different parts, that a corpse will show better than a
wounded man. As for that which may be learnt only from the living being, experience
will teach, albeit more slowly, but also more leniently, while treating wounded people”.
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A problem which challenged Greek scientists since Empedocles, was that of vision,
and it had a manifold influence on many aspects of scientific research. The Greeks
ignored the black chamber, which was discovered by the Arabs. So since remote times,
they grappled with two basic theories: either the objects continually produce some
sort of film-like ‘eidola’ which fly from the object into the eye, or it is some power of
the eye itself, which goes out from it and, so to say, explores the environment, some-
what like the blind-man’s stick or a sort of invisible hand. Indeed this last idea is still
with us in our common language, as, when we say that we fix something when intent-
ly staring at it, this actually means that our stare ‘fixes’, it is actually holding the object
so that it can not move.

A final remark concerns the wealth of information about plants and animals which
was assembled by the Hellenistic geographers, and, among them, a special mention
deserves Strabo, who, among other things, was the first to precisely mention the
Egyptian fossiliferous localities.



CHAPTER III

Roman times

SYNOPSIS OF MAIN HISTORICAL EVENTS AND OF THE CHIEF SCIENTIFIC SCHOLARS

Before Christ

102-48 Caius Julius Caesar.

Titus Lucretius Carus (dies in 55 BC), C. Terentius Varro, c. 50, Vitruvius c. 25
42 Battle of Philippi, de facto end of the Roman Republic.

32 battle of Actium, Egypt is annexed by Rome, Octavian acclaimed Emperor.
Strabo 64 BC-20 AD

After the beginning of the Christian Era

Galenus 129-199, Cl.Ptolomaeus c.150, Dioscorides 1st or 2nd century

180 death of emperor Marcus Aurelius after having defeated the first German invasions of the Empire.
Diophantus c. 150-250, Pappus c. 300

235-285 military anarchy.

313 the edict of Constantinus and Licinius reinstate the tolerance towards the Christians which had
obtained in Severan times and again after the Law of Gallienus (253-268).

348 Christian Goths are the first Germans allowed to settle some districts in the Balkans.

376 the Visigoths, under pressure from the Huns, are allowed to settle South of the Danube as foedi =
allied, but soon they rebel and in 378 destroy the Roman army at Adrianople. Theodosius I, emperor
since 379, begins systematically to settle German ‘foedi’ in the provinces; he dies in 395.

382 the Roman legions leave Britannia to support their leader Magns Maximus in his bid for the Empire;
Maximus is beaten and killed by Theodosius I in 388, only local auxiliaries remain in Britain.

389 or 391 a mob of Christians led by the Patriach Theophilus burn part of the Library of Alexandria
393 last Olympic games.

406 The Roman Limes along the Rhine collapses on a wide front under pressure from many German
peoples, at the time it was garrisoned only by Frankish foedi, as the Roman Army had been recalled to
Italy to face a Visigothic invasion.

410 Stilicho, commander in chief of the Western imperial armies, to face German invasions recalls the
last levies from Britain; in 429 invaders, probably from Scotland are beaten off Oxford. Tradition holds
that the British leader Vortigern recruits Saxon mercenaries, who soon rebel and in 449 the invasions of
the German tribes begin, first the Jutes, then the Anglo-Saxons.

415 the Christians murder Hypatia, practical end of the Alexandrian school, except for medicine.

476 Romulus Augustulus is deposed, end of the Western Roman Empire

481 the Merovingian Clovis, successor of Childeric, becomes king of the Franks and in 498/99 is bap-
tized with his army and becomes a Catholic. He is practically the founder of the Frankish kingdom; Clo-
vis rules the Franks as king and, as most other German rulers, the Romanized Gauls formally as Patri-
cius for the Byzantine emperor; dies in 507.

490 the Ostrogoth Theoderic conquers Italy.
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Rome and Hellenistic Greece

We do not know much about Roman intellectual life before the second Punic war
(218-201 BC); however it appears that the prevailing attitudes were influenced by Etr-
uscan beliefs, and the Etruscans were, as far as we know, scarcely interested in philo-
sophic-scientific speculation. This still rather mysterious people, enjoyed a great repute
as diviners by different techniques (haruspicine, based on the examination of the inter-
nal organs of sacrificial victims; augural, based on the observation of certain birds, etc.).
All these practices were duly observed by the Romans both in the private decisions and
cults as in the public matters, and the various ‘collegia’ in charge of their public practice
operated down to Theodosian times, and they carried a great social prestige, so that
people like Cicero were greatly gratified when elected to the haruspicine collegium.

The first clear impact of Greek beliefs on the Roman mind was probably the intro-
duction of Dionysian Mysteries and it elicited a strong reaction by the Senate, who
issued the famous “senatus consultus de Bacchanalibus” which allowed the practice only
as a private cult, that is by groups of no more than six people (the Roman tradition
was always completely respectful of family cults, but aimed to strict control over any
‘public’ cult), that is a cult involving large organisations.

There is no question that Dionysus is himself an expression of a way to knowledge
(let us remember the tradition of the seasonal occupation by Dionysos of Apollo’s
temple of Delphi and the still ongoing debate started by Nietzsche on the anthitesis-
complementarity of Apollo and Dionysos), Dionysean ‘knowledge’ is undoubtedly
the “other” knowledge, both alternative and complementary to that of Apollo to
which philosophy belongs and is sacred.

The Etruscan influence encouraged the inspection of the viscera of sacrificial vic-
tims as this allowed some particular future events (a practice usual also for the Greeks:
Xenophon for one was particularly proud of his abilities in this field). Etruscan mod-
els of livers with its divisions necessary for the haruspicium, are still preserved.

The early Roman madical practice was well described by Cato the censor in his
book, and was a mixture of empirical and religious practices. The special traits of
Roman religious attitude were largely implemented in everything pertaining with
health preservation and recuperation, insuring the regular development of vital func-
tions, as well as in anything pertaining to agriculture, forestry, animal husbandry and
game. However, apart from the names of many gods and Indigitamenta (an almost
impossible word to translate), we have but a fragmentary knowledge of the actual
practices of cults. The best evidence comes from Cato major’s book De re rustica, and
it is difficult to judge how much in practice was purely ritual and how much was a
ritualized implementation of empirical experience.

In 291 BC Rome suffered from a dramatic epidemic. As usual under the circum-
stances, the Senate consulted the Sybilline books of prophecies and, as advised, sent
an embassy to Epidaurus to summon Asclepios = Aesculapius. The God, in the guise
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of a snake, willingly followed the envoys and boarded the ship which was to take him
to Rome. When the boat, sailing upstream the Tiber reached by the Tiberine Island
(henceforth called /nsula sacra), the snake slid in the water, reached the island and set-
tled there. As the epidemic ceased, the Romans built there a temple and a sort of hos-
pital. So the still extant hospital on the Tiberine island happens to be the only med-
ical establishment in the world to have been operational for well over 2,000 years.

It is possible that the first Greek practitioners came to Rome in the wake of the
cult of Aesculapius.

The first such medicine recorded is a certain Arcagathos, who may have arrived in
219 BC, but who, apparently, was hardly better than a quack, so that, as a surgeon,
he was nicknamed carnifex (= butcher, executioner). Anyway the cultural prestige of
everything Greek did certainly help the settlement of Greek doctors, who were almost
the first foreigneirs to be granted Roman citizenship. Nevertheless, the collection and
preparation of medicines continued to be practiced by empiricists.

The first really famous physician in Rome was Asklepiades of Prusa, in Bithynia,
who arrived in Rome in 91 BC and lived to a ripe old age. He was the doctor and
friend to Cicero and to several other famous Romans. He had lived in Athens and had
studied medicine and philosophy at several famous schools, including Alexandria. As
a scientist he may be rated as the founder in Rome of the, so called, ‘methodic school’,
which basic theories were, however, codified by Themison of Laodicea (c. 50 BC).
Asclepiades was also the first to teach in Rome the basic ideas of Democritean atom-
ism. We do not know, however, whether he taught them in their Epicurean version.

Different and differing schools were active in Rome:

The ‘pneumatic school’ was greatly influenced by Stoic theories, which we have
already mentioned. The pneumatic school considered the pneuma as the true basis of
life and thought that air is but a gross or, rather, contaminated kind of pneuma. The
‘pneumatics’ adopted the ‘humoral’ theories of Hippocrates and we shall see a little
further on the impact of these theories on such a great scientist as Galen. Moreover
we may easily trace their influence on biology through centuries of development.

Another very influential school was the ‘eclectic’ one, who aimed to collect and
organize what was proved to be of practical use, no matter by which school a theory
was advanced.

We shall not follow here the many and notable advances of medical practice dur-
ing the five centuries of the Roman empire, but we shall rather record such advances
that the medicines of the imperial age brought to biology.

During the 1st century AD, there lived in Rome some outstanding physicians.
Such was Soranus of Ephesus, who was active in Trajan’s and Hadrian’s times (98-
138): he wrote excellent books on obstetrics, gynaecology and child’s care. These were
obviously the results of a great practical experience and his influence was great until
well into the Renaissance. Soranus, though his interests were more restricted than
those of Galen, yet is both a notable observer and theorician.
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As far as pure science is concerned the Romans did not add anyting in Latin, but
for a few details and interesting hints during the late Empire, while they gave a num-
ber of important technical contributions. Indeed until after the final partition of the
Empire into West and East after Theodosius, any citizen of the empire, including the
emperors themselves (think of Hadrian, Marcus Aurelius or Julian II apostate) when
they had to write anything concerning philosophy, wrote in Greek, just as western
Europeans up to the 18th century wrote Latin and now we write in English.

There is an established tradition that Lucretius’ poem De Rerum Natura is an
important scientific contribution. As a matter of fact, whatever its merit as poetry, and
there is a unanimous consensus that they are very great, its content is but a faithful
account of the standard Epicurean doctrines. It just shows how well cultivated
Romans had assimilated Greek philosophy.

Titus Lucretius Caro lived in the 1st century BC, the tragic times of the crisis of
the Republic: the civil wars, the social war, economic troubles, but we do not know
anything about his life but for a possibly unreliable tradition, that he died young, poi-
soned by a love potion.

The real importance of Lucretius’ poem is that its beauty moved all its readers. Ovid,
Tacitus, Statius mention him as a great poet; the Christian authors admired him in
spite of the radical opposition of their views. During Medieval times his original was
unknown until Poggio Bracciolini discovered its first codex in 1417 in Germany, but
the fact that all the oldest codices now known are copies made during Carolingian
times, show that it was widely read up to the IXth century. Lucretius was equally popu-
lar with both scientists and literati of the Renaissance. Giordano Bruno, while he
remains basically faithful to the Florentine neoplatonic school of Marsilio Ficino, was
clearly influenced by Lucretius; Pierre Gassendi, when he advanced the first modern
hipotheses about the corpuscular nature of matter had Lucretius in mind: thus the
influence of Lucretius in the origin of modern atomic theories is certainly considerable.

From the biologist’s standpoint the best part of Lucretius’ poem is his account of
the origin of human society and civilization, which is as good (and similar) to the bet-
ter ones advanced up to the end of the 19th century.

Personally I wonder whether most of the scientists who, over the last couple of
centuries, have maintained that Lucretius was a great scientist, even if they had really
read his poem, had an adequate knowledge of Greek sciences of his times, while they
were keen on building an ancient and respectable pedigree among the ancient Epi-
cureans for the positivists of the late Victorian times.

Didactic literature

While Lucretius, as a poet, was able to make a book on popular science into a great
poem, during the Roman empire a number of writers, both Latin (who are better pre-
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served, and Greek, were busy producing texbooks synthesising the ‘status of art’ in the
different fields of science and technology.

Such books often include not only the best of available knowledge, but also some
original material. Such production of texbooks and encyclopaedias was the natural
result of the fact that the original sources were generally available only in a few great
libraries and copies of them were so costly that only the very rich could afford most
of them. Therefore it was essential to provide good and updated handbooks. For us
the capital faults of such books are two: the minor one is that they usually fail to men-
tion the type and purpose of their books, which is natural as their contemporaries had
no problem in understanding it, the second and more serious is that, usually, they fail
to mention their sources, so that, quite often we can not decide whether a given opin-
ion or account is the thought or experience of the author of the book or of someone
else. This, again, is an understandable fault as, while their users were not much inter-
ested in knowing the names of who had first said a given thing, to burden the book
with precise sources and quotations would have resulted in more work for the copy-
ist and a parallel increase in the cost of the book itself.

As far as biology is concerned the authors worth mentioning are Cato major,
Varro, Columella, Celsus, Pliny the elder and the Greeks Dioscorides and Galen.

Marcus Porcius Cato, nicknamed ‘the Censor’ because as ‘censor’ he had inflexibly
and occasionally stupidly striven to defend the pure Roman tradition, was born in
Tusculum (present Frascati) in 234 BC and died in Rome in 149 BC. A little of inter-
est may be found in his treatise De re rustica, which is preserved complete.This is a
sort of country life book where one can find cooking recipes, rules for the cultivation
of crops or the administration of farms, how to deal with slaves, medical recipes,
magic formulae and any other kind of information supposedly useful in farming. An
interesting book where one can find snippets of information of natural sciences if one
searches carefully.

Agriculture was the mainstay of the Roman economy, yet, for a number of reasons,
it was always verging on crisis, and this prompted a number of authors to suggest all
sorts of remedies and thus to write books.

Marcus Terentius Varro, from Rieti, was born to a noble family in 116 BC, died
in Rome in 27 BC and, after having served as a general under Pompey in Spain,
apparently spent his whole life writing books: according to our sources he wrote 600
books on all conceivable subjects, but his only book which has come to us complete
are the three volumes of his Rerum rusticarum. Again, apparently, it was the impor-
tance of agriculture which prompted a multiplying of copies, so that some were saved.
He provides rules for breeding stock, for the management of grasslands, and so on. In
his text he even sets rules for the best hygienic building of the villae which, were, in
fact big farm buildig complexes, which included all services, from the granaries to the
potter’s owen and also a residence for the owner.

In modern times Varro has been hailed as a precursor because he thinks that in
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swamp areas there could develop animals so small as to be invisible, which could enter
the bodies through the mouth and nose, and produce serious diseases. In fact, as the
hypothesis that diseases could be produced by microorganisms could not be verified,
it was sporadically advanced (see, for instance, in the Renaissance by Fracastoro), but
was not taken seriously until the microscope did show that such invisible organisms
not only existed, but were, in fact, ubiquitous.

Varro’s hypothesis, is therefore just a curiosum.

Also Junius Moderatus Columella, who lived at the beginning of the Christian era,
wrote on agriculture. He, like his contemporay Seneca, was born in Spain. We have
of hin 12 ‘books” De re rustica and a De arboribus. They are all very well and careful-
ly written by a wholly competent author, so that he was naturally both a source and
an inspiration for several later authors, especially in Medieval times.

Celsus is important almost only for the medicine. He was probably born in Gaul
(precisely in the Gallia narbonensis) and we only know that he was active in Rome
between 18 and 39 AD under Tiberius. As already said his work is extremely important
for the history of medicine, but hardly for the biologist. He was an excellent writer of
encyclopedias. Actually he wrote a big tratise calles Arzes devided in four sections: De
Agricoltura, De Medicina, De Rhetorica, De Re militari. Only the eight books on medi-
cine survive, and they make a very complete medical handbook of eclectic pattern.

Celsus has been unfortunate: the Latin sources mention him rarely just as a learned
scholar, his work was practically ignored during the Middle Ages, though we still have
two copies done, as usual, in Carolingian times, and a third codex was copied by Nic-
cold Niccoli in the first years of the 15th century, and is now lost. Pope Nicholas V is
also considered his rediscoverer and Celsus’ treaty has the distinction of being the first
printed medical book (Florence 1478). The physicians of the Renaissance did regard
him as a most authoriative author and indeed, all modern scholars praise him as an
exceptionally competent and well balanced author.

By far the two most important authors of the Roman world were Pliny the elder
and Galen.

Caius Plinius Secundus, or Pliny the elder to distinguish him from his nephew
Pliny junior, was born either in 23 or 24 AD in Como, in Northern Italy, and when
very young went to Rome. There he entered the administration and was an excellent
public servant, so that he held high responsibilities both in the civil and in the mili-
tary administration. Thus he had an opportunity to travel into a number of provinces
in Gaul, Germany and Africa. His last appointment was as admiral of the fleet based
in Misenum. There, in 79 AD he watched the great eruption of the Vesuvius which
destroyed the towns of Herculaneum, Pompeii and Stabia. He immediately moved
with the fleet to help the endangered populations and, while his sailors and marines
were busy evacuating the local populations, he decided to investigate what was going
on at the volcano and thus died suffocated. Of his death we have a touching account
in a letter by Pliny junior, then a boy, who was then in Pompeii.
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Pliny the elder wrote an encyclopedia of natural history, Naturalis Historia which
was of paramount significance through the whole of the Middle Ages and is still an
important source for historical, geographical and philological matters, beside, obvi-
ously, the purely natural history subjects.

Pliny hiself tells us how he used, at any free time, be it at home, in camp or trav-
elling, to have someone reading him and taking notes under his direction. As a mat-
ter of fact, even if Seneca tells us something about the magnifying power of a flask
filled with water, the Romans had no spectacles, while books were written without
separation of the words and without punctuation (full stops appear in late Roman
times, commas and other punctuation gradually through medieval times). So reading
was painful and slow and the rich Romans usually employed /leczores who studied the
text before reading it aloud, and also used to dictate their notes.

According Pliny himself, his book is based on the writings of 873 authors, 546
Romans and 327 foreigners. His natural history is a sort of encyclopedia covering cos-
mology, geography, ethnography, zoology and botany, but includes also informations
concerning the medical use of plant and animal products, the qualities of minerals
and information on metallurgy and stonework!

As Pliny was nota trained scientist, but an efficient administrator, it was as an admin-
istrator that he went about his job. So his main preoccupation is for completeness of
information: nothing, apparently interesting was to be omitted. Moreover he was appar-
ently attracted by the unusual, so that he relates a number of incredible stories (though
some accounts on animal behaviour, such as those on the social behaviour of dolphins
and their relations to men, which have been dismissed as fanciful lore, may, in the light
of modern advances in ethology, have a good core of truth). Anyway he certainly did not
miss any opportunity to get some moral lessons from the account he read.

Thus his stories were always a favourite and, during the Middle Ages, they were
often the source for the accounts in the Bestiarii.

This habit of attributing human habits or feelings to the other animals is still with
us and it is often a source of trouble for the scientists, while we meet with opposite
problems when we try to explain some human behaviour in terms of evolutionary
ethology.

The average attitude in classic times (not however, of Neoplatonists) was a very
sensible one and neither did it completely separate man from other animals, nor did
entirely separate men from the Gods. This attitude was almost completely obliterat-
ed by the triumph of Christianity untill the great scientific explosion in the 13th cen-
tury. The complete separation between Man and the other living beings is still a deep
feeling also among cultivated people, while “Animal rights” fans are equally wrong in
the other way when they feel that other animals, especially mammals, are our imma-
ture little brothers.

It is obviously easy to criticize the merely erudite and uncritical work of Pliny, the
fact that he takes at face value several incredible stories, his complete lack of interest
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for any scentific theorizing about the facts he relates, and this is surprizining indeed
when compared with enthusiasm and the painstaking accuracy which are clear
throughout his work. Thus he, naturally, has consulted Aristotle, but he uses Aristo-
tle in a peculiar way: practically all that he takes from Aristotle apparently comes from
the Zoika which through the successive editing by Aristotle’s continuators appears to
have become an encyclopaedic catalogue of all known animals. Truly it seems that he
was using the critical edition of this book prepared by Aristophanes of Byzantium (a
phylologist of Alexandrian times, who had been at pains to identify the interpolated
passages in a number of famous authors such as Homer, Plato, etc.) but who had not
expunged the questionable passages, but had merely marked them off. As it is incred-
ible that Pliny might not have had the opportunity of consulting the other books of
Aristotle on natural history, the fact that he simply ignored all the more scientifically
relevant works of Aristotle, must be a purposeful choice. It appears clearly that Pliny
did not plan a philosophic-scientific treatise, but simply as a sort of big popular hand-
book where any educated man could look in order to gain the credit of being a learned
man in his social life.

It is thus fitting that the animals in his book are listed merely according size, with-
out pretence to any rational order: ordering by size is very practical when you have to
find an animal by leafing through a book

Pliny’s system was closely followed through the Middle Ages and is still the basic
one in Gesner’s great work (see chapter 7).

In spite of its faults and limitations the Historia Naturalis had an immense influ-
ence through the Middle Ages and well into the 16th century and still is a basic source
for our understanding of life and culture in Roman times.

More or less contemporary with Pliny, was the Greek Pedanios Dioscorides or
Dioscurides from Anazarba, near Tarsus of Cilicia, a famous physician, who was prob-
ably attached as a surgeon to the Roman Army. It is said that he was an excellent prac-
titioner, but his name is linked with a basic book, which had an exceptional fortune
in the history of scientific literature. The book is titled De Materia medica, which until
early this century was the name of the medical curricular subject now known as Phar-
macology, which, indeed is the subject of the book.

Until about a hundred years ago most of the recipes used the active principles that
can be obtained from plants, it was, therefore necessary to identify them and to know
how to prepare the active principles they contained. Moreover the medical organisa-
tion of the empire both for the army and for the civil services required practical hand-
books for the purpose. Thus Dioscorides, both sifting through written sources and
from his personal experience, wrote exactly such a big treatise as was required, and
that earned him, together with Theophrastus, the nickname of “Father of Botany”.
His book was apparently illustrated since its first publication. It seems that the habit
of figuring plants in medical books goes back to Crataeus or Crateva, who is general-
ly identified with the physician and apothecary of Mithridates VI Eupator of Pontus,
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which dates him at about 90 BC. There is, however a chance that the Crateva of the
botanical figures was actually a grandson or great-grandson of the first Crateva by the
same name and that, according a strange novel in the forms of letters and known as
Pseudo-Hippocratic letters, was also a physician and a botanist approximately contem-
porary with Augustus.

Hellenistic and Roman novels were very popular, and, though usually developing
very fantastic plots, are usually rich with references to contemporary events or habits.
Some of them survive and, perhaps, in spite of not being masterpieces of the language,
their reading could do something to revive among students interest in the Greek and
Latin languages.

It is fairly certain tthat the best copies of Dioscorides faithfully reproduced, with
additions, the accurate figures of the lost book by Crateva, as is clearly stated in the
beautiful codex Vindoboniensis copied around 512 AD for a certain Anicia Juliana,
obviously a dame of the noble family to whom both Boethius and Symmachus
belonged as well as the ephemeral Emperor Olybrius. It is also possible that Crateva’s
writings had some influence on the much less known Sextius Niger.

In fact Dioscorides, as a physician, deals with all medicaments which can be
obtained from any natural product. The book is devided in five sections: the first deals
with oils, ointments and trees, the second with animals, honey, milk, fats and of var-
ious species of grains and fodder, the third and fourth with herbs and roots, the fifth
with wines, other drinks and minerals. The description of the preparation of the
recipes is extremely accurate and so generally is the description of the about 600
species of plants mentioned. So much so that in the 18th century the French botanist
Tournefort says that he used with much success Dioscorides’s book to identify plants
met with while travelling in Turkey.

Given the purposes of his book, Dioscorides employs for the description of plants
only external characters, some of them of little systematic significance, but quite use-
ful to the herbalist searching for his medicinal plants.

Some other books are credited to Dioscorides: a treatise on poisons, one on poi-
sonous animals and their bites, one on ‘simples’ (that is medicine made by a single
product) and one De herbis femininis, some are assuredly spurious, but the one on
simples is almost certainly by him.

The immediate practical use of the book of Dioscorides made it immensely popu-
lar. As we said we still have copies from the 6th century: the already mentioned codex
of Vienna, the slightly later codex of Naples; but it was still copied much later as testi-
fied by the Dioscorides Longobardorum, copied in the 8th century. For centuries it was
a standard book in the medical curricula and thus it was continuously reproduced
both in excellent copies and in economic ones, in which figures, both by their cavalier
execution and because of the ignorance of copyists, are hardly recognizable sketches.

As soon as the print was invented, Dioscorides was a must, and the first printed
Greek edition, by Aldus Manutius, is dated 1478. Of the many early edition the most
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famous and many times reprinted, is that edited by the Sienese physician Pier Andrea
Mattioli, with extensive comments and additions by Mattioli himself.

Another physician of note for the biologist is Rufus of Ephesus. Apart from his
medical contributions, which were highly considered by Galen and by the Arab schol-
ars, so that he was influential in Western schools even before fragments of his origi-
nal works were discovered in the 15th century, he was a most notable anatomist. He
gave good descriptions of the anatomy of the eye, discovered the optic chiasma, was
the first to decidedly mainain the the sperm was produced by the testis and described
the spermatic ducts. We have his complete text: De appellationibus partium corporis
humani.

The last notable anatomist before Galen is Marinus (beginnings of the 2nd cen-
tury) who, according Galen wrote a treatise of anatomy in 20 books, entirely based
on personal dissections. Unfortunately only the index survives.

Galen

The greatest biologist of Antiquity, apart from Aristotle, was unquestionably
Galen of Pergamon, whose life is well known from the accounts that Galen himself
gives us in his writings.

Galen was born in Pergamon in 129 AD, the son of architect Nichon, in his youth
he studied philosophy and was especially influenced by the peripatetic school, and an
Aristotelean influence is apparent in all his writings. His Aristotelianism, however, was
strongly tinged by Stoic physics and by a religious attitude partly Stoic and partly ori-
ental.

Old scholars thought that his first name may have been Claudius because of a ‘Cl.
preceding his name in some of the oldest surviving manuscripts. In fact it is now cer-
tain that the Cl. stands for Clarissimus, a title that, by Adrian’s legislation was grant-
ed to the Equites (= knights), while the Senators were to be called “Viri excellentissimi”
(by late Flavian times the habit had been spreading to call the Senators as Viri claris-
simi, but, by Adrian times also the knights were given the title, so, wisely, the emper-
or regulated the matter in order that the fashion should not spread, with time, to any-
one). It is difficult to tell whether it was because they wanted to be assimilated to
Galen, or, rather, as a result of the successful struggle of the Medieval Doctors to be
entered into the Collegia (fraternities or guilds) of the Nobles and Jurists or in the cor-
responding medical Collegia, but the Clarissimus decreed by Adrian is still with us in
Italy when adressing a letter to a university Full Professor!

Galen began his medical studies at seventeen in his native town, which was a
famous cultural centre, thence he went to Smyrna, where he studied for two years, and
then moving to Alexandria, where he stayed for five years. He tells us that he learnt
lictle in Alexandria, as the masters were poor things. While he thought little of most
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of his tutors, he greatly enjoied the teaching of mathematics and geometry, subjects
that, given the dates, were probably taught by the great Prolemy. If the teachers were
poor, the library was excellent and the young Galen must have spent a lot of time
there, so that, annoyed by the lack of precision in his master’s lectures, he wrote his
first treaty (now lost) on medical-scientific nomenclature.

He thence went home and for four years he was appointed as surgeon of the gladi-
ators. This was a coveted appointment as gladiators were then as popular as football
champions are nowadays (Martial dedicated one of his most famous epigrams to the
lady-fans of a famous gladiator), and offered to a young practitioner ample opportuni-
ty to study traumatic wounds, Galen thus became an excellent sugeon and was able to
use his surgical abilities in his classic experiments on animals which deservedly make
him the true founder to experimental physiology. Thus it was at this time that he was
able to show how, by cutting the recurrent nerve one could paralyze the larynx of a pig,
thus definitely falsifying Aristotle’s ideas on the respective functions of heart and brain.

In 164 he decided to try his fortune in Rome.

Once in Rome he became acquainted with Emperor Marcus Aurelius. The Emper-
or rightly appreciated the qualities of character and the scientific merits of Galen, who
quickly became both famous and successful. Galen’s first stay in Rome was brief: in
166 or 167 an epidemic broke out in Rome and Galen returned to Pergamon, but the
Emperor called him back and he was again in Rome in 169. After the death of Mar-
cus (180) Galen was court doctor to his successors, Commodus and Septimius
Severus. Finally he retired to Pergamon, but often travelled around and it appears that
he actually died in Sicily in 205.

Galen’s lectures and public experiments were true social events.

While he was undoubtedly both an excellent medical practitioner, a first class
anatomist and the founder of experimental physiology, yet he made some serious
errors. The trouble was that, taken as a whole his work was so good that its immense
authority actually prevented anyone from challenging his statements, so that his
teaching turned, in the long run, into a hindrance to any further development of both
anatomy and physiology.

His writings are notably clear in all his many books, which covered not only med-
icine and related subjects, but also mathematics, philosophy and laws.

According to Galen himself, his works numbered not less than 125, all in Greek.
Some of them were already lost while he was still alive when the only copies were
burnt in the fire which destroied the Temple of Peace. Moreover Galen himself tells
us that some spurious books were circulating under his name when he was still in
Rome. We still have 83 of his genuine books complete, another 45 credited to him
are certainly spurious, 19 more are of dubious attribution: they may or may noy have
been written by him. Finally we have 15 commentaries to some of his lost works, so
that we indirecly know their contents, and for some 80 more we have only fragments.
Some of his works, however, survive only in Arab translations.
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Galen himself subdevided his medical-scientific treatises in seven groups: anatom-
ical, on pathology, therapeutics, diagnostics and prognostics, commentaries of the
Hippocratic books, philosophical, grammatical.

Among his books the most famous two, at least until the 17th century, were the
Methodus medendi a tratise on therapeutics, which is also known by the names of Ars
magna or Macrotechné and the Ars medica or Microtechné, which the Italian medieval
scholars call “Articella”. This last is a sort of summary of all his medical books and thus
was for centuries a standard textbook in medical faculties. Other famous titles among
Galen’s books are the glossary of Hippocrates, the On the function of the parts of the
human body, On the preservation of health, On the dogmas of Hippocrates and Plato, On
temperaments, On the qualities of simple medicines, On antidotes.

As far as anatomy and physiology are concerned, the subject that interest us, we
do not know whether Galen had an opportunity to dissect human corpses while in
Alexandria as a student. Later on, though deploring it, he had no opportunity to
examine human corpses, but on two chance occasions. Thus he systematically studied
the anatomy of all sorts of animals (pigs, goats, monkeys, even an elephant). His
descriptions are truly wonderful for both accuracy and clarity, but his mistake was to
think that his findings could be safely extrapolated to man.

As we said Galen is also the father of experimental biology. Indeed he made some
most notable experiments: he practiced different kinds of cerebral lesions on various
animals and studied their consequences. From this he passed onto the study of cere-
bral nerves and was thus able to distiguish sensory and motor nerves. He did show
that the pulsing of an artery where he had introduced a quill to register its movement
ceased if the artery was choked by tightly binding it proximally to the ligature. He
showed that if the cervical nerves are cut, then the heart ceases its beat, and thus he
confirmed that nerves do not depart from the heart, as claimed by some previous
authors, but came from the brain. Such are just a few examples of his many experi-
mental researches.

The problem was that Galen’s morpho-physiology, was built into a complete the-
oretical framework and was by far the best that could be achieved, given the times. He
is indeed particularly good in his accounts of the bones, muscles and nervous system.
Thus he made great advances on the Alexandrian anatomists on the nervous system:
his account of the cerebral nerves is notable, though he uses an entirely different nota-
tion form our traditional one (and with some reason). He recognized only seven cere-
bral nerves as he rightly, considered the olfactory bulb as part of the brain and so did
not count the olfactory nerve. The optic nerve he counted as the first nerve, but he
rigtly comments that, again, it should be considered as part of the brain and not as a
typical nerve. He did not see the small troclear and abducens nerves and, curiously,
he did not recognize the optic chiasma (which, however, does not occur in some
species). He counted as two separate nerves the first two branches of the trigeminus
and the ramus mandibularis, again he counted as one the acoustic and the facialis,
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though he correctly remarked that they have separate roots and that, after, running
together, one ends in the labyrinth, while the other (facialis) has a complicate course,
which he superbly describes, up to the stylomastoid opening. Finally he thought that
the Glossopharyngeal, the Vagus and the Accessory nerves, were to be counted for
one.

Equally notable are his contributions to myology and osteology, though there he
may have been a little dishonest, as he is sometimes ambiguous as to whether he is
relating his own discoveries, or simply confirming those of other anatomists.

As far as his physiology is concerned, and this is the most often decried part of his
work, we may well begin with his theory of the blood circulation, which was the first
part of it to be shown to be wrong and which, in its ruin, carried along the very image
of Galen.

Galen thought that air (more precisely pneuma) arrives to the left auricle of the
heart through the pulmonary vein. In the left part of the heart, the air was supposed
to mix with blood and thence to pass through pores into the righ half of the heart.
Galen had two reasons, both generally overlooked by critics, to propose this wrong
idea: first, as he did clearly describe the Foramen ovale or interatrial foramen, and the
ductus Botalli, so he had seen that during the fetal life the separation of the left and
right halfs of the heart is incomplete and a particular (and temporary) connection
obtains between the pulmonary and aortic circulations; the second was that he was
fully convinced of the essential truth of the pneumatic theories. Therefore putting
together, the two things: observation and theory, it did not appear irrational to sup-
pose that even in the adult some connections continued to exist between the two parts
of the heart. In Galen’s model of blood circulation, digested food, through branches
of the vena porta reaches from the intestine to the liver. In the liver it is transformed
into blood. From the liver part of the blood may go directly into the rest of the body,
much of it goes to the heart thorough the Vena cava. Meantime blood mixed with
pneuma inspired into the lungs reaches the left heart by the pulmonary artery.
Through the pores supposed to exist between the left and right halves of the heart,
blood and pneuma are exchanged. Thence through the Aorza pneumatized blood is
carried to all the body, where it nourishes the organs; at the same time other blood,
through the vena arteriosa (actually the pulmonary artery) reaches and nourishes the
lungs and the blood reaches the brain through the internal carotid (correct), having
been previously enriched in the heart of universal pneuma (air); in the brain it is fur-
ther purified: a part of it becomes ‘vital pneuma’ and, passing along the nerves, reach-
es the various organs and keeps them working, the residue is transformed in the pitu-
itary (= hypophysis) and is eliminated through the cribrose lamina of the ethmoid and
the olfactory nerves as nasal mucus.

It must be noted that Galen, contrary to Erasistratus, holds that in the arteries
passes not air, but aereated blood and he plainly states that it is possible for some
blood to pass from arteries to veins and thence to the heart. Harvey, in his funda-
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mental work on blood circulation (see chapter 9) comments that it is surprising that
Galen did not notice the contradictory features of his system and did not discover the
blood circulation himself. Basically the mistakes of Galen stem from the fact that he
conceived of the heart as a pump both sucking and pressing, while it is a purely press-
ing pump. He thus concluded that, though blood could possibly circulate in the sys-
tem, basically both in the arteries and in the veins there occurred an alternating flux
towards the heart and thence toward the perifery. One can conceive of Galen system
of something working to some extent as that of the lower vertebrates, with an incom-
plete double circulation (indeed up to the Reptiles a small amount of venous and arte-
rial blood actually mix in the heart and aortic bulb) and partly working as that of
some invertebrates with an open circulatory system. His ideas, though quite wrong,
were not absurd.

Galen’ concept of circulation was accepted for many centuries and we shall see
how gradually ideas improved until William Harvey was able to propose the true and
complete interpretation in 1628 (but at the beginning of the 18th century there were
still some schools who followed Galen!).

Galen proved his value in his study of excretion: by binding the ureters, he was
able to give experimental proof that urine is formed in the kidneys and he provided a
sensible and basically right theory of the function of kidneys.

In the field of general physiology, Galen adopted a compromise between three
schools of thought: the Hyppocratic, the Aristotelean and the Stoic. The pneuma is
the principle of life and is part of the universal pneuma, omnipervasive and all-rul-
ing.; however in the organisms there are three kinds of pneuma: he takes his leads
from the very ancient doctrines mentioned in chapter 1, of Thymos, Nous and Psy-
che: the phsychic pneuma or animal spirit, which is purified in the brain, is responsi-
ble for sensations and movements, the zotic pneuma or vital spirit, which is produced
in the heart, is responsible for animal heath and for circulation, and, finally the physic
pneuma or natural spirit, which is produced in the liver, rules nutrition and
exchanges.

We have said that Galen’s view of the world is rigidly teleologic: everything occurs
or exists for a purpose and such purpose is the will of God. Galen repeatedly says that
he believes in only one God; however, he enphasizes that his God is not that of Moses
(it is pretty clear that he could not tell apart the Jews and the Christians) as his God
acts only within the framework of the natural laws that He himself has decreed and,
by His own will, He can not arbitrarily work miracles.

We shall see that such an attitude is recurring in the history of scientific and par-
ticularly biological thought as, for instance with Cuvier, the British theists and so on.

Galen thus holds that the body is a most perfect instrument at the service of the
soul. Galen is much more rigid and dogmatic than Aristotle: Nature never does any-
thing useless and functions for a precise purpose, thus every organ is built so as to be
perfectly fit for its functions. Galen’s writings are often punctuated by exclamations on
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the wonders of Providence and on how the strict connection between structures and
final causes proves the goodnes and the omniscience of God. Galen the anatomist is
Greek, but his religious attitude is Asiatic and is remarkably different from that of his
master and protector Marcus Aurelius. Western Stoicism, indeed, was closely linked
with the pagan tradition and was slowly evolving towards a cult of the celestial bodies.

In fact Galen did not completely rule out the possibility of astral influences, but
linked it to purely physical facts, he thus thinks that they may be relevant in the
occurrence of ‘critical days’ in the course of diseases, with the choice of the best days
for the collection of plants or for the preparation of medicines. We shall meet again
with the same attitude in many medieval physicians.

Let us deal with but some aspects of Galen’s medical work.

Galen correctly holds (contrary to Hippocrates) that all malfunctioning function
must be related to some alteration in some organ and conversely, that any alteration
in an organ will necessarily result in some sort of disease. Again he does not trust
entirely in the complete power of nature for healing: for him the physician must not
simply help nature, but must actively strive to restore health in the diseased organ, and
thus restore the regularity of functions.

Galen was certainly a great and complex man. His abilities allowed him to be free
from any rigid following of given schools, but rather to operate a new synthesis. He
had an excellent command of the previous literature, which he verified and increased
by accurate observations and experiments, so that his synthesis was almost the best
possible in his times. However his renown and his high opinion of himself, which is
quite clearly stated in his writings, made the man quite dogmatic. It is often repeated
that he was an Aristotelian, which is certainly not true, though he naturally had Aris-
totle in the highest esteem. His thoughts are more akin to the average of the second
Stoa, which produced a number of outstanding thinkers, as, for instance, Posidonius.
The second Stoa had been, since Cicero’s times, particularly popular with the Roman
upper classes. It gave an organic picture of the world where many aspects of the best
Aristotelianism, both in logics and in sciences were developed and produced a view of
the world where the Man-citizen was expected to serve his country and the world at
the same time, with tha spirit of immense and detached dedication wich is so clearly
stated in the writings of Marcus Aurelius, and especially in that sentence: “As a man
I am a citizen of the world, but as Antoninus I am a Roman.”

It is plain how Galen’s moral attitude and his faith in the perfection of Nature as
the expression of the perfections of God, made him quite acceptable in the Christian
community, as well as, to a considerable extent, in the Jewish and later, in the Mus-
lim communities.

Because of later developments a short digression on Christianity and the Roman
upper classes is not out of place here.

Sporadic conversions to Christianity of memebrs of the upper classes obtained
since Neronian or Flavians times, including members of the imperial family, but were



70

quite rare up to the 4th century. On the other side actual persecution of the Chris-
tians were generally both local and shortlived outbursts. The general attitude of the
authorities, which was made official by Trajan, was that while Christianity was legal-
ly a superstitio illicita, Christians should be punished only when individually the sub-
ject of a non anonymous denounciation and that, if the charge was not proved the
denouncer should be himself punished for slander. Some Christian authors certify
that the Emperor Philipp I, the Arab (244-249), was himself a Christian and his
killing was followed by the first true (and bland) persecution by Trajan Decius (249-
251). Valerian (253-260) after a period of toleration, resumed a systematic persecu-
tion, but Gallienus (253-268) formally cancelled all anti-Christian laws and ordered
that all properties confiscated from Christians should be returned to the Church.
There followed a period in which true persecutions alternated with fairly long periods
of peace. The famous Edict of Constantine practically just reestablished a situation
that had been already prevailing for over a century. Its true significance is that, while
before it, Christianity was tolerated, after Constantine, but for brief spells under
Julianus II the Apostate (361-363), Magnus Maximus (383-388) and Flavius Euge-
nius (392-394), the emperors actively supported the church and, beginning with
Theodosius I, actively persecuted the Pagans.

Coming back to our story, none of the later physicians possessed the qualities of
Galen. Some were quite good doctors and made some original contributions, espe-
cially for practical purposes, but for centuries, unfortunately, no one followed the
Master along that path of experiment that he had so brilliantly opened.

Many took Galen’s theories as dogmas and Galen’s influence on medicine was
much more stifling than that of Aristotle on philosophy: simply many of the basic
theories of Aristotles on physics and philosophy were so incompatible with Chris-
tianity that it was unavoidable to criticize them.

Unfortunately it is not uncommon that the influence of a great man actually ham-
pers the development of the very sciences that he has much advanced; such was, for
instance, the pernicious influence that the genius of Cuvier had on the development
of French biology in the 50 years after his death.

Basic as the study of Galen’s writings was for medical students for centuries, yet,
as we shall see, some Medieval doctors, on the evidence of their own experience,
decided to take Galen cum granu salis. We shall anyway see how, when some of Galen’s
basic tenets were challenged in the 16th century, even the best scientists were in trou-
ble and upset as to how to fit the new evidence into some theory alternative to the
traditional ones.

When the late renaissance released itself from Galen’s influence, the repute of this
great man plainly suffered from the fact that throughout his work he was a physician
and nothing but a physician. He was indeed a great physician and an excellent
anatomist, but his anatomical studies, which ought to be his major claim to glory
from the standpoint of the biologist, were not adequately valued, just because even his
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best descriptions and most brilliant experiments were strictly limited to what he con-
sidered as possibly useful to the understanding of human anatomy, physiology and
pathology. He was totally devoid of that inquisitive spirit, of that love for nature in
itself, that interest on comparison, that are so conspiquous with Aristotle. Thus, when
his mistakes were discovered, the ruin of his authority entailed the almost complete
oblivion of those discoveries on animal anatomy that he had so cleverly made.

Biology after Pliny

Biology after Pliny is a poor thing.

While in medicine several older knowledge continued to be re-elaborated and
enriched by practical experience and new techniques, as far as animals are concerned
writers deal with them almost solely as symbols for ethycal values.

While Pliny was fascinated by Nature itself, he could well be mistaken in his eval-
uation of the credibility of some stories, yet his is the spirit of an amateur naturalist,
Claudius Aelianus goes about his business in a quite different attitcude. Aelianus was
a rhetor who lived in the 2nd century. Though born in Prenestae (Palestrina) and liv-
ing in Rome, he wrote Attic Greek. Several of his works survive. Amongst them a On
the nature of Animals in 17 books. It is a vast compilation somewhat similar to that by
Pliny in using a good many sources and was commonly read in Byzantine times.
Unfortunately the author’s only aim is to tell a good assortment of moral stories (some
may indeed be true). Several, such as that of Androcles and the lion, became quite
popular and were often repeated or elaborated.

Aelianus is a scientific nonentity, but he provided a model for many story-tellers
through centuries and well until the 19th century children’s books were indebted to
his stories (Androcles and the Lion is his, Bernard Shaw was still able to make a good
play of it).

The Greeks had invented scientific research as the ultimate goal for man. The ‘bios
theoreticus’ the philosopher was the model for the perfect man, but having stipulat-
ed that study was the best way to occupy the oz for the free man, had undervalued
the practical potentialities of science. True some progresses in sciences were imple-
mented for practical purposes (mainly for weaponry), but these were of sufficiently
minor impact in practice that they did not, by themselves, recommend the teaching
of natural sciences except as niceties good to round off an education which basically
aimed to produce citizens and administrators (later Christians and administrators).
Under the circumstances sciences were bound to come a good thrird or fourth after
ethics, laws and military training.

The Romans were always primarily concerned with practical issues and for them
sciences were primarily techniques, and in these fields they were unsurpassed. On the
other side the Empire was practically bilingual: all through the lands bordering on the
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eastern Mediterranean, Greek was a recognized official language, equal to Latin in the
official documents. So, for instance almost all the imperial coinage issued by the East-
ern mints bears only Greek inscriptions. Latin was the language of the West, but when
they had to write on philosophy or science also Westerners (including the Emperors,
such as Hadrian, Marcus Aurelius, Julianus II) wrote in Greek, just as we now write
our papers in English.

Thus it is not surprising that in the absence of official support and devoid of opti-
cal instruments, natural sciences, though had obtained an impressive amount of good
informations, had a growing tendency to become subservient to medicine, and there
quacks and more or less crazy people apparently had a growing influence, while,
instead, logics, mathematics and physics continued to progress throughout the impe-
rial age.

Beginning with the 1st century AD, it is easy to notice a general growing interest
for pure logics and for religious problems.

Classical Paganism had developed with strong local connotations and thus, since the
time of Alexander the Great, it had considerable difficulties in adapting to the situation
of great, transnational, states. Philosophers tried, indeed, to deal with the problem, but,
devoid as they were of our moderns techniques for the study of these problems, either
they chose a more or less strong Euhemerism (Euhemerus, c. 340-260 BC, thought that
the gods were, like the heroes protectors of the cities, historical figures divinized by tra-
dition), or they adopted some kind of popular sycretism, identifying such deities who
had common traits (such as Zeus-Ammon, Herakles-Melkart, Aphrodite-Astarte). As a
final alternative they could go back to the old tradition of the divinity of celestial bodies,
as their movements, which could be rationally, mathematically predicted, were the
embodiement of rationality itself and thus lent them to a true cul.

The naturally conservative attitude of the upper classes remained at least formally
faithful to the traditional gods, possibly within the framework of some philosophical
doctrine. Such an attitude is that of great men like Plutarch of Chaeronea, Marcus
Aurelius, Julian the apostate, and, as we have said, only a few of the patricians joined
the salvationist religions coming from the East, Christianity included. It was the zeal
(and the persecutions) of the post-Theodosian emperors which shifted the balance.
The edict of Arcadius forced Paganism into clandestinity and Justinian I killed off its
cultural residual life.

Anyway, among the late classic writers on medicine who enjoyed a good fame, we
may remember Asclepiodotus of Alexandria (around 490), who was celebrated for his
eurdition and who wrote books, now lost, following Hippocrates and Soranus.
Severus Jatrosophystes and John of Alexandria (both 7th century) were commentators
on Galen.

A very important compiler is Oribasios (326-403), who was physician to the
Emperor Julianus II apostate. He, ordered by the Emperor, wrote a treatise in 70
books synthetizing all available medical knowledge, mainly following Galen, Soranus
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and Rufus. The work was conceived as supplying a basic text for the imperial schools.
Still about one third of this work survives and, moreover, we have by the same Orib-
asius a digest in 9 books that he wrote for his son. It is interesting to remember that
of both the fragmentary treatise and of the Synopsis, we have Byzantine copies anno-
tated in Carolingian writing and fragments of Latin translations, also of Carolingian
times, which testify of the continuing inflence that Greek medicine had in the West.

Finally, one more physician from Byzantine times deserves to be mentioned, as he
added a little to zoology. Alexander of Tralles, who lived in Rome in the 6th century
and was acclaimed as both a good physiscian and an excellent master. He wrote,
amongst others, a book on the intestinal worms providing the first description of the
Ascaris, the Oxyurids, the tape worms and suggesting various medicaments for them.
We also have from him a therapeutics in 12 books, which was popular in Medieval
universities.

Gnosis, the irrational and Hellenistic sciences and the reasons of the stasis and
subsequent decadence of culture

Many factors may be listed as causes of the decadence of classical Paganism, some
are clear, but some are still the objects of debate. Some relavant significance must have
had the intrinsic difficultly of Paganism. Indeed Greek religious attitude, which we
know much better than the Roman one, tend to pose to man the hard problem of
accepting a destiny that he is framing all along by his own choices. Man is thus con-
ceived to be at the same time free to choose his destiny, while morally bound to fol-
low such destiny as the impassive Goddeses propose for him. And this is without hope
for compensation either in this world or after death. True there are myths where the
good lives after death in the delightfull Elysium and the bad are punished in Tartarus,
miths in which someone is punished during his life either for his crimes or for having
defied his destiny, but it is only on this last point that Greek mythology is clear, for
anything else there is no certainty: ‘Hybris’, to decide to defy one own’s destiny, is the
ultimate sin.

Anyway there is no doubt that through all the imperial times, there grew a popu-
lar expectation of some sort of ‘end of the Times™ did grow and for the beginning of
a new era, perhaps as part of a cycle. At the same time grew the expectation of some
sort of ‘salvation” and salvationist religions, the foremost being Mithraism and Chris-
tianity, promised just what the Olympians denied and that philosophy too denied
(apart from Neoplatonism, which is anyway more a religion than a philosophy).

Given these premises, to know an ‘absolute truth’ was of paramount importance
and its search was to spread among growing numbers of people.

Such was the psychological environment in which ‘scientific mysticism’ was
reborn, just while the Classical world approached its ruin.



74

While the best brains succeeded in realizing an harmonious symbiosis of their reli-
gious attitude with philosophy, producing different trends that we will, partly, meet
again in Medieval philosophy; for common people and especially for what concerns
medicine, mysticism degenerated into base magic practices, esoterism and there merge
with the ancient tradition of theurgic and sacral practices which had never vanished.
Indeed such trends had been invigorated, among more educated people by semi-phi-
losophycal schools (Neopythagorean, Neoplatonism) and by the Eastern traditions of
High Magics.

In the Middle East, and especially in that sort of human and intellectual crucible
which was Roman Egypt, where, until the Muslim conquest, international contacts
reaching as far as India, were common, Alexandria housed a number of well organ-
ized ethnic groups with their different religions. There, throughout the imperial
times, the most varied religions and semi-philosopycal sects were continuously bur-
geoning.

So there, for instance, was produced the first Greek translation of the Biblical
books (the, so-called, “Translation of the Septuagints’, with its many minor and not
so minor differences from the Masoretic version in classical Hebrew (the Septuaginta
was to have a major importance in the development of Christianity). There too Philo
of Alexandria tried, in a very amateurish way, to join Platonism with the Bible. And
it is in Egypt that, while several of the main ‘Fathers of the Church’, such as Origen,
produced some of the most important contribution to the development of Christian
orthodox doctrine, just at the time when were created a number of texts of those crazy
schools known as Pagan and Christian gnostics (these lasts responsible also for the
compilation of some apocryphal gospels).

These sects remind us, mutatis mutandis of some recent salvationist sects. As a
whole one might argue that the Hellenized East basically rejected both the religious
and philosophical essence of Greece, but a discussion on this point would take us too
far from our subject.

Besides purely religious schools, a mixture of empirical lore, magics and myste-
riosophies, all factors which had never been entirely lacking either in the Greco-
Roman or in the Asiatic media, produced an important literature relevant for both
medical and magic-alchemistic tradition, especially since the third century AD. As we
shall see this material was to exerce a significant influence on the development of later
biology.

Usually the authors of these books tried to pass them as the works either of famous
Greek thinkers or of Jewish personalities. Some of the authors may have written parts
of the books under their own name. Such is the case for Arpocration, who was cer-
tainly the author of a Peri physion dynamaion, but not of other books credited to him
(one of them was certainly written by a certain Thessalos of Tralles, who wrote in the
times of Nero). Another possibly real author is Bolos Democritus, whom many later
writers confused with the great Abderite philosopher. Most of these writers, anyway
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are clearly fictitious personalities; such are Pseudo-Ptolemy, Alexander, Evax,
Damigeron, Moses, his sister Miriam and the most celebrated of all Hermes Tris-
megistus.

This literature includes several books on plants and minerals, but these are main-
ly concerned with their use in the concoction of magic philtres or talismans.

Some of these books have strange or unintelligible names, such are Kirannides,
Capsulae eburneae, Pikatrix or the most famous of all: Tabula smaragdina.

All this material is not entirely rubbish: it details quite a few techniques for the
production of alloys, for the staining of different materials and so on, and is of great
importance both in history of alchemy and chemistry, history of technologies, histo-
ry of religions or psychology, but is irrelevant for our purposes.

We shall discuss here another factor which was quite relevant in the subsequent
developments of all aspects of science and philosophy.

We have noted that the development of philosophical and scientific studies in
Antiquity was always difficult because of the exceedingly small number of scholars
and of the crippling lack of really appropriate instruments for the gathering of new or
more accurate evidence. However there is no doubt that scientific research underwent
a crisis between the second and third centuries AD, well before the edict of Constan-
tine (315). At the same time the attitude of almost all the early Christian writers was
one of hostility towards all aspects of philosophy and science. This was only parly
linked with their social background, as it rather stemmed from their prevalent expec-
tation of the second coming of Jesus within a short time. It may be somewhat sim-
plistic, but the attitude of most of them may be summarised as such: To live as a good
Christian one does not need philosophy or sciences. Moreover all truth is found in
the sacred books and in the writings of the saints inspired by the power of God. The
tendency to doubt that is inherent in any attempt towards a purely rational explana-
tion of the world or in the exploration of the powers of logics, may well distract the
Christian from the right path of faith.

Obviously we have no space here for analyzing the many nuances of this attitude
in the early Fathers and to follow their influence through the Middle Ages. The early
Christians were quite ready to use any bit of classic knowledge which was of practical
use. However, soon after Christianity got the upper hand and became a support for
the Empire, a new school of thought arose, which we may well call ‘the imperials’,
these included some of the greatest saints of the 4th-5th centuries, such a Jerome,
Ambrose, Augustine. They were impeccably orthodox and, on occasion, quite intol-
erant, but, contrary to those who daily expected the coming of Christ, aimed to a syn-
thesis which would blend the traditional cultural inheritance with the firm framework
of Christianity.

