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FIRST PART

Embryology




Embryology

Almost all higher animals start their lives from a single
cell, the fertilized ovum (zygote). The zygote has a dual
origin from two gametes- a spermatozoon from the male
parent and an ovum from the female parent. The time of
fertilization represents the starting point in the life

history.Embryology deals with the study of development of

animals from the fertilized egg to the formation of all major
organ systems. Embryology is the study of the origin and
development of an organism. But the term development is
used in various senses in biology, but in its broadest sense
it deals with the complex changes which an individual
organism undergoes in its life cycle from fertilization to
death.

Historical background of Embryology

Theories of Embryology
1-Preformartion theories

During seventeenth century a Dutch scientist theorized
that sex-cells contained preformed embryos or miniatures of
the adult. Other biologists thought that the ovum contained
a transparent, highly folded, small and unobservable
miniature of the adult, which was in some way stimulated to

growth by the seminal fluid. Some other microscopists, such
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as, Leeuwen hoek (1632-1723), believed that preformed
miniature organism presented in the head of the sperm and
not in egg and that was called homunculus or animalculs
(animalcule means spermatozoon).

2- Theory of Epigenesis

We may now turn to the other great theory of
development: epigenesist. This theory assumes that
embryonic development and differentiation originate in a
homogeneous mass of living matter in which there is no
preformed materials, neither tissue nor organs. In the mid-
eighteenth century, the theory of epigenesis maintained that
the egg contains the material from which the embryo is
gradually built.

3- Cell theory

After the formation of the cell theory, embryological
research entered an entirely new avenue. It was discovered
that the ovum was a single cell and that fertilization
consisted of the union of the ovum and spermatozoon in the
formation of the zygote.

4- Recapitulation Theory

This theory was postulated by Ernst Haeckel (1868) and
Muller (1864). It is based on the contribution of evolutionary
theory. This theory states that higher animals in their

development passes through stages which are similar to the
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adult stages of lower animals which were their ancestors. In
other words the ancestral characters reappear in the
developmental stages of an individual. Thus the
recapitulation theory states that the embryonic stages of a

higher animal resemble the adult stages of its ancestor.

The value of Embryology

1- The recent techniques make possible the diagnosis
and/or treatment of genetic disease and birth defects before

a baby is born.

2- Examination of a small amount of the amniotic fluid that
surrounds an embryo makes it possible to determine the
sex of a baby before it is born and to detect the presence of

genetic conditions that could lead to defective child.

3- The application of ultrasound and new x-ray imaging
techniques allows the diagnosis of many anatomical defects
in fetuses. Some of these can be dealt with by means with

Intrauterine surgery.

5- Embryology is a key that helps unlock such secretes as
heredity, the determination of sex and organic evolution. A

general conception of how man, like other animals,
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develops from a single cell should in the cultural

background of every educated mind.
6-From embryology we can learn in one short, uninterrupted

story how each individual grows into an adult. We can see

this process going on in the laboratory under our very eyes.

Special fields in embryology

Over the years, the science of embryology has evolved
in response to new modes of thought and the availability of
new technique. Embryology has many sub-branches in it
they are:

1- Descriptive Embryoloqgy

The term is applied to the methods of study concerned with
the direct observation and description of embryological
development. Between 1880 and 1890, the new techniques
of serial sections and of making three-dimensional wax
plate reconstructions from them provided the basis for
descriptive embryology. More than a century later, the
availability of supercomputers and the appropriate soft ware
allows the construction of three-dimensional digitized
images of embryos. Digitized images contain much more
information than wax plate reconstructions and can be

assembled in a fraction of the time.
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2- Experimental Embryology

In experimental embryology experiments are used for
studying the developmental stages. It helps to understand
the fundamental developmental mechanisms. In
experimental embryology the various parts of developing
embryo are removed, transplanted, parts exchanged or the
environmental conditions altered. This helps to understand

induction, gradient system, etc.

3- Comparative Embryoloqgy

In comparative  embryology the embryological
development of different animals are studied and compared.
It also gives some ideas on the developmental stages of
certain animals in whose case the study of development is
difficult. In recent years, comparative embryology has
undergone a resurgence through the investigations of
taxonomists, who have recognized that valuable clues to
taxonomic relationships among species can be found by

studying their embryonic development.

4- Chemical Embryoloqy

During the 1930s and 1940s newly emerging chemical
and biochemical techniques led to the establishment of

chemical embryology, which  provided descriptive
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information about chemical and physiological events in the
embryo. More recent biochemical and molecular studies are
revolutionizing our understanding of the manner in which
different components of embryos intract and how the basic

body pattern of the embryo is laid down.

5- Teratoloqy

Teratology is the branch of embryology concerned with
the study of malformations. Drawings and images of
abnormal individuals are among the oldest biological
records. In ancient times the birth of a malformed infant was
often assumed to portend events to come. In the middle
Ages, the writing on teratology seemed to degenerate into
contests to discover who could assemble the most bizarre
malformations. During this century, work in teratology has
taken on an entirely new aspect. With birth defects having
moved well up among the top 10 causes of death in
countries with advanced levels of medicine, great effort is
being spent to identify and eliminate genetic and
environmental factors that cause congenital defects.

The Normal Sequence of Events in Embryoloqgy

1- Gametogenesis 2-Fertilization 3- Cleavage and
blastula

formation 4- Gastrulation 5- Organgenesis
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1-Gametogenesis

The embryogenesis is started from the time of
differentiation and organization of haploid male and female
sex cells, viz.,, sperm and ova respectively, from diploid
somatic cells of each parent during a process called
gametogensis. The gametogenesis include
spermatogenesis and oogenesis. The spermatogenesis is a
process which occurs in male gonads (testes) and produces
small-sized, motile, haploid sex cell, the sperms or
spermatozoa. The oogenesis occurs in female gonads
(ovaries) and produce a large, non-motile, nutrient- polar

bodies or polocytes.

2-Fertilization

Fertilization is the initial event in development in sexual
reproduction. Union of male and female gametes. Provides
for recombination of paternal and maternal genes. Restores

the diploid number. Activates the egg to begin development.

The process of fertilization involves a number of
independent biological and physiological events
1-The nucleus and cytoplasm of spermatozoon fuse with the

nucleus and cytoplasm of the egg




2- The cortical reaction in the egg cytoplasm to elevate a
fertilization membrane outside the plasma membrane

3- Activation of egg to start its rapid cleavage by mitosis.

