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INTRODUCTION

Experimental embryology has achieved a prominent position in mod-
ern biology ; its classical experiments and concepts are, by now, an integral
part of biological thinking. Yet few students of biology have an oppor-
tunity to obtain a firsthand acquaintance with its methods and materials.
This is due partly to the difficulties of providing the embryonic material
and partly to the technical difficulties of experimentation on living em-
bryos. However, a large number of classical experiments do not require
exceptional manual skill and are suitable as “‘classroom” experiments.
Most of the experiments described in the following pages have been made
by advanced undergraduate and graduate students in a one-semester
course which has been offered at Washington University since 1935. One
of the main assets of such a course is to bring the student into intimate
contact with the living, developing organism; and the enthusiastic re-
sponse of the students indicates clearly the demand for such an approach
to biology.

This Manual emphasizes the intrinsic factors of morphogenesis, that is,
origin of form and of organs. It includes regeneration but gives little con-
sideration to histogenesis and growth. In the selection of the experiments
we were guided by practical considerations. Only those elementary ex-
periments were chosen which do not require a high degree of manual skill*
and which can be done in the limited time of a three-hour laboratory pe-
riod. We excluded all experiments which require expensive apparatus,
such as a micromanipulator. Special attention was paid to the develop-
ment of simple and inexpensive instruments for operations. Only such
living material as can be collected in the field or purchased at relatively
small expense is recommended. All experiments were devised in such a
way that sectioning of the material is not essential for the study of the re-
sults. For instance, regenerated lenses in amphibian larvae can be stud-
ied by making them opaque and thus visible by fixation in formaldehyde;
chorio-allantoic grafts of limbs can be cleared and stained in foto with
methylene blue; etc.

Another consideration which determined the selection of the experi-
ments was their analytical value, that is, their expediency in illustrating

" In the Appendix the experiments are arranged in groups according to the technical dif-
ficulties involved.
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important principles of morphogenesis. The theoretical significance of the
experiments has been strongly emphasized. I believe that a course in an
experimental branch of biology not only should acquaint the student with
new facts but should strengthen his power of reasoning and his logical
acuity as well. He should be aware of what an experiment proves and of
what it does not prove. Each experiment or group of experiments is pre-
ceded by a brief outline of its theoretical implications. These general re-
marks integrate the different problems handled in the Manual, but they
are not to be considered as a substitute for lectures or for textbooks. On
the contrary, it is hoped that they will stimulate collateral reading. The
bibliographies serve the same purpose. They are not complete but give
references only to those articles which are directly related to the experi-
ment under consideration and to pertinent review articles. A special chap-
ter on gastrulation in amphibians was added, because familiarity with this
phase of development is indispensable for experimental work on early
embryos. i

The experiments are organized according to a logical plan. This is not
necessarily the sequence in which they should be taken up in the labora-
tory. The planning of the course work will depend largely on the avail-
ability of living material. To facilitate a flexible schedule each experiment
has been treated as a separate unit. The technical procedures are de-
scribed for each experiment separately; they are not based on previous
experience with other experiments. It is immaterial whether one starts
with amphibians, with regeneration in planarians, or with chick experi-
ments. The selection and arrangement of the exercises is left to the dis-
cretion of the instructor. A tentative schedule for a one-semester course
will be found in the Appendix.

The instructions for technical manipulations are given in great detail.
I hope that they will be useful not only for students but also for research
workers in biology, experimental medicine, and related fields, who may
find one or another of the techniques applicable to their own problems.
The technical procedures have worked satisfactorily in our course, which
does not mean that they cannot be further improved. I hope that the
students will feel encouraged to develop their own initiative and resource-
fulness in trying out new experiments and in improving the techniques
and instruments.

The highly specialized technique of tissue culture has been omitted.
The role of endocrines in morphogenesis is adequately presented in A. E.
Adams’ Studies in Experimental Zoilogy (1941), which contains all infor-
mation necessary for experimentation in this field. Experiments on ma-
rine-animal eggs are dealt with in Just (1939).
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I am indebted to many friends and colleagues. Many techniques de-
scribed in the chapter on amphibians have been worked out in the labora-
tory of Dr. H. Spemann (Freiburg, Germany), with whom I was associ-
ated for many years. Dr. B. H. Willier and Dr. Mary Rawles generously
made available their experiences with operations on the chick embryo.
I am much obliged to Drs. L. G. Barth, G. Frankhauser, T. S. Hall, J. A.
Moore, and C. Parmenter for personal communication of technical proce-
dures. Grateful acknowledgment is made to all students and assistants
who helped materially to improve the techniques and to revise the out-
lines. Dr. K. Gayer kindly read the manuscript and made many helpful
suggestions.

I am grateful to Dr. R. G. Harrison for his kind permission to publish
sketches of his unpublished stage series of Ambystoma maculatum. These
sketches, as well as all other original drawings, were made by Miss S. E.
Schweich. Acknowledgment is made to the Wistar Institute, Edwards
Brothers, Incorporated, Akademische Verlags-Gesellschaft, and Sprin-
ger’s Verlag for permission to reproduce illustrations.
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PART I

EQUIPMENT AND INSTRUMENTS



