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Preface To The Fifth Revised and Enlarged Edition
Embryology is a basic subdivision of biology. From it stems the anatomy, the histology and the
physiology of the adult. To understand it well is to aid in the comprehension of the other biological
disciplines. This book examines those developmental processes that lead to the establishment of the
primitive embryonic form of chordates. It focuses on the similar, but not identical patterns of
development that give rise to the gametes, zygote, blastula, gastrula, neurula, inducers, nucleocytoplasmic interactions and differentiation. The immune response received by the first four editions
of the Embryology has been a matter of great satisfaction to us. The discipline of embryology has
grown tremendously, and publication of embryological literature has increased perhaps twofold
over publication in the previous decade, thus requiring a revision of many parts of the text in
respect to both factual statements and interpretations. In this edition almost all the old chapters
have been either rewritten or refashioned. Throughout the revision of this book, our main target
has been to make it more acceptable and immensely useful for the students and teachers. Every
topic included in this book is self sufficient and has been profusely illustrated with well drawn
figures. Each topic has been written in a clear explanatory style.
In preparing this fifth edition of the Embryology for the publication we were guided by the
intention to correct those defects and shortcomings of the fourth edition which we have noticed
ourselves or to which our attention was drawn by reviewers and critics, and also to incorporate
into the text the new developments that have taken place in the fields of general biology and
embryology since the printing of the fourth edition. We hope that his revised book will serve as a
source of material and idea for those whose study is more advanced and for those engaged in the
practice of embryology as a profession. The reader does not need a strong background in biology
or other sciences to understand what appears here.
The pleasantest thing about working on this book has been the interest and friendly helpfulness
of the students and colleagues. The authors wish to express their deepest appreciation to the many
people who have contributed in one way or the other in the preparation of this title. Their critical
evaluation of approaches and sequences and their constructive suggestions as to figures in the
making have been of special value because they were made from a point of view difficult for an
instructor to appreciate without such aid. In the preparation of this book large number of books
and research papers have been consulted. So no authenticity is claimed.
The encouragement, good spirit and valuable suggestion of Shri U.S. Bhargawa can not be
expressed in words.
A special word of acknowledgement should go to staff members of M/s. Himalaya Publishing
House Pvt. Ltd., for their patience and skill in producing this handsome book with in a short time.
The authors tried hard to be accurate and upto date in statement and realise the impossibility
of completely avoiding errors therefore, the authors will greatly appreciate having their attention
called to any questionable statement.
Ghaziabad
2017

Mohan P. Arora
Himanshu Arora

Preface To The First Edition
Embryology is a branch of biology which has a most immediate bearing on the problem of life. It
has become an immense field whose confines are difficult to delineate. The focus has been and
remains on the embryos; on the gradual emergence of form and structure from what appears to be
a very modest beginning. The essence of embryonic development is change transition from one
stage to another. Embryo is a fleeting state, a continum along the axis of time.
Embryology is a basic subdivsion of biology. From it stems the anatomy, the histology and
the physiology of the adult. To understand it well is to aid in the comprehension of the other
biological disciplines.
In the present title, the subject matter has been presented in a step by step systematic manner.
The selection of material is a problem in such a project and it has been author’s aim to strike a
good balance. The author, as a teacher, has found it increasingly important that there be a common
language by which information can be imparted to the students. Easy understandable illustrations,
correct and latest information are the main features of this book. The author has freely consulted
other standard books and research papers while preparing the manuscript, so the author claims no
originality of work.
The author would like to express his deepest appreciation to the many people who have
contributed to the preparation of this book. Particularly, to the contributions of Dr. K.S. Rao,
School of Sudies in Zoology, Vikram University, Ujjain, and Dr. C.M. Chaturvedi, B.H.U. Varanasi.
The author is deeply indebted to Shri U.S. Bhargava for providing thoughtful discussions and
encouragement.
The author is heartly thankful to Shri Harish Chand Arora and Dr. Ajay Arora for their valuable
suggestions and stimulating discussions.
The author is also thankful to his students Mr. Kulbhushan Juneja, Miss Vibhuti Jain, Miss
Komal Tomar, Miss Neeru, Miss Sonia and Mr. Deepak Gupta for their help in preparing the end
material—the index.
The author is indebted to Shri M.D. Saxena, Shri G.S. Sandhu, Dr. H.S. Bhamrah, Mrs. R.
Kaul, Dr. Sneh Lata and Miss Vineeta for their critical comments.
The author also extends his appreciation to his wife for providing editorial skills. Without her
support, encouragement and hard work, this edition would still be in progress!
Constructive criticisms and suggestions for improvement of this book will be thankfully
acknowledged.
Ghaziabad
1992