3-Cleavage and blastula formation

During third phase of embryogenesis, the cellulation,
segmentation or cleavage, no growth of egg-cytoplasm
(ooplasm) takes place, but, rate of synthesis of some
macromolecules such as DNA and proteins is increased is
increased at the expense of reverse food substances of egg
(viz., glycogen, fats and vyolk); and the fertilized egg
undergoes repeated and successive mitotic cell divisions

and produces a compact heap of cells or blastomeres,

called morula. The blastomeres of morula soon get
arranged in a hollow spherical body, a blastula, with a layer
of blastomeres, called blastoderm, surrounding a fluid-filled
central space or cavity, called blastocoel. The conversion of
a fertilized egg into a multicellular blastula is called

blastulation.

4-Gastrulation

Following blastulation a part of the blastoderm
disappears from the surface of the blastula by

morphogenetic movements of cells and is enclosed by the
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reminder of the blastoderm. The part of the blastoderm that
remains on the surface becomes ectoderm; the part of
migrating into the interior becomes endoderm and
mesoderm. In this way a simple spherical body becomes
converted into two or three layered embryo known as the
gastrula. The process involved in gastrula formation is
called gastrulation, ( gastrula, diminutive from the greek

word gaster , meaning stomach) and the cellular layers of

gastrula are known as the primary germinal layer. The
germinal layers are complex rudiments from which various

organs of the animal’s body are derived.

The fully formed gastrula has a cavity called

archenteron, which is lined by endoderm. The opening

leading from this cavity to the exterior is called the
blastopore. During later development, the archenteron or
part of it eventually gives rise to the cavity of the alimentary

canal.

The fate of blastopore (the opening from the outside into the
archenteron ) differs in the three main groups of metozoa:
1- In Coelenterate it becomes the mouth.
2- In  Protostomia (including Annelida , Mollusca,

Arthropoda and allied groups), it becomes subdivided

-4




into two opening, one of which becomes the mouth
and other the anus.
3- In  Deuterostomia (including Echinodermata and

Chordata), only the anus is formed.

5-Organogenesis

During the fifth phase of development, the organogenesis
or organs formation, the continuous masses of cells of the
three germinal layers split up into smaller groups of cells,
called the primary organ rudiments, each of which is
destined to produce a certain organ or part of the adult
animal body. The primary organ rudiments, further,
subdivide into secondary organ rudiments which are
rudiments of the subordinate and simpler organs and parts.
With the appearance of primary and secondary organ
rudiments the embryo begins to show some similarity to the
adult animal, or to the larva, if the development includes a

larval stage.

Gametogenesis

The reproductive cells, which unite to initiate the
development of a new individual, are known as gametes-
the ova of the female and the spermatozoa of the male. The
gametes themselves and the cells that give rise to them

constitute the individual's germ plasm. The other cells of
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the body, which take no direct part in the production of
gametes, are called somatic cells or, collectively, the
somatoplasm. The somatoplasm can thus be regarded as

the material that protects and nourishes the germ plasm.

Gametogenesis (oogenesis in the female and
spermatogenesis in the male) is a broad term that refers to
the processes by which germ plasm is converted into highly
specialized sex cells that are capable of uniting at
fertilization and producing a new being. Commonly,
gametogenesis is divided into four major phases:
1-The origin of the germ cells and their migration to the
gonads
2- The multiplication of the germ cells in the gonads through
the process of mitosis
3- Reduction of the number of chromosomes by one-half by
meiosis
4- The final stages of maturation and differentiation of the
gametes

Into spermatozoa or ova.

Primordial germ cells
The cells which are destined to develop into gametes are

called primordial germ cells. The germ cells either arise
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from the germinal epithelium of grads (germinal epithelial
origin) or may arise outside the gonad at an early period of
embryonic development and then migrate to garads (extra

gonadal origin).

The origin of primordial germ cells and their migration

to the gonads.

Primordial germ cells of birds, reptiles, and mammals
arise in the epiblast of the early embryo and then take up
temporary residence in the extraembryonic tissue before
returning to the body of the embryo proper. In birds they are
recognizable in the germinal crescent, which is located well

beyond the future head region of the embryo.
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Primordial germ cells in vertebrates migrate to the gonads

by to principal mechanisms. In birds and reptiles, they pass
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through the walls of local blood vessels and enter the
circulation. From the bloodstream they are apparently able
to recognize the blood vessels of the gonads, because there
they penetrate the walls of the blood vessels and settle

down in the gonads.

Spermatogenesis

The transition from mitotically active primordial germ
cells to mature spermatozoa is called spermatogenesis, and
it involves a sweeping series of structural transformation.
Although is a wide variety in the morphology of mature, the
overall process of spermatogenesis is much the same
throughout the vertebrate classes. This process can be
broken down into three principal phases: (1) mitotic

multiplication, (2) meiosis, and (3) spermiogenesis.

Mitosis of sperm-forming cells occurs throughout life,
and the mitotically active cells within the seminiferous
tubules are known as spermatogonia. These cells are
concentrated near the outer wall of the seminiferous
tubules. Spermatogonia have been subdivided into two
main populations. Type-A spermatogonia represent the

stem-cell population. Within this population is a group of
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noncycling dark A cells that may be long-term reserve cells.
Some of these cells become mitotically active pale A cells,
which ultimately give rise to type-B spermatogonia. These
are cells that have become committed to leaving the mitotic
cycle and which go on to finish the process of

spermatogenesis.

Late
spermatids

Early
spermatids

Primary
spermatocyte
Sertoli cell
Junctional

complex

Type A dark spermatogonia

Type B spermatogonia

Basal lamina

Peritubular cells

Figure 1.24 Sertoli cells and maturing spermatocytes. Spermatogonia, spermatocytes,
and early spermatids occupy depressions in basal aspects of the cell; late spermatids
are in deep recesses near the apex.
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During the first meiotic division each primary
spermatocytes divides into two equal daughter cells. With
the onset of the second meiotic division these cells are
known as secondary spermatocytes. In the human the first
meiotic division lasts for several weeks, whereas the second
one is completed in about 8 hours. Four haploid spermatids

result from the meiotic phase of spermatogenesis.
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Although they no longer divide, the spermatids undergo
a profound transformation from relatively ordinary looking
cells to extrermely specialized spermatozoa.

The third phase in spermatogenesis is called

spermiogenesis.

