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Preface to Third Edition

The present edition of The Development of the Chick was begun
in 1945 at the request of Dr. Frank R. Lillie, with Dr. B. H. Willier
acting in the capacity of Advisory Editor. The work was thus
placed in the hands of one of Dr. Lillie’s own students and those of
one of his “scientific grandchildren” (a term which he was fond of
applying to those of us of the third “generation™). It was clear
from the outset that to survey and incorporate thirty or more years
of literature into the former editions of the book would entail more
than a revision and would, in fact, require a rewriting of many
portions of the text. Therefore, Dr. Lillie generously gave us free
rein to do what seemed best with the text and illustrations, suggest-
ing only that the general outline of the book be preserved.

It was Dr. Lillie’s hope that he might live to see the new edition
in print, but this was not to be. We wish, therefore, to dedicate it
in memory of him and his influence on the development of embry-
ology, in general, and of the inquiring mind among his students, in
particular. For the pleasure of the latter, and all others who had
the good fortune to be associated with him, the frontispiece opposite
has been selected by Mrs. Lillie at our request.

This book is intended, as was the original edition, to introduce
the student to the field of embryology. For reasons of space, the
content has necessarily had to remain essentially descriptive, but an
attempt has been made wherever possible to include the experimental
basis for our account, in line with the modern emphasis on experi-
mental embryology. Historical and comparative embryological
notes are introduced wherever practicable to clarify or add interest
to certain points, but the amount of such inclusions has had to be
very restricted. Considerable reference has been made, particularly
in Part II, to the literature and to still unsettled problems, with
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iv — PREFACE TO THIRD EDITION

the hope that the interested student will read further for himself
to ascertain the current status of certain problems in the develop-
ment of the chick. Wherever a subject has become so specialized as
to preclude a summary here (as, for example, the development of
the finer vascularity, or neurology), the student has also been re-
ferred to the original literature. It is hoped, therefore, that, in addi-
tion to its primary function as an introductory book, the new edi-
tion may be of use as a guide to further research by the advanced
student. To aid in the latter objective, an illustrated and condensed
description of development by stages has been prepared by Dr.
Viktor Hamburger and the author and included in Chapter 3 as a
replacement for the older and unsatisfactory chronologies.

Certain chapters (e.g., 7 and 11) have remained relatively un-
changed. Chapters 4, 8, and 13 are more or less completely re-
written, and Chapter 15 is new. The others are extensively revised,
with rewritten or new sections interspersed with the original text.
The new accounts are necessarily based mainly on the recent litera-
ture. Whenever possible, however, within the feasible limits of time
and materials, we have tried to follow Dr. Lillie’s example of going
to the chick itself to check questionable points. To this end, some
original work has been done which is noted at appropriate places.

First and foremost among those who have contributed time, effort,
and materials to the new edition is Dr. B. H. Willier, who generously
placed his file of references at my disposal, spent many hours in
critically reading the manuscript and advising the author, and con-
tributed many original illustrations. To Dr. Viktor Hamburger I
am indebted for suggesting the series of normal stages and collab-
orating on it, and for reading and advising me on Chapter 8.
Others who have read portions of the manuscript and offered sug-
gestions are: Dr. Mary E. Rawles; Dr. Nelson T. Spratt (Chapters
2 and 4); Dr. Rita Levi-Montalcini (Chapter 8); Dr. Chester L.
Yntema (part of Chapter 8); Dr. Alexis L. Romanoff (part of
Chapter 1); and Dr. Frank R. Lillie (Introduction).

Those who helped with the collecting of illustrations are all of
chose mentioned above, as well as Drs. Honor B. Fell, D. E. Holm-
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dahl, Nils Holmgren, Mary Juhn, Olof Larsell, R. S. McEwen, Wil-
liam Montagna, Carl R. Moore, J. T. Patterson, D. P. Quiring,
Dorothea Rudnick, C. H. Swift, Hsi Wang, and Ray L. Watterson,
and Mrs. F. R. Lillie. The drawings in Plates 5 and 8 of Chapter
3, and Figs. 96 and 142 are by Mrs. Elsie H. Froeschner; Figs. 27,
28, 44, 262, 267, 268, 271, and 274 were made by Mr. John S. Spurbeck.

Acknowledgment is also due the many publishers whose courtesy
has permitted the use of new illustrations in this edition. Among
those who have thus cooperated are: Akademische Verlagsgesell-
schaft, Leipzig; Albert Bonnier, Stockholm; The Long Island Bio-
logical Association; The McGraw-Hill Book Company, Inc., New
York; The Royal Society of London; H. Stieve, Berlin; John Wiley
& Sons, Inc., New York; The Williams & Wilkins Company, Balti-
more; The University of Chicago Press; and The Wistar Institute
of Anatomy and Biology, Philadelphia.

Finally, I am grateful to the many friends who have written of
their interest in the new edition, and to the Iowa State College for
their trust and tolerance during this five-year period of seeming non-
productivity.