Mohan P. Arora
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INTRODUCTION

Embryology is a multidisciplinary science concerned with the formation of the individual from
fertilized egg or, in rare instances from the unfertilized egg, to a stage resembling more or less
closely the adult form. It is generally understood that development beings with the union of he
male and female sex cells (gametes), and fusion of their two nuclei. This new organism obviously
contains genetic information from both parents. In addition, pre-existing structures and molecules,
particularly in the egg, regulate subsequent activities in the fertilized egg. The initial major cell
division is the cleavage, which produces two cells; these cells subsequently divide many times to
produce a multicellular embryo. The development of many animals is divided by the incident of
birth or hatching into prenatal or postnatal periods. For a long time attention was focussed on the
events taking place before birth, when the most striking advances occur in these animals as a
whole. Only gradually was it realized that importrant changes, beyond mere growth, continue to
occur even to the adult state. This broader concept of embryology brings into its range all the
developmental events from sexual reproduction, it is sometimes designated as ontogeny.
Although the process of becoming a mature organism is continuous, there are some crucial
and often dramatic changes in form that we recognize as landmark stages in development. At the
end of each stage, the embryo is more complex than it was before. This progressive increase in
complexity is known as epigenesis. One of the most important facts of epigenesis is that each
stage must be completed before the next one can begin, because structures arising in one stage
serve as the foundation for the stage that follows.
Development proceeds at different rates in different species. Although fertilization in an elephant
takes no longer than fertilization in a mouse, a mouse is born after only 21 days, whereas an
elephant requires 22 months. In fact, the mouse may will have died of old age before the elephant
has begun its independent life.
From embryology we can learn in one short, uniterrupted story how each individual grows
into an adult. We can see this process going on in the laboratory under our very eyes. Embryology
is not an easy subject. It requires a high type of visual imaginations. The student of embryology
must bear in mind that he is dealing with living objects, three dimensional and continually changing
in volume, shape and constitution. Much of his attention must be givn to the cells of the embryo,
as they multiply, migrate, take on different appearance, and carry on different functions. He must
not lose sight of the embryo as a whole.

HISTORICAL REVIEW

OF

EMBRYOLOGY

Developmental biology has a long history, and it is useful to look into the past in order to lay
a foundation for understanding the field as it exists today. Although we know nothing of the
earliest, prehistoric speculations, the thoughts and concepts of Aristotle and other early philosopher1
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scientists were written down during the “Golden Age” of ancient Greece. Important among the
surviving treatises of that time is De Generatione Animalium by Aristotle, who lived from 384 to
322 B. C. In this treatise, Aristotle questioned (among other things) whether the embryo is an
already performed individual that merely unfolds and grows during development, or whether it
progressively differentiates from a formless beginning into a unique, complex, adult individual.
Aristotle clearly favoured the second view, which we now call epigenesis; nonetheless, others
held to the first view, which we now call preformation. This controversy remained unresolved
for some 2,000 years, not being put to rest until early in the 19th century.
During the 17th century, a time of rebirth of scientific inquiry, nearly all biologists favoured
the preformation theory. Writing in 1669, Jan Swammerdam reported his observation that, in insects,
miniature larvae are present in the “egg” and that gradual changes could be observed before a
butterfly emerged. Actually, his “egg” was the pupa, or cocoon—a far cry from the “real” egg. In
1694, Antonvan Leeuwenhoek, an early Dutch microscopist, first observed living sperm. Until then,
the semen was thought merely to stimulate or nourish the egg.
With this recognition that living cells were present in the semen, two versions of the
preformation concept developed: (1) the egg contained the preformed miniature individual, and (2)
the sperm did. Thus, “ovists” and “spermists” sought evidence to support their respective views.
In 1964, Nicklaas Hartsoeker drew a figure of a miniature human (homunculus) inside a sperm,
presumably representing what he saw through a microscope. (Like the “canals” on Mars, observations
such as this demonstrate that we see what we look for, not what we look at.) By 1745, however,
Charles Bonnet had demonstrated conclusively that unfertilized eggs sometimes develop into normal
individuals (parthenogenesis). This, of course, was an exceptionally strong argument that the egg,
not the sperm, was the bearer of the preformed individual.
Despite these preformationist views, epigenesis had its adherents, too. As early as 1651, William
Harvey, who is famous for demonstrating the continuous circulation of the blood, considered the
egg to be a formless, undifferentiated mass from which the embryo developed. He is thought to
have coined the term “epigenesis”, following Aristotle. Despite the authority of Aristotle and Harvey,
no other 17th century biologist of note supported the concepts of epigenesis. More than 100 years
later, Casper Friedrich Wolff (1738-1794) observed microscopically the successive stages of
development of the chick egg. However, he found no evidence of a preformed chick in the egg,
only progressive growth and gradual development from a simple to a complex form. The
preformation theory received its final blow in 1828, when Karl von Baer published his great work,
Developmental History of Animals, which contained his careful observations on eggs and their
developmental stages showing that differentiation proceeded progressively. Preformation soon faded
away as a concept of the developmental process.
Today, of course, the egg is viewed neither as a completely undifferentiated, “formless” mass
nor as containing a miniature, preformed individual. In the current view, sperm and egg contain a
set of genetic instructions, genes, inherited from the parents. The genes may be thought of as
providing the blueprints to be followed by the embryo in achieving its proper form.