The cytoplasm streams away from the nucleus, which will
become the sperm head, leaving only a thin layer covering
the nucleus. At the apical end the developing sperm head,
the Golgi complex forms proacrosomal granules, which fuse
to form the acrosome . within the cytoplasm the centrioles
become more conspicuous and appear to be a point of
anchorage for the developing flagellum. The distal centriole
moves away from the proximal one, and microtubules from
it become continuous with microtubules in the flagellum.
Mitochondria begin to form a spiral investment around the
proximal part of the flagellum. As spermiogenesis continues,
the remaining cytoplasm becomes aggregated into a
remnant, or residual bodies, which sloughed off and

phagocytized by the Sertoli cells.
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Figure 10-6. The Golgi Phase of Spermatid Differentiation
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This leaves the mature spermatozoon stripped of all
nonessential parts. It consists of,
1- A head containing the nucleus and acrosome
2- A neck containing the proximal centriole
3- A middle piece containing the proximal part of the
flagellum, the centrioles, and the mitochondrial helix,
which acts as an energy source.
4- The tail, a highly specialized flagellum (Fig.).
During spermatogenesis, the cells are also closely
associated with Sertoli cells, which lie at regular intervals
along the seminiferous tubule (Fig.). Sertoli cells serve a

wide variety

Acrosome
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Qogenesis
The goal of oogenesis is to produce one egg with massive
amounts of cytoplasm
1-The primary oocyte divides by Meiosis Division | to
produce a secondary oocyte.The other nucleus resulting
from Division | is a throw-away nucleus known as a polar
body.
2- The secondary oocyte divides by Meiosis Division Il to
produce the egg cell and a polar body. The earlier polar
body also divides to form two polar bodies.

Meiosis | Germ Cell

(Diploid)
Mitosis

Oogonium
(Diploid)

Mitosis

Primary Oocyte
(Diploid)

®6e-G

'4 Y
Meiosis Il Secondary Oocyte First Polar Body
elosis (Haploid) (Haploid)
/
Meiotic Division Il [
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Oogenesis in mammals

Maturation of Oocytes Begins Before Birth

1- Once primordial germ cells have arrived in the gonad of a
genetic female, they differentiate into oogonia

These cells undergo a number of mitotic divisions and, by
the end of the third month, are arranged in clusters
surrounded by a layer of flat epithelial cells, known as
follicular cells, originate from surface epithelium covering
the ovary.

The majority of oogonia continue to divide by mitosis, but
some of them arrest their cell division in prophase of

meiosis | and form primary oocytes

During the next few months, oogonia increase rapidly in
number, and by the fifth month, the total number of germ
cells in the ovary reaches 7 million. At this time, cell death
begins, and many oogonia as well as primary oocytes

become atretic.
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ure 2.1 From the pool of primordial follicles, every day some begin to grow and de
velop into secondary (preantral) follicles, and this growth is independent of FSH
as the cycle progresses, FSH secretion recruits primary follicles to begin development
into secondary (antral, Graafian) follicles. During the last few days of maturation of sec
ondary follicles, estrogens, produced by follicular and thecal cells
production of LH by the pituitary (Fig. 2.13), and this
enter the preovulatory stage, to complete meiosis |,
arrests in metaphase approximately 3 hours

Then,

stimulate increased
hormone caus

the follicle to
and to enter meiosis Il where it
s before ovulation

Resting primary oocyte

Surface epithelium of ovary (diplotene stage)

Primary oocyte in
prophase

Flat
epithelial
cell

Follicular cell

Qogonia -

Primary ___
oocyte
propt

of 1st
meiotic
division

A

4th month 7th month Newborn

Figure 1.17 Segment of the ovary at different stages of development. A. Oogonia are
grouped in clusters in the cortical part of the ovary. Some show mitosis; others have
differentiated into primary oocytes and entered prophase of the first meiotic division. B.
Almost all oogonia are transformed into primary oocytes in prophase of the first meiotic
division. €. There are no oogonia. Each primary oocyte is surrounded by a single layer
of follicular cells, forming the primordial follicle. Oocytes have entered the diplotene
stage of prophase, in which they remain until just before ovulation. Only then do they
enter metaphase of the first meiotic division

By the seventh month, the majority of oogonia have
degenerated except for a few near the surface. All surviving
primary oocytes have entered prophase of meiosis |, and
most of them are individually surrounded by a layer of flat

epithelial cells known as a primordial follicle.
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Near the time of birth, all primary oocytes have started
prophase of meiosis I, and enter the diplotene stage, a
resting stage during prophase. Primary oocytes remain in
prophase and do not finish their first meiotic division
before puberty is reached, apparently because of oocyte
maturation inhibitor (OMI), a substance secreted by
follicular cells.

The total number of primary oocytes at birth is estimated
to vary from 700,000 to 2 million. During childhood most
oocytes become atretic; only approximately 400,000 are
present by the beginning of puberty, and fewer than 500

will be ovulated.

Some oocytes that reach maturity late in life have been
dormant in the diplotene stage of the first meiotic division

for 40 years or more before ovulation.

Whether the diplotene stage is the most suitable phase to
protect the oocyte against environmental influences is
unknown. The fact that the risk of having children with
chromosomal abnormalities increases with maternal age
indicates that primary oocytes are vulnerable to damage as

they age.
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At puberty, Each month, 15 to 20 follicles begin to mature,
passing through three stages:
1) primary or preantral
2) secondary or antral (also called vesicular or Graafian)
the

longest stage

3) preovulatory. ( 37 hours before ovulation )
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Representation of the growth and development of the human oocyte. (After A. Gougeon, 1993.)

As the primary oocyte begins to grow, surrounding
follicular cells change from flat to cuboidal and proliferate to
produce a stratified epithelium of granulosa cells, and the

unit is called a primary follicle
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Granulosa cells rest on a basement membrane separating
them from surrounding stromal cells that form the theca

folliculi.

Granulosa cells and the oocyte secrete a layer of
glycoproteins on the surface of the oocyte, forming the zona

pellucida.

Theca folliculi organize into an inner layer of secretory cells,
the theca interna, and an outer fibrous capsule, the theca
externa. Also, small, finger-like processes of the follicular
cells extend across the zona pellucida and interdigitate with
microvilli of the plasma membrane of the oocyte. These
processes are important for transport of materials from
follicular cells to the oocyte. As development continues,
fluid-filled spaces appear between granulosea cells.
Coalescence of these spaces forms the antrum, and the
follicle is termed a secondary (vesicular, Graafian)
follicle. Initially, the antrum is crescent shaped, but with
time, it enlarges. (Granulosa cells surrounding the oocyte
remain intact and form the cumulus oophorus. At maturity,
the secondary

follicle may be 25 mm or more in diameter.
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FIGURE 3-23

Scanning electron microscope of a mature follicle in the rat,
showing the spherical ococyte (center) surrounded by smaller cells
of the corona radiata, which projects into the antrum. x840.
(Courtesy of P. Bagavandoss.)