The digestion of more than thirty years of literature in a rapidly
moving general field is no small undertaking. Human nature being
what it is, I can scarcely expect to have covered all points adequately,
clearly, or correctly, and will be sincerely grateful to my colleagues
for their tolerance and suggestions for improvements.

H. L. H.
lowa State College
July 22, 1952



Preface to First Edition

This book is a plain account of the development of the never-failing
resource of the embryologist, the chick. It has been necessary to fill
certain gaps in our knowledge of the development of the chick by
descriptions of other birds. But the account does not go beyond the
class Aves, and it applies exclusively to the chick except where there
is specific statement to the contrary. Projected chapters on the in-
tegument, muscular system, physiology of development, teratology,
and history of the subject have been omitted, as the book seemed to
be already sufficiently long. The account has been written directly
from the material in almost every part, and it has involved some
special investigations, particularly on the early development under-
taken by Doctor Mary Blount and Doctor ]. T. Patterson, to whom
acknowledgments are due for permission to incorporate their results
before full publication by the authors. As the book is meant for the
use of beginners in embryology, references to authors are usually
omitted except where the account is based directly on the descrip-
tion of a single investigator. A fairly full list of original sources is
published as an appendix.

Figures borrowed from other publications are credited in the
legends to the figures. The majority of the illustrations are from
original preparations of the author: * Figures 46, 48, 50, 51, 52, 58, 59,
60, 61, 62, 63, 64, 63, 66, 67, 71, 72, 73, 74, 75, 99, 105, and 106 were
drawn by Mr. K. Hayashi; the remainder of the original drawings
were executed by Mr. Kenji Toda. The photographs in Figures 118,
119, 120, 168, 181, 182, 189, 194, 197, and 231 are the work of Mr.
Willard C. Green. Some of the figures may be studied with ad-
vantage for points not described in the text.

Acknowledgments are also due my colleague, Professor W. L.

1 Figure numbers given here are those of the first edition.
Vi
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Tower, for much assistance, and to Doctor Roy L. Moodie for special
work on the skeleton, and photographs of potash preparations re-
produced in Figures 242, 246, 249, and 250.

The best introduction to the problems opened up by the study of
embryology is a careful first-hand study of some one species. It is
in this sense that the book may serve as an introduction to embry-
ology, if its study is accompanied by careful laboratory work. In
some respects it is fuller, and in others less complete, than other
books with which it might be compared. On its comparative and
experimental sides, embryology is the only key to the solution of
some of the most fundamental problems of biology. The fact that
comparative and experimental embryology receive bare mention is
not due to any lack of appreciation of their interest and importance,
but to the conviction that the beginner is not prepared to appreciate
these problems at the start; to the belief that our teachers of embry-
ology are competent to remedy omissions; and finally to the circum-
stance that no one book can, as a matter of fact, cover the entire field,
except in the most superficial way.

The development before laying and the first three days of incu-
bation are treated by stages as far as possible, and this matter con-
stitutes Part I of the book. It involves the study of the origin of the
primordia of most of the organs. The matter concerning the later
development is classified by the organs concerned, which seems to
be the only possible way, and this constitutes Part II. The first part
is complete in itself, so far as it goes, and no doubt it will be the
only part consulted by some students.

The attempt to present a consecutive account of the development
of the form on which so many classics in the history of embryology
have been based is no slight undertaking. The author can hardly
hope that he has avoided omissions and errors, and he will be sin-
cerely grateful to those who call such to his attention.
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Introduction

I. The Cell Theory

The fundamental basis of the general conceptions of embryology,
as of other biological disciplines, is the cell theory. The organism
is composed of innumerable vital units, the cells, each of which has
its independent life. The life of the organism as a whole is a
product of the combined activity of all the cells. New cells arise
always by subdivision of pre-existing cells, and new generations of
the organism from liberated cells of the parental body. The pro-
tozoa, however, have the grade of organization of single cells, and
the daughter-cells arising by fission constitute at the same time
new generations. In -some metazoa new generations may arise
asexually by a process of budding, as in Hydra, or of fission, as in
some Turbellaria; such cases constitute exceptions to the rule that
new generations arise from liberated cells of the parental body, but
the rule holds without exception for all cases of sexual reproduction.

The body consists of various functional parts or organs; each of
these again consists of various tissues, and the tissues are composed
of specific kinds of cells. The reproductive organs, or gonads, are
characterized by the production of germ cells, ova in the female
gonad or ovary, and spermatozoa in the male gonad or testis. How-
ever large the ovum may be—in the hen it is the part of the egg
known as the yolk—it is, nevertheless, a single cell at the time that
it leaves the ovary in all animals. Similarly, the spermatozoon is
a single cell. An ovum and spermatozoon unite, in the manner to
be described later, and constitute a single cell by fusion, the fer-
tilized ovum or zygote. This cell divides and forms two cells;
each of the daughter-cells divides, making four, and the number
of cells steadily increases by successive divisions of all daughter-
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