NINETEENTH-CENTURY EMBRYOLOGY
With von Baer’s discovery of the true ova of mammals in 1828, detailed study of the embryonic
stages of development began, and von Baer can properly be regarded as the “father of modern
embryology.” Not only did he correctly identify the mammalian egg, but he described the primary
germ layers of the embryo and the correspondence between the successive embryonic stages of
higher organisms and the adult stages of more primitive organisms. Especially significant was his
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identification of the notochord, a basic embryonic structure characteristic of all animals (including
ourselves) that belong to the phylum Chordata. It plays a fundamental role in establishing the
organization of the early embryo. Perhaps von Baer’s most significant contributions to embryology
were his high standards of embryological investigation and his introduction of comparative studies
on both higher and lower organisms, the essence of comparative embryology.
Drawing on von Baer’s work, Ernst Haeckel (1834-1919) stated his biogenetic law, which
may be epitomized by the phrase “ontogeny recapitualates phylogeny.” This implies that a higher
organism passes through a sequence of embryonic stages that reflect the adult stages of its more
primitive ancestors. For example, clefts appear at an early stage in the pharyngeal (throat) region
of mammalian embryos; these clefts bear a distinct resemblance to the gill slits of a adult fish.
However, the pharyngeal clefts close up in the mammalian embryo, and the adult shows no trace
of them. Likewise, the early mammalian heart is a tubular, two-chambered structure, like a frog’s
heart, before finally achieving the four-chambered condition seen in adult crocodiles, birds, and
mammals. The notochord provides structural support in adult primitive chordates, such as the
lancet Amphioxus, but is replaced by bone in the vertebrates. It persists as a significant embryonic
structure in vertebrates, though only vestiges are found in the adult.
Catchy sayings like “ontogeny recapitulates phylogeny” easily become accepted as though
they possessed deep meaning. However, they should not be regarded as revealed truths. A developing
embryo does not truly “recapitulate” its evolutionary history; rather, the process of development
requires that early stages be simple and later stages complex. A true understanding of the developmental
sequences so well described by von Baer and his successors had to await the arrival of experimental
embryologists, who go beyond simple description of developmental stages to a calculated interference
with developmental processes.

EARLY EXPERIMENTAL EMBRYOLOGISTS
Wilhelm Roux (1850-1924) was the pioneer experimental embryologist. He was interested in
the processes that determine which embryonic cells differentiate into which functional tissues. He
visualized a complex of determinants already present in the fertilized egg that would be progressively
parceled out during the cell division to different regions of the embryo. His experiment, reported in
1888, was deceptively simple. With a red-hot needle, he punctured one of the two cells that form
from the cleavage of a fertilized frog egg. The punctured cell died; the other cell gave rise to only
a half-embryo. This result clearly substantiated his concept of a sorting out of developmental
determinants by qualitatively different cell divisions, starting from the very first division of the
fertilized egg.
This early embryological experiment, with its seemingly clear-cut result, teaches us an important
scientific lesson.
Roux failed to provide an essential control for his experiment. Would the same result be
obtained simply by separating the first two cells of the embryo, rather than killing one in place?
(Of course, it is much easier to kill one of the first two cells than to separate them.) In 1891,
Hans Driesch succeeded in separating the first two cells of sea urchin embryos, and he found that
usually two normal, though smaller, embryos—not two half-embryos—formed. Were frogs and sea
urchins that different, or was one experimental result wrong? Not until 1933 was the difficult
separation trick actually accomplished with frogs by G.A. Schmidt. In many cases, the result was
two whole embryos, exactly as in sea urchins. Actually Roux did not foresee the mechanical effect
of the dead cell on the movement and differentiation of cells derived from the living cell, and his
experiment was not designed to recognize alternative possibilities. Nonetheless, Roux opened up the
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field of experimental embryology, and he can be properly called the “father of experimental
embryology”, taking his place beside von Baer.