With each ovarian cycle, a number of follicles begin to
develop, but usually only one reaches full maturity. The

others degenerate and become atretic.

When the secondary follicle is mature, a surge in
luteinizing hormone (LH) induces the preovulatory growth

phase. Meiosis | is completed, resulting in formation of two
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daughter cells of unequal size, each with 23 double

structured chromosomes.

- One cell, the secondary oocyte, receives most of the
cytoplasm; the other, the first polar body, receives
practically none. The first polar body lies between the zona
pellucida and the cell membrane of the secondary oocyte in

the perivitelline space.

The cell then enters meiosis Il but arrests in metaphase
approximately 3 hours before ovulation. Meiosis Il is
completed only if the oocyte is fertilized; otherwise, the cell
degenerates approximately 24 hours after ovulation. The

first polar body also undergoes a second division.

Ovarian Cycle

At puberty, the female begins to undergo regular monthly
cycles. These sexual cycles are controlled by the
hypothalamus. Gonadotropin-releasing hormone (GnRH)
produced by the hypothalamus acts on cells of the anterior
pituitary gland, which in turn secrete gonadotropins. These
hormones, follicle-stimulating hormone (FSH) and
luteinizing hormone (LH), stimulate and control cyclic

changes in the ovary.
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At the beginning of each ovarian cycle, 15 to 20 primary
(preantral) stage follicles are stimulated to grow under the
influence of FSH. Under normal conditions, only one of
these follicles reaches full maturity. The others degenerate
and become atretic. When a follicle becomes atretic, the
oocyte and surrounding follicular cells degenerate and are
replaced by connective tissue, forming a corpus atreticum.
FSH also stimulates maturation of follicular (granulosa)

cells surrounding the oocyte.
OVULATION

In the days immediately preceding ovulation, under the

influence of FSH and LH, the secondary follicle grows
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rapidly to a diameter of 25 mm. Increase in LH causes the
primary oocyte to complete meiosis | and the follicle to enter
the preovulatory stage. Meiosis |l is also initiated, but the
oocyte is arrested in metaphase approximately 3 hours
before ovulation. In the meantime, the surface

of the ovary begins to bulge locally, and at the apex, an
avascular spot, the stigma, appears. The high
concentration of LH increases collagenase activity, resulting
in digestion of collagen fibers surrounding the follicle. The
muscular contractions in the ovarian wall extrude the
oocyte, which together with its surrounding granulosa cells
from the region of the cumulus oophorus, breaks free

(ovulation) and floats out of the ovary.
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Figure 2.2 A. Preovulatory follicle bulging at the ovarian surface. B. Ovulation. The
oocyte, in metaphase of meiosis Il, is discharged from the ovary together with a large
number of cumulus oophorus cells. Follicular cells remaining inside the collapsed folli-
cle differentiate into lutean cells. C. Corpus luteum. Note the large size of the corpus
luteum, caused by hypertrophy and accumulation of lipid in granulosa and theca interna
cells. The remaining cavity of the follicle is filled with fibrin.
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During ovulation, some women feel a slight pain, known as
middle pain because it normally occurs near the middle of
the menstrual cycle. Ovulation is also generally

accompanied by a rise in basal temperature.

CORPUS LUTEUM

After ovulation, granulosa cells remaining in the wall of
the ruptured follicle, together with cells from the theca
interna, are vascularized by surrounding vessels. Under the
influence of LH, these cells develop a yellowish pigment and
change into lutean cells, which form the corpus luteum
and secrete the hormone progesterone (Fig. 2.2C ).
Progesterone, together with estrogenic hormones, causes
the wuterine mucosa to enter the progestational or
secretory stage in preparation for implantation of the

embryo.

If fertilization does not occur, the corpus luteum reaches
maximum development approximately 9 days after
ovulation. It can easily be recognized as a yellowish
projection on the surface of the ovary. Subsequently, the
corpus luteum shrinks because of degeneration of lutean

cells and forms a mass of fibrotic scar tissue, the corpus
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albicans.  Simultaneously, progesterone  production

decreases,precipitating menstrual bleeding.

If the oocyte is fertilized, degeneration of the corpus luteum
is prevented by human chorionic gonadotropin (hCG), a
hormone secreted by the developing embryo. The corpus
luteum continues to grow and forms the corpus luteum of

pregnancy (corpus luteum graviditatis).

By the end of the third month, this structure may be one-
third to one-half of the total size of the ovary. Yellowish
luteal cells continue to secrete progesterone until the end of
the fourth month; thereafter, they regress slowly as
secretion of progesterone by the trophoblastic component of
the placenta becomes adequate for maintenance of
pregnancy. Removal of the corpus luteum of pregnancy

before the fourth month usually leads to abortion.

The timing of meiosis differs in females and males
In males, the spermatogonia enter meiosis and produce
sperm from puberty until death. The process of sperm
production takes only a few weeks. In females, this process
Is more complex. The first meiotic division starts before birth

but fails to proceed. It is eventually completed about one
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month before ovulation in humans. In humans, the second
meiotic division occurs just before the actual process of
fertilization occurs. Thus, in females, the completion of
meiosis can be delayed for over 50 years. This is not always
good. In addition, all meiosis is ended in females at

menopause.

Eqgq Polarity

Animal — vegetal polarity: In eggs that have a lot of yolk, the
yolk is concentrated in the vegetal pole. The animal pole
contains the nucleus and relatively little yolk. The yolk in the
vegetal pole interferes with cytokinesis during the process of

cleavage leading to incomplete cleavage.
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Egg before fertilization

On the basis of presence or absence and amount of yolk

particles, the eggs classified as follows:

A- According to the amount of yolk , the egg arranged
into the following

1-Alecithal type

When the yolk particles are entirely lacking as in
placentals (Mammals).

2- Oligolecithal type

Here the yolk particles are present but in little amount as
in Echinodermata Amphioxus, hydra.

3-Mesolecithal type: The yolk particles are present in

Moderate amount as in toad.
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4-Macrolecithal type

In birds and repticles and egg laying mammals, the yolk
particles are in good amount. Here, in such cases the size
of nucleus and cytoplasm reduce and lie in the form of a
small germinal disc.