The quarrels between the two schools were sometimes pretty nasty.

As an example of the anti- or a-scientific attitude we may take Cosma Indi-
copleustes (an Alexandrian of the 6th century), who is also one of the few people of
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this age to add a little to zoology, by providing some interesting accounts of African
and Indian animals that he had seen in his voyages, but who, in the name of the Bible,
rejected all of Greeks astronomy, and believed in a flat Earth, covered by a sky simi-
lar to the canopy which covered the Ark od Covenant!

On the other side, St Augustine has something important to say on Creation: he
holds “As within the seed all parts of the future tree are contained, albeit invisible, so
we must believe that the World, when God suddenly created everything, when the day
itself was created, not only the Sky with the Sun, the Moon and the stars, but also
everything that Earth and water produced, were created potentialiter et causaliter, well
before that, at the right time and after a long time, these appeared in the world and
now we know of them; and such are the works of God also in the present” and fur-
ther on he says “If He (God) so created from earth man and the beasts, what has man
which is better that what the beast have, other than the fact that he was created in the
image of God. But truly not in his body, but in his intelligence and mind.”

The immense authority of Augustine gave special weight to these statements
through all of the Middle Ages and for much longer, as they are at the root of the
beliefs of such people as Bonnet and Cuvier! In a way we may well argue that Haeck-
el’s trees or Rosa’s Hologenesis have Augustinian roots (though both would have been
sorely shocked if told so).

It may be argued that the prevailing philosophical schools of the Empire: the Sto-
ics and the Epicureans, and even more, because of their strong mystic tinge, Neopla-
tonists and Neopythagorists, because of their prevailing interest for Man as a moral
being, did not promote empirical studies such as are prerequisite in biological mat-
ters, which, moreover, looked as thoroughly useless. Some scholars undeline how in
Stoic phylosophy there is an increasing interest in the ‘Logos’ as against empirical
research. However, throughout the Imperial period there was always a flux of ideas
and influences between the different schools and, even if the stoics may be charged
with having such an holistic view of Nature as to paralyze its analytical and empirical
study, and that much the same effect may be charged to their deep interest in the ver-
bal meaning and etymology of words, is seems that even more responsible were the
Neoplatonists and the Neopythagorists with their mystic views, their passion for the
magic of numbers and for astrology.

But also the organization of schools is to be blamed: more and more learning
became a rethorical exercise on given texts, rather than an original investigation of
new facts. While lay culture became more and more linked to the knowledge of the
authoritative texts, religion, also because of Asiatic influxes, was equally based on the
exegesis of revealed texts (let us remember that Classical paganism had no sacred
books, oracles and for the Romans the collection of prophecies known as the Libri
Sybillini, are a quite different thing).

Thus biology begun a long slunber, but it was not dead, as we shall see when we
shall come to deal with the early Medieval times



CHAPTER IV

Early high schools and their relationship with the development
of sciences and philosophy

MAIN HISTORICAL EVENTS OF THIS PERIOD

Before Chirst.

102-48 BC Cajus Julius Caesar.

42 BC battle of Philippi, end of the Roman Republic.

32 BC battle of Actium; Egypt is annexed by the Romans, Augustus emperor.

After Christ.

69-76 Vespasian emperor.

180 death of Marcus Aurelius after having defeated the first Germanic invasions of the empire.
235-285 military anarchy.

313 tolerance edict of Constantine I and Licinius.

361-363 Julian II apostate emperor.

389 Christians burn at least part of the Library of Alexandria.

394 edict of Theodosius I, Christianity becomes the state religion, persecution of the Pagans.

415 Christians murder Hypatia, end of the Alexandrian school, perhaps but for medicine.

476 Romulus Augustulus is deposed, end of the Western Empire.

490 the Ostrogoth Theoderic conquers Italy.

529 Justinian I closes the School of Athens. Its teachers fly to Gundishapur, under the protection of the
Sassanid king.

568 the Longobards invade Italy.

622 the Hejira: Muhammad flies from Mecca to Medina.

640 the Arabs conquer Alexandria, supposed destruction of its Library.

642 battle of Nihavand: the Arabs destroy the Sassanian empire.

717-718 Leo I Isaurian finally crushes the Arab onslaught on Constantinople.

752 battle of Poitiers: Charles Martel blocks the Arabs in France.

763-809 Caliphate of Haarun al Rashid: apogee of the Abassid Caliphate.

800 Charlemagne is crowned Holy Roman Emperor.

888 Charles the fat is deposed, practical end of the Carolingian dinasty.

961 Otto I Emperor.

1066 William of Normandy conquers most of England.

1073 beginning of the strife between the Pope and the Emperor for the investitures.

1085 the Spaniards capture Toledo from the Muslims.

1095 proclamation of the 1st Crusade (1096-1099).

1130 alcohol is first distillated in Germany (it was already known to the Arabs).

1145 paper is produced in Europe for the first time.

1158 diete of Roncaglia, Frederick Redbeard (Barbarossa) grants priviliges to the School of Bologna and
generally to students and teachers. Universities are founded: Bologna (1189), Paris (1194-1200), Oxford
(before 1208), Montpellier (1220), Padova (1222), Naples (1224), Cambridge (1229) (its School is,
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however sporadically, documented since 630, like Pavia), etc.

1176 battle of Legnano: the league of several North Italian cities defeats the Emperor Frederick I Red-
beard. Petrus Valdus begins preaching his reformed Christianity.

1180 coal begins to be used in Europe.

1205 beginning of the rule of Gengis Khan.

1208-09 crusade against the Albigenses in Southern France.

1215 King John (Lackland) grants the first Magna Charta Libertatum, the Pope grants a charter to the
University of Paris.

1258 the Mongols destroy Baghdad and the Abassid Chaliphate.

1340-1440 the Hundred years war.

1389 the Turks conquer Serbia.

1397 Michael Chrysolora is teaching Greek in Florence

1400-1434 Hussite wars, schism of the Wetern Church, Councils of Constance and Basel.

1453 the Turks capture Constantinople, end of the Byzantine empire.

1462-1500 Ivan I is czar of Russia.

1492 Columbus discovers America.

The significance of schools and teaching

Albeit this is a subject usually barely mentioned in books on History of Sciences,
the story of the organization of studies, the kind of culture prevailing in the different
social classes, and especially in the upper classes, the links which always existed
between ‘higher education’ and both the political organisation and the development
of technologies are matters of the greatest significance for the understanding of the
development of sciences.

A comparison between their developments in Europe and in non-European coun-
tries largely explains the ascendancy of European predominance in the world and its
consequence: the triumph of Western models of science and of scientific philosophy.

While some mention of essential facts shall be done at their proper places, here I
shall summarize its earliest development during Classical and Medieval times.

Greek and Roman schools and schooling

In Greece, before the Roman conquest, as later it followed the evolution school-
ing had through the Empire, teaching was a strictly private matter. It was learnt as any
other craft and it developed mainly in the main commercial towns as the learning of
elementary writing and arithmetic. However the fact that at least in Athens already
before the first Persian war exile (ostracism) was voted in a ballot where all citizens
had to write the name of the persons they wanted to exile on a sherd (ostracon) appear
to show that the majority of adult males had some knowledge of writing.

The, admittedly partly legendary, biographies of the pre-socratic philosophers,
such as Thales, Empedocles, Pythagoras, shows how ‘philosophers’ could gain even a
major political influence.



79

In Athens we read how there was a magistrate charged with verifying that whoev-
er wanted to become a teacher had the necessary training and listed him in an official
roll. We are told that Pericles thought of some sort of public school, but we do not
know whether anything came out of it.

Shortly afterwards the social influence of philosophers is well documented: the
leading Sophists were charged with the drafting of whole legislations for several towns,
while the events of the lifes of Anaxagoras and Socrates show how even thinkes who
did not meddle in the local politics were well known, so much so that, as Aristophanes
did with Socrates, they could be taken as more or less funny characters in comedies,
and how anyone who could afford it, was glad to charge them with the education of
their children.

Greek ‘schools’, however, while active centres for debate and research, were not
established for teaching purposes. They are, instead a typical by-product of the tradi-
tional system of tribes and brotherhoods (Phratries), which characterized the archaic
social system.

Usualy fellows of a ‘school’” donated to the ‘school’ all or part of their wealth and,
by managing the estate that had been thus formed, the ‘School’ met all its own needs
and the essential of those of its memebers. Quite often, as in the Pythagorean schools
or in the Platonic Academy, besides its essoteric teachings, which were of public
knowledge, the ‘school’ had an esoteric doctrine, strictly reserved for its members.
These ‘schools’ had much in common with all such brotherhoods that practised the
many ‘Mysteries’ of the Greek cult and which were generally rooted into extremely
ancient traditions. There is little doubt that Orphic features entered into Pythagorism
and mysteric features appear in the Platonism of the ‘First Academy’.

Unfortunately for us, even when ‘Mysteries’ (such as the Eleusinian ones) had
thousands of adepts, the secrets of their beliefs and rituals were very carefully guard-
ed for centuries (the Eleusinian Mysteries were clebrated well into the latest times of
the Roman empire. And so they were guarded even by the most famous and educat-
ed peoples, so that we are almost totally ingorant of their contents. For instance, of
such an important tradition as Orphism we only have a collection of prayers and a
few formulae.

While Alexander had no time to do anything about teaching, the Hellenistic kings
dealt with it on the basis of clear and practical ideas.

The early Prolemies and Seleucid kings pursued an active policy of colonisation of
their domains.

While the ‘colonies’ founded by the Greeks during their first Mediterranean
expansion were usually scions of single towns, were entirely free towns themselves,
who entertained with the motherland only sentimental and religious bonds, the Hel-
lenistic colonies were military establishments. They were planned in order to establish
a network of strategic settlements. They were expected to be strong enough to carry
on by themselves the control of local security and to function as fortified pivots of
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manouvre for the royal armies. Their political structure was indeed (in Asia, but not
in Egypt) that typical of the free towns of Greece, albeit framed in a more standard-
ized pattern, with an elected ‘town council’ (the ‘Boul€’), but were, anyway, under the
political control of the Satrap or of the ‘Strategos” of the province.

These transplants of Greeks settlers and institutions would function only provid-
ed that the continuity of Greek education and tradition were made certain. Thus all
the Hellenistic kings did, within the limits of their power and economic resources,
actively pursue a policy of cultural institutions.

Our knowledge of the developments within the Seleucid Empire is fragmentary,
also because of the extremely troubled history of their dinasty, of the progressive
breaking up of their domain and of the fact that a large share of their lands were con-
quered by ‘barbarian’ dynasties (Parthians, Galatians, etc). Two small, but specatcular,
pieces of it have, however, come to us (and have been lost in the destruction of the
Kabul Museum during the Russian occupation and the civil war): The French archae-
ologists discovered in the the Greek city which stood at Ai-Khanum (close to the for-
mer Soviet and Chinese borders of Afghanistan), a fragment of a papyrus of an Aris-
totelean treatise and a Greek inscription by the philosopher Clearchos of Solis, who
was known to be a pupil of Aristotle, who had there taught the Delphic maxim:
“When a boy learn a balanced education, when a joung man be master of yourself, in
maturity be just, as an old man give wise counsel, die without regrets” and stating how
he was there as a teacher. This shows that well known Greek philosophers travelled
into these distant regions, where, for instance, Greek mathematics and philosophy
may have interacted with their Indian counterparts.

Likewise significant is the enormous number of cuneiform astronomical tablets of
Greek and Parthian times recovered during the excavation in Iraq, which show how
the traditional activities of astronomical observations continued in the Babylonian
temples and the nature of the records that astronomers, both local Greeks, such as
Seleucus of Babylon, or native Babylonians, such as Kidinnu, could use and how
Babylonian experience could merge with Greek geometrical science.

Well known is, on the other hand, the extremely centralised system implemented
by the Egyptian Ptolemies: the Library and the Museum of Alexandria.

The Prolemies adopted entirely the status of the ancient pharaons and Egypt itself
(not its dependencies) was considered as being entirely their private propriety, to be
managed by a Greek bureaucracy and army and with a middle class of marchants and
craftsmen which was at least half Greek or Grecisised. This machinery needed agood
cultural center and the wealth of Egypt, which was then the main cereal producer of
the ancient world, allowed the Ptolemies to pay themselves both a good army and the
best cultural center in the world.

It is said that, at the times of Caesar, when it was damaged during the war between
Celopatra VII, supported by Cesar and her brother, the Library had some 700,000

volumes!
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We are not well informed as to how the bureaucrats were trained, but it is clear
that, by their behaviour resembling that of our renaisssance princes, the Prolomies
succeded in assembling in Alexandria a great many of the best brains of the Greek
world. This is especially true for the scientists and technicians, probably because of
the better facilities available there.

It is indeed notable that, as far as we know, most of the attempts to the practical
implementation of scientific principles were made in Alexandria (such as the
hydraulic apparatuses of Heron).

Anatomical studies were considerably advanced by the Alexandrian
physicians,whose task was made easier by the local habit of opening corpses to remove
their viscera during the process of mummyfication. Moreover we know that, that at
least occasionally, live criminals were supplied by the kings for purposes of anatomi-
cal studies.

There is no doubt that some teaching activities were current at the Museum, and
this went on until its final destruction.

Galen (2nd century AD) is positive that physicians should study at Alexandria, as
the only place where they could learn by the direct study of human corpses or, at least
on their skeletons. Galen himself was in Alexandria for a while and tells us that, oth-
erwise, he had but two occasions to study human corpses, or rather their skeletons.
He goes on to complain as to how an opportunity was wasted by the incompetence
of the surgeons, when emperor Marcus Aurelius made available for dissection the
corpse of a German during his wars against these invaders.

The continuing work of the Alexandrian school is also proved by the fact that,
while either in 389 or in 391 the library was severy damaged by a mob of Christians
led by Bishop Theophilus (apparently all the section of the Library housed in the Ser-
apeum was destroyed), later the saint bishop Cyril, excited his flock to the massacre
of Hypatia (415 AD), as he believed her teachings of mathematics and physics dan-
gerous for Christianity.

Finally we know how, even into the 7th century, some Byzantine physicians,
whose writings survive, had studied in Alexandria.

Greek city-states of the motherland were largely autonomous through the Hel-
lenistic age, though more or less vassals either to the Macedonian kings or to some-
ones of the other major kings.

Thus the Athenian ‘schools’ continued to function. First were the Academy and
the Lyceum, later also the Stoa and the Garden. Still later, after Athens was sacked by
the Roman army led by Sulla and probably for budgetary reasons, the Academy, the
Lyceum and the Stoa merged together and the appointment of the scholarch came
under the control of the city’s magistrates. This new Athenian school lasted until it
was closed by Justinian I in 529 as he considered it a dangerous stronghold of Pagan-
ism. While the Athenian schools still produced some significant scientific contribu-
tion, their main activities were concentrated in the fields of logic and ethics.
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So, while the Hellenistic world saw the first establishment of organized centres of
scientific research, yet there does not seem to be an equally well planned development
of public education; this was left to the Romans.

Schooling in the Roman Empire

The Romans followed the pattern of Greek teachings well into imperial times. Ele-
mentary schooling was, for the rich, provided by private tutors, quite often Greek
slaves (it was fashionable just as it was usual for the 19th century upper classes to have
foreign teachers at home to help children to learn languages), otherwise people
opened little schools: a headmaster with a couple of helpers and the pupils were fee-
paying. Somehow the system was reasonably efficient as it appears that both in towns
and in the castra, the majority of citizens and all of the military both of the legions
and of the provincial cohorts knew how to write and read.

Anyway the imperial administration became soon aware of the need to train pro-
fessional administrators and army officers. Emperor Vespasiam (69-79) established
the first chairs paid for by the state treasury and to help poor citizens to raise and edu-
cate their children established the first Instizutiones alimentariae, sort of charities that,
funded by the Imperial treasury, provided loans for raising and educating young peo-
ple at a nominal interest. These were to develop later into true scholarships for deserv-
ing students.

From the 2nd century onwards all the schools were, in principle, under imperial
control and true imperial schools were created in the main towns.

It was just at this time that the traditional Volumen or roll (be it of papyrus or
parchement) is rapidly substituted by the more practical codex made of separate sheets
bound together, exactly as our books. Codices continued to be written either on
papyrus or on vellum (= parchment), well into Byzantine times, and, obviously by rea-
son of cost, papyrus vanished from the West around 700 A.D, as it is proved by
Merovingian documents.

The emperor’s policy was always to support the centres of learning of Greek ori-
gin and to help in the opening of public libraries, though many were donated by pri-
vate, wealthy, citizens.

A special funcion was performed by the Schola palatina in Rome. This was housed
in the imperial palace and was aimed both at the training of such youth who could be
expected to become high military or administrative officers and to ‘Romanize’ promi-
nent foreign hostages. At the same time athletic and military training was promoted
by the Collegia juventutis, sort of youth brotherhoods (who were also often accused of
behaving like hooligans).

However the teaching was mostly concerned with literaty and legal subjects and
was given in the many schools paid for by the local communities and by an increas-
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ing nunber of state funded ones. Its final organisation was achieved by Julian II the
apostate in 362, by a legislation aimed also to counteract the growing influence of
Christianity. How much the government of that age cared for higher education is
shown, for instance, by the order given by the same Julian to his physician Oribasius
(see chapter 3) to produce a summary of all medical knowledge.

By this time the whole empire is being wholly geared up for war, as, since Dio-
cletian (284-305) the Empire was regarded as a besieged fortress, within which every
citizen had precise duties to fullfil, all ordered from above. The oft repeated story of
an effete decadence, which is still found in some texbooks is untrue. Even so, the
dramatic scarcity of manpower which followed the economic crisis of the 3rd centu-
ry and the many epidemics of that age, had obliged the government, in order to keep
the economy running, to exempt an ever growing number of plebeians from military
service and to compensate for the loss by recruiting barbarians into the army, while
political expediency had barred the Senators from holding high commands, but the
aristocracy was ever more obliged to supply the officer ranks and to train romanized
barbarians who were necessary to command the auxiliary troops.

Our available sources testify that schools were flourishing in the provinces well
into the 5th century and our academic titles of Doctor and Professor were first used
just during the 4th century. Thus we have a papyrus codex probably of the 4th cen-
tury with a series of laudatory poems commemorating a professor at a high school in
Beirut (Berytus) and in approximately in 386 Ausonius wrote a poem for the ‘Profes-
sores’ of the High School of Bordeaux.

Returning to the late empire and thence during Gothic times, we know that
among the ‘Counts’ (comites) or ‘companions’ responsible for the high direction of the
different departments of the administration (they actually were either something in
between a modern minister and his permanent secretary, or governors of the ‘Dioce-
ses’ which had substituted for the ‘Provinces’) there was a comes archiatorum helped
by a special collegium, who was charged to organize and control the teaching of med-
icine and the qualification of young physicians for actual practice.

A new Schola palatina of university level had been established by Constantine I in
Constantinople in 330 as one of the moves to change the old town of Byzantium into
the new capital of the Empire. Similar schools existed in the East not only in Alexan-
dria, but also at Antioch, Beirut and Gaza, cities which were to have a great impor-
tance in the origin of Arab sciences, while in the West we know, besides of Rome, of
schools in Milan (where St. Augustine was teaching for a while) and other towns.

The school of Constantinoples had a checkered story: it was strenghthened by
Theodosius II in 425, but it later underwent a pronounced decline, changing under
Justinian I in 535 into a Pandidacterion with a declared church-orientated aim;
between the 7th and the 9th century all teaching was strictly under the control of the
Orthodox Church. Public teaching was reinstated by the Emperor Theophilus and its
‘restoration’ was the work of Bardas, who appointed as its director Leo the mathe-
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matician. The school was closed apparently by Basil II, but Constantine IX reopened
it in 1045 as a school of laws and philosophy, and appointed as director Michael Psel-
lus, the erudite who was responsible for the Neoplatonic renaissance, a trend which
emigrated into Italy four centuries later by the activities of Georgios Gemisthus
Pletho’, just a few years before the fall of the Byzantine empire.

The three phases of flourishing of the Byzantine school approximately correspond
first with the period when lower case letters, separation of the words and the usage of
accents and spirits were adopted, and all these changes in the practice of writing
resulted in an all out effort in copying the old manuscripts, and in two more periods
of intensive search and study of the surviving ancient books.

The Crusader’s conquest of Constantinople (1225) and the establishment of the
Latin empire brought about the closing of the Constantinople university, but it was
reestablished upon the Greek recapture of the city and Andronicos II entrusted its
direction to the Great Logothetes. A last effort was made by Manuel II (1391-1425),
who reorganized it a few dozens years before the fall of Constantinoples (1453) and
enhanced the medical studies.

In the West the scholarly curriculum already begun to evolve unto its typical later
pattern towards the end of the Roman Republic, but it became standardized only dur-
ing the great crisis of the 3rd century, when the Empire was often fragmented. It final-
ly took the traditional pattern of the 7rivium and Quadrivium, later typical of
Medieval studies, by the activity of Cassiodorus.

To understand subsequent events we must remember that it was common practice
in the Barbarian kingdoms of the early Middle Ages, to reserve military service for the
ethnic Germans, so that there the Romans were practically demoted to a rank of ‘half-
freemen’, but that did not prevent them from holding the highest offices at court, just
as it was still happening into the Carolingian empire. Actually the decay of both the
Roman administrative framework and culture was a slow process until the end of the
6th century and possibly until the Muslim conquest of North Africa disrupted all the
more or less formal links that still held together the old Roman world. The true catas-
trophe was the wave of internicine wars that plagued most European countries, of the
Muslim raids and conquests and of the crisis of the Byzantine empire, hard pressed
both by the Arabs in the south and by the Slaws in the North.

The Roman Cassiodorus (c.480-p.540), who had been a minister of the Ostrogoth
king Theoderic (who ruled Italy from 490 to 536), had thought to create a school in
Rome similar to that that, guided by Origenes, had briefly functioned in Alexandria
as an anthitesis to that linked with the Museum. Indeed in Rome normal lay schools
of laws and philosopy were still functioning and teaching the traditional classics. Cas-
siodorus thus wrote about this idea to Pope Agapithus in 534. However, his project

! Pletho, in Florence, preached the return to classic Paganism and was quite influential on many great
Florentine Humanists.
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did not materialize because of the outbreak of the war between the Goths and the
Byzantines in 535. Cassiodorus thence retired to Vivarium in Calabria, where he
founded a monastery which was also committed to teaching.

As we said, Cassiodorus gave final formal definition to the curriculum based on
the 7rivium (grammar, rhetorics and dialectics), that is the ensemble of linguistic and
logical studies, and the Quadrivium (arithmetics, geometry, astronomy and music),
that is the mathematical subjects. All these were to be the groundwork on which the
study of theology could eventually be built.

We not only have the complete catalogue of the books owned by the library at
Vivarium, but the library itself later went to the Monastery of Bobbio (founded by
the Irish St. Columba) and from there several of its codices went, during the 14th cen-
tury, to other libraries (Vatican, Ambrosian in Milan, Vienna, Turin, Naples, Wolfen-
biitel, Nancy and Paris), where they are still preserved. We have thus a very good idea
of what was considered basic knowledge at the end of the Western Roman Empire.
There, while classic literature is quite well represented, in the field of biology we have
only books of medical interest: Latin translations of Hippocratic texts, of Galen,
Dioscorides, Celius Aurelianus.

Some additional evidence on the cultural interests of this age is provided by a
handful of codices, personally copied by Roman aristocrats during the 6th-7th cen-
turies from copies going back to the 4th-5th centuries. Chroniclers and diplomatic
correspondence tell us the same story of a basic survival of the late Roman culture well
into the 7th century.

All this is easily understandable considering that all the Latin curricula had been
aimed to for centuries was to prepare politicians, administrators, judges and lawyers,
and, indeed when a Roman (taking the term to mean any native of the Western
provinces of the Empire) had to write on sciences and philosophy, always wrote
Greek. Thus in the standard curricula sciences were conspicuously absent and also the
Quadrivium had a tendency to be considered merely as a proper complement to the
education of a learned gentleman. This also explains the increasing preoccupation of
Latin writers: providing summaries.

We have seen that already the work of Lucretius or the philosophical books of
Cicero were very much a sort of high quality popularizing textbooks. The cost of
books was exceedingly high, so that it was indeed necessary to provide students with
adequate handbooks and encyclopaedias (such as the works of Pliny the elder). Again
it is just natural that, even among such summaries, those on applied sciences and tech-
nologies, such as medical and pharmacological books, outnumbered those on pure
sciences.

It is precisely for these purposes that Boethius begun his work. Manlius Anicius
Severinus Boethius was born in 475 into one of the most famous senatorial families in
Rome. His family was related with the ephemeral emperor Olybrius and had but late-
ly been converted to Christianity, though there is little doubt that Boethius himself
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was a sincere, if somewhat unortodox, believer. He was related by marriage with Sym-
machus junior, whose ancestor Symmachus senior is famous for his passionate speech
(which is luckily preserved) in defence of the statue of Victory which Emperor Grat-
ian wanted to remove from the house of the senate as a pagan symbol. Boethius was to
become a minister of Theoderic as his brother in law Symmachus junior and both
were to be executed on order of Theoderic in 524. Boethius’ works was basically an
attempt to summarize all kinds of scientific knowledge available in the Latin world
within the framework of a peripatetic system tinged with neoplatonism.

Boethius was an excellent compiler and his critical remarks are well founded, even
if he did not contribute anything really original. However his importance in the his-
tory of Western thought is immense and his neglect in textbooks is just stupid. In fact
almost all that Western thinkers knew of Greek and Roman philosophy up to the late
12th century was what was related by Boethius. Moreover it concerns also biology, as
we shall see how Boethius’ discussion on the concepts of genus and species is espe-
cially relevant for all subsequent developments.

Early Medieval times

While throughout the earliest stages of the Medieval times Latin historical and lit-
erary texts, at least in Italy and Southern France, continued to be copied and, possi-
bly, most of the vanished texts were actually lost during the chaotic times following
the disruption of the Carolingian empire, yet, apart from that concerning medicine,
there was little interest for technical and scientific literature.

We have seen how during the late Roman times culture became increasingly book-
ish: the authoritative text, whether sacred or not, was the foundation of knowledge
and its correct interpretation, be it logical, mystical or even some sort of esoteric ‘gno-
sis’ was ‘the Truth’; in the meantime there vanished almost all interest in natural sci-
ences, with their apparently purely theoretical contents.

The barbarian invasions were undoubtedly often quite destructive, even if we must
remember that not in a few instances the barbarians came as peaceful settlers to fill
the space vacated by the dwindling Roman populations. For instance, while the raids
of the Huns or the invasion of the Longobards, were tremendously destructive, the
carliest settlement of the Franks was comparatively peaceful. On the other side prob-
ably no one cared about the pensioning of the last Western emperor, Romulus Augus-
tulus: formally, in fact, the empire had been unified under the Eastern Emperor,
Odovacar was ruling Italy and the few remaining districts of the Western Empire as
king of the Heruli and Pazricius of the Romans in the name of the Eastern emperor,
just as, for instance, the Frank Clovis was ruling Northern France as King of the
Franks and Patricius of the Romanized Gauls. This formal arrangement had been
usual for about a century, since the first Foedi had been more or less peacefully settled
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in the empire and was punctiliously observed for over a century: such gold coinage as
was struck by the Foedi had the types, name and titles of the Eastern Emperor, while
copper was struck indifferently either in the name of Rome or in the name of the Ger-
man ruler!

Still the Roman administrative framework, schools included, was extremely strong
and the breed of professors very vital as, in Italy at least, the Gothic wars, the Longo-
bard invasion, those of the Franks and the post-Carolingian chaos were not sufficient
to completely extinguish either of them. Sporadically at least, it appears that schools
were functioning also in England and Southern France.

Throughout the early middle ages we hear of a curious debate: the strictly ortho-
dox, we would call them ‘the fundamentalists’, who clamour for the substitution of
classical models in the schools, philosophers included, by Christian texts, and the con-
servative masters who, undeterred, went on exercising their pupils on Virgil and a few
other favourite pagan authors.

In Italy lay schools of laws and medicine continued to operate in Pavia through
the Longobard rule and most probably in Rome and Ravenna. Medical texts were
copied or imported, and some still survive: e.g. the Dioscorides longobardorum, pre-
served at Montecassino, and which includes some original drawings added to the orig-
inal series, or the two Byzantine superb codices: the Dioscorides vindoboniensis, an
incredibly well illustrated copy prepared around 512 for an Anicia Juliana, who, judg-
ing by the name, must have been a relative of Boethius, and the somewhat later and
almost as beautiful Dioscorides neapolitanus.

But, as we said, the century beginning around 650 was one of increasing chaos and
poverty almost all over Europe and was the real beginning of the so called ‘Dark Ages’.

Thus the Church begun to worry about schools and the Rispacense Council of
798 recommended the creation of school at all bishop’s sees.

Shortly afterwards and following this example, Charlemagne, as part of his pro-
gram of restoration and recovery, repeatedly recommended, especially by the ‘Capit-
ular of Thionville’ (805), the opening at all monasteries of scholae exteriores where lay
people could study.

Charles also resurrected the Schola palatina and charged of it Alcuin of York, who
recruited most of his masters from Rome. Alcuin also started a systematic search and
copying of surviving Roman texts, an activity which flourished through the times of
the Carolingian dinasty. Indeed almost all the earliest Latin manuscripts surviving
date from Carolingian times and derive from copies of the 5th-6th century.

Shortly after the death of Charles, his son Lothar I granted permission, by the
Capitular of Olona, for establishing high schools for lay people in Pavia, Ivrea, Cre-
mona, Florence, Fermo, Verona, Vicenza and Cividale, though we do not know if any
action was actually taken.

Though the Carolingian attempts achieved little because of the rapid crumbling
of the empire into a new period of chaos, yet its organisation set a pattern, which they
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had largely inherited from the late Roman empire, and was to evolve into the full
fledged feudal systen on one side, but was also influential in shaping the future organ-
isation of the universities.

At least in principle, the Carolingian system aimed to restore the organisation of
the early Merovingian times. The significant difference was that the early Merovin-
gians were ruling their Roman subjects formally as Patricii for the Byzantine emper-
or, the Carolingians held themselves to be the Western Roman Emperors, ruling of
their own right on a, by now, unified people. At the top was the Emperor, who ruled
by means of two parallel hierarchies: a comiratus of noble warriors (milites), freemen
in their own right and mostly of barbarian origins, and a comiratus sacri palatii whose
palatine counts were instead either slaves of the Emperor or, anyway, bound men, and
who were generally recruited either among the Roman nobility or among the secular
clergy (until about 700 in most countries mainly from the first, in Carolingian times
almost exclusevly from the second). Usually the jurisdiction of the military counts
overlapped with that of bishops and roughly corresponded with the ancient ‘dioceses’
(which were changing their name into ‘counties’. However usually while the authori-
ty of the military counts was prevalent in peripherical areas of the empire, the author-
ity of the palatine counts and of their subordinate officers (Missi dominici, curial
notaries (Zabelliones) was prevalent within the central administration. Moreover, just
because of their servile or semi servile condition, the palatines were considered as
‘parts’ of the Emperor himself who ‘owned’ them and, therefore, they could fully rep-
resent him and thus could inspect and control the military counts.

Locally the central system was duplicated on a minor scale: the local military count
acted through his vassals (military) and his tabelliones (civil servants).

At the same time the ecclesiastical authority, stemming directly from the Roman
organization, was parallel to the civil one: the Pope was parallel to the Emperor, the
Bishops to the counts, and the clergy was just equivalent to the vassals, that is to the
lesser nobility and enjoyed the same privileges.

Thus were laid the premises for the parallel development of Medieval chivalry and
of the scholastic system.

In the early Medieval times and for several centuries schooling as was preliminary
to legal and medical studies was centered in the monasteries. There we notice two dif-
ferent possibilities: some monasteries had both scholae interiores where the young
oblates studied (an oblate was a child who had been given as an obol, that is donat-
ed, to the monastery, usually at about ten years of age, but, though meant for grow-
ing up in the Church, usually took his final vows much later) and scholae exteriores
open to lay students. However most monasteries were not big enough to support both
types of schools and then the arrangements varied. Children could be entrusted to the
monastery formally as ‘oblates’, but on the understanding that, when of age, would
not take the vows, or they could attend the school as extramoeniales, that is as ‘from
out of the walls’.



89

As throughout the early Middle Ages fiefs were not hereditary (in principle if not
in practice) and marriage was not forbidden for the secular clergy and was fairly com-
mon at least in the lesser clergy (but we know of married cardinals and even a Pope,
Adrian II 867-872, whose wife and doughter were kidnapped and murdered by the
son of the bishop of Orte), there was a strong tendency to send to monastery’s schools
the cadets of both military and curial noble families, thus fostering their gradual
merging.

The obligations of Christian religion and especially those of the Benedictine ‘rule’
made assistance to pilgrims and sick mandatory. Thus monasteries had to have physi-
cians among the monks and where they were learning their trade also lay people could
learn.

So in the monasteries books were copied, but usually they were only either liter-
ary or medical ones. Thus we still have a number of ‘herbals’™ or horruli, often copies
more or less complete and correct of Dioscorides and of Pseudo-Apuleius, but some-
times quite original, such as the little poem of Walfrid Strabo (808/9-849).

After the 11th century the Church begun to worry because of the excessive inter-
est of several monks for medical practice ouside their monasteries (medicina exterior);
thus the practice was gradually restricted until finally banished by the 4th Lateran
Council (1215) and by the Decretals of Pope Honorius III (about 1220), and only
clerics holding the minor orders and who had no other means of subsistence were
exempted. However, by that time universities were already born and flourishing and
the medical faculty was about to gain formal recognition.

Indeed the equation Vassals = Ecclesiastics and the many matters in which secular
clergymen and curiales were indifferently mixed up was to prepare for the recognition
of the equivalence of clergymen and university graduates.

This was first officially recognized by Emperor Frederick Redbeard with his decree
Authentica habita of 1180 aimed to repay the Bolognese doctors for their support.

Higher education in Islamic countries

When Arab armies first advanced beyond the borders of Arabia proper to try to
conquer the world, they met with poor resistance. The Byzantine hold on Egypt and
Syria was shaky because of the conflict between the Orthodox church, which had the
Emperor’s support and the local Christian churches, especially Nestorians, who, at
least to begin with, found their Muslim conquerors much more tolerant than their
Orthodox brothers. Moreover all the Byzantine provinces were crushed under the
burden of taxes, which the imperial administration was obliged to enforce in order to
pay for the perennial wars in the Balkans, in Italy and along the Sasanian borders:
seemingly the Sasanians were exhausted by and almost ininterrupted series of civil
wars and by the long border’s struggle with the Byzantines, the Hephrtalites etc.
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Egypt, Syria and Mesopotamia were captured after a few battles and Iran soon fol-
lowed, all between 634 and 650. Such a swift collapse left the existing cultural organ-
isation intact. There is a tradition that the great Library of Alexandria was destroyed
by order of either the Arab general ‘Ugbah (641) or of ‘Amr ibn al-As (642), but this
is probably a legend and, anyway not much could remain after the attentions paid to
it by Christian mobs (see above).

Soon after the Arab conquests in all the main centres of Islamic power were estab-
lished some high schools (Madrasah, plural Madaris), perhaps the first of importance
being Cairo in 1005. These rapidly became extremely active cultural centers where
Greek sources were both studied and translated into Arabic either from the original
Greek or from Syriac.

Soon, however, quarrels exploded between the strict orthodox (today we would
call them fundamentalists’) and the other trends: ‘Sufis’, who tended to a consider-
ably free, symbolic and mystic interpretation of the Quran and the ‘falaisifa’ who were
more closely linked with the classical rational thinking. Anyway the organisation of
the Arab schools had certainly some influence on the development of the organisation
and curricula of our Universities.

As for the history of the Islamic institutions little needs to be told: parallel with
the development of the empirical and theoretical studies of the Muslim scholars, grew
the resistance of the fundamentalists, who finally won the day, approximately on the
lines of the teachings of Al Ghazzali and thence succeeded in the complete mummi-
fication of all teaching.

We shall come back to the significance for the West of the enthusiasm of the early
Muslim scholars for translating Greek authors.

The birth of European universities

As we have often stressed, the ‘events’ of culture have no precise dates for their
beginnings or their end. However, as far as higher education is concerned there is a
number of historically significant facts crowded around the end of the 12th century.

Around year 1000, first in Italy, where the municipal Roman organization had
partly survived and was overlapping with powerful ‘consorterie’ (that is groups of rich
families, their servants and satellites), municipalities were fighting the rule of the bish-
ops and developing into full fledged communes, and there begun a powerful eco-
nomic development, with rapid growth of both towns and trade, and consequently
grew the requirement for adequate numbers of educated people. At the same time
there were often marked signs of decadence in the monastic and cathedral schools, a
decadence partly fostered by such reformers of monasteries as St. Pier Damiani, who
deprecated teaching of laymen, and especially teaching them the lore of the always
resurgent pagan culture.
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The urban development and the new economy prompted the proliferation of trade
associations that, though often quoted in textbooks as ‘guilds’ or ‘arts’, in the official
and Latin documents are usually called Universitates.

The Medieval universities were often the development of cathedral schools, but
they were also often simply private schools where a more or less renowned master was
teaching what he thought fit. Often, in major towns, like Paris, masters and teachers
were housed and taught in specific quarters of the town. In Paris, which is, perhaps,
the most famous and studied example, besides the cathedral school, a number of inde-
pendent masters were apparently active since the 11th century and the concentration
of schools and students on the ‘Rive Gauche’ where they subsequently stayed, was
begun by Pierre Abelard, one of the earliest Medieval logicians, just in order to escape
the authority of the chancellor of Notre Dame.

The first famous Doctor of Bologna was Pepo (about 1075), followed by the even
more famous Irnerius (early years of the 12th century). We know of ‘Doctors’ from
Bologna connected with the election of Pope Gelasius I (1118), which implies that
there were there schools of laws. The Bolognese Doctors were, again, to supply the
Emperor Frederick I Redbeard with legal arguments in his quarrel with the Pope and
the Welf Communes, and received from him the already mentioned charter Authen-
tica habita of 1189, which is often considered as the birth charter of the University.
By secession from Bologna were born the Universities of Padova (1220) and of Siena
(1321). Pisa is mentioned as a school of laws already in 1193, but was granted a char-
ter by the Pope only in 1343, when dozens of Universities in Italy had already been
born or were about to be and some had already vanished. Naples was created by order
of the Emperor Frederick II as a by-product in his struggle against the Pope, as
Bologna had now turned Guelf.

As for the other European countries, in Spain Salamanca was established in 1258,
Lerida and Huesca sometimes in the 14th century (Lerida in 1391 had a school of
medicine). Palencia had already vanished in 1263.

In France the University of Paris got its first privileges under a charter of Philip
Augustus in 1200 and may be considered as wholly formalized by the papal bulla
Parens Scientiarum of 1231. Secessions of students from Paris in 1229-1231 practi-
cally turned other schools of Northern France into universities. Schools existed in
Montpellier in the 12th century, in 1181 Guillaume VIII octroyed a charter allowing
every qualified person to teach medicine there (and there were some Jews) and
approximately at the same time masters and students begun organizing themselves,
receiving the papal charter in 1220.

In England schools had existed in Oxford for a long time, and it was the murder-
ous conflict between students and burghers that prompted the King to grant a char-
ter to the University in 1208. Cambridge, born around refugee students from Oxford
in 1208, was chartered in 1318.

In Germany universities, first in the Rhine valley, appeared shortly after the French
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universities.

In general the development of the local autonomous institutions met with more
resistance from the feudal clergy, whose power was centered in the towns and was thus
directly challenged, than from the feudal lords, whose power was basically linked to
their estates. Thus, like the guilds of the craftsmen and traders, so grew the Universi-
tates of doctors and of scholars (sometimes separately and sometimes as mixed guilds)
and they, as all other guilds, strove to get from the authorities self government and
privileges. What we now call Universities, when they were chartered, were generally
called either a Studium or a Studium generale which was for long subdivided into sev-
eral universitates either according the ethnic origin of the different groups of students,
or according to the different ‘licences’ that they could grant.

Each such university had its rectors, bailiffs etc. and only gradually and slowly they
fused to become what we now call ‘faculties’. The two main problems on which piv-
oted the tug-of-war between the local authorities and the ‘Universities’ were on one
side the need for some public recognition of the academic degrees awarded, the other
to escape control by the local authorities, especially in matters of taxes and fees and of
penal law. These two goals prompted first the quest for Charters, possibly by the Pope
or by the Emperor, as these two, being deemed to be, albeit theoretically, universal
authorities, were deemed to be the ones who could authorise the grant of degrees
equally valid everywhere (the Licencia or jus ubique docendi: the right to teach any-
where). The second problem was solved by claiming assimilation with the lower cler-
gy (the simple tonsure as Clericus did not entail any perennial vote), so that both stu-
dents and teachers were free from the local courts, could not be arrested by the police,
could be judged only by the Bishop’s courts and could appeal to the Pope, and, last
but not least, were exempted from some taxes.

A major factor in the cultural renaissance of late Medieval times was that the same
economic growth which prompted the flourishing of new schools, also prompted a
generalized onslaught on both Islam and Byzantium, which paved the way for a flood
of Greeks texts into our schools. As a matter of fact (and luckily as otherwise the
wholesale destruction of ancient literature following Turkish conquests would have
utterly destroyed our Greek heritage) many Greek scientific books personally anno-
tated by famous Byzantine personalities now survive just in our Western libraries
where they arrived either through Venice or through Sicily. Another large group of
texts became known at least as Arab translations either through Sicily or, even more,
through Spain. There translations from Arabic into Latin were already undertaken
before 1000, but most work was done in Toledo after the Spanish reconquest in 1085.

Western Europeans were apparently craving for books: for the next one hundered
years or so anything either in Greek or Arabic concerning philosophy, science or tech-
nology was good for the mill of our newborn universities: it has been estimated that
between 1150 and 1250 not less than 3,000 and possibly as many of 5,000 books
were translated into Latin, while many Arabic textes were translated into Hebraic and
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these too were used by Christians scholars as well as by Jews. The success of the
Medieval schools in digesting this flood of information and ideas is truly surprising.

The result was, however that debates went on everywhere and everything was
debated, especially as guaestiones quodlibetales, and this soon worried the Church.
Indeed the Church was then facing a proliferation of heretic sects, some noble, such
as the Valdesians, some serious, as the Cathars, some crazy, as the Luciferians.

Thus in 1277 the bishop of Paris hastily organized a committee to investigate the
situation in the University, and the committee condemned as heretic 219 theses which
had been debated in the schoolrooms of the Sorbonne. Some of these theses were
openly anti-Christian, but some had been originally proposed by none less than St.
Thomas Aquinas! Shortly afterwards the same occurred in Oxford, but it must be
stressed that these condemnations and others which followed were of merely local
implementation and neither the masters nor the pupils were punished in any way:
scholars who abjured their theses had no further trouble, those who did not abjure
simply moved to another University, where the condamnation had no effect.

The fact that the Universities of the doctors and scholars were much like guilds
came to influence even some aspect of teaching.

On one side the fact that the schools aimed to provide degrees having a trans-nation-
al validity required a fair standardization of curricula in the different schools and this,
in turn, required the standardization of the basic texts. On the other side, once bound
to a standard text it was (and is) natural that the teacher tries by his comments, to teach
the pupils just how he thought that the text was to be understood and used.

In order to standardize the texts, in each University a committee of Doctors chose
for each text in the curriculum the best possible copy (exemplar), this was then disas-
sembled into small packages of pages (peciae) and each pecia was given for copying to
a different copyist who, by copying always the same pages, could attain a reasonable
speed. Then the copies produced were checked for accuracy and bound.

Teaching went by alternating lectiones when the teacher read and commented
(technically ‘glossed’, that is ‘spoke on’) the text, and disputationes, when the teacher
answered the questions and debated the points raised by the students. From time to
time, usually once a year, the teacher exercized himself in the guaestiones and in the
quaestiones quodlibetales debating either some set problem or problems of his choice.
The quaestiones quodliberales were an especially important obligation for the holders
of the ‘licence’ of the faculty of Arts aiming to a doctorate in either of the higher fac-
ulties of Laws, Theology or Medicine.

However, the questiones quodlibetales were also used by Doctors to prove them-
selves by discussing some very complex issue or arguing it from a novel perspective.
The result is that almost everything new, important or personal of the work of the
main scholars is to be found in the texts prepared for the guaestiones quodliberales,
while those corresponding with the ordinary lectiones are just more or less brilliant
comments on other, preferably ancient, people’s ideas.
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An additional stimulus for the debate came from the common practice of charg-
ing two different teachersa of different affiliations to teach the same course, so as to
prompt both the commitment of the teachers and the habit for meditation into the
students.

A basic feature in Medieval schools were the Summae or Summulae: larger or small-
er textbooks for the common student prepared by authors with access to important
libraries. Indeed the average student, because of the cost of books, when graduated
could not be expected to leave the alma mater with more than three or four books in
his bag.

Several things in this description of the Medieval high schools may well sound
familiar to today students. Such critics of Medieval thinking and schooling who have
decried it as ‘flat scholasticism’ have often been just repeating the criticism of the 18th
century’ enlightenment, partly based on faulty information, partly of a biased anti-
clerical attitude (however justified it may, at times, have been). They should have
thought of what would have been their opinion of the great and thriving sciences of
the 18th and 19th centuries, if these were to be judged only by textbooks!

As far as Greek-Arab sciences are concerned, in France and England (other coun-
tries, apart from Italy, were of minor importance at this time) they were assimilated
and developed mainly within the faculty of Arts, which was preparatory to the high-
er faculties of Theology, Laws and Medicine. In Italy the doctorate in arts was nor-
mally present, but was of minor importance, except in universities such as Padua,
where it simply merged into that of Medicine, which became a faculty of ‘Arts and
Medicine’. So there sciences and philosopy became a province of Medicine. The dif-
ference between Italy and the other countries was significant for future developments
also in another matter: While in the French, English and German universities surgery
was long ruled out of the medical curriculum and was oftern considered undignified
for a physician to indulge in surgery, which was the domain of the ‘barber-surgeon’,
in Italy surgery was a regular subject in the curricula of the medical faculties since
their inception, and it entailed the teaching of anatomy, a fact which goes far to
explain the splendid achievements of the Italian Renaissance anatomical school.

Again in the rest of Europe the degree of ‘Bachelor’ was very important and came
to correspond with the licencia of Arts and the term is the same as that used in knight-
hood to qualify the junior warrior who followed the banner of a full knight while
training for knighthood himself (the Doctors always claiming same rank as knights).
In Italy, instead, where feudality was always somewhat shaky and there was soon a pre-
ponderant communal nobility of milites or patricii almost or entirely autonomous in
respect to the feudal nobility, the Bachelor’s degree is practically non existant, and we
meet only with licensees and Doctors, the only real difference being that the licensee
had not paid for the costly ceremonies accompanying the doctorate.

The overall result of these differences was that during the Middle Ages while
almost all the scholars from outside Italy that we shall mention for their biological
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contributions, were teaching Arts, in Italy all scientific studies were firmly bound to
the schools of medicine.

A we shall see further on, the great development of the Medieval universities grad-
ually waned, teaching became somewhat sclerotic and research moved into other insti-
tutions. This was partly the result of the penetration into the faculties of a growing
number of monks, especially from the mendicant orders: Franciscans and Domini-
cans.

Usually Dominicans were the more faithful interpreters of peripatetic teachings,
while Franciscans, at least in the early times, while using the Aristotelian logics, were
rather linked to the Augustinan thought and to the Christian neoplatonism of Scotus
Erigena. This lasted for a very long time and we shall see how significant it was and
perhaps still is.

Indeed, as an example, still in 1715 in the faculty of arts and medicine of Padua
we find two chairs of theology, one in via Sancti Thomae and the other in via Scoti.

Once the great debates of the Middle Ages and of the early Renaissance were over
and the Universities, partly also for political reasons, had settled into a conformistic
routine, the best of scientific researches migrated into the framework of Academies
and the Universities had to wait for the 19th century to recover a central position in
research.

We shall see in the further chapters how central was the function of the Medieval
and Renaissance universities in fostering the rebirth of biology.

A last point at least worth mentioning as a matter of curiosity concerns womens’
education. In most of the Italian Universities at least, women were always accepted
both as students and doctors, though, obviously there were not many of them. Let us
remember a few: Betisia Gozzadini, born in 1209, was the first to hold a chair of Laws
at Bologna; at the beginning of the 14th century, again in Bologna, both the wife and
the two daughters of Andrea Calderini ‘read’ laws; one of them, Novella, who was
teaching Roman Laws, was so beautiful, that she was obliged to give her lectures
veiled, not to trouble the students. Again in the Middle Ages we have women teach-
ing at the school of Salerno and, as we shall see, women were holding chairs of
physics, philosophy and even human anatomy in the 18th century. Sometimes
women even studied far from their home town, such as Pellegrina Amoretti from
Oneglia (a little town near Genova), who got her Doctorate in both Civil and Canon-
ical laws in Pavia in 1777 (and was praised for that in an ode by Giuseppe Parini, pos-
sibly the best Italian poet of that century).

It was only with the French revolution that in Italy women were barred from
entering the University, to be admitted again around 1880.



96
APPENDIX TO CHAPTER IV

A section that may be useful in order to understand and
evaluate several important problems as late as the 18th century,
and I think, even contemporary debates

This appendix deals with some problems of logics that are of very general signifi-
cance in scientific reasoning. In biology they had a special and self evident significance
at times, but, even when scholars are not consciously debating them, are still impor-
tant: for instance, they underlie the whole of any debate on systematics, both ancient
and modern. To understand them is also necessary for a correct appreciation of the
debates on embryology at least up to the middle of the 19th century. Moreover the
stand that on them took some ancient masters framed their whole scientific and
philosophical attitude and theories and, because of their direct or indirect influence,
did in fact influence their followers. Since the 18th century, when medieval philoso-
phy practically ceased to be studied by biologists (and generally by scientists), schol-
ars bacame often unconscious of the, sometimes devious, ways by which these debates
were still in the background of their own theories.

Had I thought that the following pages did not matter for understanding the
developments of biology, I would, obviously, have avoided the trouble of writing
them, but, as I am also aware that they might look as a sort of long digression, I have
labelled these pages an appendix: as such the reader who is merely interested in ‘the
story’ of biology, may just bypass them, and come back to them later on, when the
story of the individual subjects of our studies, will make clear to him the purpose and
use of these pages.

I think that for almost all of my readers the arguments of these pages will appear
novel and, perhaps somewhat strange: indeed, even in such high schools where they
are mentioned at all, the established tradition requires that they are dealt with an
obscure language proper perhaps for initiates: sometimes the Latin jargon of Medieval
logicians, more often than not by such old fashioned, but time honoured translations
from Latin that are almost the best to make the whole unintelligible to the average
reader.

It must be added that the problems dealt with in these pages were at times inter-
woven with important religious matters.

A matter of further difficulty is that in the past a number of apocryphal books were
credited to great masters of Antiquity or to Saints and famous theologians. Such spu-



97

rious texts have been eliminated by modern textual criticism, and so they have van-
ished from standard textbooks, leaving the reader puzzled as to how someone, say, for
instance St. Thomas Aquinas or Sir Francis Bacon, got some ideas.

Finally, for reasons that I fail to understand, such teaching in history of philoso-
phy that is provided in high schools, has for over a century completely ignored the
work of the eclectic philosophers of the Roman times, though their work is quite rel-
evant for the development of logical thinking, and the only character that they deem
worth mentioning for the first centuries of our Era is Plotinus. Neoplatonism, as we
shall see, had a great impact on many aspects of the development of sciences in spite
of being a totally unscientific doctrine, but this does not justify the total obliteration
of all other schools.

On what is science

While everyone is told that Aristotle was the first to make a systematic study of log-
ics, texbooks seldom mention that he was also the first to study in his books De anima,
De memoria et reminiscentia and in the Parva naturalia what we now call psychology.
If anyone studies comparatively both the Organon and the books on psychology, he
will easily perceive that Aristotle was fully conscious of a basic problem: “what is Sci-
ence?” Aristotle holds that logic, that is the basic content of the Organon, is just an
instrument useful to attain knowledge, but that logic may be merely be applied to the
study of propositions or statements that may be said about a given subject.

Aristotle agreeded with Socrates and Plato that the object of science are general
propositions, those that we now call principles and laws of science. Statements con-
cerning only individual peoples or events, though they can obviously be either true or
false, are not the object of scientific investigation. Another basic principle for Aristo-
tle is the ‘principle of no-contradiction’: a statement or an ensemble of statements to
be a scientific statement must never imply either an internal contradiction or contra-
diction between two of the propositions in the ensemble. Contraditory statements
were termed absurdae by medieval scholars, hence the ‘theorem of pseudo-Scotus’: Ex
absurdis sequitur quodliber (= from contradictory premises one can darive any conclu-
sion he likes), that is, one can not conclude anything with certainty.

Aristotle was aware that, in order to logically analyse a proposition to verify its sci-
entific validity, its terms must be properly defined. Such definition must be ‘accord-
ing gender and specific difference’, a generic quality being a sufficiently comprehen-
sive one, while the specific difference must be a quality or a set of qualities which are
inclusive of the object defined and exclusive of any other: Thus, as an example, let us
take the statement ‘the Moon is a celestial body satellite of Earth’ here the ‘gender’ is
‘is a celestial body’, the ‘species’ is ‘satellite of the Earth’: to say that the Moon is a
celestial body is an extremely comprehensive statement, while to say that it is a satel-
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lite of the Earth is both inclusive as the Moon happens to be the a satellite, and exclu-
sive, as anything which is not a satellite of the Earth, by definition is not the Moon.

This pattern of definition was clearly stated by Aristotle and is basic in all the fol-
lowing development of sciences; it was precisely recalled by Linnaeus as a premise to
biologic systematics, and still is embodied in the International Rules of Nomenclature
both for plants, animals and bacteria.