THEORIES OF DEVELOPMENT
Theory of Preformation
In its crudest form the theory of preformation or predelineation postulated that the ovum
contains in its substance a more or less perfect miniature of the adult animal, and that development
consists of the growth and unfolding of this miniature creature into
the adult form. In the case of man, this miniature organism was
called homunculus, such a homunculus, which, by proper stimulation
from the seminal fluid, would develop into the adult. At this point
some of the preformationists got into difficulties in their speculations
with regard to man, for, if there is a homunculus in the ovum, the
homunculus itself must have an ovary whose eggs contain secondary
homunculi, and these again must contain eggs that contain smaller,
tertiary homunculi, and so on until the homunculi become so small
that they necessarily had to vanish into nothing. To what absurdities
some of the well meaning Naturphilosophen drove this argument is
indicated by some of their speculations as to how many homunculi
mother Eve carried in her ovaries. Their number was estimated to
be two hundred millions, and it was believed by some that when
these homunculi would be used up, no more human beings could be
born because the supply would be exhausted and the world would
come to an end. On this basis, even the year could be foretold
when this event would occur.
Naive as these speculations may appear to us at the present
time, they were put forth by men of fine intellects, capable of keen
observation. An explanation of how these investigators could arrive
at such bizzare conclusions may be found in their studies in the
germination of seeds in plants, though it was not realized at that Fig. 1.1. Drawing of a spermatozoa
showing a preformed inditime that the seed was not at all homologous to the animal egg.
vidual in the sperm head.
Another factor leading to these conclusions was that most of these
investigators used the chick egg, which was easily available and convenient to manipulate and
incubate. Chick eggs are already well started in their early embryonic development when they are
laid by the hen, and when they are then exposed to a temperature equivalent to that of the brooding
hen they will continue their development. It is therefore not at all surprising that the great anatomist
and zoologist Marcello Maipighi (1628-1694), who lived in Messina and Bologna, where in the
summer the temperature may rise to over 100ºF, did observe minute chick embryos in the unincubated
eggs which he examined.
To this evidence on chicks were added the observations of Jan Swammerdam (1637-1680)
and of Charles Bonnet (1720-1793) concerning insects. Swammerdam was careful observer who
contributed a great number of facts to biology in his studies on insects. He, as well as Harvey,
thought that the pupa (chrysalis) is the insect egg. Swammerdam could observe that in those form
which undergo a complete metamorphosis in their development, such as flies and butterflies, the
imago is ready formed beneath the skin of the young chrysalis. Bonnet added to and strengthened
this evidence by showing that the eggs of aphids develop inside the mother without fertilization,
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thus discovering the process of parthenogenesis and, at the same time, proved to his satisfaction
that the ova of plant lice conform to the most exacting requirements of the preformation theory.
To the credit of Bonnet one should add here that he did not believe in the preformation theory
in its cruder aspects. Though he did uphold the presence of a miniature adult form in the ovum, he
thought that it would not necessarily have to be organized into a small replica of the adult. Bonnet
was far too intelligent not to see the impossibility and the absurdity of such an assumption. He
postulated that the preformation could be accomplished in the localization of centres around which
organs and organ systems would form. This postulation comes quite close to our modern viewpoint
of prelocalization of materials or organforming areas in the ovum, to the so-called mosaic ovum,
to be discussed later in the treatment of the Mosaic theory. to the large number of brilliant defenders
of the preformation theory the names ofthe great philosopher Gottfried Wilhelm Leibnitz (16661716) andthe renowned physiologist Albrecut von Haller (1708-1777) should be added.
An additional complication was added to the preformation theory when Antony van Leeuwenhoek
(1632-1723) discovered the human spermatozoon to which he gave the name of animalcule, labouring
under the misconception that it was an independent organism like a protozoon. In fact, he thought
it was a parasite in the seminal fluid. When its significance in fertilization was finally established,
the question arose as to whether the animalcule or the ovum contained the homunculus in man.
This question was not as far out of place as one might assume. Ever since, and even earlier than,
the time of Aristotle (384-322 B. C.) it had been believed by many naturalists that the female
contributed nothing, or very little, to the organization of the embryo and that the male alone was
responsible for the generation of the offspring. Some considered the ovum, others the uterus as a
mere accessory organ for development in that they contained the proper material environment in
which the “seed” (seminal fluid) if the male found the proper place in which to develop, just as
the seed of a plant has to find its appropriate environment inthe proper kind of soil in order to
germinate. In fact, the word semen means seed and there are many allusions in the Bible and other
ancient books to seed of men but never to the seed of women.
With this new aspect of the preformation theory, biologists studied the spermatozoa assiduously
by means of the newly invented microscope until a microscopist by the name of Hartsoeker
actually described human spermatozoa containing humunculi. Thus the preformationists became
divided into two groups: the animalcultists and the ovulists.
Epigenetic Theory
Theories of preformation persisted well in the eighteenth century. By this time the German
investigator, Caspar Friedrich Wolff (1759) offered an experimental evidence that no preformed
embryo existed in the egg of chick. He suggested that during embryonic development the organs
formed successively in an epigenetic manner. He advocated that the future embryonic regions of an
egg first consist of granules or the “globules” lacking in any arrangement that can be related
directly to the form of structure of the future embryo. Later these “globules” were arranged into
rudiments which can be called the germinal layers. Wolff saw that by the formation of local
thickenings in some parts of these layers and thinning out in others by the formation of folds and
pockets, the layers are transformed into various organs of the embryo. This method of progressive
development from the simpler to the more complex, through the utilization of building units (granules
or globules) is called epigenesis. However, the Wolff’s theory of epigenesis was bluntly opposed
by Haller and Bonnet, the two naturalists and philosophers of that time, but was confirmed by
great embryologists of the early nineteenth century, notably Von Baer (1792-1876), the father of
modern embryology. Later on after the discovery of protoplasm in animal cells by Dujardin
(1835), this theory was spread out rapidly.
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Today this theory is accepted, but not in the form offered by Wolff. The genetic constitution
of an individual is fixed by heredity. On the basis of its genetic constitution, the individual will
develop in a specific pattern. However, the external environment exerts its modifying influence
upon that pattern. So long as the environment is normal for the developing ovum of a particular
species, a normal individual will result. However, this normal is highly variable in its finer details
because there are numerous delicate variations in the environment which escape an attention but
they decidedly have modifying action in the expression of the genes.
Theory of Pangenesis
This theory was proposed by Darwin. It was mainly based on the cell theory postulated by
Schleiden and Schwann (1833). Darwin assumed that each cell of the body of an organism produces
a minute copy of its own called gemmule. The gemmules are liberated into the blood stream.
They are carried by the blood and deposited in the testis and ovaries. Thus the gonads are the
store-houses of the various types of gemmules. The gemmules are then given to the gametes. The
young one formed from the gametes would be having all the gemmules of the parents. This theory
supports the idea of inheritance of acquired characters (Lamarckism).

Fig. 1.2. Pangenesis theory (all body parts contribute genetic material to sex cell).