B- According to distribution of yolk

1- Isolecithal type when yolk particles are distributed

evenly throughout the cytoplasm as in fishes.

2- Centrolecithal type

In insects and other Arthropods the yolk particles are
restricted to the center of the egg.

3- Telolecithal type

When the vyolk increases in quantity and becomes
accumulated at one end or pole of the egg as in frog, toad

and some fishes.

When little yolk is present, young develop into larval stages
that can feed ( Indirect development ). When lots of
nourishing yolk is present, embryos develop into a miniature
adult ( Direct development ). Mammals have little yolk, but

nourish the embryo via the placenta.
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Egqgs are protected by elaborate envelopes

After ovulation, eggs are released into a variety of
environments both within and outside the body. Most fishes
and amphibians shed their eggs into either fresh water or
salt water, where the eggs must be protected from
predators, disease,and environmental factors such as
extremes of osmotic pressure and pH.

Animals that lay their eggs on land (reptiles, birds, primitive

mammals) must prevent dessication as well as support and
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protect the ova. Some egg coverings are secreted by the
ova themselves, others by the surrounding follicular cells,
and still others by the female reproductive tract after the egg

has left the ovary.

Vitelline envelope: a glycoprotein layer covers the plasma
membrane of all eggs. This acts to protect the egg. Eggs
that are deposited in water have a jelly-like coating that

surrounds the egg (frogs eggs)

The eggs of birds have a vitelline envelope, a fibrous layer,
an outer layer of albumin (egg white), and a shell composed
of calcium carbonate. The outer envelopes are synthesized

in the oviduct after the egg has been fertilized.

Pores filled
with collagen

Vitelline
envelope

Columns
of calcium
carbonate

=~ |- Shell

membrane

Inner layer of Fibrous layer Outer layer of

thin albumen thin albumen
(egg white)

(a) (b)
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2- Fertilization

Definition: The process by which the male and female

gametes (sperm and ovum) unite to give rise to zygote.

Types of Fertilization

1- External fertilization: When the fertilization occurs in the

aquatic medium outside the bodies of male and female
parents.

2- Internal fretilization: In terrestrial forms, particularly where

eggs are completely enclosed in impermeable envolpes
before being laid (birds), or where they are retained within
the maternal body throughout development (mammals),

thus the fertilization occurs inside the body of the female

Fertilization in mammals

Fertilization, the process by which male and female
gametes fuse, occurs in the ampullary region of the
uterine tube. This is the widest part of the tube and is
close to the ovary. Spermatozoa may remain viable in the
female reproductive tract for several days. Only 1% of
sperm deposited in the vagina enter the cervix, where they

may survive for many hours. The trip from cervix to oviduct

.




requires a minimum of 2 to 7 hours, and after reaching the
Isthmus, sperm become less motile and cease their
migration. Spermatozoa are not able to fertilize the oocyte
immediately upon arrival in the female genital tract but must
undergo (a) capacitation and (b) the acrosome reaction to
acquire this capability.

(a)-Capacitation is a period of conditioning in the female
reproductive tract that in the human lasts approximately 7
hours. Much of this conditioning, which occurs in the uterine
tube, entails epithelial interactions between the sperm and
mucosal surface of the tube. During this time a glycoprotein
coat and seminal plasma proteins are removed from the
plasma membrane that overlies the acrosomal region of the
spermatozoa. Only capacitated sperm can pass through the
corona cells and undergo the acrosome reaction.

(b) The acrosome reaction, which occurs after binding to
the zona pellucida, is induced by zona proteins. This
reaction culminates in the release of enzymes needed to
penetrate the zona pellucida, including acrosin and trypsin-

like substances.
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The phases of fertilization

Phase 1, penetration of the corona radiate.
phase 2, penetration of the zona pellucida.

phase 3, fusion of the oocyte and sperm cell membranes.

PHASE 1: PENETRATION OF THE CORONA RADIATA

Of the 200 to 300 million spermatozoa deposited in the
female genital tract, only 300 to 500 reach the site of
fertilization. Only one of these fertilizes the egg. It is thought

that the others aid the fertilizing sperm in penetrating the
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barriers protecting the female gamete. Capacitated sperm

pass freely through corona cells.

PHASE 2: PENETRATION OF THE ZONA PELLUCIDA

The zona is a glycoprotein shell surrounding the egg that
facilitates and maintains sperm binding and induces the
acrosome reaction. Both binding and the acrosome reaction
are mediated by the ligand ZP3, a zona protein. Release of
acrosomal enzymes (acrosin) allows sperm to penetrate the
zona, thereby coming in contact with the plasma membrane

of the oocyte.

Permeability of the zona pellucida changes when the
head of the sperm comes in contact with the oocyte surface.
This contact results in release of lysosomal enzymes from
cortical granules lining the plasma membrane of the oocyte.
In turn, these enzymes alter properties of the zona pellucida
(zona reaction) to prevent sperm penetration and inactivate
species-specific receptor sites for spermatozoa on the zona
surface. Other spermatozoa have been found embedded in
the zona pellucida, but only one seems to be able to
penetrate the oocyte. These reactions prevent polyspermy
(penetration of more than one spermatozoon into the

oocyte).
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PHASE 3: FUSION OF THE OOCYTE AND SPERM CELL
MEMBRANES

After adhesion, the plasma membranes of the sperm and
egg fuse. Because the plasma membrane covering the
acrosomal head cap disappears during the acrosome
reaction, actual fusion is accomplished between the oocyte
membrane and the membrane that covers the posterior
region of the sperm head. In the human, both the head and
tail of the spermatozoon enter the cytoplasm of the oocyte,
but the plasma membrane is left behind on the oocyte
surface. As soon as the spermatozoon has entered the
oocyte, the egg responds in three ways.

The oocyte finishes its second meiotic division immediately
after entry of the spermatozoon. One of the daughter cells,
which receives hardly any cytoplasm, is known as the
second polar body; the other daughter cell is the
definitive oocyte. Its chromosomes (22+X) arrange
themselves in a vesicular nucleus known as the female

pronucleus.

The spermatozoon, meanwhile, moves forward until it lies
close to the female pronucleus. Its nucleus becomes
swollen and forms the male pronucleus ; the tail detaches

and degenerates. Morphologically, the male and female
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pronuclei are indistinguishable, and eventually, they come

into close contact and lose their nuclear envelopes. Each
pronucleus must replicate its DNA.