It is obvious that, should we refuse any of these principles, then Aristotelean logic
would not work. For instance, should we agree either with Protagoras’ principle that
reality is a purely contingent phenomenon and that it is identical with sensation or
with Heraclitus’ instability, then a science as conceived by Aristotelean logic becomes
impossible, as the same thing could either be or not be at the same time according dif-
ferent observers or according the times of observation.

However Aristotle, besides being a logician, was also, as we saw in chapter II an
excellent naturalist and observer. So in the Metaphysica and in the Topici he studies
the possibility of a science of changing things, especially of those changing in time.
He paid attention too to the problems posed by hypothetic propositions, for exam-
ple, should I say “Tomorrow there will be a battle’ can this statement be said to be true
or false?

Finally Aristotle was perfectly aware of the fact that the qualities or attributes (that
is what defines a species) do not really exist as realities separated from their subject
(substance). He writes: “health exists when the men is healthy, and the figure of the
sphere of copper exists just when the sphere of copper exists” and not much later he
writes a statement which is crucial for the naturalist: “There is no reason to believe in
the existence of the ‘Eidos’ (which we have seen may be translated both as idea and as
species): man is born from man” and then “Every quality does not exist by itself, none
of them may be separated from the ‘ousia’ ... qualities appear to exist only because
under each of them there is an individual being ... and this is the Substance, that is
the individual bearing its various attributes. Good, sitting, do not mean anything
without this substance. It is thus clear that the existence of qualities depends ulti-
mately on the existence of the sunstance ...”

On the other side should, as Aristotle himself holds, ‘substance’ be an indetermi-
nate ‘apeiron’, then science is not concerned with substance. But is it possible to have
a science of something that does not exist, that is of characterizing qualities separated
from the substance which is characterized? To extricate himself from this quandary
Aristotle, as the Greeks often did, employs a verbal trick. He says that we should dis-
tinguish between ‘dynamis’, potentiality, and ‘act’.

Potentiality is what may be, but presently is not, for instance the absolute red
colour, or, perhaps, a complex ‘eidos’ such as ‘horse’. The ‘act’ is that that actually is:
the red pot or an individual horse.

Therefore, according Aristoteles, the indeterminated substance is in itself only a
potentiality, which becomes reality when unites with the ‘eidos’.
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Moreover it is necessary to point that in the Stagirite’s concept, the ‘genus’ is, when
considered in tandem with the ‘species’ or Eidos, a substance sui generis. In fact real
objects, and let us take as an example living beings, are the members of a sort of series:
animal-mammal, mammal-carnivore, carnivore-canid, canid-wolf, wolf- an individual
wolf in a pack. At each successive level the comprehensive member of the tandem is
the genus and the circumscribed one is the species. Conceptually, therefore, in a way,
‘substance’ becomes more and more real the more it becomes individualized.

On the other hand Aristotle conceived the universe as both eternal and unchange-
able, therefore this ‘materialization’ of sustance is not a historical process, it merely
happens during the development of every individual object, both living or not.

However, this concept leads Aristotle into another difficulty : had he admitted of
the reality of the universals only in the single individuals sharing of any given quali-
ty, this would have forced him to agree with the individualistic position of Protagoras
and thence deny the very possibility of a science of ‘universals’. He had to find an
escape.

Given the age, his proposed solution is extremely brilliant: he concedes that it is
conceptually permissible to conceive the process of individuation as progressing by
separate steps, given such premise, it is possible a science of potential universals, con-
sidered as factors of the ‘steps’ by which the real thing comes to be.

As we shall see these problems were extremely relevant in the framework of a gen-
eral theory of sciences in the scientific debate until during the 19th century physicists
begun to propose entirely different views on what ‘substance’ is (and finally practical-
ly did away completely with it). Biologists however still have some difficulties to come
to terms with the physicists view of ‘matter’.

Aristotle, with his usual intellectual honesty, had openly avowed the difficulties
and limitations of his logic, which he had tried to solve, and these were soon serious-
ly tackled by the second Stoa.

The Stoics, rather than try to reconcile the idea that only single individuals really
exist and the principle that science may deal only with generalities, tried to build a
logic and a science of the particular.

They took as a strating point the tenet of Antistenes, a pupil of Socrates, that only
individual objects really exist. The stoic conclusions are therefore ‘nominalistic’,
though not as extreme as that of the Epicureans, who maintained that universals are
mere sounds (‘fonai’) or as Roscellinus and other medieval nominalists, that they are
mere words: flatus vocis.

The stoics were rather ‘terminists’ as a Medieval thinker would put it: they
thought that the concepts underlying the names, such as Dog, Goodness, were real in
a special way and of a different reality from that of the individual objects, of which
names were the ‘signs’ (a concept that is extremely important in the current semiotic
debates). Thus science was possible, as it aimed to establish rules that go beyond the
transient reality of single individuals.
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However it was clear that, under these premises Aristotelic syllogistic logic was
inadequate and that it was necessary to solve the problems that Aristotle had pointed
out and left unsolved when he had listed his famous 127 ‘non syllogistic’ propositions,
for which his logic was inadequate to establish whether they were true or false.

The stoics added to the Aristotelean syllogisn (‘cathegoric syllogism’) based on the
relationships of comprehension and extension, the concept of ‘necessary connection’
or more precisely of ‘obliged connection’ (‘hypothetic syllogism’).

This was framed in the following basic schemes: (1) if A is also B must be, but as
A is, then necessarily also B is. (2) if A is also B must be, but as B is not then also A
cannot be, (3) if A is not, then B must be, but as A is, then B can not be. (4) Either
A or B are, but as A is, then B cannot be, (5) either A or B are, but as B is not, then
A must be.

This is a typical dichotomic logic which, just as Aristotelean logic, assumes con-
temporarity, and is, therefore inadequate for the analysis of processes or propositions
assuming a span of time.

The Stoics also examined in their ‘theory of signs’ the necessary connections of
terms or evidences: a scar certifies a previous wound, smoke is a signal of fire. This
kinds of connections open different problems of temporal relationships, as the scar
presupposes the wound, but the wound is no more when the scar is.

Now the theoretical premises for analyzing this kinds of logical connections were
found by the Stoics in their metaphysics: these assume that the world is a network of
interlinked chains of causes and effects, involving the whole natural world. Diodorus,
indeed, states that the possible is indistinguishable from the real and that anything
that could possibly happen must have, in fact happened.

We may well forget about this ‘fatalistic’ attitude of the Stoics as irrelevant for our
purposes; we must instead undeline that they followed Aristotle in taking empirical
experience of matters as the test of truth for one of the members of their ‘hypothetic
syllogism’. Truly Sextus empiricus, who is our main source on the logics of the stoics,
says that they had an additional standard for truth, but does not tell us what it was.
Anyway their absolute naturalism and pantheism gave the Stoics total faith in empir-
ical experience.

Such faith in experience was much less with the Epicureans, and the Neoacade-
mics had no faith at all in experience. Neoacademics, such as Arcesilaus, remark that
empirical perceptions and observations are no guarantee of truth: an optical illusion,
for instance, is a sensation, but it produces a mistaken judgement. Therefore the
acceptance of some empirical evidence is the result of its rational evaluation, an oper-
ation that requires for the man who is to judge that he has some theoretical standards
to apply to the individual case, and these are ‘universals’. But these, in turn depend
on the validity of previous experiences and so on ad infinitum.

At this point the basic problems of philosophy and of theory of science were clear-
ly stated and it seemed that there was no solution of them.
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In the following centuries such philosophers who refused a trascendent, meta-
physical, source of truth have suggested many theories of knowledge and standards of
truth, or at least of probability, but all of them proved weak in face or rigorous logi-
cal criticism.

Thus Baconian inductivism, that has been almost standard practice in science for
the last three centuries, was soon criticized by Hume. In recent times Karl Popper’s
has proposed his theory of falsifiability, which is currently used by many biologists:
the theory basically assumes that though it is impossible to ‘prove’ a theory, yet it is
possible to show when a theory is false, and, therefore, supposing that we were able to
reduce the issue to two alternative theories only, by falsifying one we would, in fact,
prove the other, a ‘discovery’ that had been done by the Stoics twenty centuries ago!
Unfortunately also this theory has been elegantly falsified!!

Practical experience shows that usually, but not always, inductivism works fairly
well for normal research routine; that Popper falsifiability is extremely useful to get rid
of some wrong theories, that a bit of intuitionism is usually found at the core of major
advances in research and that a sound dose of generalized scepticism is always good,
so that the ideal is a well proportioned cocktail of all of them.

Later developments

Anyway, coming back to our problems, we saw in chapter 3 how, beginning in the
2nd century AD an increasing amount of mysticism creeps into the writings of Pagan
thinkers and, obviously, much more in those of Jewish and Christian writers.

As Jewish thinkers were relevant for the development of Western thought only
after 1,000 AD, we may forget about them for the time being.

Pagan mysticism mainly expressed itself in two ‘philosophical’ schools: Neopy-
thagoreans and Neoplatonists.

Neopythagorism is still poorly known and it is not clear if it had any influence on
Medieval thinkers, possibly mediated by mystic mathematicians of Arab or Persian
nation, like the sufi ‘Umar Khaiyam, or, perhaps by some Jewish cabalists.

The lasting influx of Neoplatonism is, instead, quite clear.

The platonic ‘eideia’, which are obvious universals, are conceived in classical Neo-
platonism as being a product, an hypostasis or an emanation of the highest God and,
in turn, produce the actual universe (several neoplatonists, like the Emperor Julian the
apostate, worshipped the traditional Gods in their aspect of astral Gods). In pure
Neoplatonism the Platonic image of the Demiurgus, imagined as a god-like entity
who creates things shaping them in the likness of archetypical ideas has but little
place. The Christian gnosis of Neoplatonic pattern sees the Demiurgus as the Christ
while, on the contrary, pagan gnosis conceived of an evil demiurgus who tries to
squeeze into the chain of successive emanations in order to take the place of the
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supreme God. In either case all these thinkers consider universals as absolutely real.

Pace most textbooxs, Plotinus, the creator of Neoplatonism is a non entity from
the logic-scientific standpoint. His assumption, and obviously he has no evidence for
it, is that all created things have an impulsion to reunite with their creator. They all
aim to climb back along the descending chain of successive steps in creation. Each
such step is the passage from one universal to one or more less comprehensive uni-
versals. Each such descending step is considered as marking an increasing inferiority,
a degradation in respect to the previous, more comprehensive step. Thus the soul of
every man wishes to climb back the chain of the universals until it may merge back
into its prime source: God.

Such a mysticism may be interesting from a purely religious standpoint, but for
our purposes its main significance is that it could easily interact with the Hermetic
tradition. This considered that there was a parallelism between all transformations
that could be seen either in nature or in the crucibles of the alchemists and of the
goldsmiths and other craftsmen and the transformations and purifications that the
soul of the ‘philosopher’ undergoes when he becomes able to understand the essen-
tials of things beyond the appearances of nature or of written texts.

In the early centuries of our era both Christian and Jewish thinkers, just as hap-
pened later with a number of Islamic thinkers, were either diffident or openly hostile
to philosophy. However, luckily for Neoplatonism, it was basically adopted by three
most notable thinkers. These, albeit quite different among themselves, were able to
turn it into a spiritual influence lasting for centuries. These were Proclus (410-485),
Simplicius (c. 529) and Boethius (480-c. 526), who were almost contemporaries.
Another capital factor is the influence that Platonism had on St. Augustine and,
thanks to his great authority, on the whole development of Christianity.

The three above mentioned philosophers aimed to a philosophical synthesis based
on solid historical foundations, and, at least under this last aspect our debt to them is
immeasurable: indeed most of what we know on the lives and works of a large num-
ber of Greek philosophers and scientists is preserved in their books. Had the writings
of these three authors perished, we would hardly know anything but the name of most
Greek thinkers.

All three are usually considered to be basically peripatetic scholars, and, as far as
the formal framework of their ideas is concerned, it is Aristotelian, but this is an aris-
totelism that precisely on the matter of universals is strongly tinged by Neoplatonism.
Both Proclus and Simplicius belong with the eclectic trends of the last years of the
pagan Academy (we know that when Justinianus I closed in 529 this last stronghold
of Paganism, Simplicius for a while emigrated to Persia). Boethius, instead, is a Chris-
tian so much influenced by Neoplatonism that several scholars have doubted, I think
wrongly, that he was really a Christian.

As far as the problem of the universals and of the reality of general concepts Pro-
clus (within the framework of a basic and capital discussion on geometry) holds to
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what was to become the classical Thomist definition (Thomism is the term for the
ensemble of the philosophy-theology of St.Thomas Aquinas, which for almost seven
centuries has been the accepted basis of Catholic doctrine); St Thomas received it as
mediated through Avicenna (see chapter 5) and St. Albertus Magnus (see chapter 6).
Proclus and his followers assume the universals to exist ante rem (that is before the
existance of things) in God thinking them, 7z re (that is in the actual things) as the
material concretisation of the ‘form’ or ‘eideia’; and posz rem (= after the material exis-
tance) in the mind thinking of the phenomenon. Thus the universal does in fact exist,
but is merely a ‘mental instrument’.

This was the solution actually preferred by most scholastic philosophers, but in the
medieval debate rather than the text of Proclus, which was hardly quoted, it was the
writings of Boethius that were of basic significance. Among them the text chiefly dis-
cussed was his comment on the sagoge of Porphyrius, itself a comment on Aristotle’s
‘categories’. Porphyry clearly poses the problem of what genus and species are: Are
these mere mental images or have they any empirical reality?

Basically Medieval thinkers had to choose among three pairs of possibilities, and
they had to choose such a way as to satisfy both logics and Christian orthodoxy:

(A) as far as universals were concerned the alternative was beteween pantheism and
theism whith a God having personality and will;

(B) between the concept of an individual immortal soul and the acting intellect as
it may be deduced from the study of book 3 of the De anima;

(C) as for the the connection between matter and form the consequences arising
from the necessary acceptance of the story of creation.

The problems of the universals was therefore crucial for the solution of the other
problems, although the obligatory choice in the B alternative, was itself conditioning
the possible choices for A.

Thus the problem of the universals was central to medieval thought. Here, while
outside the universities we may notice a preponderant and diffuse influence of the
strong realism of Scotus Erigena, who worked at the court of Charles the Fat, joined
with the equally strong realism of Arab thinkers, within the universities nominalism
was the predominant trend, and while it was assumed to be Aristotelian, but was,
indeed, very close to the stoic tradition.

Scotists-Arab neoplatonism had its leading figure in Ramon Llull (Rajmundus
Lullus). With Llull the universals and especially those which may be thought as God’s
attributes are res immutabiles (= unchangeable things) which, like the roots of a tree
merge into the stem, thus materializing the extant thing. Such stem is, however, com-
paratively indifferentiated as it materializes, but immediately if divides itself into
material genera, which in turn subdivide into species distributed and subdivided like
the leaves of a tree, all similar among themselves, but never identical. This realism
applies to material things as well as to moral entities, as into them merge and then
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branch off again the virtutes, that is the powerful qualities of the different universals.
Thus, for instance the ‘morality’ of any individual will be made, in each one, of dif-
ferent amounts of ‘justice’, ‘love’, ‘honour’, ‘courage’, ‘pity’ and so on. Within this
basically Neoplatonic lay out, just as in Plato, universals can really exist ante rem, in
rem, post rem.

The positions of nominalists are more varied and range from extreme nominalism,
which is credited to Roscellinus, who goes back to the Epicurean positions and holds
that universals are mere flazus vocis, to authors like Abelardus who holds that they are
potential entities, ideae ante rem, which really exist (in actu) only in the things (i res),
but that are permissible to the philosopher as pure abstactions, positae in nudis intel-
lectibus.

Intermediate positions are more close to Aristotle: they hold that the same attrib-
ute or quality (or set of qualities) is at the same time both a universal and a particu-
lar: it is a universal in so much as it is common to many, but it is also a particular as,
in so far as it pertains to an individual being, it is a unicum.

It is obvious that there is either an interaction or, at least, a link between the uni-
versals taken as individual qualities, attibutes, and ‘substance’ or ‘matter’. The term
itself ‘substantia’literally means something that stands underneath (the attributes) and
for Christian thinkers it is important to decide whether substance is an indefinite ‘ape-
iror’, as supposed by Aristotle, or a ‘quantity’ as in the Platonic tradition. Christian
scholars received the Aristotelian tradition as mediated by Ibn Gabirol (Avicebron),
but its consequence was to credit any kind of being and not only those that we usu-
ally call material objects, but also such beings as angels, with some sort of substance,
however indeterminate, which was needed as a sort of ‘support’ for qualities, as qual-
ities can not really exist alone. So an angel would be composed of substance and qual-
ities, just like a horse, the difference being that the angel has, for instance, no weight,
while the horse has weight, but not reason, and so on.

Curiously enough this theory was attributed to St. Augustine and it was not per-
ceived that it necessarily lead to pantheism (and, indeed, that of Spinoza is the direct
heir of it). This position had its main champion in Duns Scotus. He opposed this
concept of substance, termed materia primo prima, to the Platonic-Tomist thesis by
which matter had in inherent quantity, materia signata, and was proper, exclusively
proper to each particular being, and that Scotus called Materia secundo prima.

A modern naturalist who may have the patience to think a little over these quar-
rels, which apparently, because of the language they use, are entirely void of interest
for us modern, will, nevertheless be surprised to find here the hard core of current
debates on the general principles of systematics and of systematic methods.

On the other side, if you just think it over, you will realize that he is in error, who
thinks that this type of discussions is irrelevant in times of experimental sciences.
Experiment requires a previous question which we expect to be answered by its results.
But the question is necessarily a hypothesis, and this is just a hypothetic universal: you
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can not make hypothesies about some single event concerning a single individual. Just
to make an example: until 1600 no one doubted that spontaneous generation might
occur. Even great naturalists such as Aristotle, though they believed that it was rare
and limited to only a few groups of animals, did not doubrt its existence, and, there-
fore no one thought of making any experiment to verify it. As soon as some new evi-
dence allowed for the hypothesis that every organism must necessarily come from
another organism (Harvey was probably the first to maintain it in explicit terms),
within a few years Redi first and thence other experimenters, prompted by the appar-
ent increasing complexity of the problem, set to work to verify which of the two alter-
native hypotheses was true.

It must be plainly admitted that ‘no universals, no science’; Plato, Aristotle, Duns
Scotus, St. Thomas and all the others were quite right.

A further factor of great relevance in making the problem complex was the prob-
lem of Revelation of the Biblic-Evangelic text (for the Muslims of the Quran). Here
the arguments were interwoven with the Hermetic tradition.

Assuming that the Bible was the word of God, what was written there just meant
what was the literal meaning of each sentence, or was there some further significance?

Some years ago the coffin of a king of Judah was discovered near Jerusalem and it
bore an inscription that, beside the name of the king, included some furher words.
Now ancient Hebraic did not write or otherwise mark the vowels and, as a conse-
quence, the scholars started to dispute as to which vowels should be inserted to give
the correct meaning to the inscription. The problem was hotly debated for a while,
until it was found that there was simply written: ‘Do not open’!

The Hermetic tradition tells that prophets and sapients, possibly even the Gods,
never utter messages which should be taken at their literal value, the sacred message
is, indeed, always supposed to have a double significance: one literal and one sym-
bolic, and that the really significant message is the hidden one. As brilliantly argued,
for instance by Umberto Eco, Hermetic ‘reading’ allows a sort of unlimited ‘drift’ in
the interpratation of messages, and that, therefore it requires a ‘key’ for its correct
interpretation (we shall meet with ‘keys’” well down into the 18th century, and when-
ever a book is titled Clavis (= key) one is justified to suspect a more or less covered
hermetist). Obviously everyone has his own pet ‘key’ and gets different interpreta-
tions, which may offer the good excuse to slaughter each other.

Thus the ‘Cabbala’, the ‘key’ largely using combinatorials created by Spanish Jewish
scholars of the Bible around the end of the 13th century, was incredibly popular also out-
side Jewish communities, and there strongly interacted with the Neoplatonic tradition.

We shall leave here the development of these problems as, as far as their impact on
biology is concerned, we shall discuss them in their proper context. A brief mention
must, however be done of the ‘terminist’ solution proposed for the problem of the
universals, and mention will also be done to the pioneering work of the Italian natu-
ralist-philosophers Pomponazzi and Telesio.
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The best formulation of terminism may be found in the writings of Occam.
Occam holds that only individuals really exist and that the Universal is created by our
minds; for instance an individual animal or a population of animals are real, but the
systematist’s ‘species’ is our abstract creation. However the signium (= mark) is that by
which we recognize a particular thing and becomes the symbol for it; this exists in
nature, naturaliter, and has an objective value; however the intentio secunda is the
abstact universal, that is the general qualitiy, such as ‘red’ or an ensemble of qualities,
such as the ‘idea of horse’. These are concepts that we ourself created and do not
directly depend on the things themselves. Universals do not exist naruraliter, they are
instead secundum institutionem voluntariam (= created by our will). Nevertheless sci-
ence is still possible as, though only individuals concretely exist, the abstraction,
directly rooted as it is onto some qualities of each individual, is a univiversal derived
from the particulars, therefore, as a universal may be the object of sciences, and yet it
is rooted and in some way participates in reality.

Both Pomponazzi and Telesius precisely reversed the platonic-scotist model of Lul-
lus, where the divine ‘virtues’, whith their perfection, merge to materialize the extant
things and, as they are variously distributed, they thus cause an infinite variety of dif-
ferent assortments both for quality and quantity of the different ‘virtues’ or better
‘divine attributes’ in each material or spiritual object or individual. Ponponazzi and
Telesio first assume a double standard of truth, that is they completely separate every-
thing that concerns religion and revelation from the field of science. Whether this was
merely expedient to their attempt to avoid charges of heresy and blasphemy (rather
unsuccessfully) or whether that corresponded with their real beliefs is not known.
Anyway, while professing themselves to be good Catholics, as philosophers they advo-
cated entirely opposite ideas. In philosophy they both tried to develop a theory of sci-
ence based only on sensation and on the individual phenomena and which could all
the same reach normative levels.

Their attempts are rather crude and their results are close to those of the Epicure-
ans, however they are significant as forerunners of Sir Francis Bacon’s inductivism.

The odd thing is that inductivism in sciences never met with seriorus resistance:
no one had ever doubted the value of empirical or experimental evidences and the, so
called ‘systematic doubt” was the natural result to the growing amount of information,
which was continuously providing some evidence either contradictory with that
already available or with its interpretation. Thus new adjustments and checks on exist-
ing theories were plainly always needed. On the other side inductivism was never able
to replace entirely the more ancient traditions, and that is self evident even in the writ-
ings of Bacon himself and with the enthusiasm with which he ransacks, in order to
exemplify his theories, the writings of typical ‘magicians’ in the old tradition, such as
Gianbattista Della Porta.

Anyway scientists, and especially biologists, more and more had a tendency to
overlook the historical background of their own interpretations and thus continued
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to carry on in their writings subtle bias, centuries old, of which they were not con-
scious.

Some responsibility for this development certainly belongs to the schooling sys-
tems.

Apart for Italy, where in late medieval times there were some attempts to organize
some elementary schools funded and controlled by the town’s administrations, and
this was, anyway, done on a limited scale, popular education had always been monop-
olized by the clergy and by the monastic orders. Moreover since the middle 16th cen-
tury even in private tutoring, the wealthy, who previously had usually employed lay
tutors, more and more relied on the family’s chaplain both in Catholic and in Protes-
tant countries.

Christian churches had long been cleverly teaching that Pagan art, history, philos-
ophy and, above all religions, though they might be admired, were not to be taken
seriously as far as their religious content was concerned. When children begun to
study pagan thinkers, they were ussually sufficiently ‘immunized’ from any radical
doubt against the Jewish-Christian revelation. Both the Reformation and the
Counter-reformation were also worried, and consequently acted, against the danger
of a Pagan rebirth, as it appeared possible in the upper classes of Italy in the transition
between the 15th and 16th centuries. Thus, partly as a follow up of the old tradition
and partly because neoplatonism was the only pagan ‘philosophy’ compatible with
Christianity, it was preserved as an important part in the cultural-religious education.
We shall see how its influx is notable in the development of various trends in analy-
sis, especially concerning evolution.

As it would be interesting to examine how these different influences acted on some
important biologists of the Renaissance or of the 17th century, and we shall try to do
precisely that in the following chapters, though, unfortunately, none of the more rel-
evant scholars has been sufficiently studied to allow for a complete appreciation of all
aspects of the problem. The best approximations for the appreciation of these pro-
belms are either Newton or Leibniz, and, at present, Newton is the better studied of
the two. A brief digression on him may be useful for the better undersatanding even
of biologists.

Many manuscripts by Newton have been published comparatively recently and
several were destroied in the 19th century as their owner though that they would
detract form the conventional appreciation of the great Sir Isaac.

Troughout his life Newton was able to fuse his deep religious faith, which was
apparently a very conventional and fundamentalist matter (though it has been argued
that he was covertly an Arian), with his advanced scientific research.

In the European educated media at the end of the 17th century it was impossible
to ignore the problems arising from the interaction of increasingly efficient methods
of observation and of rational analysis of the evidence on one side, and the Biblical
text on the other. To Newton, as to the vast majority of scholars of his age, the main
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problem is neither that of a double truth, as developed by Medieval Averroists, nor
that of ‘reconciling’ scientific evidence and faith. To them both the Biblical and Evan-
gelical texts were unquestionably ‘true’ both in their substance and in their wording,
but, as they did not match here and there with empirical evidence, it naturally fol-
lowed that, true to the Hermetic tradition, they must have been written in a symbol-
ic language, to understand which it was necessary to find the proper ‘key’.

We have said that this assumption was a solid and honoured Medieval tradition,
and this not only in Christian media, but also for the Jewish and Muslim traditions.
The result had been a vast cryptic literature which was often written such a way as to
be even more obscure than the evidence that it aimed to explain.

Cartesius (Descartes) had been acutely conscious of the fact as in his youth he had,
naturally vainly, attempted to get in touch with the supposed rosicrucian wise men.
Cartesius’ philosophy, mathematics and physics were all a radical and openly avowed
attempts to eliminate all traces of Lullism form all fields of science and philosophy.

In England the ideas of Cartesius were considered with interest, but England being
a protestant country, also with some diffidence. Several people were worried that
Cartesius’ brutal opposition of res cogitans and res extensa, implied a too materialistic
view of the world. Such was the attitude of Newton: interested in mechanicism, but
a licdle diffidently.

The development of the physico-matematical thoughts of Newton was slow (he
was also a perfectionist and always afraid of all kinds of criticism) and interwowen
with pauses when he studied Biblical chronology.

Most of learned Europe and Newton himself expected ‘the end of times’ and the
beginning of ‘the New Kingdom’ within a reasonably short time (Newton thought
that he had calculated some alternative probable dates for it and his last option for the
second coming of Christ was 1948). The ‘Magicians’ or ‘Natural philosophaers’ work
was considered as a sort of dutiful moral preparation for a better world where the bib-
lical prophecies would have been fully clarified and were to find their fulfilment.

Thus the complex activities of Newton, including his long and painstaking
alchemical researches, may, in a way, be considered as a sort of perpetual prayer.

Both the failures and the supposed achievements of his alchemical researches, grad-
ually brought Newton further and further from the crude Cartesian mechanicism.
Meandering through brilliant and accurate experiments and meditations of the obscure
texts of Sendivogius and company, Newton attained the basics of the classic concepts of
‘mass’ and ‘force’, where ‘mass’ is conceptually rather close to the materia signata, while
the force’, being the Principia mathematica in Latin, is naturally called by the tradition-
al and traditionally ambiguous vis. It is indeed one of the merits of Newton’s book to
have finally done away with the ambiguities of old, which combined under the same
name the concepts of ‘attribute’, formy’, ‘acting force’ and others. It is just by using his
redefined concepts and some previous hints and intuitions both his and of previous
scholars on magnetism etc. that he built his great synthesis: Newtonian mechanics.
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We have such an ingrained habit of living in a Newtonian world (as his mechan-
ics are perfectly adquate for our daily experiences), that its is difficult for us, after three
centuries of tuition based on the words of the Principia mathematica, both to imag-
ine the world as it was seen by people before Newton, just as we still feel uneasy with
the two new worlds of relativistic and quantum physics.

But what is significant for our argument is that to Newton himself his concepts
were ‘Theoria’ exactly in the religious Aristotelic meaning of ‘contemplation of the
Gods'. Indeed Newton needed, for his physics, the new concept of ‘absolute space’, a
fixed reference system, as opposed to ‘Relative space’, which is but the manifestation
of the relationships temporarily obtaining between the observed objects. For a while
Newton called his ‘absolute space’ Sensorium Dei, thus provoking the outcries of the
equally pious Huygens and Leibniz (who were both relativists) who charged him of
being ‘impious’, as, being the absolute space measurable, Newton claimed to be able
to measure at least some attribute of God!

Equally clear is the furious reaction to the Principia by Cartesian mechanists who
feared the resurrection, in new shapes, of ghosts that they thought to have laid forev-
er, such as actions at distance by celestial bodies.

Again partly depending on ancient traditions are the anti-Newtonian arguments
of Goethe, Geoffroy St. Hilarie or Ocken on one side, of Cuvier on the other: prob-
lems that we shall discuss in due time.

This may have been a long digression, but I think it useful in order to understand
several problems which sometimes quite clearly and sometimes obscurely, underlie
much of the biological debate since the end of classical times.






CHAPTER V

The Islamic culture and the Western world

SYNOPSIS OF THE MAIN HISTORICAL EVENTS AND OF SCIENTIFIC ACHIEVEMENTS

Isidore of Seville (c.570-636), the venerable Bede (673-735)

622 Hegira: Mohamed flies from Mecca to Medina.

640 the Arabs conquer Alexandria, supposed final destruction of its library

642 battle of Nihawand: the Arabs crush the Sassanian empire.

752 battle of Poitiers: Charles Martel stops the penetration of the Arabs in France.

763-809 Caliphate of Hartin al Rashid ibn al-Mahdi: Culmination of the Abassid power , Baghdad is
the most splendid capital of the East

1085 the Christians capture Toledo.

1095 beginning of the 1st Crusade (1096-1099).

1258 the Mongols capture Baghdad, destruction of the Abassid caliphate.

Jabir ibn Haiyan 8th century, Masha’allah +820, Rhazes 865-925, Alhazen 965-1039, Abu ‘Ali al-
Husain ibn Sina (Avicenna) 980-1037, Al Biruni 973-about 1050, Al Ghazaali (Algazel) 1058-
1111, Abii ‘I-Walid Muhammad ibn Rushd (Averro¢) 1126-1198, Rabbi Moses ben Maimon (Mai-
monides) 1135-1200, Al Farabi 870-950, Omar Khayam + about 1123

Pierre Abelard (Petrus Abelardus) 1079-1142

Translators: Armand from Carinthia, Gerard of Cremona etc. c. 1132-1187, Adelard of Bath c.
1100-c. 1200

Islamic biology

When we try to follow the development of Medieval thinking on matters of nat-
ural history, there is indeed a problem for any student unfamiliar with linguistic and
archivist research and who does not have a lot of leisure: for most texts both European
and even more Arab or Persian there are no recent translations or even editions.

Any elementary history tells us that the Arabs, and before them the Persians large-
ly absorbed Greek science and that it was precisely mostly by the intermediary of Arab
commentators that Greek science was to exert a powerful influence on Western
thinkers of the late Middle Ages. However, when we try to check the sources for this
tradition, we find that, even for what concerns basic thinkers of the Islamic culture,
such as Avicenna, several of their books both of medical or biological subject were
never translated or that such Latin translations that were prepared were never printed
and, though to some extent used by the European scholars of the 13th-14th centuries,
thence laid completely ignored in the old libraries.
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Much the same is true of the probable influence of the Jewish-Spanish culture:
both the scholars of the Talmud, and the highly reputed Jewish physicians did indeed
write occasionally on animals and plants and therefore are sometimes quoted. Such
are the talmudists Saadia (882-942), Rabbi Hananel ben Hushiel (11th century),
Rabbi Gerson ben Juda (who was teaching in Metz during the 12th century and
should not be confused with the famous philosopher Gersonides = Rabbi Levi ben
Gerson), Hai Gaon, Rabbi Solomon Ben Isaac (also known as Rushi of Troyes),
Shem-tob ben Joseph ibn Falgera, Jacob ben Mahir (who in 1302 made a translation
of Averroes).

Kalonymus ben Kalonymus wrote a treatise on animals, which is a mere para-
phrase of some Aristotelian treatises. Among the physicians we are remembered of
Assaph (9th century) and Sabbatai Donnolus (10th century), this last certainly hav-
ing some influence on the early development of the School of Salerno, but I must say
that I have failed to find out what they actually wrote in the fields of botany and zool-
ogy. In fact I only found that the often mentioned Safer ha-yagan by Donnolus is a
mere list of antidotes.

In the end I was quite doubtful whether the traditional accounts are really reliable
and I think that, indeed, the tradition is valid as far as medicine, mathematics, physics
and alchemy are concerned, but that the real importance of such non-Christian
authors for the late Medieval scientific renaissance was almost irrelevant as far as their
transmission of Greek science is concerned. Apart for a rather brief period, Europeans
were rather interested in what the Arabs themselves had to say in the way of com-
ments or additions to the ancient tradition. Indeed the original Greeks texts, with few
exceptions, rapidly became available in their original language.

What is clear is that the bulk of the philosophic and medical Islamic culture was
actively studied in Europe, just as there was a significant reciprocal exchange of tradi-
tions and influences in the field of courtly literature (the ‘courtois” culture).

Such books as were written in Persian were almost completely ignored, except
when they became available as Arab translations. Thus it happens that European
scholars debated at length some of Avicenna’s (Ibn Sina) theories, while completely
ignoring others.

By the death of the Prophet (632) the religion he had founded had spread all over
the Arabian peninsula. Thence begun the great expansion of Islam. Under the leader-
ship of the first caliphs who succeeded Muhammad, the Arabs conquered first the
neighbouring countries of the Middle East: Babylon, Syria, Iran; then they spread
through Egypt and to all of North Africa, captured Sicily, Sardinia, the Balearics,
almost the whole of Spain. By the end of the 8th century the Arab rule had reached
almost its maximum limits in the Mediterranean. Muslim strongholds existed in
Provance and along the coast of Southern Italy.

Arab rule had a varied destiny: the Emirate of Bari and the settlement on the
Garigliano, in Southern Italy, or the Provegal strongholds were ephemeral events last-
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ing a few dozens of years, the Spanish conquests lasted for centuries, in Africa and Asia
it is still there. In the Middle East Muslim influence advanced and retreated repeat-
edly in face of Byzantine resistance and of the Crusaders onslaughts. Finally once
Turkish rule was able to more or less unite all the Muslim word west of Iran, it slow-
ly advanced through the Balkans until the end of the 16th century, when finally
checked on the sea at Lepanto (1572) and under the walls of Vienna (1529 and
1683). Since then Muslim power was on the wane until, at the beginnings of the 20th
century, almost all Muslim countries were under the direct or indirect rule of Euro-
pean powers.

However, while in Spain cultural contacts between Moors and Christians lasted for
centuries, in the Middle East they were rather ephemeral: practically the brief span of
the Frankish kingdom of Jerusalem and of the even more ephemeral Frankish princi-
palities around it (1099-1187). Otherwise all contacts were practically mediated
through the Byzantine Empire, who acted as a cultural philtre. By the time of the final
crumbling of Byzantine power, European culture had long since passed the times
when it was open to the Arab cultural influence.

During the early phases of development of Byzantine culture, after the final sepa-
ration from the Western empire (this being said with the proviso that, in fact, Byzan-
tine cultural strongholds lasted for centuries in Italy and, until the Muslim conquest,
in North Africa), the Greek scientific and cultural heritage was basically intact,
though it was less and less available. This is largely borne out by the lists of the books
quoted by Byzantine authors. Surviving Byzantine codices (actually mostly preserved
in Western European libraries, which acquired them between the 13th and 15th cen-
turies), show that there were three periods during which older works were actively
copied. These were separated form one another by lapses (each one lasting a couple of
centuries) of apparent lack of interest. The last active period was that of the ephemer-
al Byzantine revival after the recapture of Costantinople by the Greeks in 1261.

For a number of reasons, some apparently still poorly understood, the Nestorian
and Jewish communities of Egypt and Syria of the 5th-7th centuries were actively
engaged in the translation of Greeks texts into Coptic and Syriac.

Meantime, though almost continual internecine wars were undermining the
Sasanian Empire, there cultural life remained quite active, though not as flourishing
as for a brief period under Kushrau I (531-579) when first the teachers of the school
of Edessa, closed by the Emperor Zeno (489), and then those from the schhol of
Athens, closed by Justinian I (529), moved to the Sasanian cultural capital of
Gundishapur. Some of them, however, including the greatest of them, Simplicius,
later returned to Athens'.

! In spite of his great importance both as a historian of philosophy, as we are indebted to him for a good
deal of what we know of the Greek philosophers apart from Plato and Aristotle, and as a thinker in
his own right, we know almost nothing of Simplicius’ life.
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As we have already said, the invading Arab armies (634) found Syria, Palestine and
Egypt but weakly occupied by Byzantine troops, who barely succeeded in keeping
control of these countries against the growing impatience of their inhabitants both
with imperial taxes and religious policy. The Byzantine garrisons, after a couple of bat-
tles, retired into some fortresses and the relief expeditions sent from Constantinople
were signal failures, while the local populations rather welcomed the advancing Arabs.
Damascus fell in 635, Alexandria in 642, Cyprus was attacked in 660, Costantinople
itself was repeatedly attacked until the final defeat of the Arabs in 718. The Arabs
advanced beyond Egypt in 647 and reached the Atlantic for the first time in 681, but
in North Africa the Byzantines and their allies put up a strong resistance, with alter-
nating victories, until the final capture of Carthage by the Arabs in 698. In Spain the
Visighots repulsed a first naval attack in 675, but the Arabs crossed the strait of
Gibraltar in 711 and were master of almost the whole of Spain by 713. They then
entered France and established themselves in Narbonne in 720, thence raiding the
whole of Southern France, raids with continued in Provance well after the Arab
advance northwards had been decisively crushed by Charles Martel at Poitiers in 732,
almost exactly a century after they had begun their expansion. However Arabs were
still on the offensive: for instance Avignon fell to them in 737. Sicily was raided since
720 and its invasion, begun in 827 was completed by 878, while Corsica was captured
in 806 and Sardinia in 810. An Arab emirate was established in Bari in 840 and raid-
ing Arab parties were a continuous threat to the Italian and French coasts and these
occasionally penetrated well inland for the whole of the 9th century, so much that
they reached the outskirts of Rome in 846 and had temporary strongholds here and
there along the coasts of both Italy and Provance.

Meantime the Arabs had invaded Mesopotamia and in two major battles
(Kadisyia, 637, and Nihavand , 643) crushed the Sasanian Empire and gradually
annexed Iran (The last Sasanian king, Yezdegerd I1I, actually was killed about 10 years
after having been defeated at Nihavand). Thus, in scarcely more than 30 years the
Caliphate ruled an empire stretching from the Atlantic to the borders of India. It was,
indeed, an immense castle of sand, as it was shortly to break up into several major and
minor pieces, but, at this point in time the Arabs found themselves to be utterly inca-
pable to rule such vast countries. So they quickly recruited into their administration
such prominent local people who were ready to embrace Islam, and, in a somewhat
subordinate position, also a good many Christians and Jews; on the other side they
were immediately acutely aware of the need to acquire the local traditional cultures.
Thus the Arab engaged into the rapid translation into Arabic of as many ancient texts
as possible, both from Greek and from Syriac versions.

Arabic thus quickly became a learned language and, throughout the early Medieval
times the Islamic world was culturally the most advanced, overtaking even the Byzantines.

In spite of the strict bounds set by the Islamic religion, which has as the funda-
mental tenet that all truth is in the Koran, scientific culture developed rapidly, though
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increasingly challenged by the more orthodox groups both among the Sunnis and the
Shiites.

Apart from the contributions of travellers and geographers, Arab scientific litera-
ture appears as basically consisting in comments on Greek sources. This is however to
some extent misleading, as the Arab thinkers were considerably open also to other
influences, especially from other Eastern cultures, and incorporated a good deal of
new evidences. The only field in which Islam was absolutely uncompromising was in
its absolute prohibition of anatomical investigations on Man.

This was by itself a considerable stumbling block in the path of biological investi-
gations, and we shall see, indeed, how the first real steps towards a new development
of our discipline were made precisely in the field of human anatomy.

A further limitation of Arabic science is its extreme tendency for concreteness and
for the interpretation of all evidence in the light of its real or presumed practical or
moral advantage for Man. This totally guides all natural sciences, including astrono-
my, where the mathematical spheres of Ptolemy, which he conceived as simple
explanatory models, are believed by Arab thinkers to be absolutely real.

The medical schools of Nisibis and Edessa played an important role in the trans-
fer of Greek medical knowledge into the Arab world. These schools had been found-
ed by the influence of the heretical patriarch of Constantinople Nestorius and flour-
ished especially at the end of the 5th century and their teachers later fled to
Mesopotamia. The Sasanians, who had founded a cultural centre in Gundishapur wel-
comed them and there and in other schools of their empire which soon fell under the
Arab sway, the teachings of the Greek masters were preserved and almost worshipped.

The Arab conquerors soon established additional schools in Baghdad, Samarkand,
Damascus and in other towns. The great Spanish centres of learning: Cordoba,
Seville, Toledo, Murcia and others were established somewhat later.

There theology, philosophy and medicine were the main subjects of teaching.

The basic plan of such a ‘Madrasah’ is a group of buildings around a Mosque, with
housings for the teachers and the students, libraries, hospitals and wards.

Thus the Arabs collected, preserved and spread again the great inheritance of clas-
sical medicine, while somewhat adapting it to their peculiar spiritual requirements
and adding to it some interesting contributions.

While the Arabs thus busied themselves, in Western Europe the preservation of the
classical heritage was basically the task for copyists working in the cloisters, who, part-
ly because of factual difficulties and partly for a cultural policy, worked practically
only on Latin texts of limited scientific value.

However the common tradition that the Medieval knowledge of the Greek classic
was that which had been received through its Arabic elaboration is false.

Truly enough some Greek books have been preserved only in their Arab transla-
tions (this is particularly the case for the works of Galen, whose Greek originals were
discovered only in the 16th century and some of which are still known only in their
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Arabic translations), and is equally true that some work had been done since the 10th-
11th century to translate texts from Arabic into Latin: Gerbert of Aurillac (pope
Sylvester II) repeatedly requested such translations from Spain.

Again important groups of translators from Arabic worked both in Toledo and
Palermo immediately after these towns had been recaptured from the Muslims. But
in fact in the vast majority of instances less than 20 years lapsed between any Greek
text was translated from Arabic and the date when it was first translated from the orig-
inal Greek. Arabic texts were translated and studied for centuries because of a direct
interest in their original contents: in the comments and additions that they provided
to the Greeks.

For a history of biology the problem is that almost all the important contributions
made by the Arabs are in medical fields, and thus they have but a marginal interest for us.

However, we shall briefly mention the most significant of them.

Perhaps the earliest worth mentioning is Mesu¢ senior (Yahanna ibn Masawaih),
who died in 875, who was also known to our Medieval scholars under the name of
Johannes Damascenus (John of Damascus). He was the physician of the Caliph of
Baghdad and wrote several books, the best known in the West being titled Aphorisms
and was printed for the first time in Bologna in 1489.

Again of merely medical relevance is the work of Seraphiun (Yuhanna ibn
Sarabiyun), a Syrian physician who approximately in the fifties of the 9th century
wrote a book also titled Aphorisms and another titled Pandectae (both published in
Venice in 1496). His books were commonly used in the early Renaissance. In his
books the plants from which medicaments may be obtained are just mentioned, but
not described.

Giovannizio (Hunein ibn Ishaq, 809-873) was the official translator for the Caliph
Ma'mun and in this capacity he translated all sorts of books: from the Bible of the Sep-
tuaginta to Plato, from the treaty of veterinary medicine of Theomnestus to mathe-
matical works of Archimedes and Menelaus. He also wrote some one hundred origi-
nal works patterned in the Greek fashion. A comment of his on Galen was common-
ly used in the Italian universities up to the 15th century.

The work of Rhazes (Abit Bakr Muhammad Zakariya al-Razi, 850-923) is of great
significance in the history of medicine, but is irrelevant for the history of biology. He
was a Persian and a favourite of Shah Al-Mansur of Ghazni, to whom is dedicated his
most famous book (he wrote about 200) dealing with medicine, mathematics and
astronomy the most famous being the Kitab al-Mansuri (Liber medicinalis Alman-
soris). Actually the 9th volume of the book deals with the treatment of all diseases
known at the time; under the name Nonus Almansoris it was usually read and com-
mented by the reader of the Lectura almansoris, a special chair in our universities up
to the end of the 16th century. Equally important in medical teaching was the Kizab
al-Hawi fi'l-tibb, known in the West as Continens medicinae.

The greatest Arab scientists was unquestionably al-Biruni, who was also a ‘Hakim’
(= philosopher-physician) in the true meaning of the word. But, while we have his
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works on physics, mathematics, etc. of his medical treatises there only remain an
incomplete medical-apothecary encyclopaedia.

Avicenna

Avicenna (Abu ‘Alf al-Husain ibn Sina) is one of the most famous figures in the
history of Arab culture.

He was a Farsi from near Bukara, born in 980, died in 1037. He was for some time
an adviser to the court of a minor Persian prince, who later persecuted and threatened
him with death. He was a man of universal culture, great versatility and prodigious
memory. He wrote a number of books both in Arabic and Persian on philosophy,
mathematics, geometry, astronomy, medicine and natural history and some of them
in Persian (Farsi) have not yet been translated and printed. His Arabic treatises had a
great influence on the Medieval culture, both Islamic and European.

His philosophy is basically Aristotelean but strongly tinged with neoplatonism.
and, as with all other Islamic thinkers, completely anthropocentric. The strict prohi-
bition of dissection of human corpses enjoined by the Islamic law compelled Avicen-
na, as all other Muslim authors, to depend entirely on Galen for his human anatomy,
while he completely subscribed to the humoral theories of Hippocrates. He sum-
marised all this second hand knowledge in a great opus in five books: his famous
Canon of Medicine, which was greatly popular not only with Muslim physicians, but
also in the Christian West, where it was made available by a Latin translation by Ger-
ard of Cremona (12th century)

For the pure biologist possibly the most interesting contribution by Avicenna is his
clear discussion of fossils. He considers both the classic alternatives: that they are pet-
rified organisms or that they are animals which were being spontaneously generated
from mud and that could not complete their development. Avicenna is positive that
they are the remains of true organisms, which have been transformed after death by a
vis petrefaciens: a special power active in special environments. His thesis, after all, is
basically correct as, in order to fossilise an organism must be entombed under
favourable local conditions. The Arabic writings of Avicenna were well known and
valued by Medieval European scholars.

On the whole, as a naturalist, Avicenna stands as a brilliant compiler, with a sound
personal experience.

Averroes

Probably the most important Muslim scholar of the period, at least as far as orig-
inal thinking and influence on later developments of Western culture are concerned,
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is Averroes (Abi ‘I-Walid Muhammad ibn Rushd). He was born in Cordoba in 1126,
was governor of Andalusia and died in North Africa in 1198.

Like Avicenna he was a philosopher, a judge, a physician and an astronomer. As
far as history of biology is concerned he contributed nothing original and, therefore
he might be conveniently ignored; however his comment on Aristotle, as soon as it
was translated into Latin had a tremendous impact in the faculties of Arts and even
more in medical faculties. He had indeed the quality of being notably faithful to the
original thinking of the Master and, moreover, he developed some important impli-
cations of Aristotle’s ideas, which occasioned important conflicts in the Medieval uni-
versities. The influence of Averroism in the medical media was to have an important
impact both on medical practice and on the framing of later European scientific cul-
ture.

Averroes is often critical of Avicenna, charging him with misunderstanding Aris-
totle, while, as far as biology is concerned, his discussion of the concepts of poten-
tiality and act in nature is especially important (see appendix to chapter IV). As we
said Aristotle considers the marble block as containing in potentia the statue, and
applying this concept to embryonic development, as he thought that the materials
who made up the embryo ‘potentially’ contained it. Averroes, for all his love for Aris-
totle, does not agree. For him nothing exists in potentia, that is as a possibility, which
does not exist i actu. The seed of plants and the embryo of animals actually contain
the plant or the animal, within the marble there is no structure or figure, and there-
fore Aristotle’s comparison does not hold. To this extent Averroes’ discussion and con-
clusions are a step towards a modern approach.

In Western Europe scholars passionately took sides in the dispute on the merits of
the two great Islamic thinkers and through the 13th and 14th centuries the two
schools were openly and sometimes violently opposed. The Averroists were repeated-
ly condemned by the Church. The Church itself, after much debate, adopted Avi-
cenna’s position, which is basically identical with that of St. Thomas Aquinas.

Thus the philosophy and science of Aristotle were first preserved for Western
thought by Boethius, but the debate on the merits and limits of Greeks sciences was
really sparked by the interpretative debate among the Muslim thinkers.

A follower of Averroes was Maimonides (Rabbi Aba ‘Imran Masa ibn Maymun
ibn Abd Allih or in the Hebrew Rabbi Moshé ben Maimon). He too was born in
Cordoba in 1132 and died in Cairo in 1204. An encyclopaedic philosopher as his
master, he has a key role in the history of Jewish philosophy. Christians were mainly
interested in his comments to the Aphorisms of Hippocrates and on his letters on
dietetics. These works show much original thinking and a lively criticism of Galen
and of other ancient masters. They were much read both in Medieval and Renaissance
times and were instrumental in the preparation of that systematic criticism of the clas-
sical tradition that was typical of the 16th century.
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Other Muslim authors

We know of other Muslim authors who wrote on zoology, but few of their works
survive.

Among those who were known in Europe, we may take as a typical example Giahiz
(Abt ‘Uthmain ibn Bahr ibn Mahbub al-Giahiz, c. 776-c. 847), who wrote a Kitab al-
Hayawan (= book of animals); this book, on one side, shows how interested was the
author in the behaviour of the about three hundred species considered, which, how-
ever is always regarded as valuable for its significance for human morality, while al-
Giahiz has no interest whatsoever in the morphology of the animals themselves. Thus
the book is an interesting source of factual and traditional accounts on animals. A
curious feature in Giahiz, is that he believes that climate has some influence on the
aspect and behaviour of animals, some sort of ‘little evolution’ which is at the origin
of local races. Some sort of transformation is also possible through hybridisation, but
this has usually a bad effect, at least as far as morality is concerned. We shall find
almost the same ideas expounded by Buffon, and one wonders whether the French
naturalist knew of a book which has always been popular in the Arab world.

Another author who may be worth remembering is Sakarja ben Muhammad al-
Qazwini, who is the author of a compilation, largely based on previous and mostly
lost authors, where he described several animals for which we have no previous
descriptions.

While Islamic literature is, as far as zoology is concerned, very poor, its scientific
literature numbers a good many important authors on botany (such as Ibn Haggiag
in the 11th century, Ibn al-SurT in the 12th and others). All their works, just because
of the strict practical interests of Muslim naturalists, are basically medical herbals,
which are notable additions to the Greek texts, as they contain descriptions of many
plants which were unknown to classic authors.

Other additions to botanical knowledge may be found in Arabic agronomic books.

Finally we should not forget the importance of Arab geographers (and above all of
Ibn Battuta) who provided a good many accounts of animals and flora of different
regions, thus setting out the evidence on which Europeans begun to elaborate in the
late 15th century.

Such, for instance, is the chapter on Egyptian animals in the description of the mar-
vels of Egypt written in 1203 by ‘Abd al-Latif ibn Yasuf al-Baghdadi, who also gives a
detailed account of the Egyptian method for the artificial incubation of chicken’s eggs.

For the sake of fairness we may also quote a Life of animals by Muhammad al-Din
al-Damiri, who died in Cairo in 1405. While some of the descriptions given by these
authors show a genuine interest in the animals and relate some original observations,
their works can not be considered as books on any significance in the development of

biology.
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Concluding remarks

Averroes is one of the latest Muslim authors who actively supported the philoso-
pher’s side in the raging debate between them and the fundamentalists. a debate that
saw the final triumph of the followers of Al-Ghazzali (Aba Hamid Muhammad al-
Ghazzali, known as Algazel to European scholars) (1058-1111), and by the end of the
13th century the Muslim world ceased to provide any active contribution to the evo-
lution of sciences. Around the middle of the 13th century the Arab powers begun to
crumble (and to be substituted by the Ottoman Turks) and their culture underwent
a stasis, so that all European interest in it soon vanished.

An additional problem for the development of scientific culture in the Muslim
world was the long standing ban on printing because of religious preoccupations.
Thus the first printing facilities were introduced in Istambul only in 1727 by Ibrahim
Muteferrika, who was actually a Hungarian who had converted to Islam, and did not
outlive their patron. In Egypt a press worked through the three years of Napoleon’s
occupation, but was eliminated as soon as the last French soldier went. Printing only
reappeared there around 1850!

Thus a number of possibly significant texts were lost and several, even by cele-
brated authors, still sleep, mainly in European libraries, waiting to be printed and
translated.

To summarise: the Arabs did not introduce new ideas into the medical and bio-
logical sciences, but the preservation of texts and their comments, as well as the devel-
opment and dignity that they bestowed to the study and practice of medicine, as well
as some technical improvements in surgery and a notable development of pharma-
cology, were significant contributions to the development of medical practice and, to
some extent, were to help in the development of biological thought too.



CHAPTER VI

Medieval times from the end of the Western Roman Empire to
the end of the XV century

SYNOPSIS OF THE MAIN HISTORICAL EVENTS AND OF THE MAIN SCIENTISTS AND
PHILOSOPHERS

476 deposition of Romulus, nicknamed Augustulus, conventionally the last Western Roman emperor.
490 the Ostrogoth Theoderich conquers Italy

529 Justinian I closes the school of Athens, its teachers flee to the Sassanian court at Gundishapur.
Alexander of Tralles c. 500, Manlius Severinus Boethius is killed in 530 by order of Theoderich,
Simplicius goes to Gundishapur in 530

668 the Longobards invade Italy.