Effect of the Theory of Evolution on Embryology—As a result of the recognition of these
essential concepts, embryology became the common research field of the majority of biologists
during the middle and latter part of the last century. However, the finest intellects of the biological
sciences were not attracted to it until Charles Darwin (1809-1882) announced his theory of organic
evolution in 1859. This golden age of embryological research brought to light untold treasures that
acted as a stimulus to attract more men to the field, to add more to the store of knowledge in
embryonic development, and to improve methods of attacking these interesting and absorbing
problems. Thus the microscope was perfected to almost the limit of its resolving power; chemicals,
such as salts, acids, and other agents, were developed for the delicate preservation and fixation of
the embryos; and stains and dyes were discovered and evolved for the purpose of staining and
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differentiating tissues and
organs. Haematoxylin, the
most striking and useful dye
in the whole domain of
stains, was discovered in
1863 by Waldeyer. But the
crowning effect in microtechnique was furnished by
His (1831-1904) in the
invention of the precision
microtome in 180. His invention displaced the cumbersome and crude method
of cutting thin sections with
a razor, and allowed precise
and accurate sections of
hitherto undreamed thinness
to be produced with ease.
Whole embryos could now
be sectioned into thin slices,
arranged in series, mounted
on a glass slide, on which
they were stained and then
studied conveniently under
the microscope. It was truly
a revolutionary period extending over a span of only
a few decades. It is well to
pause here for a moment
and reflect on those recent
improvements and inventions which the average
biology student of to-day
takes for granted. In some
instances they have been
developed within the life
span of persons still living.
All these factors, as
well as many others too
Fig. 1.3. A series of vertebrate embryos showing similar embryonic kinship.
numerous to be discussed
within the limits of this brief chapter, contributed to the great increase that was taken in embryological
research and speculation. An outstanding figure of this period was Ernst Haeckel (1834-1919).
Though his contirbutions to embryology were more philosophical and speculative than empirical, he
was a leading personality in biology. He was not only an indefatigable worker, but was able to
stimulate the imagination of his students and colleagues and inspire them to greater efforts in their
search for truth. His numerous students came to him from all over the world, and many of them
have developed into outstanding biologists of international fame.
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Recapitulation Theory
The recapitulation theory, usually ascribed to Haeckel, implies that the embryo of any species
undergoes in its development the evolutionary or phylogenetic history of its race, or, stated more
tersely, that “ontogeny recapitulates phylogeny.” Such a theory had already been advocated by
Fritz Muller (1821-1897). He based it on the evidence discovered during his work on Crustacea,
tracing the embryos of several species back to the Nauplius larva, which was common to all
Crustacean species. This evidence was vigorously supported by Haeckel and was so much expanded
by him that the recapitulation theory became associated chiefly with his name. The biogenetic law
greatly stimulated embryologic investigation. It has been considered by many biologists, as for
example by Oscar Hertwig, as Haeckel’s most brilliant contribution to the subject. From the time of
its announcement in 1868 to the beginning of the present century, it was the underlying theme
whose recurrent intonation one could observe in the contributions to embryologic literature. As its
most dominant period its ever accumulating “exceptions” and defects were diligently overlooked,
and its positive evidence was stressed with such great emphasis that a wholesome reaction was
soon to appear in a new attack on the problem of development. The law of recapitulation, undoubtedly
did much good in the latter quarter of the last century in the stimulation of thought, discussion and
research. Two of Haeckel’s students who did a good deal of work of outstanding merit were the
Hertwig brothers, Oscar Hertwig (1849-1922) and Richard Hertwig (1850-1937). In embryological
research their more important contributions were their study of the origin of the mesoderm and the
coelome, their attempts at artificial parthenogenesis, their first description of the fusion of the
sperm and egg nucleus in fertilization, and their many other embryological and cytological researches.
Others were struck by the divine spark of Hackel’s genius and personality and became ardent
defenders of his theories, speculations and ideas. Of these men mention should be made of Francis
Maitland Balfour (1851-1882), who in his short life span not only produced a prodigious amount
of original work, but also organized the widely scattered accounts of comparative embryology into
one science.

Fig. 1.4. Crustacean larvae. A–Nauplius, B–Early zoea.

Beginning of Development Mechanics
Toward the end of the last century another trend made itself felt in embryological research—
a trend which gave rise to two separate sciences, namely, cytology and experimental embryology.
For the latter, the Germans coined the fortunate term “Entwickelungsmechanik” for which
developmental mechanics is an approximate though inadequate translation.
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This new turn began with a vigorous attack on the phylogenetic conclusions of embryologists
who saw in the development of the embryo a historical account of evolution; in other words, it
was an attack on Haeckel’s biogenetic law. The man who led the attack was Wilhelm His (18311904), the versatile inventor of the microtome. He pointed out that the causative agent for the
development and differentiation of cells, tissues and organs could never be located by mere speculation
along phylogenetic lines. He and several others were of the opinion that the formation and
development of organs depend on what kind of functions these organs are called upon to perform
and not upon their phylogenetic history. He advanced the bold idea that cleavage of ovum, blastulation,
gastrulation and all succeeding stages in the development of the embryo could be explained on a
purely mechanistic basis, and that any stage in development is the immediate cause for the formation
of the next stage, and that this stage, in turn, would act again as the cause for further and more
advanced stages, etc. There is no beginning and no end to this chain, since it began with the
activated ovum, fertilized or parthe-nogenetic, which had to come into existence by the union of an
ovum and a sperm, or by parthenogenesis, and these germ-cells again had to come from gonads
that were differentiated early in the parent organism.
Germ Plasm Theory
This theory was proposed by August Weismann in 1904. It explains both the heredity and the
development of an animal. According to Weismann, the body of an organism is formed of two
types of cells, namely somatic cells and germ cells. The main bulk of the body is formed of
somatic cells. The somatic cells disappear with the death of the animal. So any change affecting
these cells is not heritable. The reproductive cells (gametes) are said to be germ cells. The germ
cells are carried to the descendants, generation after generation. So any change affecting these
cells is inherited. Each part of an animal is represented in the gametes by a separate particle called
determinant. The determinants are located in the chromosomes of nucleus just as the modern
genes. The sum total of determinants represent the various parts of the adult organism. The complete
set of determinants are handed down from generation to generation.