Scanning electron micrograph of sperm binding to the zona
pellucida.

Corona radiata calls

Phase 2 |
Polar body

/
N division &
—~ |
)

Acrosome

- -

Sperm

N <o
nucleus— 5~ Plasma

-Innar acrosomal
»
y ) C
W/ memoranes o

membrane dissolves

—Secondary cocyle
; e N 200 MBOLIC
4 division

| o J R

h " D\ E

1 ‘ . _/

¥ Fusion ococyte and S —
sparm call membranas

Ph'a_:;eﬁl
The three phases of oocyte penetration.

In phase 1,
spermatozoa pass through the corona radiata barrier; in

phase 2, one or more spermatozoa penetrate the zona
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oocyte membrane while losing its own plasma membrane.
Inset. Normal spermatocyte with acrosomal head cap.

Phase contrast view of the pronuclear stage of a fertilized
human oocyte with male and female pronuclei.

The main results of fertilization are as follows:

1- Restoration of the diploid humber of chromosomes,

half from the father and half from the mother. Hence, the
zygote contains a new combination of chromosomes
different from both parents.

2- Determination of the sex of the new individual. An X-

carrying sperm produces a female (XX) embryo, and a Y-
carrying sperm produces a male (XY) embryo. Hence, the
chromosomal sex of the embryo is determined at
fertilization.

3- Initiation_of cleavage. Without fertilization, the oocyte

usually degenerates 24 hours after ovulation.
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Zyqgote is a fertilized egg. A fertilized egg becomes an
embryo as soon as the first cleavage occurs.The zygot
ultimately, produced a diploid multicellular organism by the
several repeated and organised mitotic divisions and

cellular differentiation.

3- Cleavage

The development of a normal, adult animal from a zygote
involves a series of distinct steps in which specific takes are
accomplished, cleavage, the mitotic division of the egg or ,
is the first step after fertilization and is a universally
occurring phenomenon among metazoan animals, very little
growth occurs. The cells that arise from cleavage are known
as blastomeres. Influence of yolk on cleavage, in two ways:
1- concentrated at the vegetal pole. Therefore at the
vegetal pole the cleavage in most ret It affects the rate
of cleavage
2- It determines the pattern of cleavage
When the yolk is abundant, it tends to retard and even
inhibit the process of cleavage. As a result, the blastomeres
which are rich in yolk tend to divided at a slower rate, and
consequently they remain larger than those which have less
yolk. The yolk is more carded, and also where the

blastomeres are larger in size.

-tV




Planes of cleavage

Cleavage is initiated by the appearance of a groove or
constriction called cleavage furrow. The furrow appears first
at one point of the egg. For example, the furrow appears at
the animal pole. The furrow then deepens and extends
downward on both sides. The two ends meet at the vegetal
pole. The furrow then extendeds inwards radially, finally

constricting the egg into two blastomeres.

|

The cleavage furrow divide the egg at different angles or
plans. There are four main planes of cleavage. They are as
follows:

1- Meridional plane

The cleavage furrow passes through the center of animals-
vegetal axis and bisects the both poles of the egg.

2- Vertical plane

The cleavage tend to pass in a direction from the animal
pole toward the vegetal pole. It does not pass through the
median axis of the egg.

3- Equatoril plane
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The cleavage furrow bisects the egg at right angles to the
main axis and half way between the animal and vegetal
poles.

4- Latitudinal plane

The cleavage furrow is similar to the equatorial but it
courses through the cytoplasm on either side of the

equatorial plane. It also called transverse or horizontalplane.

Patterns of cleavage

1- Total or holoblastic cleavage

In holoblastic, total or complete cleavage, the entire egg
divides by each cleavage furrow. It may be :

a-Equal holoblastic cleavage

In microlecithal or isolecithal egg, it produces blastomeres
of approximately equal size e.g., Amphioxus, and placental
mammals.

b- Unequal holoblastic cleavage

In telolecithal eggs, the yolk is accumulated at the vegetal
pole which retards mitosis and a few but larger blastomeres
(macromeres) are formed there. Smaller but large number
of micromeres are formed at the animal pole, e.g. lower

fishes and amphibians.
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2- Meroblastic cleavage

In meroblastic cleavage, only a portion of the egg divides
(partial or incomplete cleavage. It is characteristic of
telolecithal eggs.

a- Discoidal cleavage

It occurs in fishes, reptiles, and birds. Here the cytoplasm
Is placed at the animal pole as a disc called blastodisc, and
this disc alone divides, the huge mass of yolk does not
participate in cleavage.

b- Superficial meroblastic cleavage

In centrolecithal ovum, the cleavage remains restricted to
the peripheral cytoplasmic investment. As in insects, where

there is a moderate to large amount of yolk, and it is
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concentrated in the center of the egg. This means that
although there is resistance to cleavage plane development
in the center of the egg, it is easier to develop cleavage

plane at the periphery of the egg — and thus early zygote.

J The embryo |

develf hsemlk
of i
;.;padlsc ¥°
cells.

Incomplete

Cleavage

e ~25mm
Cleava
| incomplete.

| Multiple nuclear divisions result |  ginaje
%)) Dmso’,"-h in a zygote with many nuclei. cell layer

Superficial - = o -Yolk core

A
N ucleus Yolk The nuclei migrate to the
- 05mm =]

Fe ry, and plasma membranes
orm between them.

Note: The chromosomes are replicating centrally but there
Is too much yolk to allow cleavage, so there are multiple
nuclei centrally. They then migrate to the periphery, and
only there does the meroblastic cleavage (eventually) take
place.
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Development of Amphioxus

Amphioxus is a diocious animal i.e., sexes are separate but
there is no distinction between male and female. The
gonads which are in the form of hollow sacs enclosed in
coelomic pouches while the genital ducts carrying the
gametes from gonads to out side are lacking. On maturity of
gonads the sperms and ova are liberated into the atrium
and from where they are discharged out side through the
atriopore in breeding season. In fully developed Amphioxus
the gonds (testes or ovaries) are cuboidal bodies, twenty six
in number on each side between the body wall bordering

the atrium and myotomes.
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The sperm

The spermatozoa of Amphioxus have typically structure of
flagellate spermatozoa (contain head, mid-piece and tail),
except that, its head being spherical and mid-piece being
very short.
The ovum
An unfertilized ovum of Amphioxus is 0.10 mm to 0.12 mm

in diameter. It is microlecithal and isolecithal. Its ooplasm
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membrane, which in its turn remains surround by a thin
membrane of mucopolysaccharides, called Vvitelline
membrane.