622 Hegira: Muhammad flies from Mecca to Medina.

640 the Arabs capture Alexandria, supposed final destruction of the Library.

642 battle of Nihawand: final defeat of the Sasanian Empire.

700-1200 Islamic culture flourishes.

Isidore of Seville c. 570-636, the venerable Bede 673-735

752 battle of Poitiers: Charles Martel (the hammer) blocks the Arabs in France.

800 Charles the Great (Charlemagne) is crowned Western Emperor.

Alcuin 735-804, John Scotus Erigena c. 810-870

887 Charles the Fat is deposed, practical end of the Carolingian dynasty.

961 Otto I becomes Emperor.

1066 William of Normandy defeats the Saxons at Hastings and conquers most of England.

1073 beginning of the quarrel between the Pope and the Emperor on feudal and bishoprics investitures.
1085 the Spaniards capture Toledo from the Moors.

1095 beginning of the first crusade.

Pierre Abelard 1079-1142, Translators from Arabic: Armand of Carinthia, Gerard of Cremona etc.
c. 1132-1187, Adelard of Bath c. 1100-c. 1200

1158 Diet of Roncaglia, the Emperor Frederick I Barbarossa (= Redbeard) grants special privileges to the
school of Bologna and generally to students and masters.

1176 Frederick Barbarossa is defeated by a coalition of Italian communes at the battle of Legnano.
Period of the Universities foundations: after Bologna (1119) and Paris (1131 bulla of pope Gregory IX,
1194 bulla of pope Celestin III, 1200 charter by king Philippe Auguste); Montpellier (1181), Oxford
(before 1208), Padua (1222), Naples (1224), Cambridge (1229, this last follows a school which has been
mentioned sporadically since 630) etc.

1130 alcohol, which was already known by the Arabs, is first produced in Germany.

1145 paper is produced in Europe for the first time.

1176 Petrus Valdus begins his preaching and is declared a heretic.

1180 coal begins to be substituted for charcoal.

Frederick II of Swabia 1194-1250, Robert Grosseteste 1168-1253, Jordanus Nemorarius c. 1200,
Leonardo son of Bonaccio da Pisa, also known as Leonardo Fibonacci c. 1170-1240 writes the
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Liber abaci and other books and practically introduces in Europe both algebraic methods and the
Arab-Indian numeral notation, Albert of Béllstadt (Albertus magnus) 1193-1280, Thomas
Aquinas 1225-1274

1205 beginning of the rule of Gengiz Khan.

1208-09 crusade in France against the Cathars heretics.

1215 King John grants the first Magna Charta Libertatum.

1269 first document describing the magnetic compass.

1281, 1331, 1334 first documents mentioning guns and artilleries.

Peter of Moricourt c. 1269, Vincent of Beauvais +1264, Mondino de’ Luzzi c. 1275-1326, Roger
Bacon 1214-1292, Ramon Llull (Rajmundus Lullus) 1235-1315, Witelo c. 1250-¢.1300
1340-1440 the Hundred Year’s war.

Duns Scotus 1265-1308, Theoderic of Freiburg +1311, William of Occam +1350, Jean Buridan
+1360, Nicholas Oresme 1323-1382

1389 the Turks conquer Serbia.

1397 Michael Chrysolora teaches Greek in Florence.

1400-1434 Hussite wars, Western schism, councils of Constance and Basel.

1450 Francesco Sforza becomes duke of Milan.

1453 the Turks capture Costantinople.

1454 John Gutenberg prints the Bible, first book printed by movable letters.

1455-1485 War of the Roses.

1462-1500 Ivan I becomes the first czar of Russia.

1486 Bartholomeu Diaz sails beyond the Cape of Good Hope.

1492 Columbus reaches the Caribbean Islands (thus discovering America), Lorenzo ‘the Magnificent’
dies in Florence.

1498 Vasco da Gama reaches India via the Cape of Good Hope.

Nicholas Cusanus 1401-1464, Erasmus from Rotterdam 1465-1536, Giovanni Pico count of
Mirandola 1463-1494, the ‘Merton Group’ works around the middle of the 15th century, Leonar-
do daVinci 1452-1519, Giovanni Marliani +1483, Berengario da Carpi c. 1460-1530, Georg Peur-
bach 1423-1461, Johannes Regiomontanus 1436-1476, Nicolaus Copernicus 1473-1543, Giro-
lamo Fracastoro 1484-1553.

Biology and medicine during the early Medieval times

We saw how during the late Roman Empire biological studies were practically the
mere perpetuation of previous knowledge, while medical studies still made some sig-
nificant advances. We have also seen the reasons of the extremely limited contribu-
tions to new knowledge by Islamic scholars. Now that we come back to the develop-
ment of biology we cannot completely overlook the evolution of medicine, as it was
precisely chiefly amongst physicians that ran the main biological debates and were
made the more significant advances. It was but very slowly that biology acquired the
dignity of an autonomous branch of the sciences.

We have already mentioned the essentials of that transitional period which runs
from the end of the Western Empire to the Longobard conquest of Italy and to the
expansion of Islam, which were roughly contemporary.

We may well divide the following centuries in two periods: the first corresponding
with the period of the consolidation of the main ‘barbarian’ monarchies: Longobards
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in Italy, Franks and Burgundians in France, Visigoths in Spain, Saxons in Britain,
soon followed by the explosion of Islam, which almost swept away the Spanish Chris-
tian rulers and seriously threatened both France and Italy.

This phase is practically ended in the West by the time of the Spanish capture of
Toledo (1185) and of Jerusalem in the East (1199) by the Crusaders. The following
phase, the late Middle Ages, practically merges into a very gradual transition with
Humanism and the following Renaissance.

In chapter IV we have seen the story of the social development of schools and we
might feel that this should suffice, but for the opportunity to mention briefly the
deep, albeit subtle, influence of the teachings of John Scotus Erigena (or Eriugena).
The life and deeds of this Irishman are intimately woven with that brief, but bur-
geoning flourishing of cultural activity started by Charlemagne, and continued by his
successors. We owe to their encouragement the preservation of most that survives of
the Latin writers, as almost all the existing manuscripts and many of those copied by
the scholars of the 15th-16th centuries and since lost, are copies made in Carolingian
times of codices of the 4th-5th centuries. The Carolingians equally made an effort to
promote the establishment of new schools and the diffusion of literacy.

When the Carolingian dynasty foundered into the worst chaos Europe had wit-
nessed in centuries, the real ‘Dark Ages’ followed and the beginning of recovery may
be seen with the advent of Emperor Otto I (961) about a century later and this prac-
tically corresponds with the beginning of the already mentioned debate on ‘univer-
sals’.

As we have seen, both the late Roman schools and such schools as developed dur-
ing the Middle Ages were in great need of summaries and digests (the summaulae) and,
as these were the books more commonly preserved, we are often ignorant of the pre-
cise source of such notions as are expounded there.

As far as Natural Sciences, and more specially zoology and botany, are concerned,
books are fairly rare. Apart from Roman and Greek texts, more or less complete,
among which the commonest, just for its practical value, is the familiar Dioscorides,
copies of which range from the wonderful Dioscorides Vindoboniensis, a lavish Byzan-
tine manuscript, which many figures are excellent copies of Crateva’s originals (1st
century BC)!, especially prepared for a Lady of the Roman senatorial family of the
Anicii, or the equally Byzantine and almost as good Dioscorides neapolitanus, the later
(8th century), but still reasonably good, Dioscorides Longobardorum, to extremely
poor and incorrect copies.

' Among the several Greek novels which were popular in Hellenistic and Roman times and which still
survive, there is a curious novel in the form of fictitious letters (a kind of novel that was revived in the
XVIII century and which is still popular), which chief character is a physician Crateva, apparently a
great-grand-son of the historical physician of Mithridates VI, and who may well have been a real char-
acter and to whom some scholars credit the famous pictures.
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Among the few new books produced, we may quote the De natura rerum and the
Etymologiarum, sive de originum libri XX, written by St. Isidore of Seville (the popu-
lar Sant’Isidro) for the education of a Visigothic king, the first written approximately
in 612 and the second in 630; the Periphysion aut de divisione naturae by John Scotus
Erigena; the De natura rerum by the Venerable Bede (674-735); the De Universo by
Rabanus Maurus (c. 820). From the Byzantine world we may quote a compilation by
Timothy of Gaza, which is but a summary of the writings of Aristotle, of Helianus
and of Oppianus of Apamea and, later, some essays by the Emperors Constantine VII
Porphyrogenitus (10th century) and by Constantinus IX Monomachus (11th centu-
ry) summarising and commenting on writings by Aristotle.

We maintained that the De divisione naturae by John Scotus had a deep, albeit sub-
tle, influence.

The book was written in about 870 and is basically a philosophical-theological
book, in which Scotus tries to synthesise his views of Christian theology with Chris-
tian neoplatonism as it had evolved on the basis of the Zimaeus (the only platonic dia-
logue then available in the West in the Latin translation by Calcidius), of the Christ-
ian neoplatonists Gregory of Nyssa, Origen, Maximus the confessor, a few others and
the most celebrated, even if apocryphal, ‘pseudo-Dionisius the Areopagite’ (apparent-
ly a book originally written in Syria); all this was framed within the principles of St.
Augustine and the Aristotelian ‘categories’ as illustrated by Boethius. Within this
framework natural sciences are considered to be essential to a correct understanding
of Creation, of God and of redemption.

Scotus does not add anything new to the information that he gathers from his
sources, which, however, he interpreters in the freest way. So, for instance he argues,
possibly taking his hints from Martianus Capella, that Jupiter, Mars, Mercury and
Venus rotate around the Sun and that the Sun, with its surrounding planets, moves
around the Earth, which is a curious anticipation of the “Tychonian system’.

Scotus’ book was largely ignored for the next three centuries, but his theories,
mediated by Honorius of Autun and by St. Bonaventure of Bagnoregio, were the core
of Ramon Llull’s theories of the world and of lay sciences: such theories, as we shall
see, had a deep influence on all subsequent developments. At all events the Periphys-
ion, though supported by authorative theologians, such as the great cardinal
Nicholaus Cusanus (Nicholas of Cusa), was formally condemned by the Church,
basically as it had been often quoted by such heretic movements as the Amalricians
and the Albigensians.

Finally there is no doubt that, through St. Bonaventure, John Scotus had a notable
influence on Duns Scotus (about 1266-1308), who was nicknamed Doctor subtilis,
and who was considered for centuries as the only alternative to the Aristotelianism as
developed by St. Thomas Aquinas. Indeed we have mentioned in Chapter IV how
even in the 18th century, for instance at the faculty of medicine of Padua, they had
two chairs in Theology, one 7 via Scoti and the other in via Thomae.
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I do not dare to say that there were reciprocal influences between Duns Scotus and
Llull, but it appears quite probable that they met in Paris.

The ideas of John Scotus, in some obscure way, may well have had some relevance
to the development of the thinking of Jewish cabbalists (whose basic text, the Zohar
was written in Northern Spain in just those years when Llull was active there). Thus,
as we shall see, Scotus had a relevant influence on the development of biology, but an
entirely indirect one.

We said that the Early Middle Ages were a period of scientific stasis, yet there were
a few additions to the zoological and botanical lore. Cosmas Indicopleustes (c. 500-
550) provided the descriptions of previously unknown animals, such as the warthog.
So did the unknown compilers of the Greek Geoponika, a book on agronomy written
between 944 and 959, and which was later translated into Latin. So did some physi-
cians, such as Aetius, Alexander of Tralles, John the ‘actuarius’ and Demetrios
Papagomenos, who described a number of parasites both of Man and of other mam-
mals.

Of some significance may well be the anonymous books on veterinary medicine
(the Hippoiatrias) and on hunting. Unfortunately all these works are almost unavail-
able, and the historians who mention them take care not to give details of what pre-
cisely they say!

A book that is always mentioned in histories of biology, though it does not deserve
it, is the Physiologus. This booklet derives from a Greek original, presumably as old as
the 2nd-3rd century AD and it is known not only in Latin manuscripts, but also in
translations into most European languages and even in Arabic and Amharic! It sim-
ply tells moral stories about animals, some real and some fantastic, the animals men-
tioned in the Bible being preferred.

The book has no scientific claims and was never considered anything but a book
for entertainment. But for the fact that it is by far the commonest early medieval text
dealing with animals, one does not understand how it came to be considered at all in
histories of science.

Almost as common and patterned on the Physiologus are the many somewhat later
Bestiarii, some being merely moral, some being mainly concerned with the symbol-
ism of ‘courtois’ love (Love bestaries), a kind of literature which has been popular until
recently. From the period 1,000-1,400, we also know a number of books being some-
what like encyclopaedias, written both in prose and in verse, and dealing with natu-
ral history and more specially with animals and plants. In Italy some of them antedate
the corresponding books in other European languages, thus we have the Fior di Virti
and LAcerba by Cecco d’Ascoli (who was executed as heretic), the Zesoro by Brunetto
Latini, the teacher of Dante Alighieri, the Dittamondo by Fazio degli Uberti. Corre-
sponding books by British authors are by Philip Thaun and by Alexander of Neckam,
several were written both in French and Provengal. All these books basically relate
information, both true and false, gathered from classical sources, but they provide
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some here and there new information. So, for instance, Fazio degli Uberti tells us that,
in his times, beavers (which he actually calls beveri) still occurred in the delta of the
Po.

When discussing all these books, which are generally scoffed at by historians, one
must remember that they were not planned as academic treatises: they were what we
now call ‘popular science’ or the cultural equivalent of today’s scientific serials on T'V.
Most of them, taken the science of the time, are surprisingly accurate.

Again another group of treatises pertain to such ‘courtois literature’: the books on
hunting, and we shall further pay some attention to the De arte venandi cum avibus
by the emperor Frederick II. Several such books provide some good and new infor-
mation.

So, as soon as the economic and cultural flourishing of the 12th-14th centuries
began, we meet with a remarkable number of books, both good and bad, dealing with
both plants and animals. It is notable that some fictitious stories and myths were so
widespread that they are quoted almost in every medieval compilation.

Several such fantastic stories, for instance, have a honourable place in the Physica
or Liber simplicis et compositae medicinae written by the Benedictine nun Hildegarde
of Bingen, who died in 1179 in the monastery that she had founded near Bingen in
Germany. As stated by its title, the book is basically a book of recipes, and, even as
such, it is nothing special, thus one wonders whether its renown may be due to the
fact that it was compiled by a saintly woman.

Beginning with the second half of the 12th century there is a dramatic increase
both among scholars and laymen in the interest in natural history, and especially med-
ical botany, and including astrology and alchemy. This runs parallel with the devel-
opment of the Universities, of Communes and of guilds already discussed in chapter
Iv.

Obviously we are not concerned with the political and social framework that was
instrumental or, at least, which allowed for the flourishing of studies, such as the first
great successes of the Spanish ‘Reconquista’, the development of trade with Byzan-
tium, the flourishing of the Arab-Norman and Swabian culture in Southern Italy.

It is notable that at this times a number of North European, including many Nor-
mans, either came and studied in Italy or definitely settled here, and, at the same time
several scholars from Italy acquired prominent positions in England.

Among the scholars who greatly contributed to the translation and comment of
Arabic texts are Adelard of Bath (born about 1170), who wrote the important sum-
mary, Quaestiones Naturales, and Alexander of Neckam, who produced both a basic
translation of the books of Aristotle and some original treatises. It is also worth men-
tioning that the Byzantine empire had a brief cultural and artistic revival after the col-
lapse of the ‘Latin Empire’ and the recapture of Constantinople by the Greeks. At this
time Byzantine scholars translated from Arabic into Greek texts which were lost in
their original Greek. Again, and especially in Spain and Provance, at this time, many
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texts, both Greek and Arabic, were translated into Hebrew and by the teachings of
Jewish masters, became available in Western Europe.

It is notable how the European scholars that were hunting for Greek texts were
interested primarily in scientific, medical and technical books, the fashion for the lit-
erary and historical texts following practically only from the second half of the 14th
century.

The search and diffusion of ancient books on philosophy and on different applied
sciences and techniques, was paralleled by a corresponding production of new treatis-
es in the different national languages.

A second group both of translations and of new compilations are more scholarly.
They all belong to the rationalistic attitude prevailing in the Universities and which
was then battling against the preachings of such mystics as Bernard of Clairvaux, Pier
Damiani and others. The general attitude may be synthesised by a sentence attributed
to Ramon Llull (actually it is not found in all the copies of the Book of the Lover and
the Loved): ‘They asked the lover (= the Christian) what the world was; He replied
‘For those who know how to read it, it is the book by which my beloved (= God) is
known’. They then asked whether my beloved is in the World; the lover replied ‘yes,
but just as the author is in the book.’.

Anyway, besides this general attitude, the scholarly production of this age, as far as
biology is concerned, can be grouped into two sections. For one the model was Pliny
and, to mention the more prominent, this was the pattern for Thomas of Cantimpré
(who wrote the Liber de Natura Rerum between 1233 and 1248 and around the same
time wrote a book on bees) and of Vincent of Beauvais, who completed his Speculum
naturale around 1250. Aristotle, instead, was the model for such as St. Albert the
Great (Albertus Magnus).

Incidentally, it appears that Pliny was not available to the writers of the 7th-8th
centuries, though we have a manuscript of the 5th-6th century preserved by the
Abbey of Nonantola. The first author to quote directly from Pliny was Bede, and
thereafter the Historia Naturalis was for centuries immensely popular.

Both Thomas and Vincent are mere compilers and, just as Pliny, they do not care to
investigate whether there is any logical implication in the nature and behaviour of liv-
ing beings. They just want to list everything which may be assumed ‘to be known’. At
most their comments touch on the morals of the stories they tell, just as in the Bestiarii.

As modern encyclopaedias, their books had an immediate success and were most
frequently copied. However, for reasons that we shall see further on, the book of Vin-
cent was often believed to be the work of Albertus Magnus. Moreover both Vincent’s
and Thomas’ books were immediately translated in various European languages and
had a number of imitations.

St. Albert the Great (Albertus ‘Magnus’) is a scientist of absolute value. He is very
much akin to Aristotle in his approach to the problems of natural history, both in his
own work and in the soundly critical way he quotes his sources.
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Albert of Béllstadt (‘Magnus’) was born in Swabia from a noble family around
1200 and died in Cologne in 1280. He studied in Padua and later became a Domini-
can monk. He taught in several different schools and places and for some time direct-
ed the new Studium generale which had been founded in Cologne by the Dominicans
and there he had as a pupil the famous Italian saint and philosopher Thomas Aquinas.
When we consider the number of different appointments and charges that were
enjoined on him by the Church, his many long travels, mainly done on foot because
of his vows, the number of books that he was able to write on every possible subject,
from theology to botany, from zoology to morals, is truly incredible and earned him
the nickname Docror universalis. As it was then standard practice, his work is mainly
in the way of commentaries on Aristotle, that he read according a moderately Aver-
roistic outlook. He thus showed a considerable moral courage, as both earlier and in
his own times the works of Aristotle had been repeatedly condemned by the Church.
Nor was Albert free from some influence from hermetic sources. Those he freely
acknowledges in his De natura et origine animae, where he repeatedly mentions Her-
mes Trismegistus, believing him to be a great-son of Prometheus and the original
source of stoic philosophy. Influences of neoplatonic and neopythagoric origin are
equally clear in the thought of Albert.

As the cultural influence of Albert was immense (for instance both the theology,
philosophy and natural history of Dante Alighieri may be ultimately traced to him),
he is largely responsible in giving to most medieval philosophy and science, a basic
un-aristotelean pattern within the frame of a formal aristoteliansm.

The Aristotle used by Albert was that of the translation by Michael Scotus (c.
1220), and the first 19 books of Albert’s De animalibus, which, as a whole, number
26 books, are a re-elaboration of the books on animals by Aristotle. The next two,
which we shall discuss further on, as they are the most important, are Qaestiones and
the last 5 are an account largely based on Thomas of Cantimpré (which possibly
explain why also the books of Vincent of Bouvais were often credited to Albert.

The first 19 books on animals include some new data, but are chiefly significant
for the improvement that Albert suggests on classification and that are definitely an
advance on such a classification as it may be deduced from the Stagirite’s books.

Albert’s main original contributions appear in books 20 and 21. The Quaestiones
were apparently prepared for a course given in 1258, and were collected by Conrad of
Austria. However, their final text was completed just after 1260, as there are references
to the new translation of Aristotle by William of Moerbeke, which was circulated for
the first time in 1260 and that had not been available to Albert when he had written
the first 19 books of the De natura animalium.

A comparison of the Quaestiones by Albert with the similar and almost contem-
porary ones written by Petrus Hispanus (later pope John XXI) in 1235-1248 and by
Gerard de Breuyl, shortly after 1260, which both deal basically with the same prob-
lems, shows a striking difference.
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While the other two deal with different problems only under the aspects of theology
and logics, Albert, quite naturally pays the due attention to logical and theological
aspects of the ‘Questions’ that he debates, but also introduces new empirical evidence;
when possible at all he discusses the practical implications, such as medical, of each topic;
finally and most significant, he is extremely reluctant to call into the play the divine
providence and miracles and always strives for a logical interpretation of the evidence.

As far as animals are concerned, Albert may be credited with the discovery of insect
haemolymph, with the description of the gangliar system in crayfishes and spiders, of
the allantoid membrane. He made also accurate dissections of the eyes of moles, gave
better descriptions of the earliest blood-vessels of the embryos of fishes and birds. He
also experimented on the behaviour of ants by removing their antennae. As an exam-
ple of the kind of problems that he discusses, he provides a brilliant explication of how
it happens that though in the Ark there must have been only one pair of sheep and
one of wolves and while the sheep produce only one lamb per year, and the she-wolf
produces several cubs, yet sheep always outnumber wolves. It is indeed notable that
he is able to provide a reasonable answer without recourse to Divine providence.

Albert paid special attention to monsters, as they had always been thought to be
‘signs’ of the gods. Albert dismissed several Plinian monsters as delusions and, anyway
ruled out any diabolic intervention in real instances. Again he ridiculed such tradi-
tional lore as the story of the self-castration of beavers, of the transformation of
Goose-barnacles into geese, of the incubation by the sun of the Eagle’s eggs and so on.

As a whole Albert is a staunch supporter of the theory of the Scala naturae, that is
that all natural objects form a continuos chain, each species being intermediate
between two others. Some of his ‘intermediates’ are a little surprising, such as the Elk
(= Moose in America), that he considers as an animal intermediate between the horse
and the Red-deer, but as a whole his systematic is a definite improvement on that
hinted by Aristotle.

Two more books by Albert on natural history are significant: a De mineralibus
(where he proposes a classification of minerals) and a De vegetabilibus et plantis. On
plants, again, Albert made some notable observations, such as providing the first real
description of the growth rings of trees, or his remarks on the different kind of sym-
metry in flowers.

However, while the alchemical works of Albert were celebrated for centuries (in
fact he did indeed do some important work, such as the preparation of pure Arsenic,
but he was also credited with a number of alchemical treatises that he never wrote),
his zoological work was largely ignored and had no real impact on subsequent devel-
opments. The same holds for his botanical work which was apparently extensively
quoted only by the Bolognese Pietro de’ Crescenzi in his book on agriculture and
related subjects.

About three centuries lapsed before Ulisse Aldrovandi resumed work on systemat-

ic where Albert had left it.
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Two more significant aspect of Albert’s activities deserve our attention.

Whether Albert is the author of a curious booklet De secretis mulierum (The secrets
of women) is disputed, but, anyway, he was greatly interested in the problems of
reproduction. Albert had no sympathy for women, but he considered that the foetus
did not develop, as suggested by Aristotle, from the male semen only, nourished by
the menstrual blood, he holds instead that it develops from the mixture of both the
male semen, which, anyway, is the responsible for the ‘form’, and the feminine ‘sperm’
(actually vaginal and vulvar secretions); thus, considering that good quality and abun-
dant materials are prerequisite for having strong and well developed products, St.
Albert considers that good sexual satisfaction by the parents is to be praised as it
makes for better children.

Last but not least, Albert’s opinion on fossils is clear-cut, and is the same as that of
Avicenna: that is that they are the remains of once living organisms which were turned
into stones by some local ‘power’.

It is obvious that the necessary question then arises: how does it happen that
marine organisms are found high in the mountains? Albert has nothing to say on it,
but his almost contemporary, Ristoro d’Arezzo, suggested in his 7he composition of the
World, written in 1282, that they had died there during Noah’s Flood. This explana-
tion was that mostly followed in Italy (with notable exceptions as we shall see), rather
than the alternative that they were mere mineral formations or organisms which,
while naturally growing within the rocks had been stopped in their development
before coming alive. The two being practically the only alternatives discussed until the
18th century, but for Leonardo and a few people who had learnt of his ideas, like Fra-
castoro.

Albert was thus instrumental in greatly advancing the so called ‘Christian Aris-
totelianism’, which had been first promoted by Boethius and which was brought to
perfection by Albert’s pupil, St. Thomas Aquinas.

In the late 19th century and in the early decades of the 20th century historians
with a penchant for positivism had a tendency to undervalue Albert, who was cer-
tainly no revolutionary thinker and had no trouble with the Church, while they
extolled his contemporary, the Franciscan Roger Bacon, who with the Church had
serious problems indeed. As a matter of fact both of them were great in their own way
and the persecutions suffered by Bacon were largely due to his political stances, rather
than to his philosophical ideas.

Somewhat younger than Albert, was Ramon Llull (Rajmundus Lullus, 1232-c.
1316). Llull was a Catalan and in his youth had been a knight, a courtier with the
King of Majorca, had married and had two children. He later became a Franciscan
monk and became famous under the nickname Doctor illuminatus’ (the enlightened
doctor).

Also Llull produced an immense quantity of books on every kind of science (his
geometry is especially important). There is no question that Llull was a mystic, but he
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was also a great logician, especially interested in combinatorial logic. As usual he
aimed at a general synthesis of all knowledge. His work is strongly tinged with neo-
platonism. Llull linked all sciences with the influx of divine virtues as mediated by the
celestial spheres and the qualities of the four elements, and his ideas are basic for the
understanding of all Medieval astrologic medicine, but his influence goes, both direct-
ly and indirectly far beyond it: Lullian combinatorial logic was quite influential for
over three centuries and none less than Leibniz was deeply interested in it; the Geome-
tria nova, which in some ways foreshadows topology, was so influential that Descartes,
when he proposed the principles of analytic geometry, considered his new approach
as an alternative to Llull’s and the only one which could substitute for it.

Pico of Mirandola and Paracelsus quote Llull as an undisputed master and Jor-
danus Brunus, himself a lullist, charges Paracelsus to be a plagiary of Llull. Although
Llull, in the genuine works of his condemns alchemy, his general theories were such
as being liable to fit readily into the alchemical tradition and so, in the following cen-
turies, he was commonly believed to have been a great alchemist and magician.

As we shall see further on, as Paracelsian influences were extremely important in
all branches of biology until the middle of the 18th century and even in some schools
in the early 19th, lullism had a lasting influence.

Llull did not contribute anything new to biology and his botanical writings are
merely concerned with the medical use of vegetable remedies, but the combined influ-
ence of his logic and his mnemotechnic were instrumental in shaping even some
aspects of modern systematic.

The long term influences of both Albertus magnus and of Llull on biology cer-
tainly deserve more attention than it is usually paid to them, as I strongly suspect that
their ideas have filtered through the centuries into even some modern scholars, who
probably even ignored their names.

A mention deserves, at least, the Byzantine Manuel Philes (1275-1345) who wrote
a Peri zoon idiotetos where he describes several animals for the first time. As the already
mentioned Byzantine Geoponika was translated into Latin just about this time and
became rapidly popular; a better comparative study of Byzantine and Western Euro-
pean literature could well increase our understanding of the cultural exchanges in the
age which prepared the cultural development of the early Renaissance.

The revival of scientific interests was immediately perceived not only by physi-
cians, but also by the many writers on agriculture and related subjects. Among them
the exemplar and outstanding one is Piero de’ Crescenzi of Bologna (1233-c. 1321).
His book Opus Ruralium Commodorum Libri XII was written between 1304 and
1309. Although its author acknowledges most of his sources and is one of the few
authors who often quotes Albertus magnus, he does not quote either the Jew Moses
of Palermo or the Calabrian Jordanus Ruffo, who were both active as compilers from
Arab sources at the court of Palermo at the time of Frederick II and to whom Piero is
largely indebted for his sections on veterinary and on animal husbandry).
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The abundance of textbooks on agriculture or on hunting is correlated with a gen-
eral improvement of climatic conditions and with the evolving of new agricultural
practices, as well as with the quick selection of new breeds of domestic animals, much
improved on the poor average quality of their early medieval counterparts. New
breeds of horses, dogs and sheep appear. The selection of new breeds of horses was
obviously the result both of improvements in the ploughs and in the harnessing of
carts, but largely also on the evolution of armoury and the development of different
specialised types of cavalry.

Among such rich and varied literature a special place befits to De arte venandi cum
avibus by the emperor Frederick II of Swabia, the most famous book on falconry ever
written.

Frederick I of Hohenstaufen (1194-1250), king of Sicily and later Emperor, is
famous as a protector of arts, an open minded and illuminated autocrat, the politician
who first attempted to establish a strong centralised state and the enemy of several
popes. He is also the founder of the University of Naples (which he established as
Bologna had turned Guelph). He ordered Michael Scotus to translate the whole Aris-
totelian corpus from the Arabic, a translation that, though never completed, was very
influential in the diffusion of the philosopher’s ideas; however, several spurious and
late texts were included, the result being a considerably neoplatonized Aristotle.

The curiosity of the Emperor in natural history, induced him, in order to see after
how many years they could be caught again, to experiment the marking and release
of fishes by rings put to their opercula. At the British Museum Natural History there
is a painting figuring with its measurements such a marked, gigantic pike, caught
again 267 years after the Emperor had it marked.

Frederick’s treatise on falconry is somewhat indebted to an Arab treatise that was
translated for the Emperor by Theodore of Antiochia with the title De scientia venandi
per avibus; as Frederick was fluent both in Arabic and Greek and there are Byzantine
books on falconry, it is possible that, should these be made available, some other debts
might be discovered, but the emperor’s book still is an extremely original work which
amply proves Frederick to have been a first class naturalist. The emperor clearly distin-
guishes and describes a number of bird species, both falcons and others; there are sound
considerations on the bird’s geographical distribution and migrations. Other new
observations concern various aspects of bird biology and morphology. It was the emper-
or who discovered the pneumatisation of the main bird’s bones and who correctly iden-
tified the different bones of the bird’s legs with their homologues of mammals.

Another book on hunting that deserves a place in a history of biology because of
the several good observations it includes, is Le miroir de Phoebus, des deduits de la
Chasse, des bétes sauvages et des oiseaux de proie by Gaston de Phoebus.

It must be finally noticed that all such medieval practical textbooks are less encum-
bered by the traditional respect for auctoritas than the contemporary typical scholar-
ly works.
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Medicine before the flourishing of Universities

Though this book is not concerned with the developments of medicine, and we
shall omit all references to strictly medical matters, throughout the Middle Ages and
until well into the 19th century, so close were the links between more general biolog-
ical studies and medicine, that some notice must be taken of the development of med-
ical knowledge.

Since the earliest stages of the development of monasteries, medical plants were
grown in the convents’ orchards and handbooks on the collection and preparation of
medicinal plants were produced throughout the Middle Ages. Possibly the oldest such
book known is that by Benedetto Crespo, Archbishop of Milan in the 8th century.
During the early Middle Ages the ancient knowledge of plants was preserved both by
copying the books of Dioscorides or by summaries produced by usually unknown or
obscure compilers. Medicine was mostly studied and practised in the convents, but as
shown by the legislation, there were also some lay physicians. Their value was, howev-
er, extremely poor, at least judging by the accounts of their activities provided by some
Arab physicians, who had an opportunity to see them at work during the crusades.

However a lay medical school was soon to develop in Salerno, South of Naples. An
ancient tradition was that the school had been founded by four masters: one Latin,
one Greek, one Arab and one Jew, who, however, were each lecturing in their own lan-
guages.

This is legend, but it still holds the truth that it was in Salerno that the four dif-
ferent medical traditions actually merged. The truth is that by the 7th century num-
bers of sick people were attending a Benedictine monastery in Salerno. By the 9th
century we have definite evidence of the school and we know that in 904 a Salernitan
physician was at the court of the king of France. At this time there was an entirely lay
school run by a ‘Hippocratic college’; often masters were paid directly by the students.
who already at that age, were coming from many different countries.

Among the earliest physicians of this period is Garioponto or Guarimpoto, prob-
ably a Longobard, who died about 1050; he wrote a sort of medical encyclopaedia
titled Passionarium; the book is still historically important as in his attempt to trans-
late Greek terms, he Latinised a number of terms also from the common language and
thus introduced in medical terminology terms such as ‘gargarise’, ‘cauterise’, ‘cicatrise’
etc. which are still with us.

Other famous doctors were the Jew Benvenuto Grafeo, who wrote a celebrated
Paractica oculorum, and Alphanus, a Longobard who earned fame as a benefactor dur-
ing the Norman siege of Salerno and who was later, apparently, an adviser of Robert
Guiscard.

Equally dated round 1000 is the famous Salernitan Antidotarium, which was
repeatedly copied and which contains some significant additions of Arab origin to the
classic pharmacopeia.
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It was actually the diffusion of Arab culture around 1100 which spanned the most
flourishing period for the Salernitan school. This is also the period of the ‘Latin’ king-
dom of Jerusalem and of the greatest development of trade between Europe (largely
through the Italian commercial city-states) and the Saracens.

The man who was largely responsible for the diffusion of Islamic medical knowl-
edge was Constantine the African, a native of Carthage. He was a learned man, equal-
ly fluent in Arabic and Latin and, according the medieval fashion, nicknamed Magis-
ter orientis et occidentis. He may rate as the most celebrated master of the Salemitan
school. Later in his life he became a monk and retired to Montecassino when the
abbot was the Longobard Desiderius, who later became pope with the name Victor
III. Constantine died in Montecassino in 1087.

Constantine apparently translated a number of treatises from Arabic, including
Galen’s Microtechné and Hippocrates Aphorisms, thus reintroducing both Hippocrates
and Galen to the Western scholars.

At this time the degrees granted by Salerno were acknowledged through the West
as entitling to practice medicine.

Thus, while the Salernitan school may be rooted in a monastic or cathedral estab-
lishment and several of its masters later in their life took the orders, it always func-
tioned as a lay establishment. Actually, while the church, as we have seen, was pro-
gressively restricting the opportunity for clergymen and monks to practice medicine,
the complete secularisation of the Salernitan school was accelerated and it was finally
consecrated when Frederick II, when chartering the University of Naples (1240),
granted to Salerno the monopoly of medical teaching for the whole of the Sicilian
kingdom (which actually included the whole of Southern Italy). Frederick ordered
that the medical curriculum was to last for five years and divided it into a first three
years curriculum corresponding with the licence of Arts, and two years of medical the-
ory and practice. In fact Frederick prescribed the dissection of human bodies, but we
do not know whether the Emperor’s directions were actually implemented. Most of
the ambitious and progressive plans of the emperor collapsed with his untimely death
after some serious defeats by the Italian Guelph leagues.

In Salerno as in other places the study of anatomy was usually practised on pigs.
There were sound reasons for that: first the size of pigs was approximately the same as
that of man, second pigs had such a paramount importance in Medieval stock raising
that they were the commonest animals available; moreover the preparation of their
meats for conservation and marketing had originated true guilds of butchers spe-
cialised in handling their carcasses and who were, therefore, ready-made dissectors
available to help the teacher. Some such guilds also specialised in some minor human
surgery. In fact in Italy it is still common to call an incompetent surgeon a ‘Norcino’,
but few remember that the town of Norcia was an important centre in the pig trade
and that the guild of ‘Norcine’ butchers was famous (they, for instance, were estab-
lished in such numbers in Rome that they had their own church) and they common-



135

ly practised surgery for cataract blindness (one wonders: in times when anaesthetics
were almost unknown — actually the Salernitan doctors used strong opium prepara-
tions either to prepare for surgery or to soothe pain — and there was no antisepsis, who
was the bravest: the patient ready to undergo eye surgery or the Norcino, who prac-
tised it?).

Anyway we owe to this tradition one of the most famous texts from the Salemitan
school: the Anatomia porci, a mere score of pages, wrongly attributed to a Copho, who
probably never existed. The little tracts on the same subject by Master Maurus (c.
1170) and by Master Ursone (c. 1180) are definitely better.

After the middle of the 13th century the Salernitan school begun to decay until it
became practically a ghost school. This did not prevent that stronghold of conser-
vatism that was the Sorbonne, to ask for the advice of the school well into the 18th
century. The death of the school was officially certified by its formal abolition by king
Murat in 1811.

Usually the teachings of the Salernitan school are recorded in simple verses and are
of very practical kind.

I reproduce here a couple of them from the most famous collection: the Regimen
sanitatis for the sake of curiosity (but wise indeed they are and could profitably be
used today).

Si vis incolumen, si vis te reddere sanum
Curas tolle graves, irasci crede profanum

Parce mero coenato parum; non sit tibi
vanum

sugere post epulas; somnum fuge
meridianum

Non mictum retine nec comprime fortiter
ano

Huaec bene si serves: tu longo tempore vives

Si tibi deficiant medici: medici tibi fiant
Haec tria: mens laeta, requies, moderats
diaeta

If you want be healthy, if you want to
recover

Take away serious preoccupations,
believe that to be in rage is irreligious

Drink but little pure wine at dinner, do
not care

to get up after a good meal; avoid sleep-
ing in the middle of the day

Do not try to postpone urination, nor
try to keep belly gases

If you keep well (these rules): you shall
live long

If you have no physician available: your
physicians will be these three things: a
merry mind, relaxation, mod erate

feeding

In France another important medical school flourished shortly after that of Saler-
no. This is the School of Montpellier, which also profited of his position on the
Mediterranean with its good communications with both the Arabic and the Jewish
culture through the Balearics (whose king’s overlordship it acknowledged for a while),
Spain and Sardinia.

It seems that in Montpellier the teachers, up to 1220, were not organised and each
one taught independently, later a school patterned on that of Salerno came into being.
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The main difference was that in Montpellier a regular university gradually developed
around the school of medicine. As a consequence the medical faculty of Montpellier
was more independent than usual and it carried a greater weight in the university’s
affairs. As proof of its independence it is certain that, in its early times, even Jewish
masters coming from Spain were teaching there.

The most notable figure of the school of Montpellier in the 13th century was Arnaud
of Villeneuve 1240-1311 or 1337), nicknamed ‘the Catalan’. He was a good friend of
Lullus and is probably the originator of the syllabus of the Monpessulan faculty, which
was officially sanctioned by pope Clement V with a bulla of 1309. The curriculum envis-
aged the usual three degrees: Bachelor, Licenciate, and Doctor. The main authors that
the pupil had to study were Hippocrates, Galen, Rhazes and Avicenna. As the whole cur-
riculum lasted six years. One may, perhaps, wonder how long it should last now; after
almost seven centuries of scientific development; would sixty years be enough?

Late in his life Arnaud was suspected of heresy, was arrested by the Inquisition,
who actually ruled one of his books to be heretical. However two popes came to his
rescue: Boniface VIII, whom Arnaud had cured by an astrologic talisman, and imme-
diately afterwards Clement V, and he was released.

As usual in Arnaud’s writings we find some criticisms of Galen and of Avicenna,
based on personal observations. This shows that, contrary to what is commonly
assumed, teaching in medieval schools usually was not a slavish repetition of the
teachings of the old masters. There were, indeed teachers who swore in verba magistri
and some of them had the chance of being remembered in textbooks. Some such liv-
ing mummies were certainly able to use of their powers in the faculty against some
brilliant colleagues. However the truth is that what gave to illuminist and later histo-
rians the sensation of a static intellectual environment was rather the peculiar teach-
ing organisation: the stereotype reading and commenting on classical sources, where
all the new ideas were lumped into the comments.

While in France, and, as we have seen in Montpellier, medical teachings are direct-
ly recruited into the university curricula, in Italy the medical faculties became estab-
lished as acknowledged university curricula by a more roundabout way.

Late medieval medicine and its connection with universities and the early
anatomical schools

While in chapter IV we have briefly sketched the history of the development of
universities, we must here deal a little more with the development of medical faculties,
as it was there that biology developed during the late Medieval and Renaissance times.

Many of the most ancient universities, such as Bologna, Paris, etc., were original-
ly schools of Laws and of Theology, however in all of them, by the end of the 13th
century, Medicine was taught as well.
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The teaching of medicine in universities, however, met with some resistance from
the masters of the senior schools and, in order to introduce it, the physicians had to
adopt for their teachings a good deal of the methods and rules of the other faculties.

During all the early development of the universities the standard practice in teach-
ing was the mos italicum, the Italian way, that is: the master, in the schools of laws,
took as the object of his lecture some passages of the Justinian codex and ‘glossed’,
that is discussed and clarified its meaning and significance (the derogatory meaning
now currently inherent to this word, came to be when traditional methods were aban-
doned and especially when the method was thought to be linked with scholasticism).
Much later, and in Italy with difficulty, the mos gallicum became fashionable, this
being much more flexible and based on the comparative comment of different texts
at the same time.

As 1 said, the medical faculties were obliged to adopt the legist’s pattern of teach-
ing in order to get official recognition.

At this point it may be useful to exemplify the general attitudes by the life and
scholarship of a typical and celebrated medical master of the 13th century

Pietro d’Abano (1250-1315) was one of the most famous masters of his age. After
a long stay in Paris and some rather obscure travelling, he went to Padua, where he
continued to teach until his death.

Pietro was thrice tried for heresy, he was acquitted in the first two trials, while he
died of a natural death during the third. Probably because, as he was dead, no one
cared much of the outcome of the trial, he was finally condemned, his corpse was
apparently exhumed and burnt in 1316. In order to understand which was the atti-
tude of many lay administrations towards the Inquisition, it is interesting to note that
when he was charged with heresy for the second time, the Commune of Padua ruled
that all the expenses for his defence were to be charged to the civic administration and
shared equally among the different quarters of the town (in fact the authority of the
Inquisition in the Italian states, and especially in the Republic of Venice, was quite
limited in comparison, for instance, with what was happening in Spain).

We do not know precisely which were the charges against Pietro, as the documents
of the trials did not survive. It seems probable that he was charged of Averroism, and
he was certainly a moderate Averroist, just as many masters of the Paduan university
were both then and later. However, scholars, like Nardi, who made a special study of
the philosophy of Pietro, do not think that his opinions could be strictly judged as
heretical. Indeed, as I said, he was twice acquitted and even when tried for the third
time, he was not jailed or otherwise restricted.

His two main treatises are the Conciliator controversiarum, quae inter philosophos et
medicos versantur (= The peacemaker in the quarrels debated among philosophers and
physicians), which aimed to solve the problems arising from the comparison of Clas-
sical and Arabic sources, and the Lucidator dubitabilium astronomiae (= The clarifier
of what is debatable in astronomy). Pietro purposely did not contribute anything
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original. Indeed he was a classical scholar and translator, and had a good command of
Arab sources (in their Latin translations), he thus aimed to identify everything com-
mon to the best Classical and Arab schools and, at the same time, to extol medicine
as a science (and astrology, which was strictly linked with medicine), against the opin-
ion of Aristotle and, even more, of extreme Aristotelians, who qualified both these as
mere ‘praxis’. Pietro is thus a typical example of a late medieval physician-scientist. He
passionately advocated the dignity of sciences also for applied sciences, among which
he included some astrology and magic. He was not an alchemist, but, on the testi-
mony of people that he deemed as trustworthy, he considered some alchemical trans-
formations as possible. Anyway when dealing with strictly biological subjects, such as
reproduction or the theory of critical days, though still remaining within the main-
stream of Aristotelianism, he is conspicuously original, though not necessarily right.
Thus, when discussing reproduction, Pietro holds that generation depends both on
factors intrinsic to the reproducing organisms and to external factors, inclusive of
astral influences. However he considers that environmental factors are sufficiently
strong to determine the spontaneous reproduction only of the simplest animals
(which animals he deems ‘simple’ is another matter, we would judge his standards at
least peculiar); anyway environmental factors are too weak to make spontaneous gen-
eration possible in the complex animals, such as mammals.

His defence of some magical practices and his rejection of others does not concern
us, as they are considered merely in the framework of medical practice. Anyway Pietro
is absolutely clear in separating ‘natural magic’ (‘white magic’ for the commoners),
which merely aims to use of the natural features and powers, and is therefore ‘science’
and a good thing, from ‘black magic’, which tries to use occult powers, and must be
absolutely condemned. It is precisely his characterisation of the ‘magus’ as a scientist
which is typical of an attitude from which gradually developed science as we present-
ly know.

We may omit the details of the reasons by which Pietro d’Abano maintained the
need of astrology as an essential tool in medical practice, but we must remember that,
in those times, no one seriously doubted that either the celestial bodies directly influ-
enced earthly matters by their combined and varied influxes or that, at least, the
Almighty, had planned for a precise correspondence between terrestrial events and
astronomical configurations etc.; secondly: our ancestors had a considerable empirical
knowledge of what we now call ‘biorhythms’ and of the changing biochemical pro-
prieties of plants according their developmental phases and that it was ‘obvious’ to
correlate such facts with celestial events.

Thus Pietro, while not an original thinker, is a paradigm of the philosopher-physi-
cian, caring both for his daily practice and for the theoretical background of such
practice. Moreover he strongly maintains that, while there are some assumptions and
logical developments that are needed by those whom he calls ‘theologizantes’ (such as
the hypothesis of the tenth sky), these are not necessary for the ‘philosopher’, who
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should never use of hypotheses which are not based on observable facts; an attitude
to which almost any scientist would subscribe.

If Pietro d’Abano is a remarkable example of the learned physician of late medieval
times, another such person deserves at least a mention. This is the Florentine Taddeo
Alderotti (c. 1215-1295) who from 1260 was lecturing in Bologna. He specialised in
comments on Hippocrates, but his most notable work was written for the Florentine
political leader Corso Donati; this is Della conservazione della salute and has the dis-
tinction of being apparently the first medical treatise written in a modern language.

While Padua in the XIV century is important as a centre of more or less hetero-
dox Averroism, Bologna has the distinction of being the first where active study of the
human anatomy was resumed.

Surgery had always been a basically empirical practice. Thus, this was one of the
reasons why in most of Europe, physicians, who strove for being included into the
lesser nobility, underrated surgery as requiring just the practical skills of the ‘barber-
surgeon’. In Italy, where the typical feudal nobility of the landed gentry was soon
politically overshadowed by the merchant-patrician of the towns, though barbers were
entitled to practice some minor surgery and there were a number of regularly certified
‘surgeons who had not graduated in the universities, yet surgery was always part and
parcel of the physician trade. As surgery requires anatomy, so the rebirth of anatomy
was a purely Italian achievement.

We have mentioned how the Emperor Frederick II had recommended the dissec-
tion of human corpses, and Guglielmo da Saliceto, in his Cyrurgia of 1275 had equal-
ly considered human anatomy as necessary and probably practised it. However evi-
dence for early autopsies is obscure. There is no doubt that at least one autopsy on a
man dead in an epidemic was performed in 1285 in Pavia and that, at the same age,
in case of suspicious deaths the corpse had to be inspected by a medical panel and it
is possible that autopsies were practised (one such was certainly performed in a case
of suspect poisoning in 1302).

There is no doubt that the credit for the first ‘anatomy’ for scholarly purposes, by
his own account, was done by Mondino de’ Luzzi in January 1315.

Mondino was the son of a Bolognese apothecary, he was born in about 1270, was
public doctor of medicine in the University of Bologna from 1314 to 1324, and died
in 1326. His tomb in the church of St. Vitale is still extant and conforms with the
standards of those times for University doctors, as its front shows Mondino teaching
his pupils. Mondino was also an active and respected politician in his native town.

Appointed as professor in 1314, it is clear that he immediately felt the need for a
better training in anatomy, so that already in January 1315, he was dissecting corpses.
His Anothomia was issued in 1316 and, to be fair, it is a somewhat cursory work, only
envisaged as a support for surgery. It is still completely subservient to Galen’s teach-
ings, but, at least, it provides practical rules for the dissection. It is interesting to note
as an example of the trend in Medieval Italian Universities, that Mondino was helped
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in his dissections by two helpers: a certain Otto Agenius Lustrulanus, of German ori-
gin, and a young woman, Alessandra Giuliani from San Giovanni in Persiceto, who
had specialised in the preparation and injection of vessels, and who died when barely
19 in 1326, the same year of Mondino’s death.

The Anotomia Mundini became almost immediately a standard book for over two
centuries throughout Europe. Shortly after the invention of printing it was published
by John of Ketham in Venice (1493) as Fasciculus medicinae and it continued to be
printed until 1558.

Again, well after the times of Mondino, the most authoritative and almost unique
anatomical source was Galen. However, only the first 8 books and part of the 9th of his
Administrationes anatomicae were available, besides some other minor treatises on specif-
ic anatomical problems and scattered remarks in his other works. Only in 1906 was dis-
covered a complete Arab translation of its 15 books. Some spurious anatomical texts
were attributed to Galen for a long time. Moreover that which was available to the Euro-
pean physicians only through Arab translations and commentaries depended on trans-
lations which were somewhat unreliable, just as it happened with the Latin translations
from Arabic used in the schools. As remarked by Berengario da Carpi (see chapter VII),
discrepancies both in text and in interpretations were far from rare. Thus when the
teacher found discrepancies between what was being found in the corpses and Galen’s
opinions, it was easy for him to explain away the difficulty (a) by supposing that the orig-
inal text had been either misunderstood by the Arabs, or corrupted by the copyist, (b) by
assuming that the corpse that he was examining was abnormal, (c) sometimes even by
assuming that some anatomical structures might have changed since Galen’s times.

Though, as we shall see, at least in Italy, conditions were comparatively favourable
to serious anatomical investigations, little of value was achieved throughout the 14th
and early 15th century.

Anatomies were never forbidden either by the Church or by the common law (the
bulla of Boniface VIII that is sometimes quoted as prohibiting anatomies, in fact is
aimed only at stopping the practice of boiling the corpses of pilgrims to the Holy
Sepulchre, in order to save the bones, which were thence sent back to the pilgrim’s
family for burial (and there were good profits in this sort of operations). Rather, when
the ‘Black death’ ravaged Europe around 1350, not only were anatomies performed
on the corpses of people dead from plague) by order of the public authorities in Flo-
rence, Perugia and many other towns, but even the pope Clement VI ordered such
anatomies with the hope of discovering something useful.

In the Florentine archives of the 14th and 15th centuries there are several wills,
both by men and women, who ordered that their corpse was to be opened, generally
specifying that they thus hoped to accrue some advantage for the health of their chil-
dren. No doubt this was happening in many other places.

In 1410, when pope Alexander V suddenly died in Bologna, his corpse was opened
to discover the causa mortis. Likewise, in Florence, Lorenzo ‘the Magnificent and
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Catherine Sforza, mother of Giovanni dalle Bande Nere, were both dissected within
a few hours from their death.

Official ‘Anatomies’ were however comparatively rare. The commune had to pro-
vide just a few corpses every year (in Padua, Bologna and Florence just 2, one man
and one woman), preferably people dead by hanging. Anatomies were done only in
winter, when temperature allowed for the dissection to go through several days (and
this was the origin of the tradition in Bologna, of the ‘Carnival anatomy’, which
developed into a fashionable celebration attended by the high clergy, the nobles and
their Dames (see chapter IX).

Though, as we said human anatomy was practised since the beginning of the
1300s, it was formally allowed by pope Sixtus IV at the end of the 15th century and
the permit was reiterated by Clement VII some years later.

However, free anatomies had long been official: for instance, the Florentine
statutes provided that if the university could get some extra corpses, the University’s
officials had to certify that the house where the dissection was performed was suitably
located and fit, that each attending student had paid a gold florin in advance to cover
the expenses for the sector, the subsequent burial of the corpse etc., being however
entitled to a reimbursement if some money was left in the end. Such high charges
were felt as unfair for most students, and so, for instance, the Venetian Doge, ordered
in 1475 that all such fees were to be charged to the state treasury and that the rela-
tives of people dead in the public hospitals were to be thus encouraged to leave their
relative’s corpses for anatomy. Otherwise the students used to steal corpses from ceme-
teries, so that these were usually guarded by watch dogs. For instance in Bologna we
know that in 1319 four students (a team of four was the standard one for such adven-
tures) were prosecuted for stealing the corpse of a girl and dissecting it with the mas-
ter Alberto de’ Zancaris. However, they were prosecuted for the theft of the corpse,
not for its dissection, and, though we do not know precisely the ruling of the judge,
it must have been lenient, as one of the students, Jacopo da Piacenza, went on to grad-
uate, became bishop of Zagreb and personal physician to the king of Hungary. At a
somewhat later age the great Vesalius wrote that ‘corpses not given might be taken!”.

Such favourable conditions, however, as we shall better see in the following chap-
ters, were rather peculiar to Italy, and this goes far to explain the extraordinary flour-
ishing of Italian anatomy in the Renaissance, just as the attraction that the Italian Uni-
versities had for students from all over Europe.

While human and animal anatomy were, so to speak, ‘incubating’ their flourish-
ing in the next century, physiology was still that of Galen, and, as well as pathology,
was based on the theory of the four humours. Therapy, and, indirectly botany, were,
again, the classical ones with some Arab additions. Indeed, as most remedies were pre-
pared from vegetables (called ‘simples’), the profession of herbalist or ‘simpler’ was an
important and lucrative one. Therefore such books as we have already mentioned and
which were usually termed Horti or Hortuli’ (that is ‘gardens’ or ‘orchards’) were quite
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popular. Among them, apart from Dioscorides’, two deserve mention: one is the Hor-
tus sanitatis, an anonymous compilation originating from Mainz and, even more
important, a Greek text of the 4th-5th century commonly attributed to an otherwise
unknown ‘Apuleius platonicus’, which was commonly copied through the middle ages
and which has the distinction of being the first illustrated botanical book printed
(almost certainly in 1482) and now surviving in 18 copies.