Fig. 1.5. Germ plasm theory (only gonads contribute genetic material to sex cell).
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During cleavage the determinants are distributed unequally among the blastomeres. The
distribution of the determinants is based on the future differentiation of the blastomeres. So each
blastomere receives a particular type of determinant. Only the blastomeres which develop into the
gametes, receive the entire set of determinants since they are necessary for directing the development
of the next generation.
Thus according to Weismann, each blastomere contains only one type of determinant. If a
blastomere is separated from an early cleaving embryo, then, according to Weismann, the remaining
cells should develop into only a particular type of organ and not into a complete embryo. But now
it has been proved that a blastomere, separated from a four cell stage or even on eight cell stage
of a sea urchin embryo develops into a complete larva. Thus this theory has no concrete evidence.
Mosaic Theory
The views of His, especially his mechanical interpretation of development, were carried further
and pushed with greater vigor by Wilhelm Roux (1850-1924) who had been one of Haeckel’s
students. He asserted boldly that we must look for the causes of growth and differentiation through
the experimental method. On the basis of his work on the frog’s egg, he came to the conclusion
that complex differentiation can be reduced to simpler ones and that the latter can be, in the final
analysis reduced to ordinary physico-chemical processes. Roux’s outstanding contribution to
embryology was his mode of attack in the solution of develomental problems. Just as his teacher,
Ernst Haeckel, before him had stimulated his students by the speculations of his fertile mind, so
did Roux inspire his students and his followers by his unique and special methods of research. In
his studies on the frog’s ovum, he became convinced that certain areas of the egg are already
destined in the ovary to develop into special regions. Thus, the dark areas of the animal hemisphere
of the unfertilized frog’s egg will develop chiefly into the head region of the animal, and the vegetal
hemisphere into the posterior region. Prior to fertilization the entire ovum has a radial symmetry,
while after fertilization has occurred, the meridional plane passing through the two poles and the
sperm entrance point determines the right and the left side of the embryo and provides for it a
bilateral symmetry. As cleavage continues and the blastomeres become progressively smaller, more
areas for specific tissues and organs are delineated on the blastula so that, in the end, with regard
to the potencies of its blastomeres, it comes to resemble a mosaic.
When the mosaic theory was tested on all types of eggs, it became evident that they did not
all develop in the same manner. In the first cleavage of such eggs as that of Amphibia, Amphioxus
or Echinodermata, the first two, and sometimes the first four blastomeres, when separated, would
give rise to two or (rarely) four complete larvae. Whatever the egg contained in the form of
materials, it would give rise in the separated blastomeres to two complete larvae of this form. This
formative stuff must therefore also be present in each of the first two blastomeres and also in the
ovum. This was not the case in the eggs of Annelida, Mollusca and most of the Arthropoda. When
the first two blastomeres were separated in such eggs, they developed into monsters which could
be identified in their later development as anterior or posterior portions of the normal larva. Eggs of
the former group were said by Conklin to have “indeterminate” cleavage and the latter had
“determinate” cleavage.
This was all very mystifying but the solution to the problem was very simple when theproper
eggs were used for observation. Fortunately, eggs were found in either group which were marked
into areas or zones by pigment, clear or coarse protoplasm, yolk or other visible differentiations.
The echinoderm and the amphibian egg cleaves in such manner that the first two or four blastomeres
obtain equal amounts of any area, and the blastomeres are therefore supplied with every formed
stuff and are enabled to form total larvae. In the eggs of Annelida and Mollusca, on the other hand,
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the first cleavage does not distribute an equal amount of the materials of the egg into the first two
or four blastomeres, and development, when blastomeres are separated, is therefore abortive.
Roux was forcefully opposed by Oscar Hertwig, Hans Driesch and others because he considered
life on such a simple material and mechanistic basis, but many other investigators who studied the
same processes in other eggs confirmed Roux’s fundamental concept. This concept was the basis
of Roux’s mosaic theory of development, which, as we shall see later, contained a great deal of
truth and furnished the support for present-day theories of development. Development, as upheld
by Roux and as observed by him and others, consisted of differentiation of cells from a more or
less undifferentiated and homogeneous egg with crude and simple prelocalization of materials, to
greater differentiation and specialization of cells as development went on.
Regulative Theory
Three years after Roux’s experiment on the frog’s egg, another German scientist, Hans Driesch
(1891), performed a somewhat similar experiment on the sea-urchin eggs. At two-celled stage, he
isolated the blastomeres and expected each one of them to develop into one-half blastula and
ultimately one-half larva. But beyond his expectations, the one-half blastula, closed itself into whole
blastula, whole gastrula and finally whole larva of one-half size. He repeated the experiment with 4,
8 and 16-cell stages and obtained the whole larvae by Endres (1895) and Spemann (1901, 1903)
working with eggs of newts and by Schmidt (1933) on the frog’s egg and obtained identical
results. Driesch reasoned that contrary to the theories of Weismann and Roux, the early cleavages
of the egg are equatorial, “a quantitative division of homogeneous material.” Hence at an early
stage, the blastomeres have equal potentialities. Their fate, he said, is determined by their position
in the whole. Thus, he regarded a cleaving egg, as a harmonious, equipotential system in which
every part has potentially the properties of the whole.
Development as observed by Driesch in sea-urchin eggs was to be called regulative development,
and the eggs which were capable of performing such a development were called regulative eggs.
Gradient Theory
Since the time of Driesch’s discovery that sea urchin blastomeres of the two-cell or four-cell
stage can develop into a whole larva when isolated, the sea urchin egg has been chosen for
immense number of investigations, partly because the of challenging nature of the early discoveries
and partly because the eggs are readily obtained in large quantities, are easily artificially, and are
easy to maintain through the process of gastrulation to the pluteus larva stage. Various operative
and chemical procedures have been employed in attempts to analyze the developmental processes
leading to or involved in the formation of the blastula, the gastrula, and the actively swimming
larva.
Such an experimental approach of Boveri (1901), C.M. Child (1940), Horstadius (1955),
Runnstrom (1967) and L. Josefeson (1959) on sea urchin eggs have contributed a most important
theory, the gradient theory to us. The gradient concept was introduced in 1901 by Boveri, who
considered that the vegetal region of the sea urchin egg exerted a dominant control over more
animal regions, the influence decreasing toward the animal pole. However, he could not give any
plausible reason for his concept and it was C.M. Child (1940) who stated that a single physiological
gradient, called metabolic axial gradient controlled morphogenesis in sea urchin. Using the rate of
reduction of vital dyes, particularly Janus green as an indicator of the rate of oxidative metabolism,
C.M. Child showed, that, there exist differences in rate of general metabolism in the ooplasm of
animal and vegetal hemispheres of oocytes, and cleaving eggs of sea urchin and starfish. Further,
such differences in the rate of oxidative metabolism were found to be extended in the plane of