The ovum Amphioxus has well determined polarity- the
large sized egg nucleus lies at the animal pole, near the egg
plasma membrane. The opposite side of the egg from the
animal pole , the vegtal pole. The yolk granules remain
uniformly distributed throughout the ooplasm except near

the nucleus at the animal pole .

Cleavage
The pattern of cleavage is holoblastic cleavage. The plane

of first cleavage is holoblastic and meridional passes
through the egg axis from pole to pole. The result of this
cleavage is the formation of two identical blastomeres
establishing the bilateral symmetry of the adult animals.

The second cleavage plane cleavage in a vertical plane,
but at right angles to the first plane, thus forming four cells.
The third cleavage is horizontal (transverse, latitudinal). As
the yolk is comparatively more towards the vegetal pole, the
four mitotic spindle lie nearer the animal pole. Each of the
four blastomeres dividing into a smaller micromeres at the
animal pole and a larger macromeres at the vegetal pole.

Eight blastomeres are produced.
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The fourth cleavage is double plane each one oriented
from animal to vegtal pole. This results in eight animal
micromeres and eight vegetal macromeres.

The fifth cleavage is latitudinal and double parallel to plane
three — one occurring in the animal, the other in the vegetal
hemisphere. They result in 32-cells, arranged in four tiers,
with a modest gradation in size from larger, yolk-laden
basal macromeres to smaller, less yolky apical micromeres.
The sixth cleavage are approximately meridional,
producing 64-blastomeres. The cleavages pattern beyond

this is irregular and difficult to follow.

Blastulation

Up to this stage, the blastomeres remain loosely packed
and form the embryonic stage, called morula. Meanwhile, a
semifluid materials accumulates in the centre of this mass of
cells. This fluid serves to push all the blastomeres outwards,
so that they become arranged in single layer -called
blastoderm, enclosing a central fluid filled cavity, the
blastocoel. To form the blastoderm, each blastomre of
morula performes some morphogenetic movement and
assumes a columnar shape. The resultant hollow, spherical
or pear-shaped embryonic stage, in which a single cell thick

blastoderm encloses a fluid filled centeric blastocoel, is the
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blastula. A sagittal section through a blastula of this stage
reveals that, the cells of the vegetal hemisphere (the
prospective endoderm) are slightly larger and richer in the
yolky material than those of the animal hemisphere (the

prospective ectoderm).
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Gastrulation

In Amphioxus, the gastrulation, by which a monoblastic
blastula is converted into a diploblastic and stratified

gastrula. The onset of gastrulation process is marked by
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flattening of blastoderm of vegetal pole, i.e., prospective
endoderm. This endodermal plate then gradually
invaginates, or folds inwardly, into the blastocoel. This
invaginating layer of cells gradually eliminates that entire
blastocoel and come to lie against the ectodermal
micromeres. Thus, whole embryo, instead of being
spherical, becomes converted into a cup-shaped structure,
having a large cavity, the archenteron (gastrocoel), in open
communication with the exterior by the blastopore. The cup
has double walls, an external and internal epitheial layers,
both of which remain continuous with each other over the
rim of the cup-shaped embryo, the gastrula. The gatrula, at
this stage, consists of two layers-an outer epiblast,
consisting of neural and epidermal ectoderm, and an inner
hypoblast encompassing prospective notochord mesoderm
and endoderm. We now have an animal that is a tube within
a tube.

The circular rim of the blastopore is termed the lip, the
prospective mesoderm lies in the ventral lip of the
blastopore and the prospective notochord lies in the dorsal

lip of the blastopore.
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Formation of the neural tube

With the completion of gastrulation, a strip of ectodermal
cells in the region of midgut dorsal line enlarges to form the
neural plate, which flattens and sinks inwards. The
ectodermal on the sides of neural plate now rise up to form
the neural folds is gradually extended round the lateral lips
of blastopor. Then these folds start growing to meet each
other over the neural plate, begining at the posterior end.
These folds meet together in the mid-dorsal line. On the
other hand, at the same time, the lateral edges of neural
plate have grown towards each other, resulting the

formation of the neural tube.
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Formation of notochord

The chorda cells, in he gastrula are, present along the mid-
dorsal wall of archenteron just below the neural plate. These
chorda cells becomes in the form of strip due to a median
groove. Later on, this groove deepens much resulting in
coming together of the lateral sides of the strip of chorda
cells. These sides finally meet each other restricting
completely the cavity of the groove. In this way a solid rod-

like notochord is formed just below central nervous systems.

Development of mesoderm and coelom

In gastrula the archenteron, is developed by invagination
and is bounded by three types of cells namely chorda cells,
mesodermal cells on the sides of the chorda cells and

manly by endodermal cells. The chorda cells form the
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notochord. The mesodermal cells separate to form paired
pouches or the mesodermal pouches. These pouches are in
dorso-lateral position and ultimately develop into initial
coelom. Each pouch is disconnected from archenteron and
thus encloses a cavity. The remaining cavity with the
archenteron becomes the cavity of the gut and persists as

alimentary canal in the adult animal.

Formation of gut

The chorda cells and mesodermal cells of archenteron wall
separate to form notochord and mesodermal pouches
respectively and thus archenteron is left only with
endodermal cells. The edges of the endoderm start growing
towards each other ( a rolling up process) and finally fuse
with each other in mid-dorsal line just below the notochord,
forming a tubular structure designated as mesenteron or

gut.
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Embryonic Development of Toad

The frog is well known animals, living chiefly in pounds and
wamps, though some of its species may be also to exit in
damp or shady places away from the water.

Testes

The paired testes are small, white and are located in the
coelomic cavity near the upper end of the kidney, where
they are held on the dorsal body wall by a double sheath of
peritoneal mesentery. the sperms when mature, pass to
vasa efferentia then through the Bidder's canal into the
ureter and are stored into the vesicula seminalis before
escaping out.

Ovaries

The two ovaries are attached to the dorsal side of the body
cavity anteriorly, by a duble fold of peritoneum, called me
ovarium. In the beginning they are small but in the breeding
season they become very much enlarged, some times they

fill the body cavity. The frog’s egg is typically telolecithal.