As far as I can judge by leafing through Dioscorides and ‘Apuleius’, as well as
through the famous late 16th century Ricettario Fiorentino, almost all the medicines
prescribed did indeed include in their preparation mixes of really active drugs for the
diseases for which they were recommended; these, however, were added with a num-
ber of other useless, but often costly, items.

The developments of biology in the late medieval and early renaissance times

The transition between Medieval and Renaissance times was a very gradual one,
moreover it did not happen at the same time throughout Europe. Thus all dates sug-
gested are just conventional.

Undoubtedly there were important changes in outlook between 1300 and 1500.
These were sensational in the arts, but were quite significant also as far as sciences are
concerned.

While the Middle Ages were anxious to recover the scientific texts of the Greeks
and the Romans, the humanists, beginning with people like Petrarch (1304-1374)
and Boccaccio (1313-1375), were much more concerned with the recovery of histor-
ical and literary works. Nevertheless the search also for scientific sources went on and
much work and ingenuity were spent in critical editions of the ancient scientific texts
available and in better translations.

While the earlier Middle Ages had done with a somewhat Platonised Aristotle as
their guide in scientific endeavour, by the middle of the 15th century the increasing
knowledge of both the genuine Aristotle and of Plato and the Neoplatonists, opened
an increasing gap between the two schools. Georgios Gemistos Pletho (1355-1450)
and the Florentine Academy begun a true Neoplatonist revival among the upper class-
es, while Aristotelianism remained entrenched in the universities.

There is certainly a certain amount of truth in the common opinion that the peri-
od of transition between the Middle Ages and the Renaissance was a period of increas-
ing individualism, at least as far as one’s opinions and judgements were concerned, as
in the practical sides of life people’s ambitions and actions remained very much the
same. However, it was then fashionable to challenge traditional authorities, including
the scientific ones. The recovery around 1450 of a considerable corpus of documents
allegedly due to Hermes Trismegistus (the thrice great Hermes), a mythic personality,
who was supposed to have lived at the times of Moses, was to have a great and lasting



143

influence. In fact these texts are of Egyptian origin and were composed in the 2nd-
3rd century AD, which easily explains some influences of Jewish and Christian ori-
gin, which struck the late medieval readers. Some knowledge of the hermetic texts had
long been widespread (for instance St. Albert the Great considered Hermes as a
descendent from Prometheus, the Titan who stole the fire to the Gods to give it to
humans, but that the pious medieval scholar, in true euhemeristic tradition, consid-
ered to have been a historic hero). However, the availability of the complete hermet-
ic corpus had sensational effects. While a few soon decried the hermetic text, both as
late and valueless, thinkers like Marsilio Ficino (1433-1499), Pico della Mirandola
(1463-1494) and soon a host of other influential philosophers begun building on
them a new Biblical-Neoplatonic-Hermetic theory of the world which was to have a
lasting influence on sciences, including biology.

The flowering of arts, economy and culture which from Italy begun to spread
through Europe sparkled new fire into the religious and intellectual debate. Political
and mundane factors were also prominent, but, while the establishment of the
Catholic church and most of that in the universities stood by the Biblical-Aristotelian
synthesis arrived by the scholastic debates, the lay upper classes were increasingly
attracted by the new philosophy, in spite of the bland condemnations by the Church.

However, both within the monastic orders and the common people there was a
growing intellectual unrest. There is no question that the Reformation begun with the
thuds of Luther’s hammer nailing his theses on the door of the cathedral of Witten-
berg (1517), but the symptoms of the brewing crisis can easily be found in the preach-
ing and writings of a number of monks and of a few laymen throughout Europe for
many years before. These people were seriously concerned that the growing influence
of Greek science and philosophy was undermining the true Biblical-Evangelical faith.
They were close to the early ‘Fathers’ and even more to Augustine. However, as we
shall see in the next chapters, while the split caused by the Reformation caused a
decline of the hermetic influences in the Catholic environment, saw them largely
recruited into the scientific protestant environment.

Throughout the transition between the Middle Ages and the Renaissance, the con-
siderable technical developments of the late Middles ages, were absorbed and investi-
gated by both scholars and artists. It is usual to quote Leonardo da Vinci (more cor-
rectly: Lionardo, as he was christened and always signed), who is, indeed, the foremost
example of such attitudes, but it would be easy to quote a number of other outstand-
ing personalities of a ‘universal genius’.

However, as it is Leonardo who, among them, was the most interested in the study
of truly biological problems, we shall deal with him. As a comprehensive appreciation
it may be said that (a) Leonardo was from some forty to eighty years in advance on
his times in the various branches of sciences, (b) that with the possible exception of
palacontology, Leonardo’s work is entirely irrelevant in the history of the advancement
of sciences, as he was never able to organise and publish the results of his work, which
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thus became a favourite hunting ground for erudite research; something like the
archaeological research that has shown that Norsemen had indeed discovered Ameri-
ca over a hundred years before Columbus, but just to leave it alone for the Spaniards
to land there for good by the beginning of the 16th century.

Leonardo da Vinci (1452-1519) thought of himself as of a self taught man, but
it is clear that, though his Latin was rather poor and he had no Greek, he was
extremely up to date in all the recent technical advances and well aware of the main
scientific problems which were currently debated. He thus planned, though he never
practically achieved, a number of treatises which broadly correspond in scope with
those produced in the decades immediately following his death. As an artist and an
engineer, which were his main qualifications, he was well aware that his age was at
least equal, and in many fields much more advanced than classical antiquity and that
while geometry was still very much that of the Greeks, mathematics was acquiring
the technical tools to make classical mathematics very soon obsolete. This easily
explains the scientific approach of Leonardo: a disregard for traditional authority
against the new evidence and the need for an adequate mathematical groundwork for
all sciences.

While there is evidence that practically all the Florentine artists contemporary
with Leonardo practised anatomy (for instance Michelangelo was supplied with
corpses by the Prior of the Augustinian convent of S. Spirit, who made available those
of patients deceased in this hospital), Leonardo definitely set out to prepare an
immense anatomical treatise in 120 books, for which he prepared hundreds of superb
drawings. Conscious of his insufficient cultural background, Leonardo planned to
write it with the co-operation of Marcantonio della Torre, professor first in Padua and
then in Pavia, who, however, died in 1511, when only 33. In his anatomical studies
Leonardo used many new techniques, like injection of coloured liquids in the vessels,
of melted wax in the cavities of soft organs, like brain, inclusion of collapsible organs,
like the eye, in coagulated egg’s white, serial sections. In true engineer’s outlook he
tried to investigate the function of bones and muscles by mechanical models, inter-
preting the structures as levers, pulleys, pillars etc. Thus he made a number of new
observations which were later rediscovered by different anatomists. Just to mention
some of them: he drew the frontal sinuses, Highmore’s cavity, noticed that the sacral
bone is composed by five vertebrae and not by three, as it was often believed in his
times. He made serial sections of the brain, and paid a good deal of attention to the
heart and vessels (though he did not think of any amendment to Galen’s theory of cir-
culation). He made excellent figures of the human uterus and of foetuses and of their
membranes. Most people know of his studies on the flight of birds and on the possi-
bility of flying machines. He was obviously interested in several aspects of physiology
and may have written around 1515 a little treatise on respiration, for which there are
some surviving notes. As an artist he was interested in vision and made several inves-
tigations on problems of vision, etc.
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His drawings of animals show a keen observer, but his studies of plants are more
interesting and advanced: indeed he studied phyllotaxis, investigated the possibility of
using growth lines to establish the age of plants and considered the movements of
lymph.

Leonardo’s studies on geology and palacontology may well be the only ones to have
been influential on the subsequent development of this branch of science. It appears
that his ideas were familiar to Gerolamo Fracastoro, as we shall see in the next chap-
ter. In his notes and drawings there is a number of passages giving correct interpreta-
tions of geological structures and of the fossils. He not only thought the fossils to be
organic remains, which was an idea current in Italy, but he flatly refused the possibil-
ity that they were the remains the Biblical flood. His remarks on the growth lines on
seashells and on the fact that one could find small shells growing on larger ones, and
the taphonomy of the fossils were to him proof that the animals themselves had been
living for a long time where they are presently discovered. Leonardo’s discussion of
fossils is part of a general theory on the growth of mountains, based both on ptole-
maic astronomy and Aristotelian views on ‘natural’ motions, and, although it is entire-
ly wrong, yet it is interesting as it envisages the possibility that there will develop irreg-
ular pressures inside the Earth and that such local underground pressures slowly push
up the mountains.

A famous, but rather cryptic, text of Leonardo on a ‘dragon’ having lived in a dis-
tant past and whose bones now lye buried under rocks, has been argued to show that
Leonardo had thought that fossil bones might have been the remains of past and
strange animals.

Had Leonardo been able to write and publish the many treatises that he was plan-
ning, there is no doubt that they would have contributed the most significant
advances in several sciences and especially in biology for centuries. As they are, they
are proof of a frame of mind that, if more conscious and advanced in Leonardo than
in any of his contemporaries, yet was typical of the age and portentous of the scien-
tific explosion to follow in a few years.

Indeed the closing years of the Middle Ages opened the age of the great geo-
graphical discoveries (in 1488 Bartholomeu Diaz passed the Cape of Good Hope, in
‘92 Columbus reached the Antilles, in 1497 Vasco da Gama reached India by sea); in
the meantime the growth of Turkish power helped to deflect the main trade routes
from the Mediterranean. Thus a new flood of information was heralded.

Meantime some Italian mathematicians made substantial advances in algebra,
such as were prerequisite for the development of the new astronomy in the next cen-
tury.

Even more significant for the growth of sciences was the first practical success in
printing, when Gutenberg, in 1455 printed the Bible with a machine using movable
letters and produced with the financial and possibly technical support of a Doctor
Faust, a learned, but somewhat shadowy figure, who later was to deprive Gutemberg
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of much of the profits accruing from his printing device?. Within ten years books were
printed in Italy and other countries besides Germany. In 1477 the earlier ‘herbal’ by
‘Macer Floridus’ (without figures) was printed and in 1482 an illustrated edition of
the famous ‘Apuleius platonicus’ was printed in Italy, the first illustrated scientific
book printed.

2 The real Doctor Faust, who was the originator of the legends embodied in Goethe’s, Marlowe’s and
other’s dramas and operas is a shadowy figure of somewhat later date, but it is possible that some mem-
ory of Gutemberg’s associate may have been incorporated into the myth.



CHAPTER VII

The Renaissance

SYNOPSIS OF SOME CRITICAL HISTORICAL EVENTS AND OF THE MAIN SCIENTIFIC
THINKERS

1453 end of the Hundred Years War.

1455-1485 Wars of the Roses.

Giovanni Marliani 1483, Berengario da Carpi c. 1460-1530, Otto Brunefels 1488-1534, Georg
Peurbach 1423-1461, Johannes Regiomontanus 1436-1476, Nicolaus Copernicus 1473-1543,
Girolamo Fracastoro 1484-1553, Theophrastus Paracelsus 1493-1541

1516 Charles V becomes king of Spain, in 1519 is elected Emperor, abdicates in 1556.

1534 Act of Supremacy: establishment of the Church of England.

1566 Netherlands rebel against the Spaniards.

Nicolo Tartaglia 1500-1557, Girolamo Cardano 1501-1576, Leonard Fuchs 1501-1566, Guil-
laume Rondelet 1507-1566, Michael Servetus (Miguel Servet y Reves) 1511-1553, Andreas Vesal-
ius 1514-1564, Conrad Gesner 1516-1565, Pierre Belon 1517-1564, Andrea Cesalpino 1519-
1603, Giovanni Benedetti 1530-1590, Jacopo Zabarella 1533-1589, Fabrizio d’Acquapendente
1537-1619, Tycho Brahe 1546-1601, Giordano Bruno 1548-1600.

1558-1603 Elizabeth I queen.

1571 the Turkish fleet is destroyed at the battle of Lepanto.

1588 the English defeat the Spanish Armada.

The 16th century

The 16th century saw throughout Europe the development of the renovatio, the
‘Renaissance, which had been in progress in Italy since the previous century and
which for scholars went with the elated sensation of living a new era, when finally the
old and glorious antiquity was renewed, unbound by cither the constraints of a dog-
matic tradition or the binding effects of a culture which had been deprived for cen-
turies of the benefits of a good deal of what should have been its natural cultural
inheritance. Thus the 16th century was characterized by several factors which were
instrumental in speeding up a rather overall cultural change.

We have seen how already in the 15th century there was a growing interaction
between the world of scholars and that of the technicians, and how this was fostered
by the increasing influence in the courtly, learned media of such scientists-artists who
are best exemplified by Leonardo, the greatest of them, but who were quite numer-
ous.
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The traditional antinomy between the Bios theoretichos and the Bios praktichos,
which went back to Aristotle and which had been dwindling for some time because
of the increasing influence of the merchant and artisan guilds, was quickly obliterat-
ed by the discovery of printing.

Indeed during the Medieval centuries a good deal of empirical knowledge had
been built up by the ‘practitioners’ (one may just mind the elaborated knowledge of
statics and of the technique of the simpler engines in order to build the masterpieces
of Medieval architecture or of ships worthy of the high seas). However most of this
knowledge was transmitted either orally or by rare manuscripts holding ‘the secrets of
the trade’ and, that just as secrets, were handed from one generation to the next by
the craftsmen.

But as soon as printing became possible, there was a quick proliferation of practi-
cal handbooks on all arts and crafts, and these are often translated into a number of
local tongues. Some of them, such as the books by Agricola on metallurgy and on
mines, are now considered as the forerunners of the entirely new scientific fields of
geology and mineralogy.

At this time a number of practical needs, for instance the problems relating to sea-
faring in the high seas or those of applied hydraulics, required for their solution more
and more the contributions of basically theoretical scholars.

In the field of biology, herbals and books of anatomy are the reply to the practical
needs: surgery and pharmaceutics, but are written either by members of medical fac-
ulties or by people rather closely associated with them and, therefore, who strive for
scientific accuracy or, as they said at the time, for philosophic rigour. They can thus
rank as scientific texts rather than mere guides for empiricists. Their authors were
striving not only to satisfy the immediate needs of readers who asked for some reli-
able information, but also by a sort of urge to excel, striving for personal ‘glory’.

However, the reader must remember that the total number of people involved, as
far as biology was concerned was incredibly small: as a whole there were between 60
and 80 universities in the whole of Europe and that means that the faculties of arts
and the faculties of medicine could hardly reach about 100; most universities were
tiny and local establishments, where hardly any research work was done and, even in
the major ones, a medical faculty would probably number about a dozen members
and most of them were professors involved with the practical teaching of the treat-
ment of diseases, thus leaving perhaps 2-3 people in an average faculty to delve in
anatomy, physiology, botany or zoology. This means that at any time during the 16th
century, there were hardly 400 people in the whole university establishement of
Europe who may have been engaged either in active research or in the revision of
ancient knowledge. No one has made a systematic study of the number of publica-
tions on biological subject produced during the 16th century and of their authors,
but, if we deduct simple compilations and abridgements, such as were produced for
the student’s usage, and we shall mention some, I would not be surptised if the whole
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production of original research through the century was the work of less than 300
people.

The many cultural trends typical of this age of change not only had a different
influence on the various authors, but were also prompting the print of a number of
scientific-magic books.

Thoughout the 16th century and the following one, scholars, with almost no
exception, firmly believed in the validity of the Bible (New Testament included) as a
work of divine revelation and argued for taking the study of Nature into the religious
debate of the Reformation, or, at least, they maintained that the understanding of
Nature is a way to the contemplation of God’s works.

On the other side the men of the Renaissance are consciously strongly individual-
istic and that, in a number of instances, prompts them to that typical individualistic
activity that is Magic. It was only very slowly that, during the next century the magi-
cians evolved into corporate academicians.

The current and necessary religious debates of this age tend to merge with the
debates on magic and the result is the increasing separation between ‘black magic’ and
‘natural magic’, which more and more approaches the canons of modern sciences.

Thus began a process, which would win the day around the middle of the next
century, and which condemned all secrecy in matters of science and discredited any
‘esoteric knowledge’ transmitted by obscure vocabulary to just a few adepts. It was
indeed a long process, plagued at times by collective crazes, that resulted on one side
in a pullulation of magical and alchemical texts and in the ‘witch-hunt’ craze of the
first half of the next century.

Paracelsus

Paracelsus, both as a man and for his ideas, could well be ignored in a history of
biology, for, in spite of the multiplicity of his interests, he never dealt with pure bio-
logical problems as such: he was a physiscian and merely a physician. However, the
influence of Paracelsism over the whole of the scientific thinking during the period
ranging from the second half of the sixteenth century until well beyond Newton’s
times, was such and so complex that it is necessary to pay some attention to this
strange man.

The influence of Paracelsism was great mainly in the 17th century century as we
may well say that throughout the 1600 the scientific world was divided between
Cartesian mechanists and Paracelsians. Indeed we largely owe to Paracelsism that
Cartesian mechanicism was never able to rule Western thought, and we shall see how
a good many of the more important biologists up to the age of ‘Enlightenment were
more or less thinking along Paracelsian lines. Thence, during the 700, hand in hand
with ‘Great Alchemy’ wanes Paracelsism, (but for Germany, where there was a ‘revival’
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of Paracelsism linked with the development of ‘Naturphilosophie’ and the romantic
movement). Since the 18th century Paracelsus is more and more ridiculed and decried
and positivist and materialist authors of the 19th century hardly have a good word for
him.

There is no question that it is difficult to give any credit to a gentleman who, in
his writings, quite seriously teaches us, among other things, all that is necessary to
implement in order to create a ‘homunculus’ in an alambic and thence how to grow
him to adulthood!

There is no doubt that Paracelsus’ ideas in matters of biology were just as com-
pletely crazy as those of Cartesius, but they are crazy to us modern, they were reason-
ably plausible, given the knowledge of these times, to Paracelsus’ contemporaries,

Paracelsus, as a physician and as a scholar was hotly discussed even during his life-
time: some extolled him as the great innovator, who went well beyond all the existing
schools, while for others he was a despicable quack!

Theophrastus Philippus Aureolus Bombastus von Hohenheim, who later took the
name of Paracelsus Eremita, was the son of a physiscian and was born in Einsiedeln,
Swizerland, either in 1493 or, perhaps, in 1490. The Bombasts von Hohenheim were
a noble and powerful family in the region and Paracelsus’ father may have been an
illegitimate scion of it.

Just as the famous ‘magus’ Cornelius Agrippa, Paracelsus was probably a pupil of
abbot Johannes Trithemius of Spanheim (1462-1516), a neoplatonist, a learned
astrologist and occultist or, better in the terminology of the times ‘a magus of natural
magic’ and, also, a pioneer student of cryptography (curiously the manuscript of
Trithemius’ book on cryptography was bought by John Dee, physician and astrologer
of Elizabeth I and a friend of Harvey, and was to become the the basis for the cipher-
ing methods of the British Elizabethan secret service).

There is an unverified tradition that later on Paracelsus travelled extensively
through Europe, went to Rhodes and, perhaps, even to Istanbul and Egypt. He
attended some courses at different universities: listened to Berengario da Carpi in
Bologna and to Nicold Leoniceno in Ferrara. There is an unverified tradition that he
got his medical degree in Ferrara and the tradition that he met there with Savonarola
is mere legend, as Savonarola had moved to Florence before 1490 and was executed
in 1498, when Paracelsus would have been about 5!

In 1526, thanks to the lobbying by the printer Froben, he was appointed both as
professor of Physics and Medicine in Basel and as public physician of the town. In
Basel he got an excellent repute as a practitioner and crowds flocked to his lectures,
that he was giving in German, to the great distress of the Faculty.

Indeed Theophrastus Bombastus Paracelsus was just the bombastic character
equally proficient in getting as many dedicated enemies as were his devoted admirers
and this makes it impossible to assess him as a man. He went out of his way to adver-
tise his refusal of traditional medicine by publicly burning the books of Galen and
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Avicenna (but he praised Lullus). His quarrelsome habits and the death of his friend
and promoter Froben, made Basel uninhabitable for him, and he left in 1528, possi-
bly to escape jailing, as he had called the Bishop to trial for some payments and lost
his case. Since then he was always on the move through central Europe and about him
it is hard to tell facts from legend.

To give a hint of the man who said of himself: ‘T am the Monarch of all the physi-
cians’ and of his ways, let us quote this sentence: “The physician enlightens matters
because he knows the cause and also the ways to digest and prepare the medicines; but
which sort of light are you able to give, you doctors of Montpellier, of Vienna, of Lip-
sia? Just about as much as a golden fly on the results of a bout of dissentery!’.

Paracelsus meddled, on the strength of his fame (but always isolated), in the reli-
gious debates of the times (it was just that of the raging Protestant reformation). He
died in 1541 in Salzburg and the Bishop-prince honoured his coffin with solemn cer-
emonies.

Throughout his agitated life Paracelsus wrote a number of books in Latin, German
and in an abominable mix of the two, all crammed with new words of his own cre-
ation. He dealt with philosophy, with many medical problems, with alchemy, miner-
alogy, magic and prophecy. In fact his prophetic writings and the Der grossen Wun-
dartznei (1536) are almost the only ones which were printed in his lifetime and almost
all of his enormous production was published after his death.

There is no question that his outright region to medical tradition had a great sig-
nificance for the following development of sciences, but what did he actually advo-
cate?

Paracelsus was an outspoken advocate of ‘natural magic’, which Renaissance devel-
opment was rooted in the philosophy of Marsilio Ficino and Pico della Mirandola.
He was equally sure of the significance both for the individual and for the world as a
whole of astral influences. He was unquestionably a competent alchemist and he must
get credit for insisting, against most of his colleagues, on getting for each experiment
precise quantitative measurements. Moreover he introduced into medical practice sev-
eral chemicals of mineral origin, but as to that he was not the only one. Anyway
Paracelsus employs mathematics with very different aims from those of tradition (and
of later science): his is a sort of mystic mathematics, more akin to Pythagoreanism or
Kabbala than to any orthodox usage. The mystic aspects in Paracelsus were certainly
significant in spreading his teaching through the next century.

He and most of his followers were troubled by the influence of Aristotle, a philoso-
pher who advocated a number of theories absolutely incompatible with Christianity,
and of a physician, Galen, that had coarsely disapproved of Christians. The traditional
attempts to reconcile these two thinkers with Christianity were, to them, a signal and
hypocritical failure. If Christanity was rooted in the Bible and especially in the
Prophets, all Christian science had better to look either in the sacred Books or search
directly in the signs that God had put into Nature to help mankind. Indeed, as we
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shall see in the next chapter, most paracelsians were either Protestants, or, at least sym-
pathized with the different reformed creeds, while Catholic schools remained the
strongold of Galenism or went over to Cartesian mechanism.

In his Volumen medicinae paramirus, which is perhaps the best studied of his
books, Paracelsus says that Nature is the macrocosm, while man, who is its most per-
fect part, is a microcosm made by the same substances and ruled by the same laws.
Man duplicates in himself all the phenomena of the macrocosm and thus suffers form
all sorts of cosmic, astral and telluric influences, and so far his ideas are not signifi-
cantly different from Ficino’s). For Paracelsus (but not for all later paracelsians) organ-
ic bodies are made by the traditional four elements. Beyond them there are three prin-
ciples, that he calls ‘salt’, ‘sulphur’ and ‘mercury’ (which, obviously, are not the sub-
stances commonly known by these names, but are rather elements provided with their
respective general properties. Moreover there is a fourth class of active principles, the
‘archaei’ which are endowed with the vital force, and are in fact the quintessence of
life. Each organ works by virtue of its own archaeus. The universe, besides material
entities, is alive with active spiritual entities, who, however, have no soul (they are,
according to him, purely ‘mercurial’), such as sylphs, nymphs and so on. Thus
Paracelsus classifies diseases according their supposed cause: ens astrale, veneni, natu-
rale, spirituale, deale. Each one of the main organs is supposed to be under the special
influence of a celestial body: the liver is linked with Jupiter, the heart with the Sun,
the brain with the Moon, the spleen with Saturn, the lungs with Mercury, the kidneys
with Venus.

In his pharmacopaea Paracelsus grants considerable credit to a traditional lore, that
of ‘signature’, which had been largely adopted by both classical authors and medieval
physicians of Scotists tradition. This assumed that the active priciples obtainable from
plants, animals or minerals are, so to say ‘advertised’ in the plant itself in some visible
way linked with either the organ on which they act or with the kind of disease they
cure. So, for instance, the plant pulmonaria is good for lung diseases; Hypericum
which has perforated leaves, is good for wounds by pointed weapons; peony, the pis-
til of which resembles a human brain, is good for nervous troubles.

The ideas of Paracelsus on diseases are strongly tinged by his personal neoplaton-
ism and, as a whole, Giordano Bruno, with precise reference to the Volumen medici-
nae paramirum, charges Paracelsus with mere plagiarism of Lull. Bruno’s judgement is
a weighty one as he was fully conversant with both authors. Personally, as far as I can
judge and considering the absence of adequate comparative studies, I think that
Paracelsus gave a rather personal interpretation of Lullism, with a strong medical bias
and tinged by his personal battles in the turmoil of the Reformation.

Thus, thanks to the subsequent influence of Paracelsian ideas, Lullism, in its
Paracelsian make up, was to become, often unknown to subsequent scholars, a pow-
erful brake on the spread of Cartesian mechanicism. Moreover Paracelsus, just because
of his refusal to accept traditional authority, was an experimentalist and bequeathed
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such a penchant to his followers, with great benefit for the development of biological
sciences.

It is clearly hopeless to search in the writings of Paracelsus for any methodical
approach to problems, yet there is in his ideas a hard and coherent core in his firm
belief that biological phenomena have a close correspondence with alchemical trans-
formations. This does not mean that he thought biological phenomena to be, in fact,
chemical processes in a modern sense: he could not possibly have had any hint of
something alike modern chemistry, but this belief prompted, as we shall see, a host of
experiments and researches which, in time, developed into biochemistry.

Vesalius and the reformation of anatomy

As we have seen, Leonardo’s anatomy precisely fitted into a widespread interest
in his times. Almost all histories of medicine and biology consider the publication
of Vesalius’ Humani corporis fabrica as the turning point from classic-medieval to
modern anatomy and almost as often Vesalius is characterized as a great innovator.
That Vesalius’ work had an enormous impact is certainly true: it was a sort of blue-
print for the following development of anatomy as well as being by itself a most
considerable advance on previous knowledge. Yet, in truth, advances in anatomy
had begun to accrue just in Leonardo’s times. One may remember people like
Alessandro Achillini (1463-1525) who, besides other facts, appears to have first
described the malleus and incus in the middle ear and the excretory duct of the sub-
maxillary gland, which is commonly known as “Wharton’s duct’. Even more deserv-
ing of consideration is Berengario da Carpi (1470-1530), his actual name was
Jacopo Barigozzi, another contemporary of Leonardo (1452-1519), who made a
number of ‘anatomies’ and published a radical revision of the anatomy of Mondi-
no, in which he corrected a number of mistakes. Even better is his short Zsagoge
breves in anatomiam humani corporis. Berengario described several hitherto
unknown structures such as the thymus, the sphenoid sinus, the coecal appendix,
etc. In fact, as Berengarius writings were not much read outside Italy, many of his
discoveries were later ‘rediscovered’ by other anatomists. Berengario gives also a dis-
cussion of the function of the heart’s valves which may rate as a first step towards
the understanding of the blood’s circulation. Last but not least, Berengario’s works
have excellent illustrations.

It is quite possible that Vesalius came to Italy because here there was since long a
good tradition for the dissection of human corpses both by university teachers and by
artists, and because of the much better quality of illustrated books produced by Ital-
ian printers. He he was also probably aware that, at least in some Italian states, free-
dom of investigation was better guaranteed than elsewhere. Falloppio, who was him-
self a pupil of Vesalius, and thus an excellent judge, calls Berengario “Restaurator
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anatomicae artis, quam Vesalius postea perfecit” (the restorer of anatomical art, which
later Vesalius completed).

There is no question that in biology one cannot fix, even in a conventional sense,
a date for the transition between the medieval times and the Renaissance. In fact from
the middle of the 15th century to the beginning of the 17th, that is through some
150 years, there was a gradual transition in every science and the, so called, scientific
revolution lasted through all the 17th century.

In fact rather than in the triumph of the experimental method (which has been
always generally appreciated), the ‘scientific revolution’ witnessed the conflict between
an anthropocentric approach, which we may qualify as ‘medieval’, strongly tinged of
hermetic-neoplatonic streaks and well suited for any of the different possible inter-
pretations of the Scriptures (literal, symbolic, etc.), by its assumption of a strict cor-
relation, by a divine design, between the universal ‘macrocosm’ and the human
‘microcosm’, and an attitude much closer to the classic thought and especially to the
Aristotelean-Democritean ideal, in which man has an ever smaller share in the great
book of Nature.

The divine qualities Bonitas, Magnitudo, Duratio, Potestas, Sapientia, Voluntas etc.
through which, in typical Medieval thought, creation and its laws came into being,
during this long period were slowly replaced by an impassive ‘Nature’.

The common tradition that the experimental approach was undervalued in the
Middle Ages fails to appreciate that, while the value of empirical evidence had never
been doubted, students simply lacked the technical means to develop such experi-
ments as were conceivable.

The Italian mathematicians between 1500 and 1600 produced the mathematical
instruments needed to develop both astronomy and physiscs. Much in the same man-
ner the results of geographical explorations and the new optical instruments paved the
way for biology to explore new paths.

Usually during the period preceding the Lutheran reformation, the Catholic
Church was quite tolerant and often even encouraged both philosophic research and
scientific speculation. For instance, Copernicus was even invited by the pope to coop-
erate in the reformation of the calendar. Even during the early years of the Reforma-
tion the Catholic Church was much less intolerant than were Luther, Calvin and
other reformers (by the way Luther himself considered the fossils as evidence of
Noah’s deluge). It was slowly, and especially during the second phase of the Triden-
tine Council, that dogmatism and intolerance gained the upper hand in the Catholic
world. This occurred just at the time when the multiplication of the protestant
churches, opened a multiplicity of paths through which scholars could manage to fos-
ter their sciences in spite of the many local synods.

In Italy the tradition of Academic liberties was quite strong, even in spite of the
influence of the Church and new ideas were burgeoning. Perhaps the first steps had
been taken at the court of the Medicis by the open neoplatonism of Marsilio Ficino.
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Cosimo senior, having bought a Greek manuscript of Hermetic texts, in 1460 charged
Ficino with its publication as a sort of preface to the publication of the Greek text of
Plato’s dialogues. Thus the basic Hermetic text, the 7zbula smaragdina became avail-
able in its Greek original, while, until then, had been available only the translation
from Arabic by Hugo Santallactensis of approximately 1140. Shortly before the Greek
platonist Georgios Gemistos Pletho (1355-1450) had been teaching in Florence to a
selelect audience and advocating a revival of classical pagan religion. Thus a number
of prominent scholars, such as Giovanni Pico, count of Mirandola, became platonists
or, rather, awowedly neoplatonists. The Church was worried and, for instance, con-
demned several theses of Pico (much to his distress and surprise), but almost without
any practical consequence.

Thus the interest of Copernicus for the heliocentric model was aroused by the
neopythagoric-neoplatonic influences of Pico della Mirandola and Maria da Novara
(a man in spite of his name) who, in turn, trod the path opened by cardinal Nicholas
Cusanus (1401-1464), who had considered the possibility of a moving Earth and was
himself a student of Lull.

Because of local interest in naturalistic-medical studies, three universities: Padua,
Bologna and Pisa, were especially prominent in the development of Anatomy.

Padua was especially lucky as it was a domain of the ‘Serenissima’ republic of
Venice, which was especially jealous of its autonomy with respect to any foreign
authority, even the Pope’s (for instance a statute prohibited any member of the Sen-
ate of the Republic who had as a relative either a bishop or a cardinal to participate in
any debate when Church’s matters were involved). Thus the Republic was always keen
to avoid that religious problems could interfere with the functioning of institutions,
such as the Patavine University, which brought both fame and money to the state.

This was so much so that during the 16th century over 5000 students matriculat-
ed in the ‘German Nation’ alone, and they included even Poles, Ukrainians and Rus-
sians.

Indeed in Padua, at least in the faculty of arts and medicine, admission of both
Jews and Protestants was always free and they could even hold chairs (between 1517
and 1619, 80 Jews graduated in Medicine and a further 149 graduated between 1619
and 1721!).

In truth up to the middle of the 16th century even the Popes were fairly open
minded: so, in 1555, pope Julius III with a special bulla granted to the Jew Leone
Benaia his Doctorate in Medicine with full freedom to practice both for Christians
and Jews. When the more bigoted Pius IV, in 1565, ordered that, for the Bishop to
be able to grant the doctorate in a church, the candidate had to formally profess the
Catholic faith (after all a reasonable implementation of the original medieval statutes),
the Venetian Republic immediately ordered that non-Catholics were to get their hon-
ours by a palatine count and shortly afterwards arranged that such degrees were to be
granted by an appropriate magistrate at the Collegium Venetum and even adapted the
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text of the degrees granted to the faith of the grantee. So, for instance, the degree of
a Jew was granted ‘In the name of the Eternal God, common year 1565 and that of
none less than William Harvey, himself a protestant, was ‘In the name of Christ,
Amen, in the year from the Virgin’s parturition 1602’ so as to avoid any mention of
the Pope or of the Catholic Church.

Resuming our narrative as far as anatomy is concerned, just as the works of Eras-
mus and others had paved the way for Luther’s theses, so the work of the Italian
anatomists may be considered as a sort of preparation for that of Vesalius.

Andreaé van Wesele (Andreas Vesalius) was born in Brussells from an illegitimate
branch of a noble family who were traditionally physicians on December 31, 1514.
After a thorough preliminary education, he studied medicine in Paris, where anatomy
was taught by the famous teacher Jaques Dubois (Jacobus Sylvius, not to be confused
with the later Sylvius, a Duch anatomist of the 17th century, whom we shall mention
further on). Sylvius had been originally a linguist and had gained a renown by his
knowledge of Latin, Greek and Hebrew. Later on he had become a learned, good and
passionate anatomist, who discovered, inter alia, the venous valves of the Azygos vein
and made some significant contributions to animal anatomy. One of his pupils tells
us that, as he was rather poor and had no servants, when he was able to obtain some,
possibly stinking, piece of a corpse from the gibbet, in order to show it to his students,
he used to carry it hidden in the ample sleeves of his gown. On the other side Rableais,
who had been a fellow-student with him in Montpellier, is positive that Sylvius had
definitely a prickly character, with whom it was difficult to get along. Besides Vesal-
ius, Sylvius had as pupils such greats as Servet, Gesner and Estienne. Had Sylvius
avoided his controversy with Vesalius, he would be honourably remembered because
of his several notable discoveries both in human and animal anatomy.

When Vesalius was studying in Paris, he attended lectures by other notable teach-
ers, such as Jean Fernel (1497-1552), a notable mathematician, whom some sources
claim to have been sceptical of medical astrology, though, as a physician to Catherine
de’ Medici, he cured her sterility with magic-astrologic practices, as shown by some
talisman-medals, apparently done on his specifications. Also Fernel was a good
anatomist, though his discoveries are usually overlooked. In fact he described the
rachidean channel of the medulla (which escaped Vesalius). A third distingushed
anatomist who was also available in Paris at that time was Johann Guinter (or
Winther) of Andernach (14972-1575). At a later time, he quoted evidence from Vesal-
ius, only to recant later. Guinter was especially friendly to Servetus. Vesalius, instead,
did not think much of him.

Vesalius, as a Belgian, and therefore a Spanish subject, had to leave Paris because
of the war between Francis I of France and Charles V (1536). He moved to Louvain,
where he continued his studies. However, though he tells us how, little by little he was
able there to pick up a complete human skeleton, he was unconfortable there and
thence he worked for a little while as surgeon in the Imperial army. Then he moved
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to Padua. There the Faculty, on December 5, 1537 granted him, at the age of 22, his
medical doctorate. The next day, after dissecting a corpse, ‘doing an anatomy’, as it
was termed, he was appointed directly as a professor to the chair that his promotor
had vacated for him! It is obvious that upon his arrival the faculty of Padua was
already aware of the exceptional merits of Vesalius.

Thus Vesalius begun his celebrated lectures in Anatomy. Of these lectures we still
have an account by Vitus Tritonius, one of his pupils. The frontispice figure of his
great work shows his protrait in the very act of demostrating some anatomical details.
His eloquence, passion and proficiency soon gained him such acclaim that there was
no classroom sufficiently large to hold all his audience. Such was his fame that twice
he was invited to practice a dissection in Bologna. Of his second visit there, we have
an amusing account by Baldasar Hesler: Vesalius was acting as sector in a course of
January 1540, while in the chair was Matteo Corti. Corti was a Galenist, who main-
tained that Mondino had been wrong whenever he criticized Galen, meanwhile,
Vesalius, while claiming himself to be a Galenist, was showing to the students, by his
dissection, the mistakes of Galen!

In October 1539, the Venitian government, under pressure from the students,
increased the salary of Vesalius from 40 gold Ducats, to the unheard of amount of 60!
Moreover Vesalius had the full cooperation of the local authorities so that he could
avail himself of a number of corpses of executed criminals. Vesalius himself tells us
that, on some occasions, the executions were scheduled when they were most con-
venient for him. Thus at least once he was able to examine the heart and pericardium
of a corpse within minutes of the execution!

In 1538 Vesalius published in Venice six anatomical plates, which were extremely
successful in the schools. Though they were much better than any previously available
plate, they still include several of Galen’s mistakes. One of these, for instance, is the
rete mirabilis in the hypophyseal region. This does, indeed, exist in several mammals,
such as Artiodactyls, but not in man.

Later Vesalius wrote a commentary on some books of Galen included in the com-
plete works of the Pergamene physician being printed in Venice by Giunta. It must,
indeed, be remembered that, when his experience told him that the Greek had been
wrong, Vesalius made no bones about criticising the anatomy of Galen, but in his
medical practice, he remained basically a faithful galenist.

In 1543 Vesalius went to Basel for the final correction of the proofs of his mag-
num opus: the seven books of the De humani corporis fabrica, which was issued in
June 1543, by the editor Oporinus (Johann Herbst, 1507-1568).

Some comments are useful here: Oporinus had been a pupil and secretary to
Paracelsus and, when his master had left Basel, he had followed him for a while. More-
over Oporinus was the second editor to publish a Latin translation of the Koran,
which in practice was the first, as the sale of the previous Venitian one had been pro-
hibited. Oporinus’ edition of the Koran had two introductions, one by Luther and the
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other by Melancthon. So (a) Oporinus was, as a printer, fully qualified to print Vesal-
ius’ work, (b) as in his book Vesalius criticised Galen, it was difficult for him to
employ as printer the Venetian Giunta, who was just publishing the entire Galenic
corpus. (c) finally the Paracelsian Oporinus was an ideal editor for a strongly innova-
tive work, as the work would stand as a counterweight to the illustrated edition of
Galenus published in Basel eleven years previously by that editor Froben, whom we
met as sponsor of Paracelsus. Thus the book appeared acceptable both in Catholic and
Protestant lands.

On May 12 Vesalius performed a public anatomy and the skeleton that he finally
prepared is still preserved by the University of Basel. Leaving Basel, Vesalius paid a
short visit to his native country and then went back to his teaching in Padua.

Shortly afterwards Vesalius was again invited to lecture and dissect both in
Bologna and Pisa. In Pisa he was received with great honours by the Grand-duke
Cosimo I de’ Medici, who was anxious to rejuvenate this ancient University, which,
after the final conquest of the town by the Florentines, has ceased all activities. The
Grand-duke was planning to bring the University to its maximum splendour in order
to help the languishing economy of the town and, for this purpose, he even abolished
the Florentine University. Vesalius was offered a chair, but he finally settled on going
back to Padua.

Shortly afterwards Vesalius was appointed as personal physician by the Emperor
Charles V with a big salary and Vesalius, who was sensitive to such temptations,
although not yet 30, left his chair. During this period of his life Vesalius proved a suc-
cessful military surgeon. In 1556 Charles made Vesalius a Count Palatine.

Though the vast majority of physicians immediately accepted Vesalius’ new
anatomy (which, by the way were publicised in Germany by Fuchs, and in England
by a Thomas Geminus with a Compendiosa totius anatome delineatio, 1545, which is
but a poor summary of the Epitome, a fact about which Vesalius complained) yet there
were obviously several conservatives who were critical of him. Most vocal was old
Sylvius, who in 1549, criticised Vesalius without naming him, and again in 1551,
nicknaming hin Vesanus (= insane) and who charged Vesalius with impiety, to infect
the whole of Europe by his ignorance, and went so far in his foolish cricicism as to
condemn the usage of figures in anatomical treatises, probably as it had been just the
quality of the illustrations that had helped in the immediate success of Vesalius’ writ-
ings. If one asks himself why Sylvius was so vocal against Vesalius, when he had cer-
tainly the possibility to check to his own satisfaction, the truth of his opponents
descriptions, one can answer that this is just an example of that blind commitment to
one’s own consistency that is so common among academics and politicians. Sylvius
had once written. “After Apollo and Aesculapius, they (vid. Hippocrates and Galen)
were the supreme authorities in the field of medicine, perfect on every account, and
both in physiology and in other branches of medicine, they never wrote anything that
was not absolutely true”.
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After the abdication of Charles V (1555), Vesalius spent some time in Brussels.
Later (1559) he moved with his family to Madrid in the service of Philip II. As a
physician Vesalius was a Galenist and his renown as a practitioner was as good as that
as an anatomist. He kept in touch with the best medical scholars of the day and so,
in 1564, he corresponded with Giovanni Ingrassia, whom we shall meet further on.
In 1564 Vesalius was again in Venice, officially for the publication of a criticism to the
Observationes Anatomicae of his pupil and successor in the Patavine chair Gabriele Fal-
loppio (and by that publication he did himself a disservice: he apparently had not
checked the facts and thus he criticised Falloppio, who had recently died, just where
the latter was right). It appears that the whole affair was a mask for an underground
dealing with the Republic to get back the Patavine chair, while keeping the Spanish
king in the dark. Probably the dealing was successful and Vesalius left for Jerusalem,
apparently with the promise to be back by the beginning of next term, but on his
return, he died in Zante in obscure circumstances towards the end of 1564. The rea-
sons which prompted Vesalius to leave Spain and to go to Jerusalem have never been
explained, in spite of much legend and speculation.

The De humani corporis fabrica is a superb folio with many excellent plates, some
being the masterpieces of a Belgian pupil of Titian, Jan Stephan van Calcar (1499-
1546); many further drawings are in the text and, as a whole the iconography is vast-
ly superior both in beauty and precision to that of any preceeding book. The text is
both original, clear and alive with personal experiences. It includes also many helpful
technical details. and quite a few personal reminiscences.

Vesalius’ first original observations concerned the lower jaw: when still a student
in Paris he had noticed that, contrary to Galen’s dictum and to what actually occurs
in many mammals in which the jaw is formed by two suturated bones, the human jaw
is from birth made of a single one (an Arab author of the 13th century, had already
noticed Galen’s mistake). In his magnum opus, Vesalius did not make any oustanding
discoveries, but corrected a number of traditional mistakes.

The most important of them, as it implied the revision of a basic chapter of phys-
iology, concerned the structure of the interventicular septum. In order to account for
the supposed mechanism of blood circulation, Galen had been forced to assume that
the interventricular septum was porous, so as to allow blood to ooze from one ventri-
cle to the other. Actually in the first edition of the Fabrica Vesalius concludes that,
though he had been unable to find the supposed pores, yet he admired the power of
God who had provided so that blood could pass through invisible pores. However, in
the second edition (1555) he made up his mind and bluntly says that while in previ-
ous years he had not dared to completely deny the possibility of a passage of blood
through the interventricular septum, he was now satisfied that no such porosity exist-
ed and that the septum is as dense and strong as any other part of the heart. He was
thus satisfied that no oozing occurred.

Naturally it was immediately remarked by a number of authors that should it be
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so, thence the whole theory of blood movement collapsed, while there was no alter-
native theory available.

Neither the Fabrica, nor the Epitome which was published at the same time, are
perfect, as they still include a number of mistakes. Yet they were both a great improve-
ment on previous knowledge and two most stimulating books. One of the implica-
tions that it took time for scholars to realize was that the new anatomy required a
complete rethinking of all human physiology, for which a good morphology is the
requisite foundation.

Vesalius naturally dissected a fair number of animals and sometimes reports on
them; indeed he occasionally follows in the steps of Galen as he attributes to man
structures that he had, in fact, seen in his animal dissections, but that do not occur in
Man. Moreover, as he was a pure physician, with no other interest than man, his
observations on animal anatomy are entirely marginal to his research interests. It is
also remarkable how he apparently failed to perceive how his own discoveries in
human anatomy required a revision of Galenic physiology as well.

As we said Vesalius was a great master and students flocked to his lectures from
everywhere and among them was John Caius, who attended his lectures for eight
months in the Winter 1539-40 and that, back in England, was the first to translate
Galen into English (1544-49) and later richly endowed one of the most famous col-
leges in Cambridge: Gonville and Caius.

Contemporaries and followers of Vesalius

The Italian anatomical schools were to be the best in Europe for about another
century.

After Vesalius had left Padua, Realdo Colombo was appointed in his place.
Colombo was born in Cremona in about 1520 and died quite joung in 1559. He was
first a professor in Pisa, thence he moved to the Papal court in Rome, where he met
with Michelangelo, whom he supplied with materials for his anatomical studies.
Colombo wrote a De re anatomica (1559) which is significant in the development of
the new theory of blood circulation. As the book was published a few months after
his death and on the testimony of Valverde, who was his pupil, there is little doubt
that he actually recognized the little circle not later than 1548.

The next anatomist to hold the chair previously held by Vesalius’ was Gabriele Fal-
loppia (or Falloppio) from Modena (1523-1562). He was professor first in Ferrara
and next in Pisa, before his final appointment in Padua. In Pisa he certainly per-
formed dissections on living criminals condemned to death, of whom he tells us that
had been made insensitive by strong dosing with opium.

On this peculiar, albeit brief phase in the history of human anatomy, the Floren-
tine ducal archives preserve a curious set of documents: in the first the governor of
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Castrocaro informs the central administration that a woman sentenced to death is
seriously ill and that, therefore, he begs for the executioner to be promptly dispatched,
so that the culprit could be executed instead of dying a natural death. The duke’s
administration replies that, as the Duke had ordered her to be sent for the dissection
in Pisa, the governor was ordered to call for the best physicians available and to see
whether she could be cured. In the meantime he was to keep her in good spirits.
Should the college of physicians judge that there was no hope for recovery, then, upon
such advice, the executioner would be dispatched! In the end she was sent to Florence
and thence to Pisa. As a whole Florentine archives record that not less than 13 crim-
inals were sent to Pisa ‘for the anatomy’.

Falloppia’s Observationes anatomicae * (1561) are of the highest quality and testify
to a personality even more independent from tradition than that of Vesalius himself.
The name of Falloppia is linked with the description of the uterine tubes (Fallopian
tubes), a number of other details of the urogenital system, and an excellent account
of the anatomy of the ear where are described for the first time the labyrinth and the
cochlea. He also made important studies on the eye muscles, on the cranial nerves,
etc.

On the other side Falloppia was so certain that fossils were just spontaneous for-
mations in the rocks, that he claimed such an origin even for some Roman sherds!

Gerolamo Fabrizi from Acquapendente, better known as Fabricius (1537-1619)
was a pupil of Falloppia and held the chair of surgery and anatomy from 1566 until
1609, when he left the chair of surgery to his pupil Casseri, while keeping the chair
of Anatomy until 1613 (a rather unusual arrangement as the two teachings were usu-
ally combined in a single chair). In 1613 Fabricius finally retired as a most honoured
and famous master. While Fabricius was holding the chair, his success as a teacher
prompted the building of the first ‘anatomical theater’ which is still preserved in the
main building of the University of Padua.

Among the many students who attended Fabricii’s lectures, the most famous was
certainly William Harvey, to whom we owe the complete description of the blood’s
circulation.

Through his many years of scientific activity, Fabricius dealt with a number of
problems and, late in his life, he published a lot. His first treatise is the De visione, voce
et audito (Venice, 1600), while perhaps his most famous and one of the latest ones is
the little tract on the valves of the veins De venarum ostiolis (Padua, 1603), where he
described the venous valves and misunderstood their function. Fabricius, as all the
anatomists of his age, made extensive investigations in animal anatomy and recorded
in considerable detail a number of entirely new observations. However he was always
propted by the need to compare his findings with the conditions in Man. Anyway
probably his most important contributions for the history of biology are his embry-
ological books: De formato foetu (Padua, 1600) and the posthumous De formatione ovi
et pulli that are the first real embryological monographs. There Fabricius accurately
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describes and figures, as best as the naked eye can allow, the main developmental
phases both of the development of the human embryo and in several animals, includ-
ing different Selachians, Mammals, Reptiles and chickens.

Some passages in his De brutorum loquela (on the language of animals, 1603) have
been read as implying some sort of transformism. Whether this is correct is arguable,
but the book undobtedly stands as the first comprehensive account of communica-
tion in animals, a distant ancestor of Darwin’s studies! The great interest of Fabricius
in animal anatomy and physiology is, thus, documented by several of his books and
it seems that he had planned a comprehensive account of animal anatomy that, if it
had been printed, would really have made him the Father of Comparative Anatomy.

As a man Fabrici had such a difficult and quarrelsome character that, in spite of
his great renown, in his late years he used to go around the town only when accom-
panied by a half a dozen armed escort!

Fabricius was a good aristotelean and usually tried hard to make his observations
match with the Stagirite’s theories. Though his observations are certainly not perfect, yet
they represent an unquestionable advance over previous knowledge and his contribu-
tion to physiology, especially of vision, speech and movement are especially outstanding,.

Fabricius was equally successful as a physician and surgeon as an anatomist and as
a result he grew both rich and famous.

On the advice of Fabricius, Giulio Casseri (1552-1616), who had first entered
Fabricius’ service as a footman and had then became his dissector, was appointed, in
1509, to the chair of surgery, which he, on the final retirement of Fabricius, finally
combined for but a few years with that of anatomy. Casseri is foremost an exquisite
technician and both his descriptions and figures are excellent. He studied the cranial
nerves, the middle ear etc. A significant section of Casseri’s work concerns the anato-
my of all domesticated animals and of some invertebrates. He was prompted in this
endeavour, at least as far as mammals are concerned, not by scientific aims, but by
very practical needs as a teacher of surgery. Indeed at the time (a) the opportunity for
students to practice anatomy on human corpses was still limited and (b) as anesthesia
was practically still non extant (the properties of opium were known at least since the
13th century, but it was seldom available and dangerous to handle, so that, for
instance, military surgeons made a practice to stun wounded soldiers with a mallet
before applying surgery). Thus, it was absolutely necessary that the surgeon should
have been extremely deft and quick, so that constant practice on animals was manda-
tory at the time and this, in turn required a precise knowledge of the differences
between man and other animals.

Thus accrued a wealth of precise information on which much later could be built
true comparative morphology.

Casseri, however, was not a mere practitioner, as shown by his investigation on the
anatomy of invertebrates, which he did as auxiliary to his investigations on man.
Thus, in the framework of his study of the sound producing and hearing mechanism
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in Mammals, he described the stridulatory organs of cicadas, which were investigated
again only in 1740 by Reamur, who was apparently unaware of Casseri’s description.

Giulio Cesare Aranzi (1530-1589) was an embryologist. Born in Bologna, Aranzi
was for many years professor of Anatomy there. His main contributions are in the
field of fetal annexes and fetal circulation. We owe to him the description of the duc-
tus Arantii, a terminal branch of the umbilical vein, which in the fetus connects the
umbilical vein and the inferior vena cava (De humano foetus liber, 1564).

Another Bolognese anatomist was Costanzo Varolio, born in 1543, who, after hav-
ing been for a while a professor in his native Bologna, was called by pope Gregory XIII
to teach in Rome at the “La Sapienza”. Varolio died when still quite young in 1575
just after the completion of his studies on the anatomy of the brain and any medical
student is still required to remember the pons Varolii for his examinations.

Bartolomeo Eustachi (or Eustachius) was also a professor in Rome. He was born
in an unknown year at the beginning of the 16th century and died in 1574. He is the
author of a book on the ear (1572) and, again, everyone knows the ‘Eustachian tubes’
connecting the middle ear with the pharynx. Eustachi wrote a little volume on the
kidneys (1563) and of another on the teeth (1563). In fact most of his discoveries
remained unpublished. When he died he left 54 splendid plates ready for publica-
tions. These were rediscovered and published by Lancisi in 1754, when they were
obviously obsolete. Moreover a study of the original copper-plates suggests that some
original plates had been in fact completely lost or damaged and that these had been
substituted by Lancisi himself, so that the actual content of Eustachi’s later discover-
ies is somewhat in doubt.

Eustachi was a Galenist and as such criticized Vesalius, but when, as it happened,
his own investigations proved Galen wrong, he was prompt to correct the Greek mas-
ter, so that he was, in turn, attacked by the really orthodox Galenists.

Another contemporary of both Vesalius and Eustachi was the Sicilian Giovan Fil-
ippo Ingrassia (1510-1580), born in Regalbuto, near Enna. He was professor of
Anatomy and Medicine at the University of Naples, a chair which he left to become
protomedicus generalis (that is chief of all medical services) in Palermo. Ingrassia’s inves-
tigations are manifold: in the field of anatomy his contributions mainly concern the
skeleton (/n Galeni librum de ossibus doctissima et expectantissima commentaria, a
posthumous work published in Palermo, 1603). There he proved that Galen had basi-
cally described the skeleton of monkeys. He was also among the first to pay attention
to cartilages and to describe the cranial pneumatic cavities.

Some scholars credit Ingrassia with the discovery of the stapes, while, for others
this was made either by Eustachi, or by Colombo or Falloppia. As a matter of fact,
Ingrassia’s description was published 23 years after his death and it seems that he actu-
ally made his researches around 1546.