12

Embryology

animal-vegetal axis, so Child’s concept is often named as a metabolic axial gradient. It has been
generally found that cytoplasms of animal pole of egg divides with high frequency and this frequency
gradually becomes low towards the vegetal pole. This fact indicates that ooplasm of animal pole
has high metabolic rate and the metabolic rate gradually decreases towards vegetal pole and thus,
forming a metabolic axial gradient.
Child’s metabolic axial gradient theory, has though solved many problems regarding cleavage,
gastrulation and morphogenesis, but, recently it has been modified by Horstadius (1955) and
Runnstrom (1967). According to their theory, a double gradient system in assumed to control
morphogenesis and differentiation in the early development of sea urchins. At the animal pole (the
“most animal” region of the egg), the power to form structures characteristic of that region is
most intense; at the vegetative pole (the “most vegetative” region), the power to invaginate and
form structures normally arising there (archenteron, mesenchyme) is at a maximum owing to the
interception of the gradients, characteristic levels arise in the egg and at each level the state is
determined by the relation between animalizing the vegetalizing agent.
Each gradient (viz., animal gradient or vegetal gradient) is considered to extend to the opposite
pole, so that, gradients overlap through the whole egg, and to be quantitatively different in nature,
based on differences in metabolism one suggestion was that the animal gradient might be cortical
and vegetal gradient might be in the interior. Recently, Horstadius and Josefsson (1969) have showed
that specific animalizing and vegetalizing substances namely one containing tryptophan and the
other a nucleotide, respectively are present in mature unfertilized eggs. The general indications that
the animal factor promotes synthesis of ribonucleic acid and proteins, while the vegetative factor
seems to inhibit the onset of these processes for a while, so that the time pattern of early protein
synthesis will be different in the two regions.
Spemann’s Theory of the Organizers
The term Organizer was first applied to a limited area in the dorsal lip of the blastopore. It
was this area which could induce the development of the neural plate, notochord and mesoderm
(chordamesoderm) with all its differentiations. If transplanted into any other region of the amphibian
germ it would actually cause the development of another larva. This discovery made by Spemann
was an achievement of the first magnitude, which was so far reaching and so revolutionary that he
was awarded the Nobel prize in 1935. This organizer is now better known as the chorda-mesodermal
field which is the first or primary field to exist in the amphibian germ. Secondarily it gives rise to
secondary organizers or subordinated fields, such as nose, eye, ear, gill and others. Each field may
cause differentiation by induction. Fields are strongest at their center and their powers diminish
with their distance away from the center. Sub-fields represent the final splitting up of the general
chordamesoderm field into smaller, highly specialized area which show a high differentiation of
specific organ-forming cells. The possibility of the investigators interfering with the various fields
is greatest during cleavage and it diminishes gradually past the neurula stage as the germ enters the
young larval stage.
Not only is the organizer of the dorsal lip of the blastopore the earliest region to be differentiated
into an area of determinate activity with regard to specific cellular function, it is also the most
important and most comprehensive organizer. At that time other areas of the embryo, if transplanted,
show that they are not fixed and determinate as yet.
For instane, a piece of ectoderm from the future tail region transplanted to the area where the
optic vesicle is going to develop will give rise to the crystalline lens. However, this capacity is lost
after gastrulation has been completed. More and more areas become organized and the whole
process of differentiation becomes established and fixed.
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On the basis of the various concepts and theories, we must assume that the protoplasm of
the egg is organized. Even when such organization is not apparent, we must assume that a chemical
organization exists. This organisation in certain eggs influences the location of the karyo-kinetic
axis in the first cleavages; it also influences the distribution of the ooplasm, or the ooplasmic
inclusions, which in turn will have a bearing on metabolism, respiration and the other activities of
the egg. In future research we have to turn to this organization to reveal to us the mechanism of
development and differentiation of the ovum. Much interesting work is being done by a large
