Preface

For centuries, the study of development was strictly descriptive, and the main
toal available to the researcher was the microscope.

At the beginning of the nineteenth century, this discipline witnessed one of its
greatest successes: the discovery of the mammalian egg by Karl Ernst von
Baer, Shortly thereafter, the cell theory enunciated by Theador Schwann in
1839 consolidated life sciences by recognizing a similar organization |n
animals and plants: cells, the stiuctural elements of which multicellular
organisms are made, are also the building blocks of development.

Experimental embryology emerged towards the end of the century.
Ohservation was now complemented by mechanical manipulation and by
exposure of eges and embryos o a diversity of chemicals, The resulting
discoveries impinged strongly on the interpretation of developmental phe-
nomena, However, the comparative spirit that had hitherto pushed embryolo-
gists to coneuct their research on a sample of species as numerous and varied
as possible began to vanish. Biological research now focused increasingly on
a few madel species - fram Gregor Mendel's peas o Thomas H. Morgan's
fruit flies, from Wilhelm Roux's frogs to Hans Driesch’s sea urchins, from
Theodor Boveri's large roundworms o Hans Spemann’s newls,

The naturalistic season of developmental biology seemed to be definitely
aver, except for its solid legacy in the notion of development as the story of
the changes that transform an egg inte an adult animal, or 3 seed into a
mature tree,

In the meantime, advances in cell biology fuelled increasingly successful
studies of the mechanisms responsible for these changes, from cell
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profiferation 1o growth o diferentiation. Some of these processes are seerms-
ingly commaon te all srganisms, at least to multicel lular organisms; others are
maore specific, for example to plants o o animals only, or even to smaller
graups, but it seems reasonabile to ignore the minor differences thal may exist
between one species and another, and instead 1o emphasize patterns and
mechanisms shared by the widest range of nrganisms, These results became
the increasingly solid corpus of general binlogy,

A decisive turning point was dictated by the entry into the molecular era. The
study of genes was no longer limited to the mles of transmission fram one
generation 1o the next, but opened up 1o the investization of where and when
genes are expressed (that is, transcribed into messenpger RNA molecules and
eventually translated inte proteing) during development, and how their
expression ic regulated., It did not mke long to discover that many processes
depend on the expression of the same genes in animals as diverse as mice and
fruit flies. The temptation to extrapolate general principles from experiments
restricted to a few model species was stronger than ever. But befare long,
many researchers realized that the taxonomic sampling of the living world
must be widened again.

From time 1o time, biologists (and philosophers of biology] feel the need o
revisit the basic principles of developmental biology, but this discipline s
out to have only a modest and uncertain body of theary, especially if com-
pared to evalutionary biology,

Oine might expect that the list of contentious conceptual issues In develop-
mental biolagy would shrink with the continunus progress of experimental
research but, on the contrary, this list becomes longer and longer. Mamy of
these critical issues must be lefl in the hands of skilled professionals: others,
however, are based on taditional misconceptions that can he addressed here,

There are many excellent books, both popular and academic, that describe
the stages of embryonic development of animals, the expression of penes
involved in patterning a flower or the trunk of a fly, the molecular dialogues
between the cells, or the intricate regulatory networks whose protagonists are
the genes and their products

This book is different: it is full of stories involving quite a number of differen|
plants and animals, fungi and pratists {single-celled organismsy, The track will
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nut be dictated by taxonomic subdivision, but by the problems to be faced to
lighter our vision of development from a long list of preconceptions and
unjustiied  generalizations,  unfortunately  shared by a2 number
of professionals.

Lite is a product of history. This cannat be ignored in the fields of develap-
mental and evolutionary biology, the scope of which is the study of change.
Theretore, developmental biclogy cannat amit & systematic exploration of the
many different forms in which development takes place in the different groups
of living beings.

In Chapter 1, in addition to providing a historical framework, | discuss a
possible definition of development and the need ta abandon the finalism still
latent in developmental biology today, In later chapters | discuss cells
(Chapter 2}, embirvos iChapter 41, developmental sequences (Chapter 5) arid
genes (Chapter 600 | do this not o summarize the notions that modem
textbooks present with all the necessary lechnical detall, but rather to address,
at each level, the most serious generalizations. The remaining chapters are
dedicated 1o aspects that, in different ways, also affect the philosophy of
baology. | discuss bere individuals {Chapter 3], regularity of form (Chapter 7)
and developmental ecology, with several pages dedicated 1o temporal aspecis
such as age, senescence, and the articulation of individual development into
2 sequence of sleps (Chapter Bl

In 1802, Treviranus and Lamarck intraduced, independently, the name ‘bial-
ogy’ for the science of living beings. More than 200 vears later, the lime seems
o have come to approach biology as the science of all life farms and to avoid
meducing it o absract generalizations.

In the tollowing pages there are rather more stories about animals than aboul
plants, fungi and other kinds of organisms, In par, this is justified by the
amaring wealth and complexity of developmental patterns and prcesses
extabited by animals; in part it is the consequence of my professional moting
= roological disciplines. This bias nobwithstanding, | hope that the reader wil|
share my fascination with the inspiring disparity of developmental mechan:
=== hehind the ‘endless forms most beautiful' that evolved along all branches
of the free of life.