Nowadays Ingrassia is mainly recalled because, as ‘protomedicus’ he was involved
in both fighting the plague of 1575-76 (Informazioni del pestifero e contagioso morbo
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etc., Palermo 1576) and in criminal investigations, so that he is considered as a pio-
neer both of forensic medicine and of public hygiene.

We may just mention some of the other Italian anatomists of repute of the Renais-
sance: Arcangelo Piccolomini (Ferrara, 1525-1586) and Giovan Battista Carcano
(Ferrara, 1515-1579) who both made some significant contributions.

For the diffusion of the new anatomy much more important than the these last
mentioned anatomists were a number of foreign scholars who, some after having stud-
ied in Italy, fostered the revival of anatomical studies in their native countries.

We have already mentioned the British Caius (1510-1573), other significant
scholars, some of which graduated in Italy, who brought the new anatomy to their
countries were Felix Platter (1536-1614) born in Basel and graduating there. Later he
studied in Montpellier with Rondelet and in Paris with Fernel; back in Basel, he was
the first after Vesalius to make there a public anatomy and in 1560 was appointed as
a professor, a chair that he kept until death.

Significant contributions to human anatomy were given by Gaspard Bauhin (1560-
1624) of Basel, by Pieter Paaw (1534- 1617) of Amsterdam, who studied in Paris,
Otrleans, Rostok and Padua, by the Spaniards G. Postio (dates not precisely known),
and G. Valverde (c. 1560-?), from Amusco, in Leon, who studied in Padua with Colom-
bo and in Rome with Eustachi. Valverde, after his return to Spain, published in 1556 a
Spanish summary of Vesalius’ treatise, even copying some of his plates, so that the infu-
riated Vesalius heaped scorn on Valverde. Finally among the foreingn supporters of
Vesalius, it is worth remembering, also because of his complex biography, Juan Rodri-
go, nicknamed Amato Lusitano (1511-1568). This last, born in Castelo Branco, Portu-
gal, was the son of a marrano family (Jews that had converted to the Catholic faith) and
graduated in Salamanca. Later, to avoid the growing controls of the Inquisition, emi-
grated to Antwerp; he then moved to Italy, in the attendance of the Duke of Ferrara
Ercole I d’Este, and was a professor in Ferrara until 1547. Italians were usually very tol-
erant with Jews. For instance, for political-economic reasons in Leighorn they even had
a member in the town council while, at the same time, were mistreated in Florence by
the same ducal authority; in Padua the Venetian officers, when the Jews were theatened
by riots, even employed the army to protect them. However the legislation was pityless
with relapsed Jews, that is with baptized people who went back to Jewery. However,
until the bigoted pope Paol IV Carafa, imposed a mounting pressure on all the Italian
States, at least in the states of Venice, Mantova, Ferrara, Florence, Lucca, Urbino and
even in the papal town of Ancona actions were sporadically taken and only on denocia-
tion by third parties. As things begun to change Lusitano in 1547, having renounced
his chair, by a roundabout voyage, moved to Thessaloniki, then a Turkish possession,
and there he abjured Christianity and went back to Judaism. Another important
human anatomist was the Belgian Rambert Dodoens (Rambertus Dodonaeus, 1518-
1586) from Malines, but by far the most important of all was the Dutch Volcher Coiter
(1534-1576) from Gronigen and whom we shall discuss further on.
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The renaissance of Botany and Zoology

The renaissance of naturalistic studies was slower that that of Anatomy for obvi-
ous practical reasons: good medicine requires good anatomy and, anyway, man is a
most interesting subject.

However, medical treatment requires appropriate remedies, and these, since
immemorial times, were mainly obtained from plants. We have already mentioned the
medieval compilations on plants, the transmission of Classical knowledge and the cul-
tivation of medical plants.

During the 15th century there became available new and better translations of
Dioscorides and Theophrastus, the work of ‘litterati’ such as Theodore Gaza, Ermo-
lao Barbaro and Marcello Virgilio. The Venitian Ermolao Barbaro (1453-1493)
deserves a mention also because he published in 1490 the Castigationes plinianae a
critical analysis aimed at the emendation of Pliny’s text, which survived only in very
corrupt manuscripts.

Such critical work was prompty followed by more technical commentaries.

Nicold Leoniceno from Lonigo (1428-1524) was professor of medicine in Padua,
Bologna and Ferrara, where his lectures were followed for a while by Paracelsus. He
made a basic citicism of Pliny (Plinii et aliorum doctorum, qui de simplicibus
medicaminibus scripserunt, errores notati, 1492). Leoniceno was a man of immense
learning and both a physician and a humanist (he was a good friend of the great poet
Ariosto) and, as it was common in the Italian universities, had no qualms in criticiz-
ing the ancient masters. It is obvious that this was a prime source of debates.

In the long list of physicians who for one or another reason criticized the classical
authorities, another who deserves a special mention for his importance in the history
of Mathematics, is Girolamo Cardano (1501-1576) magus, mathematician and suc-
cessful physician.

Antonio Musa Bresavola published an Examen omnium simplicium medicamento-
rum where he warned that many plants in common usage in his own times had not
been known to the ancient authors.

By far the most celebrated and read commentary on the ‘simples’ was that by Pieran-
drea Mattioli, a Sienese, usually known by the latinized name Matthiolus (1500-1577).
Matthiolus was court physician to king Ferdinand and later to Maximilian II in Prague.
His Comments on Dioscorides were first printed in Italian (1544) as was common with
books of mainly practical use which had to be easy to consult even by mere practical
herbalists. Nevertheless, his book enjoyed an enormous success: the Italian version had
some 18 editions, the Latin one 10 and was printed for the last time as late as 1724!
There were translations in French, German and Bohemian. The book was hailed by
many and severely criticized by some, which is fair with a book that, side by side with
excellent accounts, occasionally credits different simples with incredible virtues.
Matthiolus was certainly a very active naturalist, who not only made his own collec-
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tions, but was actively exchanging correspondence with many other botanists (Luca
Ghini, Francesco Calzolari, Bartolomeo Maranta, Ulisse Aldrovandi). The figures in
his book are usually very good and he had the unquestionable merit of being the first to
note systematically the actual localities where were collected the different plants.

For the first time during the first half of the 16th century were established regular
lecturae simplicium, chairs specially devoted to the study and preparation of herbal and
mineral drugs. The first such chair known was established in Rome, where Giuliano
da Foligno was appointed in 1513. It was at about the same time that the first col-
lections of dried plants were begun and that botanical gardens were established. These
were originally devoted only to the growth of plants of medical interest (Giardini or
Orti dei Semplici). The fisrt ‘garden of simples’ was established in Pisa in 1543 by the
Duke Cosimo I de’ Medici on the advice of Luca Ghini. Luca Ghini had been first
professor in Bologna from 1534 to 1544, but moved to Pisa in the context of the
already mentioned effort by Cosimo I to strengthen the University of Pisa. Ghini also
succeeded in geting the Duke to establish a Garden of Simples in Florence (end of
1545). While the Garden of Pisa was removed from its original location in 1563 to
make room for shipping yards and again shifted to its present location in 1593, that
of Florence is still in its original location.

In the same year, actually July 1545, was established the Garden of Padua, thus
antedating Florence by a few months. The Paduan garden was the results of the efforts
of the local ‘lector of Simples’ Francesco Bonafede and its first curator was Luigi
Squalermo, who, however, always signed ‘Anguillara’ from his birthplace (c. 1512-
1570), another pupil of Ghini, whom both Mattioli, Falloppia, Cesalpino and
Aldrovandi charged to be a perfect ass and worst, while Gesner and Belon appreciat-
ed his work. He did, indeed travel and collect plants in many countries.

Aldrovandi had to wage a long battle to establish a Garden in Bologna and he suc-
ceeded only in 1568, over 20 years later.

In the same years a number of private collections of living plants were established
in Italy, one such, which is reported as especially rich, was owned in Milan by sena-
tor Scipione Simonetta (1524-1585), a magistate and politician, who later died in
Madrid as head of the council for Italian affairs of King Philip II.

While the habit of drying medicinal plants for later preparation of drugs was com-
mon since the earliest antiquity, to collect dried samples for study is, again, a ‘discov-
ery of the 16th century. There is an unverified tradition that again credits Luca Ghini
for the preparation of the first Horzus siccum, but this is improbable, as the very first
such herbariun in existence is the Herbarium of Gherardo Cybo in Rome, dated
1532. In Florence we have a herbarium prepared by Cesalpino for a bishop
Tornabuoni before 1563 and which includes 768 different plants and Bologna hous-
es Aldrovandi’s personal herbarium, holding over 5,000 specimens.

Coming back to Luca Ghini (1490-1556), he was born in Croara d’Imola, and, as
usual was both a physician and a professor, first as extraordinarius (1534-1539) and
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later (1539-1544) as ordinarius in Bologna, whence he moved to Pisa, finally he went
back for a short time to Bologna, where he died. While both as the promotor of
Botanical gardens and as a teacher he had a profound influence, he published very lit-
tle and only on medical problems. It appears that he was preparing a big botanical
treatise, but, when Matthiolus’ book appeared, he gave up the project and made a
present of all the assembled materials to Matthiolus himself.

However we know much of his teaching as we have notes on his lectures by both
Aldrovandi and Cesalpino, who were his pupils for a while. From these we gather that
he was really a very good botanist. Also Luigi Anguillara, the just mentioned first
curator of the Botanical gardens in Padua, was a pupil of Ghini. It is not clear why
both Aldrovandi, Cesalpino etc. considered Anguillara as their special ‘béte noire’and
heaped insult on him.

Not only academics contributed to the revival of botanical investigations: some
private apothecaries, such as Bartolomeo Maranta from Venosa (1500-1571), himself
a pupil of Ghini, and Francesco Calzolari (1522-1609) from Verona made valuable
contributions. Calzolari is especially notable as he provides a first description of a local
flora in his account of surveys made on the Monte Baldo near his native town (// viag-
gio di Monte Baldo, Venice, 1566, and Iter Baldi Montis Venice 1571). Calzolari is also
often remembered as the owner of one of the earliest collections of natural history
specimens, animals, plants and minerals, some being very rare or coming from distant
lands. We have two descriptions of this ‘Museum’: by Olivi (1593) and by B. Ceruto
and A. Chiocco (1622) and we shall discuss it again in the next chapter.

Three people are usually considered as the ‘fathers’ of German botany and were all
of a Paracelsian penchant, yet their books are in the way of commentaries of classical
authors with the addition of personal observations. All three of them were Lutherans
and their personal stories have something in common.

Otto Brunfels, from Mayence (1484 or 1489-1534) was first a Carthusian
monk, who later became a Lutheran preacher and finally settled in Bern as a physi-
cian. He wrote a book (Herbarium vivae eicones, Strasbourg, 1530-1536) which was
an attempt to describe and illustrate medicinal plants from life. The figures were
due to Hans Weidlitz. However the book suffers from the author’s attempt to iden-
tify plants from central Europe with the Asiatic species described by Dioscorides.
Apart from his botanical work, Brunfels was a notable figure in the debates of the
Reformation and, during his life, was especially known as a supporter of
Nicodemism, opposing Luther. As an astrologer he wrote an Almanac and prognos-
tic from 1526 to the end of this and of any other world (an end that he speculated that
was rather close at hand).

Hieronimus Bock (in Latin Tragius) (1498-1554) from Baden, wrote a herbal in
German (Neu Kreutter Buch) (Strasbourg, 1539) with rather poor figures by David
Kendal. Later the book was translated into Latin and was quite successful: new edi-
tions followed until 1630. Here the descriptions of the plants are accurate and are
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supplemented by information as to their habitat. The species are still arranged accord-
ing the scheme of Dioscorides with minor and reasonable changes.

Leonard Fuchs (1501 or 1505-1566), after whom was named the genus Fuchsia,
was a professor of Medicine in Tiibingen from 1535. His most important work is the
De historia stirpium commentarii insignes (Basel, 1542) which has some 500 excellent
figures which were drawn for him by different pupils of Diirer. This book is to some
extent the botanical equivalent of Gesner’s book on animals. Here too the different
species are arranged by alphabetic order, an eminently practical arrangement for quick
consultation by apothecaries and physicians. An important section of the book is its
glossary and there are listed several terms that were to stay in botanical terminology
and which in this book are defined clearly for the first time.

In France, Montpellier was an important centre of botanical studies.

Charles de I'Escluse (Latin Clusius, 1526-1609) from Arras was teaching there for
several years when not travelling through Europe to collect plants. Later he settled in
Leyden, where he established the Botanical gardens. Some of the plants originally
planted there by Clusius are still thriving. The main work by Clusius, and a good one
at that, is the Rariorum plantarum historia of 1576.

Another two scholars who studied in Montpellier were Jacques Daleschamps
(1513-1588) from Caen, who wrote a general history of Plants, and Mathias de LO-
bel (Latin Lobelius, 1538-1616) from Lille who systematically studied the flora of
that region. Also his ‘systematics’ are somewhat different from Dioscorides™: this
author’s arrangement is largely followed, but, when he comes to herbs de LObel sep-
arates such plants that have wide leaves with reticulate nervature, from those with nar-
row leaves and parallel nervature. Thus he hints at the separation of monocotiledons
from dicotiledons, though de LObel could not possibly have thought in terms of nat-
ural groups, but was simply aiming to a device helpful for the quick identification of
plants and for helpful memonic devices.

The two brothers Jean (1541-1613) and Gaspard (1560-1624) Bauhin belonged
to a huguenot family who had been obliged to flee from Amiens in France and had
settled in Basel. Gaspard, whom we have already mentioned, had studied with Fabri-
cius and with Aranzio, his main botanical contribution was a Pinax theatri botanici
(1623) that, by its date, should be considered in the next chapter. There he describes
some 6000 different plants, a considerable advance on previous books, though it is
probable that authors like Fuchs, who described a mere 500 species, in fact listed only
such species that they deemed to be of practical significance and omitted all species
devoid of pharmacological potential. In Gaspard Bauhin book there are some addi-
tional improvements on the past. Though without any explanation, he groups most
species into groups that are approximately corresponding with what were later con-
sidered as natural families. The title of the book is especially notable for its explicit
reference to those ‘theatres of the World” which were linked with both the develop-
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ment of museums and with that of mnemonics, on which we shall have much to say
in the next chapter.

Anyway the most interesting botanist of the late renaissance is unquestionably
Andrea Cesalpino, whose most important book is the De Plantis (Florence, 1583).
Cesalpino was born in Arezzo either in 1524 or 1525, studied and graduated in med-
icine in Pisa, where he had as teachers Realdo Colombo and Luca Ghini. He was later
appointed as Lector (i.e. professor) of simples and followed Ghini as curator of the
Botanical Garden. Some time afterwards he was appointed as full Professor of practi-
cal medicine, a chair that he held untl 1592, when, probably disappointed by the
appointment of Girolamo Mercuriale (1530-1600) to a lectorship in Pisa, he obtained
an appointment at La Sapienza in Rome and pope Clement VIII appointed him as
his Archiatra (that is Chief physician). Cesalpino died in 1603. A herbarium prepared
by him survives and is treasured by the botanical collections of the University of Flo-
rence.

Cesalpino was a man of both superior intelligence and vast culture, as a whole he
was a rather orthodox Aristotelean and had both the merit and the fault of being a
theorist to a far greater extent than the other authors thus far mentioned.

According Cesalpino, who here follows Aristotle, plants are like the simplest ani-
mals and live ‘upside-down, with the head (= the roots) buried into the earth. To him
the fact that the roots correspond with the head is made evident by the fact that it is
by the roots that the plant gets its nourishment just as animals get it from the mouth.
As for the location of the vital spirit of the plants Cesalpino holds that their vegeta-
tive soul, which in animals is located in the heart, is, instead, located in the medulla,
in what we now call the ‘collar’, at the transition between the root and the aerial part
of the plant.

Generally Cesalpino follows Theophrastus granting that plants usually have no sex
and that they may occasionally appear by spontaneous generation. Yet they have
reproductive organs: both fruits and seeds. To nourish itself and to reproduce are the
two basic functions of a plant and, therefore they must be the first two biological fea-
tures used to characterize them.

This framework may well be taken as being ‘orthodox’ and even traditionalist, but
it is just within this frameworth that Cesalpino makes some some very precise remarks
on the physiology of plants. Moreover no one doubts that he had the merit of having
been first suggested a true classification. Cesalpino still follows the traditional subdi-
vision into trees, shrubs, bushes and herbs, but subdivides each one of these groups
into several categories, mainly on the evidence of their fruits and seeds. Apparently
Cesalpino was the first to remark that some seeds have two embryonic leaves, those
that we call Dicotiledons, and other which have only one of them. In spite of having
used some characters which are still considered as significant, Cesalpino was avowed-
ly bound in his systematics, by the requirements of the particular type of mnemonic
that he followed and so, in spite of his recognition of some groups that modern sys-
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tematists still deem to be valid, his classification ends up being entirely artificial, at
least judged by the modern standards. It is also notable that, though an Aristotelean
yet Cesalpino tackles the problems of systematics by an approach entirely different
from that of Aristotle himself.

As far as we can know (we said in chapter II, that the botanical works of Aristotle
are lost), while the Stagirite used to group the organisms starting from the empirical
evidence available on the individual organisms and then proceeding gradually towards
increasingly comprehensive groups, Cesalpino elaborates his classification beginning
with the hypothesis of a mnemonic ‘theatre’: thus he first establishes a hierachy of eas-
ily remembered features, and thence allocate the different species by subsequent sub-
divisions, following the range of characters in the pre-set order. In a way this may even
be considered as a first step both towards those dichotomic tables which were to be
the first great achievement of Lamarck, as well as towards a kind of operational meth-
ods that have been repeatedly surfacing in the practice of systematics.

Several botanists, mostly German, were interested in Cesalpino’s ideas, but inter-
est soon waned and Linnaeus in not far from the truth when he says that Cesalpino
was lonely walking in the house that he had built: we shall come again to Cesalpino
when dealing with the problem of blood circulation.

Though chiefly important as a zoologist, one should not forget the French Pierre
Belon who wrote in French (as it was usual with texts of practical science) a book of
applied botany, which, in 1589, was translated into Latin by Clusius with the long
title: De neglects stirpium cultura, atque earum cognitione libellus, edocens qua ratione
sylvestis arbores circurari et mitescere quaeant (= Booklet about the cultivation of over-
looked bushes and on their recognition, teaching [also] which method forest trees require
for their clipping and domestication).

Possibly the first botanical garden in Germany was established in Nurenberg by
Joschim Cammermeister (Camerarius, not to be confused with the later Rudolph
Jakob Camerarius), who had taken his doctorate in Bologna in 1562, after having
studied in Wittenberg. He published a notable Hortus medicus et philosophicus in 1588.

Finally we should remember both for his renown when alive and as teacher of
Belon, the German Valerius Cordus (1515-1564). He was trained as a physician-
botanist by his father Euicius, and, when not yet twenty, he published a Dispensari-
um on plants of medical proprieties. He also wrote a big Historia plantarum, which
was completed in 1540, but was in fact published under the editorship of Gesner in
1561.

During the Renaissance, zoological books appear somewhat later than the botani-
cal ones. Yet some of them are truly notable. The zoological books may be ranged
under two headings: some deal only with a few groups of animals, the others aim to
cover the whole animal realm.

Among the authors of ‘monographic’ books, three deserve special notice: the
French Belon and Rondelet and the Italian Salviani.
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Of Pierre Belon we have just mentioned his book on forestry. He was born in 1517
near Le Mans from a poor family. Yet he succeeded in obtaining the patronage of rich
supporters, so that he was able to study at Wittenberg with the famous botanist
Valerius Cordus. Belon later was able to raise the money to visit Greece, Turkey, Egypt
and Italy. In Rome (1549) he met with both Rondelet, who was there in the retinue
of Cardinal de Tournon, as well as Salviani. As it happened all three were about writ-
ing a history of fishes and so they exchanged materials and informations. Back in
France, Belon received his doctorate in medicine from the University of Paris. King
Charles IX, the one who engineered the ‘Massacre of the Night of St. Bartolomew’,
the massacre of Protestants, granted him a pension and a house at the Bois de
Boulogne. Belon was busy translating Dioscorides, when he was murdered in 1564.

In fact Belon published several works on fishes and other aquatic animals, but his
memory is mainly linked with a Histoire de la nature des Oyseaux avec leur déscription
et naif portraicts retirés au naturel (Paris, 1555). This is practically the first true print-
ed monograph on ornithology. This book includes the famous drawing showing the
basically correct comparison between the skeleton of a man and that of a hawk,
arranged in an appropriate positions. Moreover Belon suggests a classification of Birds
based on the morphology of the bill. Finally Belon, denies the reliability of several old
traditions, for instance, and independently of St. Albert the Great, he dismisses as a
crazy notion the tradition that Geese originated from the Goose-barnakle, a legend
that was still believed by some naturalists in the next century.

In more than one way Belon may be considered as a comparative anatomist ante
litteram, yet his books include some strange ‘mistakes’, so, to give again an example,
in his Lhistoire naturelle des estranges poissons marins, avec la vraie peincture du
Dauphin, Paris 1551 (= The natural history of the strange marine fishes, with the true
picture of the Dolphin), he was the first to provide an accurate description of three
species of Dolphins. He describes apparatus by apparatus the similarities between dol-
phins and man and other mammals and notices how the fetus is attached to the moth-
er by a placenta, yet, and against Aristoteles, who had made the ‘Cetae’ a special
group, Belon squarely places dolphins with fishes! The only explanation, to me, is
that, as Belon lists among fishes also the hippotamus, the beaver and the otter, he was
not interested in systematics as such, and placed any aquatic animal among fishes!

Guillaume Rondelet (1507-1566) was born in Montpellier and was professor there
of anatomy. He had followed his courses together with Rableais, with whom he struck
a firm friendship. Rableais has left us an amiable satire of his friend in his ‘Gargantua
and Pantagruel’ under the nickname of ‘Doctor de Rondilibus’ and when Rableais was
charged with heresy, the two friends certainly met in Rome in 1549, when Rondelet
arrived in the retinue of Cardinal De Tournon and Rableais was there to clear himself
of the charge of heresy '. Rondelet was a famous teacher and a number of students,

' Which, by the way, as he himself relates, he got by the good offices of Cardinal Jacopo Simonetta.
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both French and foreigners, flocked to his lectures, among them were Coiter, Bauhin,
LEcluse, LObel and, briefly, both Gesner and Aldrovandi. His two important books:
De piscibus marinis and Universae aquatilium historiae (Lyon, 1554) follow the usual
pattern of the times: they are rather lengthy, and much care is taken to verify the
descriptions of Aristotle. His descriptions of some 250 marine animals, including
some rare or curious species, such as Argonauta, are usually good and include a num-
ber of completely new details. Yet his figures are poorer that those by Belon and by
Salviani and he lists also some fantastic creatures such as the ‘bishop-fish’.

Rondelet was keenly interested in physiology and was the first to remark the
importance of air also for the respiration of fishes. Having discovered the natatory
vesicle of fishes, he supposed that it functioned as a sort of lung. He also supposed
that air dissolves in water and then is captured by the gills. As usual at the time Ron-
delet placed the Cetaceans with fishes and he may have found confort in that by his
observations on different species of little sharks (now included in the genus Muszelus),
as in some of them the embryo is linked to the mother by a placenta and in some is
not (and Rondelet provided the first figure of the placentation of sharks!). Rondelet
was also the first to figure the dissection of a sea urchin! He is also the author of an
important Pharmacopaea, which was printed several years after his death.

While Rondelet’s figures are rather poor, Salviani’s are excellent. Ippolito Salviani
(or Salviano) was born in Citta di Castello possibly in 1514 and was a practicing
physician in Rome, where he was a physician to popes Julius III, Marcellus II and Paul
IV. He died in 1572. Salviani described only about one hundred species, some rare
and even entirely new, like the ‘pork-shark’ (Oxynotus centrina, often quoted also as
Centrina salviani). His descriptions are very exaustive: besides the description of the
animal itself, they include information as to its habitat and habits, its qualities as food,
its preservation and when appropriate, medical usages. As Salviani, like almost all the
Renaissance naturalists was a practicioner, the inclusion of such practical aspects in his
descriptions is but natural and usual, as we shall again see when dealing with Gesner
and Aldrovandi.

The works of these three naturalists paved the way for a renewed interest in new
descriptions of animals not only from exotic countries, as we shall shortly see. How-
ever, none of them was interested in arranging his animals and his discoveries in any
systematic order beyond grouping the obvious similarities.

While Belon, Rondelet and Salviani were actively engaged in the pursuit of new
evidence, the next two to be mentioned contributed comparatively few novelties and
their works are rather monuments of erudite research.

Edward Wotton (1492-1555) was born in Oxford from a comparatively poor fam-
ily, yet he was able to study at his native town University. His book De differentiis ani-
malium (Paris, 1552) is the result of several year’s work and is a notable methodical
account of Aristotle’s systematics and the reasons therof. The book had some influ-
ence on the subsequent developments of zoology.
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Much more important for the history of zoology, was Konrad von Gesner, born in
Ziirich in 1516 and dead there in 1565. He was the son of a protestant craftsman,
who was killed in the battle of Kappel in 1531. The boy Konrad, however, was so bril-
liant that some friends paid for his studies first in Basel, then in Paris and Montpelli-
er. He had a professorial chair in Lausanne and later was a practitioner in Ziirich, but
he always suffered from a shaky economic situation. He was also a sportsman, partic-
ularly keen on mountaineering. Gesner was certainly keen on personal investigation
and was the first to use magnifying glasses in biology, so that we owe to him the first
description of the skeletons of Foraminifera. Yet his craving for completeness tends to
swamp his own observation by a mass of bookish information. Being a good classicist,
he also taught Greek for a while in Lausanne and published editions of various classi-
cal authors, a list of languages and dialects, one of all the authors who had written in
Latin, Greek or Hebrew. He had also written a book on botany, which, on account of
its originality and scientific merit, is possibly better than his treatise of zoology, but it
remained unpublished for almost two centuries after his death, in spite of the fact,
which is borne out in Gesner’s letters, that he put much store by it.

A major weak spot in Gesner concerns his attitude to fossils: probably because of
theological preoccupations, he firmly denied the possibility that fossils were the
remains of formerly living beings and considered them as merely ‘figured stones’.

Gesner basic work is his monumental Historia Animalium. The publication of this
five-volumes folio treatise begun in Ziirich in 1551, but was completed only in 1587,
22 years after the death of the author after his notes and sketches. As a whole this
enormous treatise amounts to over 3,500 printed pages with hundreds of figures. For
each species Gesner gives: (1) its name in all the languages he knew; (2) a description
of the external characters of the animal and its native land; (3) its habits, instincts and
way of life; (4) techniques for its capture and, possibly, domestication; (5) Possible
usage as food; (6) medicinal employment; (7) literary, moral and allegoric signifi-
cance. Finally a list as complete as possible of quotations of the books in which the
animal had been mentioned.

Gesner’s systematics are nothing else than the Aristotelian one: viviparous
quadrupeds, oviparous quadrupeds, birds, fishes and any other aquatic animal. With-
in these groups animals are listed in strict alphabetic order, but for birds. Cetaceans
are united with fishes and bats with birds. Gessner lists as real a number of imaginary
animals from ancient traditions.

Plainly Gesner’s book is an expanded and updated “Thomas of Cantimpré’ sup-
plemented by some original observations squeezed in here and there.

Several of his original figures are quite good and it is notable that while he com-
plained that the editor, to recoup something of his expenses, was selling badly
coloured copies of his figures even before the book was on sale, yet he made no bones
about copying any good figure that he could find. This, for instance, he did with
Diirer’s rhinoceros, published by Diirer himself for the first time in 1515!
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Very few people were interested in invertebrates during the 16th century and so
an otherwise scarcely notable scholar takes a place of honour: Thomas Moffett (1553-
1604), a London physician, wrote an Insectorum sive minimorum animalium theatrum
(A theatre of insects that is of the smallest animals) which was published by E. Wot-
ton well after the author’s death (London 1634), which makes him a contemporary
of Aldrovandi.

Moffett (there are doubts as to the correct spelling of his name: one finds it writ-
ten also as Muffet, Moufet, etc.) tells in the preface of his book how some friends had
advised him against such studies, as such imperfect animals were not worthy his time,
effort and money and that their study was neither honest nor useful, and how he had,
nevertheless continued in his work. All that is laudable, but, apart from the reason-
ably good plates, there is not much original to recommend the book. For instance
Moulffet is worse than Aristotle as he lists the caterpillars of butterflies among the
apterous insects and the butterflies and moths among the winged ones. It is possible
that he had never seen a scorpion, as he portraied it with some sort of wings. He lists
among insects animals that are not insects at all, a usual mistake of the times (it was
common practice by good scholars up to the middle of the 18th century). Mouffet
candidly reports as true the Plinian story that bees are born from the carcase of a rot-
ting bullock: the king (actually the queen) is supposed to arise from the noblest part
of such corpse: the brains!

Mouffet was a committed Paracelsian and worked hand in hand with Paracelsians
in Basel, where he cooperated in the pubblication of the posthumous volumes of Ges-
ner treatise. The title of his book Theatrum ... suggests that his arrangement of the
topics in his book was ruled by the requirements of some method od mnemonics. The
book itself is dedicated to Tycho Brahe and to Petrus Severinus, both Danes and
Paracelsians, with the difference that while Tycho’s astronomical work paved the way
for Kepler, Severinus was both an extremely vocal and influential advocate of Paracel-
sian medicine, who did not contribute anything of significance to the development of
biology.

Slightly junior to Gesner was Ulisse Aldrovandi (1522-1605) from a noble family
of Bologna. When still a youth he was briefly jailed in Rome by the Inquisition on
suspicion of heresy. He was duly acquitted and some of his biographers suggest that
this experience was one reason for his subsequent interest in animals: a scholarly field
where chances of running into theological troubles were minimal. Personally I do not
believe it: never in his immense correspondence and in his notes he shows any trend
to such speculations that could lead him into trouble, while everything points to a
keen urge to revise the Aristotelian tradition so as to account for the flood of new evi-
dence that was rapidly accruing.

Aldrovandi graduated in Bologna in Philosophy and in Medicine and soon became
a professor in his town’s University. There, after many difficulties, he succeeded in
establishing a botanical garden parallel with the Museum that he was assembling at
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his own expenses. His famous probity earned for him some important appointments
for the control of the quality of the drugs prepared by the apothecaries. He thus ran
into an epic struggle with the Apothecaries’ Guild: Aldrovandi was adamant on the
quality of the drugs employed in the preparation of the various concoctions. A par-
ticular bitter case concerned the quality of the vipers used to prepare the Theriaca or
Triaca, a sort of extremely complicated concoction recommended by Galen for most
diseases. Aldrovandi charged the Bolognese apothecaries of cheating their customers
by using vipers that he judged to be not up to the standards recommended by the
Pergamene physician.

Aldrovandi was an immensely learned man who studied and wrote on the most
disparate subjects, both scientific and literary. For a fair appreciation of his personal-
ity it is necessary to consider not only his published books, but also the thousands of
pages of his correspondence, files and notes that he bequeathed to his native town
together with his museum. These were partly used by his pupils to prepare the edition
of the volumes of his monumental history of animals that he had not completed.

Apart from several lictle tracts, he was able to publish only four volumes of his
magnum opus: an Ornithologia in three volumes (Bologna, 1599-1603) and a De ani-
malibus insectis (Bologna, 1602); nine more volumes, basically an edition of his
preparatory notes, were published between 1606 and 1668. His books are both
extremely accurate and splendid, with a number of illustrations that were prepared by
artists in his service (and Aldrovandi often complains in his correspondence that he
would need some finacial support to go on in his work). Aldrovandi activities as a
teacher and his enormous network of correspondents, ranging from mighty poten-
tates to any kind of learned or curious person, made him quite influential in late
Renaissance Italy. Towards the end of his life he was in touch with some of the future
members of the Accademia dei Lincei, but he died in the interval between the first
attempt to establish the academy and its real organisation in 1610.

All Aldrovandi’s activities were centered on his University, that he vainly tried to
reform and update.

As we said Aldrovandi was a rather orthodox Peripatetic and in his works he did
not use the very conventional criteria of Gesner. He was constantly preoccupied about
the utility for mankind of the evidence that he was collecting and publishing. So,
rather than following any organic principle for classifications, he followed different
criteria in grouping the species of different groups. Thus some of his groupings are an
advance on the traditional ones, other are a step backwards. Contrary to Wotton and,
perhaps because of some influence by Cesalpino (the two had both studied under
Luca Ghini), in spite of his admiration for Aristotle, Aldrovandi did not follow con-
sistently his classification, but on this more subsequently.

Each species is described with every possible detail and quotation, but from both
his published accounts and from his notes it is clear that he usually tried to verify first
hand his evidence, and he is usually more cautious than Gesner when he has to rely
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on second hand information, so that his work is, as an average, a definite improve-
ment over Gessner’s. He definitely was at his best with insects, where he clearly iden-
tified some natural groups, such as the Orthopteroids and the Diptera.

Aldrovandi also deserves the credit of being the first to consider systematically also
the internal anatomy of the animals and in his works we find several good figures of
the skeleton of different vertebrates.

A peculiar problem which has puzzeld several scholars is that of Aldrovandi’s ‘drag-
on’. In 1572 a strange reptile was captured in the neighbourhood of Bologna and was
given to Aldrovandi for study and description. This he did and a further account of
it is to be found in his tract De draconibus. The animal examined by Aldrovandi was
apparently a snake of moderate size (about one meter long), but the middle of the
body, judging fron Aldrovandi’s description and figures, was inflated as it could be in
a snake which had just eaten some prey, but the really strange thing is that the animal
had two legs under the inflated portion! Aldrovandi dissected the animal and had the
skin prepared. Unfortunately, though it was seen by many people, the specimen, just
as many others from Aldrovandi’s collection, later disappeared, probably having
decayed and was destroyed just as it happened to the Oxford stuffed Dodo, which,
having been badly attacked by parasites was destroyed but for the head and feet. An
odd, but not altogether unusual, thing, is that the many authors who commented on
Aldrovandi’s dragon have not examined the over 300 pages of his preparatory notes
and drafts for his tract. For instance, judging from his published illustration, the
‘dragon’ had a pair of legs, while in his manuscript Aldrovandi comments on the fact
that the two legs were offset by several inches, though one was to the right and one to
the left side of the ventral squamation. Unfortunately though I was able to examine
the photocopies of the whole document, the handwriting proved too difficult for me
to actually read it, so that I have not been able to make up my mind as to what the
animal actually was.

However, on the evidence of his ‘dragon’ Aldrovandi accepted several traditional
and more or less fantastic beings. Indeed it is both hard to see what on earth could
Aldrovandyi’s specimen be and it is equally difficult both to believe that he was the vic-
tim of a hoax or that he was a conscious accomplice in a fraud.

As far as fossils are concerned Aldrovandi, followed the ideas of Fracastoro (see fur-
ther on), and therefore was fully convinced that fossils were the remains of once liv-
ing organisms, though he makes gross and curious mistakes, just as when he figured
a fossil bivalve as a petrified heart or when he figures some fossil molars of bisons or
aurochs, judging them to be the teeth of giants!

For most of his life Aldrovandi tried to build a ‘universal museum’ and for years
unavailingly petitioned kings and princes to grant him the necessary funds and sup-
port. He succeeded nevertheless in assembling a remarkable collection and an
immense quantity of notes and files that he left to his town and that with both loss-
es and additions, still basically survive. We shall discuss in the next chapter the gen-
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eral problem of the reasons and significance of natural history collections through the
16th—17th centuries.

In an essay Aldrovandi openly criticized both Lullian influxes on mnemonics and
arrangements of evidence aimed solely to be of help in memorizing facts. Much for
the same reasons, he equally criticized the museographic schemes derived fron Julius
Camillus’ “Theatre’, as being marred by Neoplatonism and Hermetism.

Aldrovandi advocated and practiced a merely empirical and pragmatic approach
both in the arrangement of his archives and of his collections: his was a search for an
arrangement such as to make easily recoverable any datum available. His aim, just like
that of the Stagirite, was make all knowledge both available and testable for any man,
leaving each individual person to use it as it best suited his particular purposes. This
is a principle strongly advocated by several modern systematists, who just advocate a
system having the maximum informational content.

As a whole, Aldrovandi ranks as a moderate reformer, just as anxious for continu-
ity as he was keen to increase knowledge and expunge old mistaken notions.

His general renown made him an influential personality both in Italy and abroad
as it is clearly certified by his carefully kept files of the visitors to his collections.

The Dutch Volcher Coiter (Groningen, 1534—Champagne, 1576) was undoubt-
edly the most important of Aldrovandi’s pupils. He studied also in Montpellier with
Rondelet, in Rome with Eustachi and in Padua with Falloppia. For a while he was
professor in Perugia. Later he went to Germany, where for some time had a professo-
rial chair, but he worked also as a military surgeon, and actually died when a surgeon
with the army of Casimir of Palatinate, who had been campaigning in France in sup-
port of the Hugenots and of their leader, the future king Henry IV.

The main works of Coiter were published between 1572 and 1576, when he was
back in the Netherlands. Coiter, sometimes on the precise advice of Aldrovandi, stud-
ied the anatomy of a number of animals, mostly vertebrates. His descriptions are very
good and his figures are accurate, though here and there there are some curious mis-
takes, such as in a fine figure of the skeleton of a monkey, which however, has the
position of the pelvis entirely wrong! Coiter was interested also in embryology and
made extensive studies on the development of the skeleton. He made also some inves-
tigations on the reproductive organs and, but he was not the only one, saw Graaf’s
follicles and argued that they were eggs at different stages of development. Finally he
published, included in his osteological works, a short tract De auditu instrumento
where he gave some significant contribution to the knowledge of the anatomy of the
hearing apparatus. Not only was Coiter certainly a first class anatomist, but his exten-
sive studies of animal anatomy justify considering him as a forerunner in Compara-
tive Anatomy.

A monograph that, given the importance of the animal at the time, is worth men-
tioning is the anatomy of the horse, written by the Bolognaise senator Carlo Ruini
(1530-1598): the first systematic investigation of the anatomy of an animal, which,
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both for its completeness and for its beauty has been often compared with Vesalius
Fabrica. Ruini’s book was blatantly plagiarized by several people.

As we said, during the Renaissance the chairs of anatomy and of surgery were usu-
ally blended in the Italian Universities. Thus is is not surprising to find that several
physicians, who were basically surgeons, contributed significant anatomical discover-
ies. Such is the case of Leonardo Botallo (1530-after 1571). Botallo was born in Asti
but spent most of his active life in Paris, where he had gone as personal physician to
the queen Caterina de’ Medici: the discovery of Botallo” ductus arteriosus, which bears
his name and that obliterates after birth, is generally credited to him. Apart from the
ductus Botalli, Botallo made also a significant contribution to pathology by his book
De curandis vulneribus sclopetorum, (Lyon, 1571) where, contrary to the common
opinion of the time, he argued that the wounds from firearms were not poisonous by
themselves, and that the infections and gangrene that often followed such wounds
were not due to a special poisonous power of the bullet itself. Indeed such wounds, as
they were caused by soft balls of big gauge, usually involved the retention of the bul-
let itself and of fragments of dress carried by the bullet and, finally, these big and com-
paratively slow bullets caused serious contusions, followed by local necrosis of the sur-
rounding tissues, all these making infection so much the easier.

Another such notable surgeon-amatomist was Guido Guidi (Vidus Vidius) a Flo-
rentine, who died in Pisa in 1569, after having been for years a physician for king
Francois I of France and a professor at the ‘College de France’ which that King had
established in 1530, in despair of the obdurate conservatism of the Sorbonne’s med-
ical faculty. Later the Tuscan grand-duke Cosimo I called him to read philosopy and
medicine in Pisa as part of his already mentioned plan for the revival of that Univer-
sity. Guidi is still remembered for his discoveries on the Vidian canal and the Vidian
nerve. However, he was also the first to perform successful plastic surgery (his mas-
terpieces were reconstructions of noses by transplants from the patient’s arm) which
he described in his Chirurgia e Graeco in Latinum conversa.

The Renaissance problem with physiology

The early renaissance scholars, be they ‘litterati’ or scientists thought that they
were living in a happy age of renovatio, the rebirth of classical, perfect times and while
they were thinking to look backwards to the distant past, they were, in fact, opening
new alleys. This was, incidentally, instrumental in enhancing the prestige of Neopla-
tonism and Hermetism and by that weakening the authority of the Aristotelean canon
and suggesting the need for some sort of valid compromise between the different
schools.

Indeed, as Galen’s physiology and anatomy were carefully integrated and, as Galen
had been himself a man of universal culture and interests, they could be even consid-
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ered part of a comprehensive framework reaching from philosophy to politics. Thus
scholars, in the second half of the 16th century became more and more conscious that
they were facing a crisis and the reactions ranged from the enthusiasm of the early
Hermetists, who thought they had rediscovered the true, pristine, science attuned to
the renovation of Christianity (they were soon mostly recruited into the camp of the
Reformation), to the attitude of conservatives, usually well entrenched in the Univer-
sities’ chairs, who were terrified by the chaos that they foresaw.

Rather soon the scholars became conscious that the development of culture and
sciences was also bringing about their disruption.

The first acute problems, as far as biology is concerned, arose with the new anato-
my. Surgeons (and in Italy at least surgery was part and parcel of the physician’s pro-
fession) were immediately enthusiastic about the new anatomy and, apparently, did
not bother much about its implications for galenic physiology: the medical remedies
did, in fact work all right. Indeed, when you peruse such books as the Pseudo-Apuleius
of 1483 or pharmacopeae such ae the famous ‘Florentine pharmacopea’ of 1567, you
find that, albeit complicated and often including useless products alongside the good
ones, the simple and compound drugs used did indeed contain properly administered
drugs. On the other side, and especially in France, where surgery was kept apart from
medical practice, physicians were immediately aware that, should the anatomy Vesal-
ius’s and company’s be right, it would imply the collapse of Galen’s physiology, which
stood as the basis of the theories on which medical practice was based. This explains
how the reaction to the new anatomy by otherwise competent people such as Sylvius
was so acrimonius: they could not see how to devise an alternative physiology and,
indeed, this was plainly impossible given the evidence available.

The wise ones of the time, concentrated on descriptions: these could be checked
and they did not take sides in the debates. Many strove for a compromise (and a fine
example is Guinter from Andernach). Natural Magic was the choice of many of those
who stood against traditional Aristotelianism, and this will be one of the main sub-
jects of the next chapter, just as the pervasive influx that had, especially in the next
century, the realisation that the traditional mixage of classical and basically Aristote-
lean philosophy and Christianity could not stand if the essentials of the Bible, the
Thora, were thrown in and give its basic function of foundations on which the
Gospels stood. As these probems were crucial throughout the next century, we shall
leave also these important points for a fuller discussion further on.

In the late 16th and even more in the 17th century Paracelsian physiology made a
bid as a substitute for Galenism, but as it was itself inconsistent with the new anato-
my, it was not a satisfactory answer to the problem and it took over a whole century
of debates (and worst) to find a way out of the impasse.

The big debate arose first and foremost on the problem of the blood’s circulation,
and, as Harvey’s discovery was to hammer the first definite nails in the coffin of Galenic
physiology, we must first give an outline of the problem as it appeared at the time.
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According to Galen the food, once eaten is first modified in the gut (the Plinian
term coctio, from coctura = to cook, was standard), thence having been thus roughly
elaborated, it goes from the gut to the liver passing through the vena porta; in the liver
the food is further tranformed into blood and gets some natural spirits which give it
nutritional powers, the vena cava receives the blood from the liver and sends part of
it directly to the different organs to feed them, and conveys part of it to the right half
of the heart. There the blood, through a network of pores, oozes into the left part of
the heart. Meantime, during the diastole, the heart pumps in air from the lungs,
through the ‘venous artery’ (the pulmonar vein). Such air has a twofold function: it
mixes with the blood providing it with the ‘vital spirit’ (actually pneuma) and thus
transforming it from the dark blue venous blood into the bright red arterial one, and
it cools the heat that God put into the heart at the beginning of life and that must last
there until death. At systole, that portion of the blood which has not oozed (and thus
is still imperfect) into the left half is pushed back form the right half of the heart into
the great veins to reach the organs and provide them with some gross nurishment.
This ‘imperfect blood” reaches the lungs by the ‘arterial vein’ (= pulmonary artery).
From the left half of the heart the acreated blood, which is now ‘vaporous, thin and
sincere’, is pushed through the aorta, to the various organs, which it thus supplies with
the necessary pneuma, needed both for all vital processes and to complete nourish-
ment. This is the scheme; however Galen thought that a small amount of blood leav-
ing the right ventricle reaches the left atrium passing through the pulmonary artery
and the pulmonary vein, thus implicitely admitting that the two are connected. He
also assumed that the bicuspid valve still let some blood form the left heart to flow
back at each systole into the lungs, where it discharges some ashes which are contin-
uously forming in the blood. It is notable that, although the reflux of the blood from
the left heart into the lungs is a mistake, yet the idea that the blood discharged some
noxious residues into the lungs, to be expelled in respiration, was essentially right.
Thus according Galen throughout the circulatory system, both in the veins and in the
arteries, there obtained a regular flux and reflux of blood.

The core of Galen’s theory was that the essential function of blood is to nurish the
organs, that is that the blood itself is transformed into the tissues substituting their
worn parts. Galen’s system was wrong on the following points: (i) it assumed the
porosity of the intervetricular septum, (ii) it assumed the passage of air through the
pulmonary veins, (iii) the systolic reflux both in the arteries and the veins does not
exist, (iv) the chilum does not pass by the vena porta. Moreover Galen considered the
liver as the main organ producing the blood, while the heart’s main function is to heat
the blood and help in the mixing of the blood with pneuma. It is thus obvious that
the advances in anatomy falsified the whole theory.

Galen also assumed that in the liver such parts of the food that cannot be trans-
formed into blood, are transformed into yellow bile and collected in the gall, or into
atrabile, which goes to the spleen, or, finally into urine, which is collected by the kid-
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neys (as the study of urines had a great significance both in diagnostics and prognos-
tics, a much debated problem throughout the Middle Ages and the Renaissance, was
whether urine and bile were formed in the liver and simply collected in the gall, spleen
and kidneys, or whether both the urine was elaborated in the kidneys and the atrabile
in the spleen thus both acting directly as depurators of the blood).

The medieval physiology of the nervous system was very crude: It assumed that
the arterial blood, rich with animal spirits reaches the hypophyseal region, where it
circulated in a rete mirabilis, which, in fact, exists in some mammals. There it was fur-
ther purified and enriched by animal spirits, then it got into the nervous system and
ran through the nerves, thus causing movements and controlling the different func-
tions. Nerves are conceived to work, with respect to the brain very much as blood ves-
sels with respect to the heart and, like them are thought to be like thin canals. Ani-
mal spirits are elaborated from the vital spirits supplied by the arterial blood running
in the meningeal menbranes and also from air, which reaches the brain through the
pores in the ethmoid. Animal spirits are stored in the cerebral ventricles and from
there they run into the nerves, and through them reach muscles and sense organs.

Occasionally, in connection with the function of the brain, the location of the soul
is debated by philosophers, as well as the problem of how the brain can develop its
highest functions: imagination, thought, memory. Anatomists and physicians usually,
and perhaps wisely, rarely touch on these problems.

The physiology of reproduction and of other functions is usually a compromise
between the hypotheses of Hippocrates, of Aristotle and of Galen. Almost always
Aristotle’s theories are at least partly rejected, and the different scholars side with
either of the other two. Usually sperm is considered a particularly refined kind of
blood, which is perfected in the testes. Both male and female are considered to share
in the reproduction, as vulvar secretions are considered to be the feminine sperm.
Thus Aristotle’s theory that the female supplies only the material of generation (men-
strual blood) while the male sperm carries the ‘formal principle’ (Entelecheia) is sel-
dom considered. It is commonly believed that the two semens meet in the uterus and
there coagulate to start embryogenesis. Most authors hold that the white and cool
parts of the body (membranes, skin, nerves, brain and vessels) derive from the male
sperm (partes spermaticae), while the hot and red liver, heart and meat (= muscles)
come from the feminine sperm (partes sanguinae), thus following Galen.

Throughout the 16th century there is a running debate whether during embryo-
genesis first appears the heart (Aristotle) or the Liver (Galen). Another debated topic
is the following one: the embryo is fed by the mother through the fetal vessels, and its
development is directed by a vis vitalis or anima altrix. The critical point, therefore,
is: does the Anima altrix develop itself into the rational soul, in parallel with the devel-
opment of the body, or does the rational, true soul substitute for the anima altrix at
some given moment? The implication of the debate concerned the problem of bap-
tism for abortions, as you cannot baptize a being who does not yet have a true soul.
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Curiously the problem is still cryptically lingering in parliamentary debates concern-
ing the latest time when abotion is permissible!

The problems of inheritance of features were rarely debated, most people follow-
ing Galen in holding that maternal semen transmits the more general characters,
those of the species, while individual characters are carried by the male semen. A we
shall see later on, this idea, filtered through Cesalpino, was further elaborated by Lin-
naeus and stands at the very root of Linneus” quasi-evolutionism.

Sex is conceived as being determined either by which side of the uterus (which was
still often believed to be bicornuate) housed the embryo or, more often, it is supposed
to depend on whether the male semen came from the right or from the left testicle.

Such is the broad outline of Renaissance physiology which had to come to terms
with the new anatomy!

Harvey’s predecessors

As we said the probem of circulation of the blood was the first on which some real
advances were made during the 16th century. The reconstruction of the story of the
discovery of circulation has occasioned considerable debates, often tainted by nation-
alism. By now the picture is quite clear.

The ancients, and especially Galen, had a vague idea of the possibility of the pul-
monary (= little) circulation. This was revived by the Arab Ibn al-Nafis in the 13th
century and by Leonardo, who may even, in an obscure paragraph of his notes, have
thought of the great circle. However these had no impact on contemporary science.

The first precise statement concerning the pulmonary circulation is by Miguel
Servet y Reves (Servetus, 1522-1553), a physician-phylosopher-pantheist theologian,
in a strange booklet (Christianismi restitutio, 1553). Servetus” family belonged to the
lesser nobility and he had studied in Paris at the same time as Vesalius and might have
studied also in Padua as it is certain that he visited different places in Italy. Having
settled in Strasbourg, he promptly published a book, De trinitatis erroribus, which
obviously infuriated both Catholics and Protestants, so that he had to flee for his life.
He then settled in Lyon, but when he published his Christianismi Restitutio, he had to
fly again from the Inquisition (his image was later burned in Vienne) and went to
Geneve, where the Calvinists duly burnt him at the stake, together with most copies
of his booklet. At present, apparently only three copies of the original edition of the
book survive, one being incomplete.

In his book Servetus maintains that the whole Creation is a manifestation of God,
just as Jesus is, and in two brief passages he mentions blood and criticizes Galen’s the-
ory: Servetus maintains that the blood goes fron the right ventricle to the lungs, where
it passes from the Arterial vein (= pulmonary artery) into the Venous artery (= pul-
monary vein) where it is purified from ashes and mixed with air; finally, being com-
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pletely purifired and aereated, it is sucked back into the heart in the left atrium. Serve-
tus argues that the connection of the pulmonariy arteries and veins is in the lungs
because there would be no reason for the ‘venous artery’ to be so large if its function
was merely to nourish the lung, as, indeed, before birth, when the lung is not func-
tioning, the lung itself is fed by a tiny vessel: the arterial duct of Botallo! Servetus also
flatly denies the porosity of the interventricular septum and the passage of blood from
the right to the left ventricle; at most he considers the possibility of a very limited and
functionally irrelevant oozing through the septum.

As Servetus book was basically a book on theology, and as almost all the copies
were destroyed and as the little circulation is there discussed in but a few incidental
paragraphs, it is safe to assume that it was completely ignored by contemporary
anatomists and that its significance in the development of sciences was nil.

The impact of the teaching of Realdo Colombo was quite a different matter. There
is no doubt that Colombo lectured on the little circulation for some time previous to
its publication in 1552 in the De re anatomica, shortly before his death. Colombo’s
contributions are duly acknowledged by Harvey. Realdo Colombo rejected any possi-
bility of permeability of the interventricular septum and maintained that the ‘venous
artery’ carries only blood and neither air nor blood mixed with air, as it was current-
ly believed by many. As for Galen himself, we said that he did not think that it car-
ried simple air, but, following the principles of the second Stoa, that it carried blood
enriched with pneuma, that is a qualitative fraction of common air, a mix of wires
(powers, virtues, proprieties), which were further purified and used by the different
organs.

In his description of the four main vessels attached to the heart, Colombo remarks
that two are such as to bring blood to the heart during the diastole and two to carry
it out at systole. Colombo clearly describes the ‘lesser circle’, yet he still subscribes to
the opinion that the veins are responsible for carrying ‘nutritional blood’ to the dif-
ferent organs of the body.

A better notion of the circulatory system, yet curiously faulty, was provided by
Andrea Cesalpino, whom we have already considered as a botanist. Cesalpino was a
pupil of Colombo and in his Peripateticarum questionum libri V (Venice, 1572), and
in Quaestionum medicarum (Venice, 1593) proposed the following theory: he holds
(and he is the first to use the term ‘circulation’), that the blood passes regularly from
the arteries to the veins everywhere in the body, by a network of capillaries. He thinks
indeed that Galen’s vasa per capillament resoluta are not tufts of blind ended thin ves-
sels, but that they are a true network. He remarked that, when a vein is bound in an
animal and then, after a little time is cut, the first blood bleeding is very dark, but that
is becomes bright red as bleeding continues, as may be expected if there is a passage
of blood from the arteries to the veins. Finally, Cesalpino remarked that if one binds
the veins anywhere in the body, these vessels bulge between the ligature and the ori-
gin of the vein from the capillaries, while the portion of the vein from the ligature
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towards the heart becomes empty, contrary to what is expected by Galen’s theory.
However Cesalpino’s conclusions are patently absurd: he did, in fact maintain that the
blood flowed from the heart to the tissues during the day, to go back to the heart at
night! Moreover, at least in the Peripatetic questions he appears to be still believing in
a limited permeability of the interventricular septum.