number of present-day investigators who follow along this line, which was pointed out first by
Jacques Loeb and found to be so fruitful and productive of results, among whom are E. Bataillon,
A. Brachet, M. C. Child, Ives Delage, Ross Harrison, Otto Mangold, J. Needham, Hans Spemann,
W. Vogt and a large number of more recent and younger experimental embryologists. It seems that
in the immediate future the problems of developmental embryology will be solved through
biochemistry and biophysics.
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Embryogenesis
Embryogenetic development of an organism actually includes all stages from the formation of
gametes till the development of a new adult individual. These stages are as follows:
Gametogenesis
The process of gametogenesis includes the differentiation and specialization of haploid male
and female sex-cells, i.e., the spermatozoa and ova respectively, from diploid cells of each parent.
The gametogenesis includes (i) Spermatogenesis which occurs in the male gonad (testis) and
produces small-sized motile sex-cells, the spermatoozoa, (ii) oogenesis which occurs in the female
gonad (ovary) and produces a large, non-motile and nutrient filled sex-cell, the ova. In both these
processes, the initial cells which give rise to the gametes are very similar, and as a rule no essentially
different from other cells of the body. The stages of proliferation are similar both in male and
female gonads, but the processes of growth and maturation in the two sexes differ to a very great
extent. Maturation process involves meiosis division to discard the half number of chromosomes
and single out the sets of genes which are to operate in the development of a particular individual.
Fertilization
The second phase of embryogenesis is fertilization, which is the union of a spermatozoon and
an ovum and ‘activation’ of egg to begin the embryogenetical development of a new individual. It
includes the (i) cortical reaction to elevate a fertilization membrane outside the egg plasma membrane,
(ii) the fusion of sperm (male) and ovum (female) pronuclei to form a diploid zygote nucleus; and
(iii) activation of egg to start its metabolism and rapid mitosis or cleavage.
Cleavage
During this phase of embryogenesis, the fertilized egg undergoes repeated mitotic cell divisions
in quick succession and converts a single celled body into a compact heap of cells called the
morula. The blastomeres of morula are soon arranged in a hollow spherical body, the blastula,
with a layer of cells, the blastoderm surrounding a fluid filled cavity, the blastocoel. The conversion
of fertilized egg into multicellular blastula is called the process of blastulation.
During the period, the size of the embryo does not change, but the cleavage cells or blastomeres
becoming smaller and smaller with each division. The nuclei multiply and the rate of DNA and
protein synthesis is increased at the expense of reserve food substances like glycogen, fats and
yolk of the egg.
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Gastrulation
Following the cleavage phase, there occurs an extensive movement and rearrangement of the
cells of blastoderm of blastula, transforming the previously one-layer thick embryo (blastula) into
a two or three-layers thick embryo, the gastrula. These three layers of gastrula are complex rudiments
from which are derived the various organs of animal body, so, they are called primary germ layers.
The outermost is called ectoderm, the innermost endoderm, and the middle, mesoderm. The
movements (called morphogenetic movements) by which
these germ layers are brought into
position, collectively comprise
gastrulation. The fully formed
gastrula has a central cavity called
archenteron, which is lined by
endoderm and communicates to
the exterior by an opening called
blastopore. During later developmental stages, the archenteron
becomes the cavity of alimentary
canal, while blastopore either
becomes mouth opening in protostomia (i.e., all invertebrates
except echinoderms and hemichordates) or anal opening (anus)
in deuterostomia (i.e., echinoderms, hemichordates and chordates).
During gastrulation, in
typical, there is a decrease in the
rate of cell division and the first Fig. 1.6. Fate of the blastopore in development. In protostomate animals the
blastopore becomes a mouth. In deuterostomate animals the blastopore
evidence of gene transcription
becomes an anus.
(RNA synthesis) becomes
apparent. This transcription in part specifies the proteins required for gastrulation. Transcription
later in development specifies the proteins characteristic of the differentiated state (e.g., acetylcholine
esterase in nerve cells, myosin in muscle cells and melanin pigment in epidermal cells) (David
Epel., 1973).
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