Advocates of Cesalpino have charged Harvey with not mentioning their author,
though his books appear to have been available in Padua when Harvey was studying
there. As a matter of fact, while Colombo and Fabrizio (both quoted by Harvey) were
teachers in Padua, Cesalpino was teaching in Pisa, so that his books may have had, at
most, a limited circulation in Padua. Unless Harvey had already a specific interest in
blood circulation, for which there is no hint, he would have no special reason to read
books by someone who was basically a botanist and even less to take the trouble to
buy and bring home costly books of apparently little use. There is thus small reason
to doubt that Cesalpino’s books were not available to Harvey during the many years
that he spent in England thinking and experimenting on circulation.

The last person who, to some extent, paved the way for Harvey, was the already
mentioned Fabrizio d’Acquapendente (Fabricius). Harvey qualifies Fabricius as peri-
tissimus anatomicus et venerabilis senex (= an exquisite anatomist and a most
respectable elder). Fabricius had discovered the valves of the veins in 1574 and had
been lecturing on them until he published his discovery in 1603, when Harvey was
already back in England (De venarum ostiolis). However, Fabricius misunderstood the
function of such valves as he thought that their use was in slowing the flux of the
blood from the heart to the organs! This was a curious error as he describes precisely
the experiment that proves that they are there to prevent the reflux of blood to the tis-
sues: Fabricius proved that, by lightly binding the arm, so as to block the superficial
veins, these expand towards the perifery as blood coming from the capillaries contin-
ue to reach them, moreover the position of the valves themselves becomes noticeable
as especially turgid points. This is precisely the same experiment that, correctly under-
stood by Harvey, the Englishman quotes among those that support his theory!

The fossils

Before ending this chapter we must refer to the debate on fossils.

We have incidentally mentioned that Aldrovandi followed Fracastoro in his appre-
ciation of fossils. Actually Girolamo Fracastoro (1483-1553), a Veronese noble and
physician, had been a friend of Girolamo della Torre, the anatomist and good friend
of Leonardo, who was to cooperate with him in the great treatise of anatomy that
Leonardo had planned. Della Torre’s untimely death had wrecked the project, but Fra-
castoro’s ideas are so close to those that we find in Leonardo’s notebooks, that it is
arguable that they originated with him. On the other side he stated them in 1517, as
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certified by Torello Sarayna, a lawyer, who published his book on the antiquities of
Verona in 1530. Fracastoro’s ideas were further extensively expounded, giving him
due credit, by Ceruti and Chiocco in their book Museum Francisci Calceolarii, pub-
lished in 1622, over a century after they had been originally argued by Fracastoro. On
these second hand testimonies, Fracastoro’s thesis was that fossils were the mineralized
remains of animals and plants that had been left stranded by the retreat of the sea. He
argued this last point by the actualistic evidence that the sea had considerably retreat-
ed in his own times both in Egypt and near Ravenna. He had also criticized the the-
sis that the Pholads, a specialized burrowing bivalve mollusc that lives in deep galleries
that they burrow into rocks, were actually born by spontaneous generation inside the
rocks themselves, an argument that had been considered as evidence that, as living
animals could be generated inside rocks, many could have began there their develop-
ment without being able to complete it. On the other side Fracastoro followed
Leonardo, arguing against the idea (then popular at least in Italy) that fossils were the
relicts of Noah’s flood. He maintained that the ‘flood” must have been only a local
phenomenon, and that, in any case its reported length, 140 days, was far too short a
time to explain the enormous thickness of sedimentary rocks and, moreover that it
could not possibly account for the finds of obviously immotile or hardly motile
seashells at great distance from the sea. Such seashells, moreover, showing different
developmental stages, proved that they had been living and breeding where they were
now found.

Much the same hypotheses as Fracastoro’s were argued at the same time by
Alessandro degli Alessandri, a Neapolitan jurist (1461-1523) who, in his Dies geniales
(The Days of the Origin) of 1522, had maintained, on the evidence of marine fossils
found in the interior mountains, that Calabria had been once mostly covered by the
sea. And again the same ideas were propounded by Ferrante Imperato in his Historia
naturale of 1599.

In order to explain the mechanisms of fossilisation Nicola Manetti, in 1520,
argued, following Lull’s ideas on the influences of celestial bodies, that the remains of
organisms could be petrified by such influxes.

Most naturalists of the 16th century took sides in the debate on fossils. There were
the partisans of their inorganic nature, such as Giovan Battista Olivi, from Cremona,
who in 1584 maintained that fossils were merely figured rocks, or Libavius (1560-
1616) who argued for a sort of panspermy: there were ubiquitous ‘germs’, which orig-
inated both crystals and fossils, according to the local conditions. We have also already
mentioned how Falloppia and Gesner were both loath to believe in the organic origin
of fossils. The second party, holding the ‘Flood’s’ origin of fossils included among
many others the physician, magus and great matematician Girolamo Cardano or, as
already mentioned, none the less of Martin Luther! Finally there were others, besided
Fracastoro or degli Alessandri, who correctly though the fossils as evidence of past liv-
ing organisms, but thought them to be possibly much more ancient than Noah’s
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flood. Such were the French Bernard Palissy (1510-1589), the German Georg Bauer
(= Agricola) of Nettelschein (1494-1555) or the equally German Enalius (Christo-
pher Entzell, 1517-1583) the son of a craftsman and later member of the town coun-
cil of Saalfeld who, in a De re metallica of 1551, published some excellent figures of
fossils and argued for their animal origin; and such was, finally, the already mentioned
Aldrovandi, who considered the fossils as evidence of a very ancient sea.

Time scales were not a problem at this point as scholars were aware of very rapid
‘petrifications’ in hydrothermal deposits.

The beginning of European world colonialism and the early zoological and
botanical explorations

Up to the end of the 15th century information as to the animals and plants from
the Far East or the interior of Africa were scanty, mostly vague and often mere legends.
Spices, drugs, precious objects were available, but usually they arrived through a chain
of middlemen. Obviously both the ancient sources, like Herodotus, were studied, as
well as the reports of the few who had traveled into the interior of such fabled lands,
such as Friar Giovanni da Pian del Carpine, Marco Polo and a few others.

In the 15th century the Portuguese, soon followed by the other European king-
doms, launched a steady program of systematic explorations aimed to open new
routes for trade. Having at last developed the first vessels worthy of the high seas,
squadron after squadron sailed along the African coast and deep into the ocean, and
were finally able to reach India and establish trading stations there and all along the
African coast. The Italian states were soon aware of the danger that the opening of the
oceanic routes was for their trade and prosperity, but were handicapped by being
sealed up into the Mediterranean at a time when the steady military expansion of the
Turkish empire and the activities of its vassal pirate little states of North Africa pro-
duced a state of semi perpetual warfare, both on great and minor scale, which reached
its climax with the great battle of Lepanto (1571). Anyway both the main Italian
states, and the great Western European monarchies promoted the study of also the
neighbouring lands.

The discovery of central America in 1492 (wich just followed the final vanishing
of the Viking settlements in Greenland, which, anyway had gone practically unno-
ticed by the scholars) opened an entirely new world of unexpected animals and plants.
Indeed some scholars debated whether these were not the product of a separate cre-
ation, different from that recorded in the Bible. Theologians even debated the prob-
lem of how could the native Americans descend form Adam and some argued that
they could not possibly be true men in the theological meaning.

Actually it was the acute need to catalogue properly all the flood of new evidence
that was partly instrumental in the development of true biological systematics.
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Through the 16th century were published a growing number of travel accounts
and descriptions of new animals and plants. These were sometimes single chapters in
the context of some general account of a given country, sometimes were regular
monographs.

As a typical example we may recall that we said how Belon explored the countries
of the East Mediterranean between 1546 and 1549. In 1553 he published an inter-
esting booklet ‘Les observations de plusieurs singularitéz et choses memorables trou-
vées en Grece, Judée, Egypte, Arabie at autres pays estranges’. This book, as was usual
up to the 19th century, is a mélange of anything of interest: curious habits of people,
animals, plants, drugs, strange crafts. As for biology, Belon on one side scorns as leg-
end some traditional lore, on the other he considers as being reliable some incredible
stories. Rather than decrying such mistakes, one should think how difficult it has ever
been for travellers to tell truth apart from phantasy on second-hand reports and both
the state of the art and the flood of new and extraordinary evidences that was current
at the age and made even wild stories quite credible.

Another French explorer, Pierre Gilles (Petrus Gillius, 1490-1554), who was a
Provengal from Albi, made the most adventurous trips, but, unfortunately, lost all his
collections. He actually travelled on commission from the French king Frangois I,
who had allied himself with the Sultan against Charles V and was anxious to open the
Middle East to French influence,

Important additions to the fauna and flora of the Middle East were made by Pros-
pero Alpini, born in Marostica, near Vicenza in 1553 and died in Padua in 1616. He
had graduated in medicine and was later attached to Giorgio Emo, Venetian consul
in Cairo from 1581 to 1584. Back in his country, he was appointed lector of simples
at the University of Padua. His most important contribution is the De plantis Aegyp-
ti, where, amongst other things, he first described coffee! Alpino described also sever-
al new animals and wrote also some historical contributions. His medical treatise De
presagienda vita et morte is hailed as the first systematic tratise on semeiotics.

We said that for biology, by far the most important event of the Renaissance was
the discovery of the Americas. The first systematic account of the natural history of
the newly discovered lands is by Gonzalo Fernandez De Oviedo y Valdez (1470-
1557): the Historia general y natural de las Indias (Salamanca, 1535), where are
described for the first time a number of animals and plants such as the tapir, the tree-
sloth, the manatee, colibris etc. and, among the plants, Maize, Pine apple, Cassava,
Cactuses.

The works of the Jesuit José de Acosta are even more important. Father Joseph left
from Cartagena in 1570 to preach in Peru; thence he traveled North into Mexico and
sailed back to Spain in 1587. He died in Salamanca in 1600. His Historia natural y
moral de las Indias earned him the nickname ‘Plinius of the New World’.

Among other things he holds a quite correct hypothesis as to the origin of the
Amerindians: after having carefully examined the different theories of his time: sepa-
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rate creation, migration by sea, migration by land, he argues that there must have
been a connection between Asia and America in the extreme North.

All the different activities and problems discussed in this chapter were, moreover,
prompting the diffussion of natural history collections,which will be discussed in the
next chapter.

Medicine in the XVI century

Throughout this century natural history and medical practice were still so closely
linked that, in order to understand both some advances and some problems, we must
briefly discuss various aspects of Renaissance medicine in its connection with prob-
lems of general biology.

A very important problem which aroused much debate was that of contagion in
epidemic diseases. This was largely influenced both by the comparative diminishing
impact of some diseases, such as leprosy (though certainly many cases formerly diag-
nosed as leprosy were of different nature, such as skin tubercolosis), and on the other
by the outburst of epidemics of previously unknown diseases, such as syphilis. The
appearance and spread of previously unknown diseases compound the debate on con-
tagion with that raised by Paracelsus and his followers concerning the chemical nature
of diseases themselves. As, however this later aspect of the debate came to the fore-
front only very late in the 16th century and reached its achme in the next, we shall
examine it in the next chapter.

While the reduction in the incidence of some diseases may have been due either
to improved sanitary conditions, to better implementation of sanitary police regula-
tions or to the combined effects of both, the appearance of syphilis, which was spread-
ing like wildfire through Europe in its acute form, raised urgent problems. Though
there are still debates as to the origin and first appearance of syphilis in Europe, it was
just in the very last years of the 15th century that the disease was recognised as such.
The Italians, who were among the first hard hit ones, made the accusation that it had
been introduced in the wake of the French army of Charles VIII, who had crossed the
whole peninsula marching on Naples, and so called it either ‘French disease’ or ‘Gal-
lic pest’; the French, claimig that their soldiers had been infected on arrival in Naples,
called it ‘Neapolitan disease’. If the disease was imported into Europe by Columbus’
sailors, it must have rapidly spread to the Western Mediterranean sea-ports, Naples
included, while the armies on the move, which were always accompanied by numbers
of whores, helped in its rapid spread, and the police regulations that had helped to
keep in check other venereal diseases throughout the middle ages, in spite of being
drastically reinforced, proved powetless in this case.

The same Girolamo Fracastoro, whose ideas on fossils have been already men-
tioned and that had got his doctorate in Padua (where he had been a friend and fel-
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low student of Copernicus), wrote a short poem Syphilis sive de morbo gallico (Verona,
1530) which actually established the name of the new disease. The poem imagines
that a shephard Zyphilus is punished by Apollo with the new disease, which symp-
tons are accurately described. While various reasons that do not concern us here led
the physicians to treat syphilis with preparations of mercury, of guaiacus or of san-
dalwood (and Paracelsus strongly criticised the excessive ministrations of these con-
coctions), the debate on the cause and propagation of the disease was rife. Fracastoro
dealt with these problems in a book (De contagione ed contagiosis morbis), where he
describes the main epidemic diseases knowm in his times: plague, petechial typhus,
syphilis, ezc.

Fracastoro assumes three types of contagion, by direct contagion, as it happens
with mange, indirect, where fomites such as dresses. linen etc. carry the seminaria
prima, finally Fracastoro considers that a third type of contagion does not require
either a direct or an indirect contact between the diseased and the healthy subjects.
Such diseases are transmitted at a distance, so he thinks, as its seminaria attach them-
selves to some humor to which they have some affinities, and such minute particles
may be transported in the air and enter the healthy body through respiration and
thence enter the blood vessels; Fracastoro holds that such a kind of contagion occurs
in the plague, smallpox etc.. He holds that all such seminaria are, in fact, alive (con-
tagium vivum) and, though his ideas as to the nature of the semimaria were vague and
cannot be considered as a true anticipation of the later discovery of bacteria, they were
obviously of great importance. As, at the time, it was clearly impossible to prove it,
Fracastoro’s theory was not welcomed by the majority of physicians, yet it was almost
immediately supported by several among the most progressive ones either contempo-
rary or scarcely later than Fracastoro. It was thus enthusiastically advocated by such
people as the already mentioned Filippo Ingrassia and Prospero Alpini.






CHAPTER VIII

The 17th Century

SYNOPSIS OF THE MAIN EVENTS AND CHRONOLOGY OF THE MOST IMPORTANT
SCIENTISTS

Ulisse Aldrovandi 1522-1605, Thomas Hariot 1560-1621, Caspar Bauhin 1560-1624, Sir Francis
Bacon lord St. Albans 1561-1626, Galileo Galilei 1564-1642, Johannes Kepler (Keplerus) 1571-
1630, J.B. von Helmont 1577-1644, Robert Fludd 1574-1637, William Harvey 1578-1657, Tom-
maso Campanella 1568-1639, Pierre Gassendi 1592-1655, René Descartes (Cartesius) 1596-1650,
Pierre Fermat 1601-1665, Johann Rudolph Glauber 1604-1670, Evangelista Torricelli 1608-1647
1618-1648 Thirty years war.

The Academies: Accademia dei Lincei: 1603-1630; Accademia del Cimento 1657-1667; Royal Society:
1662; Academie des Sciences: 1666.

Robert Boyle 1626-1691, Blaise Pascal 1623-1662, John Ray (Wray) 1627-1705, Marcello
Malpighi 1628-1694, Christian Huygens 1629-1695, Anton van Leeuwenhoek 1632-1723, Robert
Hooke 1635-1703, Jan Swammerdam 1637-1723, Nehemiah Grew 1641-1712, Isaac Newton
1642-1727, G.W.Freiherr von Leibniz 1646-1716.

1644-1653 English revolution

1653-1658 Cromwell’s dictatorship

Edward Tyson 1651-1708, Johannes Camerarius 1665-1721, Jean Bernoulli 1667-1716,

1683 Last attempt of the Turks to capture Vienna. They are beaten by J. Sobieski, king of Poland.
1689-1725 Peter 1, the Great, is Czar of Russia.

Some general remarks on the XVII century

It is usual to date the beginning of the ‘scientific revolution’ to the start of the 17th
century, but the reader is begged, also better to understand the biographies of several
scholars, to note that this was also the century of the bloodiest and most destructive
wars in the history of Europe up to the First World War. To most of the combatants
many of these were wars of religion: England went through two revolutions, the
bloody war between Charles the I and Parliament and the ‘glorious revolution’ that
sealed the destiny of the Stuart dynasty, besides she fought in turn against the
Spaniards, the Dutch and the French; France was at war with all the countries sur-
rounding her and, in the intervals Catholics and Huguenots killed each other; Spain
was occasionally at war with France and fought for years against the British and the
Dutch; Germany was devastated by the ‘Thirty years war’ which involved also the
French and the Swedes, the Empire, or rather Austria fought in the North against the
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German Protestants and their allies and to the South almost continuously against the
Turks at times allied with Venice; Venice itself was single handed at war with the Turks
for over 20 years, while the rest of Italy was a battlefield for the French and the
Spaniards, with an occasional intervention of some German-Austrian armies. The
African pirates spent their summers raiding the coasts of the Central and Western
Mediterranean, while the Knights of Malta and the Tuscan Knights of St. Stephen
tried, on a lesser scale, to retaliate. Because of the religious background of these wars,
moreover; not only people were enthusiastically killing of each other in the name of
God, but, in addition, whenever the Calvinists or the Turks got hold of any ‘image’
they busily smashed it. Countless masterpieces were destroyed or whitewashed in
order to cleanse the churches, while, when not otherwise busy, commoners and local
authorities all over Europe, but mainly in Germany, found the time to indulge in
witch-hunting, and succeeded in burning over one million people. Finally the Jews
were the victims of a number of outbursts of expulsion and widespread vexation.
Almost only Italy escaped to some extent all these niceties: a good many wars were
waged also in Italy, but at least witch-hunting was fairly sporadic and, especially in
Central and Northern Italy the local governments usually afforded the Jews a reason-
able amount of protection.

Historians of science often indulge, to some extent according the nationality of the
writer, to extol one or another of the ‘Founding Fathers’ of the Scientific revolution
itself. As for the list of such ‘Founding Fathers’ there is a widespread consensus: Fran-
cis Bacon, Galileo Galilei, Nicholas Copernicus, René Descartes and, as an option,
William Harvey (not that his importance is doubted, but as some aspects of his per-
sonality are hard to accept as those of a good ‘revolutionary’, it happens that in many
histories of sciences, he is reckoned as the last of the previous century, though his
‘magnum opus’ on the blood circulation was published in 1628.

As for myself, I think that to date the beginning of the ‘scientific revolution’ as
having occurred in 1600 is as significant as to date the end of the Antiquity and the
beginning of the Middle Ages by the deposition of the Western Emperor Romulus
Augustulus, an event that passed quite unnoticed for the contemporaries.

In fact two of the ‘Fathers’ were conscious of their stand as innovators: Francis
Bacon and Galileo Galilei (who, however, qualified himself as ‘Pythagorean philoso-
pher’), whereas their contemporaries Kepler and Harvey, though just as conscious of
the importance of their discoveries, were intellectually much more akin to the corre-
sponding trends of the Renaissance.

Sir Francis Bacon, later Baron Verulam and Viscount St. Albans and for some time
Lord Chancellor of England (1562-1626), was basically a learned politician, with a
lasting interest in philosophy. He turned entirely to philosophical speculations when
he was dismissed from the Court. His personality is hard to define, perhaps the best
definition is: ‘an outstanding amateur’, and it was just because of his amateurish
approach that he had little scruples against producing a true ‘Manifesto’ combating
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all kinds of traditional science. Yet he was no radical innovator: as a junior contem-
porary of Giordano Bruno (who had lived several years in England) he may well have
been to some extent under the latter’s influence. Being basically a politician (William
Harvey, who was his personal physician said once: ‘he writes philosophy as a Lord
Chancellor?), he distinguishes himself from all his contemporaries because of his sys-
tematic stressing of the public utility of sciences. In a way one could say that Bacon
was a ‘utilitarist’ ante litteram. In fact the basic break of Bacon with scholarly tradi-
tion is just by his insistence on the public function of sciences.

In his times both the Catholic and the Protestant clergies were worried that a wide-
spread debate on scientific-philosophic matters by laymen could help in the diffusion
of heresies. On the other hand, lay scholars both of true Aristotelic tradition or of the
neoplatonic-hermetic trend were much afraid of any widespread knowledge. They saw
in Natural Magic mainly a path to individual moral perfection, to glory and to the
opportunity to help individuals of their choice. They thus fought ‘the excessive’ dif-
fusion of knowledge, either by writing in Latin, or even more often by using a delib-
erately allusive and obscure language, a language for adepts, so much that ‘hermetic
language’ became a byword for unintelligibility — as a typical example just try to read
the book Del senso delle cose e della magia (= On the meaning of things and on Magic)
— by the Italian philosopher Tommaso Campanella (1568-1639).

Francis Bacon, instead, not only commonly wrote in English, but he emphasised
the importance of the general diffusion of knowledge.

Although his chief work is the unfinished Novum Organum, Bacon discussed in a
number of publications the basis for the interpretation of Nature, the logic of science,
and the promotion of a practically aimed science. He identified as /do/a such mental
attitudes that commonly lead to error either of method or of scientific reasoning,.

Bacon repeatedly and unsuccessfully endeavoured to establish a big research insti-
tute. This should have covered all sciences and be provided with botanical gardens,
chemical laboratories, and zoos, and thus foster applied research (Bacon recommends
the pursuit of what we now call genetic improvement of plants, comparative anatomy
and the search for the philosopher’s stone!). Basically Bacon was fully convinced that
he was trying to establish a new philosophical school.

There is no doubt that Bacon was an inductivist and an experimentalist and that
he introduced into philosophy some typical features of the later ‘English empiricism’.
Though neither deep insights nor really rigorous logic rate him as a ‘great’ philoso-
pher, his work nevertheless had a great and positive influence. His ideas were largely
implemented by the later scientific academies and especially by the Royal Society,
some 50 years after his death.

It is somewhat peculiar that, though Bacon was urging experimental research,
almost all of his work relies on published sources and while largely ignoring the great-
est discoveries of his contemporaries, including those of his own physician Harvey, he
ransacks, both for the good and for the worst, the writings of such people as Gian-
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battista Della Porta. Although Della Porta was an important scholar in his own right,
yet he fits into the tradition of Natural Magic rather than as a forerunner of a mod-
ern approach to sciences.

Galileo Galilei, in his attitudes, is much more like a modern scientist. He has but
a marginal interest for the historian of biology, as his only significant contribution in
this field is to have shown how skeletal structures can be analysed in physico-mathe-
matic terms of statics. However his technical achievements, such as the earliest com-
pound microscope, his thermometers and clocks etc., provided just the instruments
needed to open to discovery entirely new fields of biological studies and considerable
improvements in more traditional ones, as they provided the possibility of accurate
quantitative studies.

Galileo’s philosophy is ambiguous. He was a good mathematician and well learned
in different fields, literature included; but his real genius, besides his ability in either
creating or improving of a number of instruments, was his uncanny ability to devise
experiments, quite often purely theoretical, but nevertheless proper to clarify prob-
lems. Adding to these qualities his total self confidence, he was the proper type to
become a ‘charismatic’ personality.

Galileo was a good and practising Catholic, but he had as much faith in the sci-
entific truths that he was discovering and thus he soon became such a staunch and
orthodox Copernican, that he always maintained the perfect circularity of the celes-
tial orbits and never accepted Kepler’s discoveries, in spite of the fact that he was cor-
responding with Kepler and had got his papers!

Unfortunately for him, because of his inner urge to reconcile his faith with his sci-
entific theories, he trod the dangerous path of theology and maintained that the
Scriptures had been written for the common man and therefore should not be taken
literally by the philosophers, but should be explained by them in the light of the
results of scientific investigations. Practically this was a mere variant on the old
Medieval theory of the Two Truths, which stated that when theological and philo-
sophic truths were at odds, both should be followed by the scholar ‘as expedient’.

Galileo maintained that the task of science was the precise description of phe-
nomena and their interpretation within the framework of coherent theories, much as
it was the model of the ancient Greek thinkers. He also maintained that the interpre-
tation should avoid recourse to any empirically unobservable factor.

Galileo was also a great master both as a writer and as a teacher, as well by his aca-
demic lectures and by his informal talks; he thus bred a number of excellent and
devoted pupils.

His trials by the Inquisition are a familiar story and their unfortunate ending was
due as much to his overconfidence as to the general political-religious situation. As
matters stood at the time, the Inquisition had no alternative but to condemn the sci-
entist. As cardinal Bellarmino had written to Galileo some years before the final trial,
the Church could not admit to factual errors in the Bible except when faced with
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overwhelming evidence and that was not available. In fact Galileo thought to have it
in his theory of tides, which failed to convince his judges, and with reason as it hap-
pens to be the one completely wrong Galilean theory! Anyway the judges considered
both the fame, the age and the powerful protectors of Galileo and their sentence was,
for the times and charges, extremely lenient. He was never really jailed and his con-
finement as a sort of forced guest of friends first in Rome, then in Siena and finally at
his own home in Florence was almost a formality, as he could practically continue to
meet his friends.

Anyway, as all the necessary theoretical premises were lacking, the Galilean model of
science was at the time almost impossible to implement in biological studies. However,
as we shall see, the 17th century saw the first real attempts to a quantitative approach to
biological problems and to deal with them by regular experimental programs.

It was during this century that the two schools of biology, the ‘mechanist’ and the
‘vitalist’, did gradually identify themselves and their debates were to last into the 20th
century!

We have seen how the foundations of Galen’s biology were grounded on general
premises of stoic derivation. Until the end of the 16th century the celestial world on
one side and the terrestrial elements on the other were considered as being essential-
ly different; each one was supposed to be endowed with its peculiar proprieties, which
provided them with given powers to act on other bodies in specific ways.

The real peculiarity of this attitude was not with its basic premises: as a matter of
fact such powers that the medieval Latin called vires or virtutes gradually evolved into
the familiar concept of Newtonian ‘forces’, in the concept of waves, and so on; the
basic difference was that for the medieval mind there was an infinite number of them,
each body or part of it being endowed with a number of different and highly idio-
syncratic ‘powers’, while modern physics has been and still is striving to simplify and
unite them into as few ‘forces’ as possible.

It must be added that in the late Renaissance, both in alchemy and in physiology,
no one conceived of quantitative combinations among the reacting materials and the
results of the chemical reactions were generally seen as true transformations.

All that slowly changed through the 17th century, often greatly disconcerting
some scholars. Thus, for instance, when Newton proposed the concept of absolute
space, he argued that this was an attribute of God! Thence both Leibniz and Huygens,
both as pious in their own fashion as Newton was in his way, rose in anger arguing
that Newton was daring to measure God. Similar preoccupations arose with the intro-
duction of gravity: several scholars of the mechanistic, Cartesian school, were alarmed
by this obscure force capable of acting at distance, as they feared that it could evolve
into a ‘scientific astrology’ and even support the belief in the occult powers of the
operations of witchcraft.

Italy, which in the 16th century had been culturally the most scientifically
advanced country in Europe still held such a position in the early years of the 17th
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century, and, indeed, several basic advances in biology were cither the work of Italian
scholars, or were made by scholars which had studied in Italian universities. Howev-
er, and increasingly through the 17th century, new important centres for scientific
research flourished throughout Europe, while the increasing poverty and troubled
Italian life, in a country that was more and more becoming largely a pawn in the
hands of the great continental powers, begun to tell also on its intellectual life.

While most of the scientific literature of the 17th century is still in Latin, an
increasing number of great and lesser scientists wrote also purely scientific works in
their national language: So, again in Italy, Galileo and Redi wrote works that, besides
their lasting scientific impact, are also masterpieces of Italian prose. It is probable,
considering the content of most books written in the national languages that, as it had
been already common practice with philosophic-religious books, the common lan-
guage was chosen for such innovative writings for which the author wished to get the
support of a more general public rather than only that of the academicians.

The scientific academies

The reborn interest for all Greco-Roman antiquities that was the pride of the
‘Humanists’ could not but lead to the imitation of everything classical. So, under the
powerful suggestions of the teachings of Georgios Gemistos Pletho (possibly the last
avowed pagan) and of Marsilio Ficino and with the support of Lorenzo ‘the Magnif-
icent’ a ‘Platonic Academy’ was born in Florence in the last quarter of the fifteen cen-
tury (incidentally in Italy during the 15th any person of consequence was qualified as
‘Magnifico’, nowadays only the University chancellors — Rettori — are still ‘Magnifi-
cents’!). The ‘Platonic Academy’ was basically a literary-philosophic group, but after
its example ‘Academies’ soon multiplied for any conceivable purpose, ranging from
the most trivial to the most exalted.

Naturally, naturalists being sociable and talkative people, who enjoy discussing
their ‘trade’ with friends, scientific academies were bound to appear as scientific
research was developing. Moreover most of the best scientists, even if they got their
salaries as university professors, yet did not feel at ease within the boundaries of the
naturally conservative intellectual structure of the Universities, with their rigid and
often obsolete curricula and would have readily subscribed to that golden maxim of
Goethe: “A school is an institution for the purpose of perpetuating obsolete knowl-
edge”.

Thus during the 17th century active research became more and more the domain
of the Academies, while Universities happily multiplied throughout Europe as almost
mere teaching establishments, whose professors, when not members of some Acade-
my of repute, cordially hated their colleagues who obtained fellowship of such Acad-
emies!
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Academies are also the first to practice group research, as foreseen by Bacon and
they also often undertook the publication, first of separate books, but rather soon of
periodicals collating the results of the fellow’s studies. Thus ‘Acts’, “Transactions’,
‘Journals’ etc. appear during the second half of the century and some of them are still
continuing,.

Through the 16th century the number of scientists is rapidly growing as well as
the number of their contributions.

The ‘Accademia dei Lincei’ is usually believed to have been the first scientific acad-
emy, but that is not entirely true. In fact Gianbattista Della Porta (1538-1615), later
a member of the Accademia dei Lincei, had founded in 1560 in Naples an Academia
Secretorum Naturae where membership was restricted to people who had made some
discoveries. However Della Porta’s academy was soon stifled by the joint suspicions of
the political and religious authorities.

Thus the Accademia dei Lincei’ was practically the first to produce some consis-
tent work. Yet it did not last long.

Being, de facto the fist one, its story deserves a brief outline. It was founded on
August 17, 1603 by prince Federico Cesi, son of the Duke of Acquasparta, by Johan
van Heek (Heckius), a Dutch physician, by Francesco Stelluti, from Fabriano, a nat-
uralist who produced also a good translation of the Roman poet Persius and was him-
self occasionally a poet (some of his short poems are published in a collection by sev-
eral authors, including Bartolomeo Simonetta and the famous Giovan Battista Mari-
ni, who was to give his name to a poetic fashion, ‘Marinismo’) and by a relative of
Cesi, count Anastasio De Filiis, born in Terni. Prince Cesi was then barely 17 years
old, but he was the heart of the group and set for it the task of discovering, the secrets
of Nature with a penetrating gaze, such as that of a lynx (hence Lyncaei).

Almost immediately the new academy was suspected to be impregnated by Her-
metism and Heckius was suspected both of being an heretic and a magus and in 1604
was expelled from Rome. Shortly afterwards both Stelluti and De Filiis went home.
Yet the four friends kept closely in touch and Cesi began in 1605 to prepare both new
programs and statutes. First by his Lynceograpkism or basic statute, and later by the
Praescriptiones Academiae Lynceorum of 1624: the academicians were enjoined to con-
stantly endeavour to study mathematics and natural sciences for the purpose of dis-
covering the essences of things, but they were also to cultivate philology and literature

Heckins was able to come back to Rome only in 1614, but by 1610 the academy
had been completely re-organized and it was both operational as it was recruiting new
members. In 1610 was recruited into the academy Gianbattista della Porta, who is still
remembered because of important discoveries in optics, but was also an alchemist and
a Paracelsian magus. Della Porta wrote a famous treatise, originally in four books, but
which by successive revisions grew to twenty and got its final title Magiae naturalis
libri viginti, where one can find classic discoveries described side by side with curious
magical practices.
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Della Porta was quite influential on the philosopher Tommaso Campanella (1568-
1639), on the magus Cornelius Agrippa and on the famous mathematician (but also
a physician and magus) Girolamo Cardano. Della Porta strongly stressed the basic dif-
ference between ‘natural magic’ which is but the exploitation of natural forces, and
therefore is beneficial, and black magic, which has recourse to evil spirits for criminal
purposes.

In 1611 Galileo Galilei joined into the academy, then several others, both Italian
and foreigners (for instance the French De Peiresch, whose extensive correspondence
is, in some way, a parallel to the famous one of Pére Mersenne) until the total num-
ber of 32 was reached in 1625.

Thanks to prince Cesi’s money, the Academy published several immensely impor-
tant books, such as the letters of Galileo on the solar spots (1613) and his Saggiarore.
In the field of biology Stelluti produced the famous print of the bees, which is the first
image of an insect drawn with the help of a microscope. But the most ambitious plan
of the Academy was the Mexican treasure, which was to be an exhaustive description
of the flora and fauna of Mexico, a work into which co-operated several academicians.
A few trial copies were printed before the death of prince Cesi, but the final version
was printed only in 1651.

Meantime, soon after the death of Cesi the Academy had collapsed, in spite of
efforts by Stelluti, Cassiano del Pozzo (who bought the library) and a few others. The
present Accademia dei Lincei is a revival of the middle 19th century.

Shortly after the demise of the Accademia dei Lincei, its place as a scientific insti-
tution, was taken by the Accademia del Cimento, established in Florence by Cardinal
Leopoldo de’ Medici. The cademicians included the grand-duke, himself a keen
alchemist, but were mostly pupils of Galileo. Ordinary fellows (‘Operatori’) included
people like Vincenzo Viviani, Francesco Redi, Lorenzo Magalotti, Giovanni Antonio
Borelli and as ‘correspondents’ Nicholaus Steno, who, after a long stay in Florence,
had returned to Denmark.

Most of the research activities of the academy concerned physics, but they include
such basic contributions to biology as those by Francesco Redi.

Magalotti, in 1667, collected all the reports on the research done during ten years
by the fellows of the academy (Saggi di Naturali esperienze = Essays on experiments in
Natural History) and in the same year the academy was dissolved!

Meantime other academies had been born elsewhere on a more lasting basis.

The Royal Society of London was born around 1645 from regular, but private,
meetings of scholars (the so-called ‘invisible college’, who, side by side with their sci-
entific interests, enjoyed an innocuous opposition to Cromwell’s dictatorship (but
were spared the attentions of the ‘Lord Protector’ by his son-in-law, and later bishop,
Wilkins, whom we shall mention again). In 1662, after the restoration of Charles II,
the Society was chartered, got the name that it still bears, and started its official, glo-
rious life, which was consistently linked with the progress of biology.
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Among the earliest members of the Society were Newton (who was only reluctantly
persuaded to join, and who soon became its president, and the Honorable Robert Boyle,
that, besides being usually considered amongst the ‘fathers’ of true chemistry, performed,
with the help of his pneumatic pump, several important experiments on respiration.
Among the Society’s early foreign fellows the outstanding biologists were Antoni van
Leeuwenhoek and Marcello Malpighi. The Society, contrary to the French Academy,
and in true English tradition, had for a long time a rather informal structure and mem-
bership was open not only to prominent scholars, but also to gifted amateurs. The Soci-
ety started in 1665 the publication of the world famous ‘Philosophical Transactions’.

In the same years several informal groups had existed in France, and in 1666, on
the advice of Colbert (who, in turn, had been convinced by Claude Perrault), Louis
XIV gave a charter to the ‘Academie Royale des Sciences’ as a parallel to the literary
academy established by Cardinal de Richelieu (now Academie Francaise), thus grant-
ing official standing and support to an informal group of scientists, who had the habit
of meeting at the home of Melchisedec Thevenot (1620-1692), a diplomat and a
sponsor of sciences.

Among the earliest members of the Academie were, besides the obviously
inevitable Perrault, Jean Pecquet and the Abbé Mariotte, who was not only a physi-
cist (remember the Law of Boyle and Mariotte), but also a keen biologist.

As Colbert had planned the Academy as an instrument for the economic develop-
ment of the country, the Academy immediately had statutes, financial support for
research and salaries for the academicians.

Being good public servants of a state where the king proudly exclaimed ‘CEtat c’est
mofi’ (= I am the state), the academicians were organised in a precise hierarchy, received
a salary, met every Saturday, and were to work on plans outlined by Perrault. The Acad-
emy supplied the laboratories, the money to obtain the instruments and for the actual
research, as well as it paid for the publication of results. Thus were produced the splen-
did ‘Mémoires pour servir a 'histoire naturelle des animaux’ (Paris, 1671-76), almost
completely by Perrault and his helpers, and the parallel ‘Memoires pour servir a I'his-
toire des plantes’ developed by Dodart and, under the direction of Fontenelle, the reg-
ular publication of the ‘Histoire et Mémoires de I'’Academie Royale des Sciences’.

All this had, however, been preceded by the publication in 1665 of the weekly
‘Journal des Savants’. This had been initiated by Denys de Sallo (1626-1669), well
before the foundation of the Academy. The Journal was promptly killed by order of
the government (March 1665), but its publication was resumed next year. The Jour-
nal is thus just slightly older than the Philosophical Transactions

The Academie itself was re-organised in 1699 and has since been the maximum
forum of French science.

Finally we must record as especially important in the history of biology, besides the
academies of London and Paris, those, albeit rather ephemeral, of Amsterdam and

Copenhagen.
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German states, soon followed the French example and, as they were trying to
recover from the ravages of the ‘thirty year’s war’, they stressed the practical purposes
of their academies, but apparently did not achieve much.

In America an attempt was done by Increase Mather who organised at the end of
1600 the Boston Philosophical Society, which did not survive long. In fact it was Ben-
jamin Franklin who, by organising ‘Junto’ (later American Philosophical Society),
gave a real start to American Academies.

In the meantime the Universities supplied to their teachers only the classrooms
and, at most, the ‘anatomical theatre’. As experimental research was increasingly
demanding in terms both of instruments and of room, most scholars were in a
quandary: this is aptly exemplified in the preface to a book written in 1592 by Pier-
paolo Simonetta, then professor of surgery and anatomy at the university of Pavia and
formerly chief surgeon with the Spanish squadron at the battle of Lepanto: he com-
plains that the university did not even refund the professor for the money spent for
the animals used in the student’s dissections!

Thus, as Academies could count either on the prince’ contributions or on those of
wealthy members, they became the promoters of scientific research.

On top of that all, one must always remember that the whole 17th century was
scourged by wars, both international and internecine, that were either outright on
religious issues or that had a religious background and this had its own impact on all
aspects of scientific development.

As an example of the situation widespread in Europe I shall quote the story of the
Academy of Science of Bologna. The events that I shall summarise occurred in the
very last years of the 17th and in the early ones of the 18th centuries, but they are all
the same typical of an almost general situation.

We have mentioned the crisis that during the 1600 spread through all sectors of
Italian life and which struck the universities as well. But for Padua, where the Venet-
ian government prohibited Paduan citizens from holding chairs at the university, the
professor’s recruitment had been increasingly local. Moreover the age old competition
that monks offered for chairs had been increasing, as they could be satisfied with
lower salaries because they were backed by the convent and had no family. So it hap-
pened that, favoured by the counter-reformation, monks, including Jesuits, had
almost monopolised the chairs of philosophy. In several little towns such as Cameri-
no, the university which had been established in 1370, practically died out, and all
teaching was done in the convents, but also in the most famous faculties, the number
of students decreased.

This is easily understandable: by now almost every state, albeit small, had got a
university, which was adequate for the standard teaching, so that it was not worth
while to spend all the money necessary to graduate abroad. Moreover many states
even prohibited their citizens from studying abroad.

Coming back to Bologna; around 1690 every Bolognese citizen holding a doctor-
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ate, was entitled, on demand, to be registered as a professor at the University (usual-
ly without salary), therefore, while the total number of the students was around 500,
there were some 150 professors. In principle every professor was supposed to give 100
lectures per year, but the total number of school-days, once holidays and other cele-
brations were excluded, was short of 100. Moreover, while in theory there should have
been some 15,000 hours of lecturing, the available schoolrooms could not possibly
hold more than 30 lectures per day, so that the very maximum of lectures that could
be given was no more than 3,000. Moreover, through the 17th century the curricula
remained unchanged and, obviously, they had become quite obsolete. Thus the best
professors used to lecture at home for really keen students. Such unofficial courses
were free from any official constraint and usually excellent.

Obviously there started a tug-of-war between logic, which demanded a reforma-
tion, and entrenched interests which resisted any change. So, gradually the number of
professors was reduced to about 70, who actually lectured only when the students
really demanded it. For instance Galvani (see next chapter) though he received his
salary, yet was officially exempted from lecturing, and similar situations were not
uncommon in all the European states.

The decadence was such by the end of the 17th century that Archdeacon Anton
Felice Marsili, chancellor of the University (he had succeeded, after a short interlude
to Rev. Alessandro Simonetta, 1600-1671) and a good naturalist in his own right as
we shall see further on, had published in 1689 a list of the many abuses and illegal
transactions which were common at the time: waste of resources, irregular grant of
degrees and in the appointment of professors, absenteeism. His proposals for refor-
mation were frustrated by the boycott of the vast majority of the professors (and
among the leaders of the opposition to any reform one is surprised to find the great
Malpighi!). Some years later the junior brother of Archdeacon Marsili, General Luigi
Ferdinando Marsili, began his own campaign for correcting the situation. We shall
deal further on also with the notable scientific merits, both as a naturalist and as a
geographer of General Marsili; here we shall briefly describe his battle against the aca-
demic establishment. The general in 1709 made new proposals, which included the
gift of his own library and collections, and these were promptly rejected by the aca-
demic corporation. But General Marsili recruited the support first of the pope
Clemens XI and, even more important, that of the ‘Cardinal Legato’, that is the Car-
dinal-Governor of Bologna, Casoni and later of the next Legate, his good friend Pros-
pero Lambertini (who was later pope Benedict XIV) and counter-attacked with the
support also of a small group of dedicated professors, who had, on their own accord,
established around 1690 the Accademia degli Inquieti. Thus in 1711 the general was
able to establish an Accademia della Scienza dell’Istituto di Bologna (= Academy of
Sciences of the Institute of Bologna). However, he soon begun to complain, with lit-
tle justification, that the academicians were lax in their scientific endeavours. By its
statutes, the Academy had to provide both lectures and demonstrations complemen-
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tary to those of the official courses, but based on different methods and theories. Gen-
eral Marsili provided the new academy with a library and instruments, additional
funds were later provided by Cardinal Lambertini, while the town and the Universi-
ty were bullied into providing housing and beginning the construction of an obser-
vatory. Thus the new institute was organised as a Museum-cum-teaching establish-
ment. Slightly later, as a Pope, Lambertini established 24 salaries for professors and
scholars, on the condition that the recipients of those salaries (Benedettini) produced
at least one scientific paper per year (perhaps the first instance of the ‘publish or per-
ish’ system)!

This story in fact reached its conclusion well into the 18th century, but such situ-
ations were so common that, for instance, when, during the 18th century, in Holland
was mooted the proposal to establish a national academy, the University of Leiden
protested alleging that since the French academy had been established, no one heard
any more of the Sorbonne! In England up to the middle of the eighteenth century,
with but rare exceptions (Newton can not be counted as it is proved that he went for
lecturing punctiliously according the timetable, but, as usually there was no one to lis-
ten, he was soon back to his rooms and to his studies), both Oxford and Cambridge
led an obscure life, their main merit, according some English historians, being their
jealous battle in defence of their privileges and liberties against all attempts of the gov-
ernment to infringe onto them, and thus providing the premises for the great liberal
achievements to follow.

Before we leave the subject of the Academies it is necessary to stress again how,
during the 17th century almost all the main scholars mentioned in the later sections
of this chapter were usually working within the framework of the Academies and their
own work was surrounded and supported by the results of the researches of many
other valid scholars to whom we owe a good deal of the many great and lesser dis-
coveries of this century.

Museums

The ‘Museum’ (home of the Muses, home of learning) was properly, in classical
times, that in Alexandria, which was linked with the Library. However the Museum
never housed any collection, it was really a mere centre for studies and the collections,
if they existed at all, must have been housed in the Library.

Nowadays, instead, Museums are basically conceived as collections assembled and
preserved both for educational purposes or as study materials. The change in the
meaning of the name is of little significance by itself, but important it is indeed the
historical significance of Museums.

The tendency to collect objects of all sorts is general in mankind and ownership
of certain objects is often and acknowledged ‘Status Symbol’: Such an accumulation
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of treasures, of works of art, of objects of any description or, even, of more or less
authentic relics of saints has been always common practice (Charlemagne paid a lump
sum for the foreskin of Christ!), but the advent of Humanism and later of Renaissance
made books, works of art and antiquities the most treasured items, and proud own-
ers more or less regularly exhibited them to some sort of public. Actually the first time
the word ‘Museum’ is used in approximately the modern meaning is by the establish-
ment of the Capitoline Museum by pope Sixtus IV in 1471, which was conceived for
the purpose of assembling Roman antiquities.

Interest for natural objects, especially when they could appear ‘curious’ is as
ancient as human records go, but gained enormous impetus during the 16th century
by the flow of ‘things never seen before’ which came with every ship arriving from the
distant lands reached by European shipping (and by the conquistadores). It was at this
time that the Germans coined the word ‘“Wunderkammer’ by which these ‘proto-
museums’ are generally known nowadays, and any cultivated and sufficiently well-to-
do gentleman in Europe was almost expected to own one of these. Actually, as we have
seen in the previous chapter, the transition between the hodge-podge assemblage of
all sorts of curios and museums in the modern sense was begun by Aldrovandi and his
friends.

Several modern scholars who have dealt with the development of the earliest sci-
entific museums have stressed the social background of their development and the
supposed ‘elitist’ or snobbish attitude of their owners. I think that these authors often
missed three important points: (i) they should have seen the early museums in the
framework of the whole of the society and culture of their times. Being private enter-
prises, collections were just an expression of the personality of the collector, which,
again was largely a product of his education; the choice of items collected, their
arrangement and the selection of the persons welcome as visitors depending on the
purposes of the owner. (ii) the record of visitors is biased: Palaces and gardens being
the age’s most obvious status-symbol and as a concealed status symbol is no status
symbol at all, they were traditionally open to all sorts of visitors. However, common
people, who were working from sunrise to sunset to scrape together a living, would
but rarely knock on the door. Should one knock, he might be shown around by some
lay servant and that would be the end of it, but should a gentleman or a scholar come,
then politeness required that the house-lord himself or at least some special official
was to show the guest around and that the visit was duly recorded (such records could
always come of use). At least up to the Second World-War, ladies kept their albums
at hand, and visitors were asked to sign them and be kind enough to write a few lines
(and when going somewhere for the first time you had better to have in store a few
kind maxims or verses in order to allow you to pencil an appropriate line onto your
guest’s albums). The second point, and this is really important for our purposes,
Museums were usually conceived as a ‘sylloge’ or anyway as a material embodiment of
the kind of work that the creator of the Museum either was writing about, or think-
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ing of. They were thus ordered, and to a considerable extent still are, with an eye to
that curious thing that was Mnemonic, on which we shall have much to say when
dealing with the development of Systematics in the 17th-18th century.

The first true natural history museum was established by Ulisse Aldrovandi and was,
in fact, a complement to the botanical gardens that Aldrovandi was planning and later
established in Bologna. Aldrovandi’s Museum was to some extent an improved version
of a project that had been mooted in Ferrara, but that was abandoned when an earth-
quake so damaged the town that the money earmarked for the Museum, was diverted to
the urgent needs of reconstruction. In fact Aldrovandi’s museum was not only the first
one in its planning, but was also the first real public museum, as Aldrovandi bequeathed
his collections, archives and library to the town and, housed in the Town Hall, both were
for a long time a sort of tourist attraction. A good deal of Aldrovandi’s collections still
survive, now housed by the University. Some specimens still remain also from other pri-
vate collection of the early 17th century, such as those of Manfredo Settala in Milan, of
Calzolari in Verona, of Imperato in Naples and of Kircher in Rome. The aspect of such
‘proto-museums’ is preserved for us by some plates in different books. Thus that of Fer-
rante Imperato, a rich apothecary in Naples, is illustrated in his book DellZstoria naturale
libri XXVIII (Naples, 1599), a would-be extensive ‘reasoned catalogue’ of minerals, fos-
sils, animals and plants, but which is scientifically rather poor. Among the earliest and
best known similar proto-museums in Europe is that of the Dane Ole Worm (1588-
1654), a scholar who is still remembered because of the association of his name with the
Wormian bones, supernumerary bones in the human skull.

So great was the significance of the Museums in the development of Biology, that
we may still devote some further pages on them.

Aldrovandi was fully convinced of the potential significance of extensive collec-
tions for the advancement of science, thus for years he pestered all manner of poten-
tates and especially the Spanish king to get the funds necessary to assemble a ‘Uni-
versal Museum’, but meantime he was spending all his money to collect as much
material as possible, paying for the artists that were preparing the illustrations for the
books which were based on the collections, the secretaries that filed his notes and cor-
respondence. He established an incredible network of hundreds of ‘pen-friends’, rang-
ing from Princes, such as the Grand-duke of Tuscany, to obscure provincial amateurs,
who were all engaged in exchanging information, specimens, drawings, etc.; in fact a
surprising parallel with the modern ‘global village’ of computer networks!

Another illuminating story is that of the Jardin des Plantes and Muséum d’His-
toire Naturelle of Paris.

Actually the first French botanical garden was that of Montpellier, which, for a
while, was directed by a good scholar, Richard De Belleval (1564-1632), but that was
destroyed during the siege of the town in 1662.

In Paris the Protomedicus (first physician) of the king, Jean Heroard de Vau-
grigneuse, and Guy De la Brosse (15862-1640), also a royal physician, urged the King
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to establish a botanical garden of medicinal plants. That took time, but, finally, king
Louis XIII, on 6 January 1626, issued the first charter for the establishment of a
‘Jardin royal des plantes médicinales’. However, as most physicians of the king were
Paracelsians and the new establishment was planned also as a teaching establishment,
the Medical faculty promptly began obstructing the project. Thus it was only in 1635,
nine years later, that the Parliament of Paris ratified the appointment of Guy De la
Brosse as the first ‘Intendent’, that is director. The Royal charters had determined
that, whereas not granting official degrees, the Jardin’s personnel was to provide pub-
lic teaching of botany and of medical preparations and later (1643) also of anatomy,
entirely free of charges and to be given in French. Yet the medical faculty of the Sor-
bonne, led by Gui Patin (1601-1672), dean of the Faculty and whom we shall meet
again battling against Harvey, initially strenuously opposed the beginning of the
courses, then tried to control the appointments of the personnel. Thus the first years
of the new establishment were a never-ending battle against the Medical Faculty,
which was such a stronghold of traditionalism that already Frangois I, had established
the ‘College de France’ as an alternative to its blind conservatism.

Some 10 years of almost complete eclipse followed the death of De la Brosse.
Finally the Minister Antoine Vallot (1594-1671), in 1654 appointed Denis Jonquet
to the Jardin and afterwards a great-grand-son of De la Brosse. Guy-Crescent Fagon
(1639-1718), a naturalist of value, a man of both genius and great culture. Fagon was
appointed as ‘Intendent’ in 1665, and he had the great merit of assembling at the
Jardin several good naturalists, mainly, again, Paracelsians. Chief among them were
the botanist Joseph Pitton de Tournefort (1656-1709) and Etieénne Frangois Geoffroy,
who belonged to a lineage of apothecaries going back to the first years of the 16th cen-
tury and an ancestor to his homonym Etienne Geoffroy St. Hilaire, the famous
friend-enemy of Cuvier: In his late years, finally, Tournefort appointed Antoine-Lau-
rent de Jussieau to the staff of the Jardin, although he was then still almost a boy.

Etienne Geoffroy has only an indirect significance for Biology, as he was a chemist,
but he was the leading figure at the Jardin in turning chemistry from the esoteric
clouds of typical alchemy into a plain strictly scientific enterprise.

Fagon gave the Jardin a vigorous development, so that, just after his death, its
name was changed first into Jardin royal des Plantes, and then to Jardin du Roy. It was
just after Fagon’s times that the ‘Droguerie’ of the Jardin, became the ‘Cabinet d'His-
toire Naturelle’.

The development of the Jardin, finally freed from all boycott, was continued under
the direction of Charles-Francois de Cisternay du Fay (1732-1738), when a number
of other excellent naturalists joined the staff (foremost the brothers De Jussieau) and
reached its apogee under the long leadership of Buffon, who completely re-organised
it. But an account of Buffon and his times will take a good share of the next chapter.

As museums owned by institutions rather than by private collectors, both Paris
and London are antedated by two Jesuit institutions. In Rome the Jesuits created the
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‘Museum of the Roman College’, which is also known as ‘Kircherian Museum’ after
the name of its first organiser, Father Athanasius Kircher, a notable figure whom we
shall mention again, and the Jesuit Museum of Vienna. Both were conceived as joint
institutions with the Jesuit colleges. A number of specimens from the Kircherian
Museum still exist, scattered amongst different museums in Rome, but mainly at the
Ethnographic Pigorini Museum.

In London the Royal Society soon began to assemble collections, which later, after
the purchase by an Act of Parliament of the famous collections of Sir Hans Sloane in
1759, merged with it and became the original nucleus of the British Museum.

A great advance in the preservation of natural history specimens was made by the
usage of alcohol as a preserving medium, recommended chiefly by the Honorable
Robert Boyle (1663). Thus delicate specimens which were seriously damaged by the
previous practices of desiccation, could be stored properly for further study. Another
practice introduced in this century, probably by Severino, was the injection of fluids
in cavities. It was used by many scholars and reached a sort of peak by Frederik
Ruysch.

Actually Museums gradually became almost a fashion. By 1704 D.M.B. Valentini
in his Museum Museorum could list 159 of them and they have since played a key role
in the development of sciences.

The development of botanical and zoological systematics

The close connections that occur between the development of museums and the
development of sytematics make it advisable to discuss the evolution of systematics
before other aspects of 17th century biology. This in spite of the fact that the achieve-
ments in this field were much less spectacular than the advances in some others.

Throughout this century the development of explorations and of trade con-
tributed a steady and increasing flow of new evidence, while scholars at home were
increasingly at pains to organise it.

John Johnston was a Scot by origin, but was born in Poland (1603-1675). He
made extensive travels and finally settled in Silesia, where he died. He followed rather
faithfully in the steps of Aldrovandi, from whom he borrowed much of his evidence.
His several volumes on animals, published between 1650 and 1665, are practically
mere compilations, but he introduced some improvements on the order followed by
Aldrovandi. Actually his works were well received, went through several editions and
translations and were still judged worth republishing by H. Ruysch in Holland in
1718. It is important, in order to understand the biological compilation by Johnston,
that these were part of a general survey of all recent progress in the different sciences,
seen in the framework of a general theological view of the World. Johnston thought
that in his time great advances had been made towards a reliable ‘scientific prophecy’!
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In some ways his outlook resembles, but with a much stronger Paracelsian tinge, to
that of Sir Francis Bacon.

The already mentioned Clusius assembled much new information on both exotic
animals and plants, that he published in his Rariorum plantarum historia (Antwerp,
1601) and Exoticorum libri decem (Antwerp, 1605). There he synthesised both the
information already available with new data on animals and plants both from the East
and from the West Indies that he had gathered directly from both naturalists and voy-
agers. His Exoticorum Libri decem had a considerable influence. His figures are most-
ly derived from Gesner or from Aldrovandi and are generally good. Among the new
species described and figured, is the Dodo, the big, flightless columbid that the Dutch
discovered in Mauritius, when they first settled there in 1598 and that, within a cen-
tury was ‘dead as the Dodo’. As we mentioned Clusius was also the founder to the
botanical gardens in Leyden, in the Netherlands and some of the plants he planted
there are still thriving.

While already in the Middle Ages the Arab pharmacopeiae had made Europeans
familiar with a number of oriental plants, during the 17th century there was a real
flood of information and specimens of new organisms and many scholars, scattered
all over the new institutions which were burgeoning everywhere, were at pains to
describe them. Accordingly it is both tedious and hopeless to try to list them. Only
three or four will be mentioned as examples.

In the 17th century insects begun to attract a growing interest and were the sub-
ject of a number of books, thus we may mention as an especially attractive personal-
ity Sibylla Merian (1647-1717). She was a Dutch, grand-daughter, daughter, sister,
wife and mother of famous engravers. She specialised, through her whole life in illus-
trating insects with, as a complement or background, plants and other animals. In
1698, when already 51 she went for two years to Surinam or Dutch Guyana, to study
its animals, and especially its insects. Thence she prepared a basic book, which she
published in 1705. While some of her books were published in the 17th century,
some were published posthumously in the 18th and a few even as late as 1986.

The development of trading stations overseas and the establishment of the earliest
little colonies prompted both governments and trading companies to encourage the
collection of information and specimens of fauna, flora and minerals by their officers
abroad. The Dutch, in spite of the long war for independence against Spain, were off
to an early start. Indeed as soon as the Spaniards were finally chased from the United
Provinces, the Netherlands went through a true economic boom. Dutch independ-
ence was formally acknowledged by the Treaty of Westphalia in 1648 and already in
1652 Van Riebeck founded Cape Town as a refitting station for the Dutch convoys
sailing to Indonesia and Ceylon. Thus the Dutch East India Company was among the
foremost in prompting its representatives overseas to collect both information and
materials about any sort of natural production of their stations and the result was the
publication of several local faunas and floras. Among these the work of Georg Eber-
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hard Rumpf (Rumphius) (1627-1702) while stationed in Amboina is especially
important. Nothing remains either of his private collection, destroyed in an earth-
quake, or of those sent to Holland, lost in a shipwreck, but he also sold a collection
to the Grand-duke of Tuscany and some specimens survive in the museums of Flo-
rence and Pisa. Rumph’s book on the natural history of Amboina is a splendid work
and many of Linnaeus species are actually based on Rumph’s descriptions. Georg
Markgraf (1610-1644) in Brazil made the equivalent of Rumph’s work in Indonesia.

Thus scholars were increasingly faced with two main problems: the first was how
to catalogue all these organisms so as to retrieve easily the information available (and
this was a main stimulus for the development of systematics), while the second was a
theological one: could these new organisms, men included, from distant and isolated
lands, be, perhaps, the result of a creation different from that reported in the Bible?
How could they, after being chased from the Earthly Paradise have reached these dis-
tant places? This was a crucial problem for famous thinkers, like Tommaso Cam-
panella.

So far as scholars were dealing only with local faunas and floras, though with some
difficulties, given the great variety of organisms discovered, and especially of birds and
insects, yet the traditional systems might still be used, but it was clearly impossible to
use them any more in general works. Indeed Gesner, as we said, was the last one to
stick by the Plinian tradition when ordering the animals in his treatise; and even he
made some changes when dealing with birds, by grouping some as the ducks and the
falcons, without considering either alphabetic order or size. Subject indexes had
already appeared in books of history by the middle 16th century, and are increasing-
ly used during the 17th century, but this was clearly an inadequate solution.

Moreover scholars were groping with another theoretical problem.

In the chapter on the history of higher education, we have seen how important it
was for the student his proficiency in memorising information. On the other side
scholastic nominalism had shown the limits and faults of common language. Thus
scholars asked themselves whether it was possible to develop a completely objective
and unambiguous language and link it both with the possibility of developing mem-
ory as well as of uniting all knowledge into a single synthesis.

Such problems had been debated since Lullus and we cannot deal with their man-
ifold consequences, sufficit to remember that no one less than Leibniz, who spent a
good deal of time and energy on these problems, listed also Spinoza, Borelli, Descartes
as prominent scholars in the field of mnemonics.

One of the most popular techniques used to help memorising information, was to
arrange a sort of walk or progress, through a set of mental associations between images
and ideas. As we said in the preceding section on Museums, it was obvious that the
arrangement of the collections must mirror a logical argument or narrative, such as it
can be found in a book summarising and updating the available information. Thus
the visitor could build a reciprocal connection between the object seen and the infor-
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mation read, each one helping the other in building retrievable knowledge. It was also
assumed that it was desirable to offer such an arrangement that could suit several
alternative intellectual itineraries. In fact Leibniz created for the purpose some odd
neologisms: ‘com2nations’ = combinations, ‘con3nations’= contrinations and so on,
according the number of elements that formed the main axis of an argument.

This implied that the evidence offered should be suitable for visual association
and, on one side prompted the common usage of the term Theatrum (theatre) for
books which embodied such arrangement of evidence as suitable to be ‘shown’, on the
other made external characters preferable for categorising the evidence.

This goes far to explain the choices of Aldrovandi and later scholars, who, to begin
with, implemented and improved on Aristotle’s classification or Alberto’s Scala Natu-
rae. Seen with our eyes, familiar with evolutionary theory, it is easy to understand how
such morphologic evidence as “all mammals with horns have a cloven hoof and no
upper incisors”, or even supposedly physico-psychic traits such as: the simplest Inver-
tebrates have only a vegetative soul, Mammals have an appetitive, and possibly in
some species, even a rational soul, will naturally lead to group the species into approx-
imately natural groupings.

Even a cursory consideration shows that, while the study of mnemonics is cur-
rently considered as an historical curiosity, and after Leibniz combinatory has taken a
very different path, contributing to the development of mathematical logic and of
computer science, yet modern Museums still follow the outline of a visible discourse.
It is equally clear that the effort implied by the 16th-17th centuries approach was to
lead towards modern systematic.

As we already said, one of the earliest schemes for the classification of plants was
proposed by prince Federico Cesi, who had in a way foretold some later principles of
classification in his 7zbulae phytosophicae. Though Cesi had a clear idea of plant sex-
uality well before Camerarius and had suggested some advanced criteria for plant clas-
sification, his results were by and large ignored.

Attempts to improve the systematic of plants into a comprehensive framework
were made by Gaspard Bahuin (Pynax theatri botanici), by Rivinus (1652-1723) and
by Johachim Jung (Jungius) from Lubeck (1587-1657). Jungius studied in Padua and
later taught in several German Universities. Both his important contributions; Dixo-
scopiae, 1662, and Isagoge phytoscopica, 1679, were published after his death and
passed practically unnoticed. However one of his unpublished manuscripts happened
to be seen by Ray, who was much impressed. Hence, because of Ray, Linnaeus became
interested in Jungius.

In fact Jungius recognised and described some families (Compositae, Labiatae,
Leguminosae), he also proposed several terms which are still in usage, Jungius also
proposed a theory of flowers that foreshadows the traditional one that the various
parts of the flower are nothing but modified leaves. Finally, Jungius was an ‘ancestor’
of binomial nomenclature.
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Undoubtedly the most important systematist of the 17th century is John Ray
(who originally spelt his name as Wray). Ray was born in 1627 or 28 at Black Not-
ley, in Essex. His father was a blacksmith, but one with a reasonably flourishing trade.
So, young John could attend University partly thanks to what we would now call an
additional scholarship. John graduated in Cambridge and became a fellow of Trinity
College (which then meant that he had a sort of scholarship for life, without the obli-
gation to do any work); he joined the clergy and, though somewhat late in life, was
ordained a parson. However, when Parliament, under pressure from Charles II,
ordered to swear to the Uniformity Act, Ray renounced his fellowship rather than
submitting. Luckily for him, during his years as at Cambridge, he had struck up a
friendship with a rich gentleman and an amateur naturalists: Francis Willughby
(1635-1672), who officially hired him as a tutor for his children, but in fact made him
a scientific collaborator. The two of them travelled extensively through Europe, both
to visit interesting places (e.g. Ray collected fossils at various localities in Italy and
Germany) and to meet important scientists (and Ray was thus in touch with many of
the major scientists of Europe) and prepared a project for a great general revision of
both the animal and plant kingdoms. According the original plan Ray was to do the
plants and Willughby the animals. This project came to match a project by John
Wilkins, later Bishop of Chester, a good friend of both, a student of mnemonics, a
pioneer in both linguistic and semiotic studies (in youth Wilkins’ abilities in combi-
national, had made him one of the main cryptographers in the British Secret Service
under his father-in-law Oliver Cromwell, and he had freely availed himself of his
exceptional position to shield his friends of the ‘invisible College’ from the attentions
of the Lord Protector’s police. His consummate political abilities got him a bishopric
under Charles I, in spite of his close relation with the Lord Protector and of having,
at the restoration, lost his Mastership at Cambridge.

Wilkins was trying to build a ‘universal language’ based on rigorous concepts of
logic and combinatorial mathematics. So, Ray and Willughby prepared for Wilkins
an outline of classification based on a rigorous implementation of divisional logic.
Both of them, however were unhappy with the results. Meantime Willughby died
when aged only 37, and bequeathed to Ray a small pension as one of his executors
and left him in charge of the education of his sons. The widow of Willughby thence
urged Ray to complete and edit her husband’s planned works on animals. After spend-
ing some more years at Willughby’s mansion, Ray, having married, retired to his
native home, where he looked after his family and continued to study until his death
in 1705.

Ray had soon attained a good reputation and had been made a Fellow of the Royal
Society, who offered him the appointment as Secretary, which he refused, as he refused
any appointment that could take him from his studies. His well balanced judgement,
his considered care of the sentiments and prejudices of everyone, earned him always
not only respect, but he was genuinely liked by almost all who had to deal with him.
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Ray was primarily a botanist and his first book, Cazalogus plantarum circa Cantab-
rigiam nascentium, is just a regional flora. However, when Willughby died, he began
work also on animals and botanical and zoological works were published somewhat
alternately: Francisci Willughby Ornithologiae libri tres (1676), Methodus Plantarum
Novum (1682), De historia piscium libri quatuor (1686), Historia Plantarum (pub-
lished in several volumes between 1686 and 1704), Synopsis methodica animalium
quadrupedum et serpentini generis (1693), Synopsis methodica stirpium britannicarum
(1696), and the posthumous Historia insectorum (1710) which was printed from Ray’s
notes just as he left then and thus is rather in the form of a draft.

The books on birds and fishes (which, as it was traditional, included the cetaceans)
were published under the name of Willughby and, probably, Ray’s contribution was
the general lay-out within which he edited the copious notes and drafts of his friend.

Ray was a born systematist and an open minded one. In his groupings of plants,
which he gradually evolved in his successive contributions, he took full account of the
criteria suggested as a basis for classification both by Jungius and by Cesalpino. Curi-
ously, as both his books and his correspondence testify to a singularly complete
knowledge of international scientific literature, he was not aware of the work of Cam-
erarius on the sexuality of plants, though he quotes other works of this same author.
Anyway, both in his published works and in his correspondence, Ray was fairly cer-
tain that sex was to be expected in plants, even if not yet proven. He was also fully up
to date as far as plant anatomy is concerned and he closely followed Malpighi (see fur-
ther on).

Ray’s systematic of plants was a definite improvement on past classification, both
formally, by his methodical way of describing genera and species, and as he defined
several good natural groups. His genera, however are extremely comprehensive and
correspond, in modern taxinomy, rather with families and even orders, and, as may
well be expected, some are a mix-ups of the most heterogeneous things, grouped by
just some superficial likeness.

Ray definitely believed in the immutability of species, as these had been created by
God, who had accomplished his work at the end of the sixth day. However he admit-
ted for some plants a limited ‘degeneration’, which could turn some good plants into
weeds. It was indeed difficult for him to believe that a benevolent God could have cre-
ated weeds! In his correspondence and in two rare books he discusses at length the
nature of fossils. These are: Miscellaneous Discourses concerning the Dissolution and
Changes of the World (1692), reprinted with amendments in the same year with the
new title Physical-theological Discourses (1692), and The wisdom of God manifested in
the Works of Creation (1691), an encyclopaedic work, which had four edition in Ray’s
lifetime and which he regularly enlarged, so that it passed, from the 249 pages of first
the edition of 1691 to 464 in the fourth, that 1704, which is the one that had sever-
al reprints through a century and a half. This book had a great influence on English
scholars through the following century and here, as in other works, Ray acknowledges
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his indebtedness to the Cambridge Neoplatonists, to the Paracelsians and to thinkers
like Ficino, Curdano etc. Ray was fully persuaded of the importance of fossils and,
after carefully weighting the pros and cons for their organic origin (he quotes with
praise, Steno, whom he had met in Montpellier), he declares most of them to be the
actual remains of plants and animals. However he is worried by the problem of rec-
onciling their evidence, assuming their origin from once living beings, with the Bible’s
accounts of creation and of its subsequent history; so he occasionally wavers and is
tempted to agree with his friend Martin Lister.

Incidentally, another British botanist contemporary with Ray, and worth remem-
bering, mainly because of his fascinating personality, was William Dampier (1652-
1715). He is nowadays mainly remembered as a privateer, which he was for most of
his life when not in command of some of H.M.S. in charge of explorations by the
Admiralty! His contributions to the exploration of the coasts of newly discovered Aus-
tralia and of the islands of the South Seas are truly remarkable, but it is notable that
throughout his life, even under the most difficult situations, he unceasingly collected
and accurately described plants, so that Linnaeus gave his name to various genera and
species.

Another important botanist contemporary with Ray is the already mentioned
French, Joseph Pitton de Tournefort (1656-1708). He had an extremely keen eye for
affinities, so that his groupings are usually quite good, albeit based on a rather super-
ficial analysis of characters. His most famous book, Institutiones rei herbariae (1700)
is significant as it specially stresses the employment of the concept of ‘genus’ to group
closely related taxa.

Thus, in botany at least, the concepts of Family, Genus and Species had been, by
the end of the century, extensively discussed and were used in a markedly different
way from that of Aristotle and rather akin to that of Plato’s ‘eideia’, and were quite
close to the ideas of Linnaeus. Even the adoption of a binomial system of nomencla-
ture had been suggested by Augustus Quirinus Rivinus (the translation of his German
family name Bachmann) (1652-1723), a German from a distinguished family of
scholars, who, however in his Ordo plantarum suggest to base all classification on the
sole evidence of the flower’s corolla.

Anyway it is clear, when taking a close look at the classifications used by 17th cen-
tury bortanists, that they basically followed the example of Camerarius: they first
grouped such plants that they intuitively thought to be more akin to each other, and
then, when writing their books, they looked for such characters as could be used in
order to reach identifications by following in the steps of Aristotelean logic (which
Aristotle himself did not consistently follow in his biological works), so as to pass
from a more comprehensive to a less comprehensive group.

Zoological systematics were not much improved by the scholars of the 17th cen-
tury: whereas, as we shall see, both morphology and physiology made spectacular
advances. Aristotle’s systematic framework, being the result of the exceptional quali-
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ties of the Master, was still reasonably satisfactory, at least as far as Vertebrates were
concerned. The following table, summarising the classification of Mammals used by
Ray, clearly shows how it was just an improvement on Aristotle.

Table
— Ungulates Solipedes (Horses, asses)
Bisulci Ruminams—l:With perennial horns (Cattle, Goats, etc.)
With deciduous horns (Deers)

non-Ruminants (Pigs)

Quadrisulci (Rhinoceros, Hyppopotamus)

L— Unguicolata with two toes (Camels)
—[ Fused (Elephants)

with 5 toes—|:
separated: narrow nails—l:More than 2 incisor teeth (Carnivores)

only 2 incisor teeth (Mice, Rabbits)
broad nails (Monkeys, Man)

The advances in physiology and anatomy during the 17th century: William
Harvey

The most momentous discovery in the biology of this century, as it was to pave
the way for a complete revision of all physiology, was the description of the double
circulation of the blood by William Harvey, who also contributed significantly to the
development of embryology.

William Harvey was born in Folkestone in 1578 to a well-to-do family of Freemen
of the Five Ports (in the niceties of British heraldry thus conferring a semi-noble sta-
tus, which entitled them to a coat of arms, but not to peerage). At 16 he matriculat-
ed at the University of Cambridge and was a pupil at Caius College. Having got his
Bachelor’s degree of Arts in 1597, he went to Padua, thence considered the best in
Europe for medical studies (Fabricius was teaching Anatomy and surgery and Galileo
Mathematics). It is not certain when he reached Padua, but he was certainly a student
there from 1599 to 1602 and got his medical Doctorate. Then he returned to Eng-
land and settled in London, married the daughter of one of the physicians of Queen
Elisabeth and of James I and was received in the medical guild. He was quite success-
ful as a physician (we have mentioned that Bacon was one of his regular patients).
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However, it is also certain that some of his colleagues did not think much of him as
a practitioner, though none had doubts on his abilities both as a teacher and as an
anatomist), In 1615 he was appointed as Lumleian lecturer of Anatomy and surgery
to the Royal College of Physicians. At the time he had already developed all the essen-
tials of his theory on circulation, as it appears from manuscript notes that he
expounded it for the first time on April 16, 1616. However he delayed the publica-
tion of his studies for another twelve years. In 1618 he was appointed among the
physicians of king James I and then of Charles I. When the civil war broke out, he
stood by the king and retired to Oxford, where he got an appointment. He died there
in 1657, having retired after the final defeat of the king.

When Harvey was in Padua he became interested in the debate on blood circula-
tion and he resumed experimenting on it after his return to England. As we said, he
had got at least the essentials of his theory by 1616, but he published his results only
in 1628, in a pamphlet of but 72 pages (Exercitatio anatomica de motu cordis et san-
guinis) published in Frankfurt. The choice of Frankfurt may look strange, but it may
be explained by two considerations: first Frankfurt’s fair was the most important mar-
ket of Europe for books, so that publication there went far to ensure the best diffu-
sion for the booklet. Second: there are reports that when news of the new theory
spread to England several people thought that he had gone crazy and that he then lost
a number of clients. As it might well be expected that public opinion would be ill at
case with the new theory, Harvey may well have thought it wise to delay such a reac-
tion by publishing late and abroad.

Harvey, as a preparation for his booklet, made a number of experiments and dis-
sections, including dissections of invertebrates, such as land-snails and crayfishes,
both of which have a pulsating organ. He correctly concluded that the heart is not a
double function pump, as required by Galen’s theory, but it is a purely force pump.
This implied that Galen’s theory could not stand. Harvey than proceeds to prove his
theory both by different experiments and by arguing the following three basic propo-
sitions: (i) the blood is pushed by the heart’s contraction and flows continuously
through the heart and the arteries in such amounts “uz ab absuntis suppeditari non pos-
sit, et adeo ut tota massa brevi tempore illinc pertranseat”, that is, the amount of blood
that passes through the heart and vessels is disproportionately greater than expected
by the traditional theory; as such an amount could not possibly be produced by the
food ingested and a simple calculation shows that it is the same blood that flows
through the heart many times a day, (ii) the blood pushed by the arterial pulse enters
into each part of the body “majori copia multo quam nutritioni necessario sit vel rora
massa suppeditari possit”, that is: the amount of blood that daily reaches the tissues is
much more than the total amount of blood in the body and, apparently, exceeds the
amount necessary for the nutrition of the tissues; (iii) “Ab uno quoque membro ipsas
venas hunc sanguinem perpetito retroducere ad cordis locum, which means that the blood
returns to the heart only by way of the veins.
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The proof of the first proposition is the key and the most original part of Harvey’s
work. He measured the total amount of blood pumped into the arteries by each pulse,
that is the difference between the capacity in Man of the inflated and of the con-
tracted ventricles, which he found to be two ounces, if the heart pulses 72 times per
minute, in an hour there must pass through the heart some 540 pounds of blood,
which is a good 3 times the total weight of the body of a normal man. As such an
amount cannot come from nowhere or disappear afterwards, it follows that the only
possibility is that it is the same blood that continuously circulates by the action of the
cardiac pump. As for the other two propositions, the proof is by and large similar to
that proposed by Cesalpino and as the consequence of the correct interpretation of
the function of the valves in the veins: by strongly binding an arm its arteries swell
proximal to the ligature, while they become empty and cease to pulse distally. When,
instead the binding is looser, it is the turn of the veins to swell, but that occurs in the
distal part of the arm, while proximally the veins become empty. This proves that in
the arteries the blood runs from the heart to the organs and it comes back by the
veins. The experiment shows that the valves in the veins function to prevent a back-
flow of the blood. Fabricii’s experiments with a loose binding of the veins, if correct-
ly understood gave precisely the needed proof!

Thus Harvey elegantly proved that the blood is continuously circulating through
both the little and the great circle.

As expected by Harvey many physicians, including a few quite good ones, strong-
ly opposed his theory and some took time to be persuaded. Besides exploding a cor-
nerstone of traditional physiology it appeared as the whole mechanism would keep
the blood flowing round and round for no apparent purpose, an apparently absurd
thing for a provident and purposeful nature to do!

We shall mention but a couple of Harvey’s critics: such were the Milanese Gio-
vanni Della Torre, Caspar Hoffmann of Altdorf, and even John Vesling, then teach-
ing in Padua, took time to be persuaded. The stronghold of opposition to the novel
theory, anyway, was, as it could be well expected, the medical faculty of Paris. Its
Dean, the same Gui Patin whom we met battling against the Jardin, and who, later,
was to rage against Van Helmont, declared circulation “paradoxical, impossible, inin-
telligent, absurd and noxious to man’s life”. Jean Riolan junior (1580-1657), son of a
good anatomist by the same name, took the field for “the ancient and true medicine”
and argued that, should Harvey be right, the liver’s function instead of being that of
making blood, would be simply to divide blood from bile, but then we should change
a lot of ideas on physiology and think that Hippocrates and even Aristotle had been
wrong! How impossible! However Riolan had made a good point in his pamphlet not-
ing that the new theory, anyway, failed to explain the different colour of blood in the
arteries and in the veins and Harvey had to concede it in his reply: Harvey had not
seen the passage of the blood from arteries to veins. That was to be done by Malpighi
in 1661.
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An especially strange position was that taken by René Descartes (Cartesius), and
this goes far in showing how amateurish he was in matters of biology: Descartes sub-
scribed to the circulation, as Harvey’s mathematics were as simple as faultless, but he
maintained that it was not the heart’s beat that kept the blood flowing, as the heart
could not possibly be a muscle!! Cartesius was a master at failing to appreciate the
main advances of contemporary sciences: he did not believe in the cynamatics of
Galileo and declared Kepler’s laws impossible!

Indeed Harvey’s discovery had far reaching implications. It complemented the new
anatomy of Vesalius and his followers and absolutely demanded a completely new
physiology.

Thus Harvey’s discovery created many more problems than it apparently solved.
As the evidence on which to build a new physiology simply was not available, it is
understandable that many scholars were reluctant to sail such uncharted seas and
unfathomable depths.

In fact a real understanding of the physiology of circulation depends on an under-
standing of the chemistry of respiration, which was practically impossible at the time
(though some Paracelsian alchemist-physiologists somehow got close to it). Moreover
biologists were saddled with the problem of the liver’s functions, once it was demot-
ed from chief hematopoietic organ (the poor Galenists could not know that, indeed,
the liver 7s an important hematopoietic organ during embryonic life). Thus it was nec-
essary to discover the true physiology of digestion. As far as hematopoiesis is con-
cerned, the solution of the mystery depended on a good cellular theory, which was
still two centuries in the future.

Though dealing with an entirely different branch of biology, Harvey’s researches
in embryology deserve to be discussed here, as they greatly enlighten his scientific
personality. Again as the result of many years of researches, in 1651 Harvey pub-
lished Exercitationes de generatione animalium. This book gives a notable account of
the development of Mammals, while for birds and other animals it does not add any-
thing of significance to the observations of earlier scholars and especially of Fabri-
cius, whom Harvey duly quotes. Among the Mammals he had especially studied
deers. His book is important as there Harvey not only maintains that the develop-
ment of all animals is gradual and occurs by progressive additions and structural
improvements, faithfully following in the steps of Aristotle, but he also resolutely
states his persuasion that even in animals, such as mammals, in which no egg is vis-
ible, yet eggs must exist. He is sure that even in man eggs do really exist, even if he
had been unable to find them. Nevertheless, again following Aristotle, he admits that
some of the lower animals may be generated by generatio aequivoca. Though certain-
ly not as momentous as the booklet on circulation, Harvey’s book on the reproduc-
tion of animals does not deserve the comparative neglect which befell it. In fact it
complements his main discovery by showing how whenever he thought that the evi-
dence required a new hypothesis, he was ready to advance it, even if he could not
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completely substantiate it, while failing such new evidence there was no reason to
abandon the more traditional theories.

Harvey is in many ways a sort of transitional figure: he was definitely an Aristote-
lean, but he was ready to correct and improve the tradition whenever new evidence
required, just as all the best scholars of the age, who, while considering with great ven-
eration the classical tradition, were excellent observers.

Throughout the 17th century there was a growing demand for rigorous verifica-
tion of scientific hypotheses. Meanwhile the scientists strove to frame scientific
debates within the framework of logically well chained arguments supported by pos-
itive evidence, almost all of them were pious people who were sincerely anxious to
reach a unified picture of the world, where the Word of the Sacred Books, its meta-
physic interpretation and scientific theories should support each other.

Nevertheless the great complexity of biological phenomena, in which, as we now
know well, historical events always played a great role, has always put ever new stum-
bling blocks on the way of the development of rigorously deterministic models of the
biologic world. So again and again such ‘final solutions’ maintained by famous schol-
ars were proved wrong. At least to some extent, the ideal of turning biology into an
entirely rigorous science still eludes us. We are moreover faced by some developments
of modern mathematics and physics, that indicate that with the increasing complexity
of any system, and biological systems are by far the most complex known, there creeps
in an amount of indetermination, where stochastic events have a considerable play.

Quite often the scholars of the 16th-17th centuries were hardly aware of all the
implications of their work. Probably some were so busy with their current work, that
they lacked the time to consider the niceties of purely theoretic problems. Others
wisely considered that times were not yet ripe to go into such problems on the scanty
evidence then available.

Great as were the problems raised by Harvey’s theory of circulation, evidence sup-
porting it soon begun to accrue.

Richard Lower (1631-1691) must have been an extremely bold physician: he was
the first to attempt the transfusion of blood between men and even from sheep to
man. As everything went right with his first attempt in 1667, he became enthusiastic
of the new method and probably killed some more than he saved, but having been
promptly imitated by others (for instance by a certain M.G. Purrmann, 1648-1721)
one can guess the results. Anyway Lower made some valuable studies on pulmonary
circulation and, in 1665, he described the change in colour of the blood when aereat-
ed. The same observation had been made slightly earlier by Carlo Fracassati (1630-
1672), a Bolognese professor. Both Lower and his contemporary George Ent (1604-
1689) thought that such changes were due to a ‘nitrous’ part of the blood, whose
function was to preserve life. This was in line with some contemporary alchemists,
who were working on the hypothesis of a ‘nitrous-aerial spirit’ having a respiratory

function (see pp. 235, 304).
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Further anatomical advances which were either contemporary or that soon fol-
lowed complemented Harvey’s discovery. The posthumous booklet by Gaspare Aselli
De lactibus, sive de lacteis venis had been printed in Milan in 1627, one year before the
publication of Harvey’s Exercitatio. Gaspare Aselli (1581-1625), from Cremona, was
first a military surgeon, then a physician in Milan, and finally a professor in Pavia. He
discovered the chylous vessels when, during the dissection of a dog which had recent-
ly been fed, found that the mesenteries were crossed by vessels coming from the intes-
tine and stuffed with a sort of milky liquid, the chyle. Aselli gave a good description
of the mesenterial chylous vessels and understood that they, and not the veins carried
the digested food, but Aselli was mistaken in assuming, by following the Galenic the-
ory, that these vessels had to carry the food to the liver. The De lactibus ... is the only
printed work by Aselli, other studies of his remained as mere drafts. It was Johannes
Vesling, who had moved from Paris to Padua, who provided a really adequate descrip-
tion of the chylous system. Shortly afterwards (1647), and again in the dog, Jean Pec-
quet, a former student of Montpellier, discovered the subsequently named cistern of
Pecquet and the thoracic duct by which the chyle reaches the succlavian vein and is
discharged directly into the general circulation. This was the only discovery of Pec-
quet, who shortly afterwards became the personal physician of Fouquet. Fouquet was
the powerful minister (intendent general) of finances of Louis XIV and Pecquet was
an advocate of the medical powers of brandy, finally to vanish when his master was
jailed for life by order of the king.

Pecquet’s discovery was published only in 1651. In the same year a young student
from Uppsala, the Swede Olof Rudbeck senior (1630-1702) distinguished the lym-
phatic from the chylous vessels and suggested the name vasa serosa for the lymphatics.
He identified the lymphatics in a number of organs, recognised the lymphatic glands
and studied the nature of the lymph. His discoveries were published as a dissertation
in 1653. Rudbeck was later appointed as a professor in Uppsala and was the first there
to make public dissections of human corpses. As we shall see in the next chapter, how-
ever, still in Linnaeus’ times, when Rudbeck junior was a professor, public ‘anatomies’
were so rare that Linnaeus had to travel to Stockholm to see one. Rudbeck was also
interested in botany and, late in his life, in a rather forlorn historical-archacological
project aimed to show that Sweden was the most ancient civilised country in the
world and that Uppsala stood where the mythic Atlantis was. As most of his unpub-
lished notes were destroyed in the great fire that almost razed Uppsala late in his times,
apart from his already mentioned early studies, his lasting merit rest in his long and
strenuous battles with the faculty to update medical teaching.

In the same year 1653 that Rudbeck published his researches on the lymphatic sys-
tem the Dane Thomas Bartholinus (Bertelsen) (1616-1680), who was son of the
Copenhagen anatomist Caspar, and who had studied in Leyden, in Naples with Sev-
erino, in Padua and had finally got his doctorate in Basel, described, independently of
Pecquet, the thoracic duct and gave good descriptions of the lymphatic system.
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Thomas Bartholinus was a remarkable teacher, but, possibly because of his chronic
bad health, apparently his anatomical investigations were largely dependent on the
ability of his sector, his former student, the German Michael Lyser, and, after Lyser’s
departure to take a chair in Leipzig (where he did nothing notable), Bartholinus com-
pletely ceased all personal anatomical research. In 1660 he obtained dispensation
from all teaching obligations and spent the rest of his life in elaborating on other peo-
ples’ researches, antiquarian studies, extolling his own merits and securing appoint-
ments for his relatives and protégés!

Thus by 1661 practically the whole circulatory system was adequately known, as
in that year Malpighi was able, thanks to the microscope, to see the passage of blood
from the arterioles to the veins through the capillaries in the lungs of the frog and in
the tail of tadpoles.

Other advances in Anatomy

All along this century human anatomy underwent a steady development over
much of Europe.

Francis Glisson (1597-1677) was first a lecturer of Greek at Cambridge, a chair
that he abandoned for political reasons. He thereafter practised medicine. Being a true
Aristotelean he published some general works of little interest, but he also produced
two excellent monographs, one on the liver (1654) and another on the stomach and
gut (1677).

His junior friend, Thomas Wharton (1614-1673), who was also a practitioner in
London, is the author of the first systematic account of glands (Adenographia univer-
salis, 1656), distinguishing them from organs that he did not consider to be secreto-
ry: the gut, the brain and the tongue. He did, instead consider as glands, and accu-
rately described, the kidneys, the testicles, the thyroid. He rediscovered the excretory
duct of the submaxillary gland which is still known by his name. Wisely Wharton
refused the hypothesis of Descartes that the pineal gland is the seat of the soul and
supposed that its use was to clean the brain from its excretions, which was then usu-
ally considered to be the function of the hypophysis. It is most notable that at a time
at which there was no technique available to study the histology of tissues, such inter-
nally secreting, ductless glands, had been correctly identified as secreting organs.

Another important British anatomist was Thomas Willis (1621-1675). In the civil
war he sided with the cavaliers, was appointed professor of natural philosophy in
Oxford, which he left after the final defeat of Charles I, and moved to London where
he became a most successful physician. He was among the earliest fellows of the Royal
Society. In spite of the time that his practice detracted from that available for his stud-
ies, he continued with his anatomical investigations, usually with the help of various
assistants both acting as dissectors and helping with the descriptions. These he fully
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acknowledged in his papers. Thus Willis’ papers may be considered as among the ear-
liest records of team-work in the history of biological research. Several of his figures
were actually drawn by the same great Christopher Wren (then professor of Astrono-
my) that was also helping Hooke. The main work of Willis concerns the brain (Cere-
bri Anatome, 1664; De anima brutorum, 1672). Willis had a keen interest in compar-
ison and thus he investigated many animals, both vertebrates and invertebrates.

As a whole he followed Descartes’ theories on the functioning of the nervous sys-
tem, but he flatly refused one of Descartes main tenets as well as the other common
opinion that the main functions of the brain were located in the walls of the ventri-
cles; he maintained, instead, that memory and the higher functions of the brain are
located in the cerebral cortex (a discovery that was independently made a few years
later by Swedenborg). Willis repeated some of Galen’s experiments, such as cutting the
vagus in a dog and confirmed Galen’s results of almost 1,500 years before! On the
other side, as he had basically adopted Cartesius’ ideas on the functioning of the nerv-
ous system and was unwilling to admit any rational power in animals, Willis’ ideas on
the physiology of the nervous system were soon to become obsolete.

Another notable investigator of the nervous system was Raymond Vieussens
(1641-1715), who studied at Montpellier and was later the director of a hospital. His
Neurologia Universalis (1685) gained him a well deserved reputation. He was among
the first to propose some changes in the traditional myth of the ‘psychic pneuma’.
Vieussens thought that actually in the nerves there flowed a ‘nervous spirit’, more or
less as blood flowed in the vessels; such ‘nervous spirit’ being produced by the nerv-
ous tissue by refining blood. Just as for Willis, Vieussens ideas were largely derived
from theories which were quite common among alchemists. The modern reader is free
to considers such ideas as brilliant intuitions of the concept of neurosecretion and of
neurotransmission, or as a by-product of the theories of Great Alchemy, by now
defunct for over two centuries.

Among the Italian anatomists we may mention Bellini and Valsalva.

The Florentine Lorenzo Bellini (1643-1704) had studied in Pisa and there
obtained a chair of Anatomy. However he was later charged with atheism and impi-
ety and had to forfeit his chair. He took up a private practice in Florence with remark-
able success, so much so that he was often consulted by the Grand-dukes and, in spite
of his opinions, by the Pope. He had studied with Borelli and with Redi, was a fellow
of the Accademia del Cimento and a painstaking scholar; he was also a good poet and
an elegant writer in prose. His main contributions concern the taste buds and the
structure of the kidney.

Anton Maria Valsalva, born in Imola (1666-1723) was a pupil of Malpighi and a
teacher of Morgagni, and was professor in Bologna. He is mainly remembered for his
excellent studies on the anatomy of the ear.

In the first half of the 17th century Italian Universities still attracted several for-
eigners. The Venetian government was as keen as ever to uphold the excellence of
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Padua and thus appointed there Adrian van der Spiegel (Spigelius, 1578-1625) from
Bruselles and a pupil of Fabricius, Johannes Wesling (or Vesling, 1598-1649) from
Minden in Westphalia; who published in 1641 a Syntagma anatomicum which
enjoyed a vast and long reputation as an excellent textbook, and J.G. Wirsung (1600-
1643) from Munich, their names being still linked with important anatomical fea-
tures: ‘lobe of Spigelius’, ‘duct of Wirsung’, etc.).

Anyway by far the most important scientist who came to Italy from Northern
Europe is Nicholas Steno (Niels Stensen, 1638-1686). Steno was born in Copenhagen
and studied there. He was a friend of the brothers Thomas and Erasmus Bartholin.
When Copenhagen was besieged by the Swedes, as many other students, he took an
active part in the defence. Later he went to Amsterdam, where he studied with Bla-
sius and there discovered the excretory duct of the parotid gland (ductus Stenonis) and
thus quarelled with Blasius. Blasius wrongly claimed the discovery for himself and
characterised poor Steno as a ‘wretched boy’, charging him of deceit, ingratitude, bad
manners, foolishness, injustice, blundering, perfidy, incivility, falsechood, treachery,
calumny, scoffing, malice, arrogance, perversity, audacity, shamelessness, impudence,
fatuity and depravity: a fairly comprehensive list for such a saintly person such as
Steno actually was! While in the Netherlands Steno studied also with Sylvius (De la
Boe) and thus became a friend of all the major young Dutch biologists of the time,
he was also a good friend of Spinoza. During his stay in Holland he published a
monograph on the anatomy of the brain.

Back in Denmark (1664) he applied for the chair of anatomy, which, however was
granted to Matthias Jacobaeus, a nephew of Thomas Bartholin senior. Steno went
then to Paris and here he took the opportunity of his life. The Grand-duke of Tuscany
had invited Swammerdam to Florence, but the rather misanthropic Swammerdam did
not care for courts and so turned over the invitation to his friend Steno. Steno thus
came to Italy carrying as an additional introduction a letter of recommendation by
Thevenot, one of the founding members of the French Academy. The Grand-duke
Ferdinand II welcomed the Dane scholar, appointed him as one of his physicians and
granted him all the means and opportunities for his studies. At that time Steno was
able to meet in Florence with such notable scientists as Vincenzo Viviani, Francesco
Redi and Lorenzo Magalotti. He also had no problem in getting in touch with
Malpighi and others.

While in Florence Steno converted to the Catholic creed and became a priest
(1667). Twice he returned to Denmark, the first time hoping for a chair, which he was
refused. The second time (1672) as he had been appointed Anatomicus regius, but he
did not find himself at ease, partly also because he was a Catholic. So he returned to
Florence, were he was again welcomed by the new Grand-duke Cosimo III. It was
during this second stay in Tuscany that Steno made his fundamental contributions to
Geology and Palacontology. However Steno’s interest in the sciences was vanishing,
while he felt ever and ever more the call of his religious ministry. In 1677 Steno was
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appointed as Bishop i partibus infidelium of the nominal seat of Titopolis and in real
charge as Apostolic Vicar for Northern Germany and Scandinavia. He thus returned
to Denmark. In spite of his many calls as Apostolic Vicar (he even wrote to his friend
Spinoza in a futile attempt to convert him), Steno gave guidance to some brilliant
pupils in their anatomical researches. As Vicar he travelled widely both in Germany
and Scandinavia and finally died in Schwerin utterly destitute. The Grand-duke of
Tuscany asked for his corpse, which was finally buried in Florence in the Church of
St.Lorenzo where also the Grand-dukes are buried.

Steno was an outstanding scholar in many fields, as an anatomist he made notable
studies on the glands, the lymphatics, on the heart and on the muscles. These last
studies are especially interesting as Steno tried to investigate them from the mechan-
ical standpoint, thus opening the field that was going to be that of Giovanni Borelli.
Steno was also the first to discover the connection between the yolk-sac and the gut
in the embryo of chickens: he rediscovered the placentation in some sharks, which was
finally confirmed by J. Miiller in 1840.

His contributions to the birth of truly scientific palacontology will be considered
further on.

Animal anatomy

We have repeatedly stressed how, since Galen, the anatomy of different animals
had been studied, first as a substitute for dissections that were not possible either
because of actual vetoes on human dissections or because of the insufficient availabil-
ity of human corpses. Practically only Aristotle had studied animal anatomy as valu-
able because of its intrinsic interest, as, in spite of his training, Aristotle was totally
indifferent to the practice of medicine, whereas all the Anatomists listed thus far were
primarily physicians, and, with but very few exceptions, the trend continued through
the 17th century. Nevertheless this was also a century of considerable advances in ani-
mal anatomy (to speak of comparative anatomy at this stage is, to say the least, opti-
mistic).

During the 17th century animal anatomy was known as zootomy and had a con-
siderable development.

We have seen how at the turn of the 16th century people like Casseri (1559-1615)
made a number of important contributions especially on the organs of voice and hear-
ing, which Casseri described in several mammals, in frogs, fishes and even in some
insects. Casseri’s contributions, however, are purely descriptive. We have also seen
how animals were currently used in researches, for instance by Harvey, Pecquet and
Bartholin, who all used dogs.

The credit for having written the first book entirely devoted to animal anatomy,
goes to Marco Aurelio Severino. Severino was born in Tarsia (near Cosenza) in 1580,
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he went to Naples to study medicine. There is a story that he met there with the
heretic philosopher Tommaso Campanella, but this is probably a legend. Anyway Sev-
erino was certainly a committed Paracelsian. In Naples he became a professor of
anatomy and surgery and there he earned a reputation as a successful physician and
surgeon, and actually boasted that he was a rather aggressive surgeon. Also as a teacher
his reputation was notable and even foreigners attended his courses. Apparently for
fear of being tried by the Inquisition, he fled Naples for a while, but later he returned
there as a honoured master until his death in 1656.

His most quoted book is titled Zootomia Democritea, and was published in Nurn-
berg (1645). German publishers being usually chosen whenever the author aimed to
bypass the obligations and controls of the Inquisition. Democritus was commonly
assumed to be a sort of anti-Aristotle and, thus, Severinus was publishing his books
as a sort of anti-peripatetic manifesto. His next book is an even more rude attack on
Aristotelean philosophy as it is its title: Antiperipatetica (Naples 1655).

Severino’s Zootomia is important rather for its plan than because of its content. As
it had been long common practice, Severino acknowledges a general body plan com-
mon to both man and animals in general, and believes that this has been planned by
God. As a good Paracelsian he considers that man (the microcosm) is the archetype
of the living world and that it subsumes all the structures found in any animal. Thus
Severino considers that the anatomy of animals (zootomy) must be studied in order
to understand human anatomy (which he calls ‘andranatomy’). Obviously his wish to
find in all the animals the same simplified organs that occur in Man led Severino into
a number of gross mistakes. Nevertheless it must be admitted that, albeit for reasons
totally unknown to Severino, the idea of searching in different animals for structures
having the same morphologic significance, was a sound one. Severino’s zootomy is
conceived as entirely subservient to human anatomy, his figures are sketchy and some-
times more or less fantastic. As a whole his Zooromia, while referring to a number of
dissections made on many mammals, birds reptiles amphibians, fishes, arachnids,
insects, crustaceans and molluscs and including some new observations, is a rather
poor work, certainly not up to the standards of a Belon, who, by sheer instinct, hit on
better principles and methods of comparison.

An interesting chapter of the Zootomia is the last one, which provides a description
of both techniques and instruments used for dissection. There Severino recommends
the usage of magnifying glasses and claims to have discovered the methods for the
injections into vessels and cavities of substances which there solidify, so that by suc-
cessive destruction by maceration of the surrounding tissues, one obtained a perfect
cast of the cavities investigated. The method was later much perfected by Spigelius and
by Ruysch and is still used as it has proved extremely useful for descriptive purposes.

As we have seen the second half of the 17th century there is a marked increase in
the amount of investigations on animal anatomy. Several include microscopic inves-
tigations and, as such, will be considered further on.
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Among the best animal anatomists of this period, perhaps the most important are
Stefano Lorenzini of Florence (dates of birth and death unknown) who published an
excellent monograph on the torpedo fish (1678), but whose scientific activities were
wrecked by political suspicions that cost him a twenty years imprisonment without
trial; the Dutch Gerard Blaes (Blasius, 1626-1692) whom we have mentioned for his
quarrel with Steno, and who in his early treatises contributed a number of new details
to the anatomy of several species and then wrote a vast compilation: Anatomia ani-
malium (1681) which has been considered as the first systematic treatise of compara-
tive anatomy, but is just an extensive list of facts, without any attempt to real com-
parisons. In England we have Samuel Collins (1618-1710), who wrote A systeme of
Anatomy (1685), which includes a good deal of information on animal anatomy. This
volume is to a considerable extent a compilation notwithstanding the claims of the
author, who seems to have mainly contributed the verbose and mostly pointless spec-
ulations which make up for a good deal of the book.

By far the best English animal anatomist of this time was Edward Tyson (1651-
1708): he was born in Bristol, died in London and studied both in Cambridge and
Oxford. He was professor of Anatomy in London, was a reputed practitioner and, as
a physician, he deserves mention as, when he became the director of the Bethlehem
Hospital (the asylum commonly known as ‘Bedlany’), he drastically changed the hos-
pital practices, greatly improving the lot of his patients. As an anatomist he is the first
Englishman to concentrate only on animal anatomy. Not all of his studies were pub-
lished during his life. His contributions include the anatomy of a cetacean, of snakes
(and especially of the Rattle-snake), of a species of Peccary and was the first to describe
the anatomy of a Marsupial (the Virginia opossum). His studies on the Tape-worms
(Cestoda) and on the Round worms (Nematoda) are better than those by his con-
temporary Redi. Anyway his most famous paper is his ‘Anatomy of a Pygmie’, which
is the first description of an Anthropoid Ape (his ‘pygmie’ was a young Chimpanzee),
and his conclusion is that the animal is more similar to man than any other monkey
or ape. As Tyson systematically compares his findings with all that was known on the
anatomy of other animals, his work is definitely not ancillary to human anatomy and
Tyson fully deserves to be qualified as the first true comparative anatomist.

Martin Lister (1638-1712) was an important student of Molluscs especially as far
as their anatomy is concerned, but he gave even more important contributions to
geology and these will be mentioned further on.

Some of the main scholars mentioned in this chapter made some contributions
also in the field of morphology, and we cannot mention the many minor ones, who
provided some significant advance on special subjects.

As we said a number of significant researches were carried out using the facilities
of the academies and were often the result of a regular team-work. Also when the
scholars were working ‘at home’, their results were often published by the academies
and such publications soon became periodicals.
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Thus the Royal Society published papers by Ray, Allen Moulin, P. Blair, of the
great microscopists Leeuwenhoek and Malpighi, etc. The journal of the rather peri-
patetic Academia Naturae Curiosorum (later of Halle) published several papers on the
anatomy of insects and other miscellaneous subjects by Johannes von Muralt (1645-
1733), a Swiss of noble birth (the Da Muralto were originally from Locarno, then part
of the Duchy of Milan, and had fled their home town when converted to Calvinism)
and of other authors; the Acta medica hafnienses of Copenhagen, founded by Thomas
Bartholin, published papers by Caspar Bartholin junior, his son and the discoverer of
the ‘glands of Bartholin’ (1650-1705), Olof Borch (Olaus Borrichius, 1626-1690, an
enthusiastic hermetist), Steno, Holger Jacobsen (Oligerus Jacobaeus, 1650-1701),
who studied both lower vertebrates and invertebrates, but whose main reason for
advancement was apparently to be the son-in-law of Thomas Bartholin.

The Academie Royale des Sciences, included a notable team of naturalists and
anatomists, the most notable being Claude Perrault.

He was born in 1613 to a family boasting of several notable personalities; his
father was a famous lawyer and one of his brothers is the author of the famous col-
lection of fairy tales, including the familiar Cinderella, the sleeping beauty, etc.)
Young Perrault was somewhat uncertain as to his real calling: He first graduated in
medicine and practised for a little while, tried for a while soldiering, finally decided
to be an architect and a naturalist. His project for the facade of the Louvre was pre-
ferred to that by Bernini, who had been invited to Paris by Louis XIV (1665)! Apart
from this most varied record, as a member of the Academie, he was the promoter and
co-ordinator of the team of biologists and anatomists of the Academie. There is a tra-
dition that he died from a contagion got during the dissection of a camel from the
Jardin du Roy. If so that was exceptional as usually the man who actually did the dis-
sections was Duvernoy, while Perrault merely wrote down the notes (which he later
expanded and edited) and La Hire was making the drawings. It seems, however that
the whole team fell ill. Perrault died when 75 of age.

As we said the dissections were a team-work and this is well illustrated in a con-
temporary print; they were performed either at the Academy or at the ‘Ménagerie du
Roy’, while the results were published, sometimes anonymously, in superb folio-vol-
umes, richly illustrated. The volumes were then presented by the king and the Acad-
emy to assorted ‘Very Important Persons’. Obviously some compromise was necessary
between the ‘Grandeur’ of the Roy Soleil, who made such splendid presents and
budgetary constraints. So the ‘Mémoires’ were published in but a few copies and at
irregular intervals and immediately became collector’s items. Actually even the title of
the ‘Mémoires pour servir 4 'histoire naturelle des animaux’ changed a bit from one
issue to the next and volumes were published in 1667, 1669, 1671, 1676 etc. The
Mémoires describe the external morphology and the anatomy of several animals
native to France, but even more of exotic species and were mainly the work of Per-
rault. We shall come back to Perrault when dealing with the problems of reproduc-
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tion as he was one of the first enthusiasts of the strange theory known as ‘panspermy’,
a theory holding that the germs of all living species are extremely minute particles
occurring everywhere and that they develop whenever they enter into a suitable
receiving organism!

Thus during the 17th century the efforts of many scholars produced a great
increase in the knowledge of the morphology of many organisms, though this was still
haphazard. Actually the term ‘comparative anatomy’ appears in this century in a paper
by Malpighi and is first used in the title of a book by Nehemiah Grew.

The microscope opens new worlds

By the beginning of the 16th century magnifying glasses and spectacles were com-
monly used for a number of purposes and it was just natural that their potential use
in biology was very soon realised. In the previous chapter we saw that Gesner was
apparently the first to use lenses for biological investigations. Actually the first men-
tion of the magnifying power of lenses occurs in a brief passage of Seneca, where he
mentions the magnification realised by looking through a glass bottle filled with
water., Pliny mentions glass lenses used to light a fire. Spectacles appear in Europe by
the end of the 1200 and in a little poem by the Florentine Giovanni Rucellai (1475-
1525) titled Le Api (the Bees), he mentions the possibility of observing a magnified
insect by means of a lens and a concave mirror. The poem was written apparently in
1523/24, but was printed in 1539.

It is not clear who was the actual inventor of the compound telescope (that is with
a combination of lenses. The most probable candidate is the Dutch Zacharias Janssen
between 1590 and 1600. The first telescopes (‘cannoni’) reached Italy from France
and, as he himself relates, prompted Galileo to build in 1609 his first telescope. Soon
afterwards Galileo built an ‘occhialino’ (= little spectacle) which, by adjusting the
position of the lenses could be used either as a telescope or to magnify things close by.
Anyway the first substantial improvements in microscopes were by Eustachio Divini
(1620-1695) and in 1668 the Philosophical Transactions announced that with his
microscope Divini had discovered ‘an animal smaller than any of those seen hitherto’.

Important improvements in the construction of microscopes are also due to Father
Filippo Buonanni S.]. (1638-1725), who eventually obtained the post that had been
of Kircher at the Museum of the Roman College, and who we shall appear again on
the wrong side in the debate on spontaneous generation.

The development of the theoretical aspects of the optics of microscopes and tele-
scopes was the work of Johannes Kepler, G. Fontana and Christian Huygens; their
studies allowed a reduction in the optic aberrations of the early instruments, which
were such as to partly justify the critics who maintained that such observations which
did not fit with their theories were false (actually I have had an opportunity to look
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through one of Galileo’s original telescopes, and it is a very poor instrument indeed!).
The technical improvements on the instruments were mainly due first to Dutch
craftsmen and later to the English ones.

Let us now consider the work of the 17th century microscopists. Some of them,
such as Malpighi preferred compound microscopes that, though provided more
blurred images, usually allowed for greater magnifications. Others, such as Leeuwen-
hoek, who were able to build themselves exceptionally good and strong lenses, or, any-
way, could get such high quality glasses, preferred somewhat lesser magnifications and
clearer images (however, some of Leeuwenoek personal instruments had exceptional
magnifications, exceeding those of the contemporary compound microscopes).

One of the first scholars to use the microscope for scientific purposes was Father
Athanasius Kircher S.J. (1601/2-1680), of whom we shall have much to say.

Possibly the greatest of the early users of microscopes is Marcello Malpighi (1628-
1694), born in Crevalcore, near Bologna. Malpighi matriculated at Bologna in 1645,
then he left studying, resumed his curriculum and graduated in 1653. He later was a
pupil of Massari and when Massari died followed in his chair in 1656. Much later, on
his return from Messina, Malpighi married Massari’s sister. The fact that he got his
chair at such an early age does not mean much, as we have seen how the Bolognese
legislation provided that anyone who was both a Bolognese citizen and a doctor was
entitled to a chair. However there is no doubt that Malpighi had already won for him-
self