The oviducts have no connection with ovaries. Each is a
convoluted tube, starts by a oviducal funnel, lying at the
base of the lungs, into this the eggs find their way after they
have been discharged into the coelom. The oviducts dilate
as uteri before opening into the cloaca.

i -




Structure of an ovum

The ovum of the frog is a large cell, about the size of 1.6
mm. The upper hemisphere of the frog egg is black due to
the presence of a superficial layer of many pigment
granules ( The animal pole ). The other half is lighter in color
provided with yolk (The vegetal pole ). The pigmentation
helps camouflage developing embryos from predators.
When viewed from below, the light color of the vegetal end
of floating eggs blends with the sky above. When viewed
from above, the dark color of the animal end blends with the
bottom of the pond, lake, or stream. The dark pigment of the
animal pole also absorbs heat from the sun, and the
warming may promote development. The nucleus is situated
in the upper pigment part. Around the ovum. There is

delicate vitelline membrane, which is enclosed by a jelly

coat.
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Structure of a spermatozoon
It is minute elongated body made up of a narrow, pointed
head having nucleus and a middle piece just behind the

head and a long, very slender tail.
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Fertilization

Fertilization is external. The entrance of the sperm always
occurs in the animal hemisphrere of the egg. The whole
spermatozoon enters the ovum. The tail then disintegrates,
the head and middle piece travel carrying a trail of black
pigment behind it which results an area opposite the sperm
entrance point, to have a slightly decreased pigment
content. This lighter pigmented area is called the gray

crescent. After fertilization, perivitelline fluid is formed
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between the egg and vitelline membrane. Due to the
accumulation of this fluid, which is the derivative of egg
itself, egg becomes free to rotate and the dark pole, which
has a specific gravity less than the light coloured yolk-laden

region, soon comes to lie uppermost.

Cleavage and blastulation

The period of cleavage and blastula formation in
amphibians is rapid, usually completed within 24 hours.The
cleavage of a fertilized and telolecithal frog egg is of
holoblastic and unequal type. The cleavage furrow
elongates at a rate of about 1mm/minute in the animal
hemisphere but slows to 0.02 to 0.03mm/minute as it nears
the vegtal pole. The first cleavage plane is meridional. It
cuts the egg through its median animals-vegetal polar axis
and result in two equal sized blastomeres. The second
cleavage is holoblastic and equal, and the planes are
meridional, but at the right angles to the first plane
(perpendicular). But, with the third cleavage, the unequally
distributed yolk makes its influence felt. The cleavage orient
parallel to the polar axis, and displaced near the animal
pole. The eight blastomeres stage consists of four large-
sized, yolk rich, vegtal cells, the macromeres and four

small-sized, yolk poor, animal cells the micromeres. The
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fourth cleavage planes divide yolk poor micromeres, which
contain the most pigment, more rapidly than yolk-rich
macromeres result in 16-cell stage. In amphibians, an

embryo between the 16-and 64-cell stages is commonly

called a morula.

A) Animal pole view, to
show second cleavage at
right angles to the first.

B) Lateral view of the 4-cell stage
showing incomplete encirclement
of the vegetal hemisphere of the

After the morula stage, a prominent cavity (blastocoel)
appears in the animals hemisphere above the mass of yolk.
With the more rapid multiplication of the animal
blastomeres, the blostocoel shifts more and more toward
the animal pole. The blastocoel becomes infiltered by water
and albuminous fluid secreted by the surrounding
blastomeres. The blastoderm remains two-cell thick towards
the animal pole of the egg, the sides and floor of the
blastoceol are multilayered blastoderm of large yolky

blastomeres. The resultant is the blastula of frog.
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Fate maps of blastula of frog

1-A region around the animal pole, roughly including the
cells forming the roof of the blastocoel. These cells
correspound to the future ectoderm germ layer.

2- A region around the vegetal pole, including the large cells
in the interior which constitute the yolk mass. These are the

future endodermal cells.

Organogenesis

Organogenesis concerns with the formation of and
differentiation of various organs. Organogenesis converts

an embryo into free swimming larva.

The formation of the neural tube

Neural tube is developed from prospective neurectoderm
which during pregastrular processes takes its position some
where in the mid dorsal region of the gastrula. Pear shaped
neural plate is developed simply by the thickening of
neurectodermal cells. The ectoderm on the sides of the
ventral plate rises as a pair of neural folds. The edges of
neural folds are developed by a process of differential
growth and migration of cells called the convergence. The
plate between the folds sinks down wards and form the

neural groove. The elevation of neural folds increase
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dorsally and ultimately fuse over the neural groove to form

the neural tube.

Ectoderm
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formation of the neural tube

Formation of notochord

The notochord develops from the chorda-mesoderm, lying
in the mid dorsal line of the gastrula. Theses cells separate
from mesoderm by a narrow cleft, by a process of
delamination. Then these separated chorda cells very
quickly expand and arrange themselves in the torm of a

cylindrical rod.

Development of mesoderm

In the late gastrula after getting separation from chorda cells
the mesodermal arrange themselves in such a precies

manner that two mesodermal lateral sheets (several cell
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thick) are developed. These sheets are located at the right
and left sides of the neural tube and notochord between the
ectoderm and endoderm. Growing down toward the ventral
side, the two mesodermal sheets unite in the mid ventral
line. The dorso-lateral portion of the mesodermal sheets
lying on each side of notochord forms the mesodermal
somites or epimere. The remaining ventro-lateral portion of
mesodermal sheets forms the lateral plate mesoderm.
Mesodermal somites which increase in number as the
embryo grows larger, are arranged segmentally and from
each somite three embryonic structure.

1- The dermatomes that portion of somite lying against the
ectoderm from which the dermis of the skin is developed.

2- The myotomes from which the most of the body muscles
are developed.

3- The sclerotomes lying against the notochord and neural
tube, from which the axial skeleton is developed.

The lateral mesoderm is separated into two layers, an outer
one of somatic mesoderm (somatopleure) which lines the
ectoderm of the body and an inner of splanchnic mesoderm

(splanchnopleure) which lines the gut.
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Mesodermal derivatives

Development of heart

Heart is mesodermal in origin spechially from splanchnic
mesoderm. A number of cells from splanchnic mesoderm
are proliferated. Theses cells arrange themselves to form a
tubular structure, the endocardial tube, which constitute the
inner most layer of the heart. This tube is covered by
epimyocardium. The epimyocardium form the middle layer
the myocardium and the outermost layer the epicardium.
The myocardium thickens to form the muscular wall of the
heart. The heart is suspended in the pericardial cavity. In
the latter stage of development the heart becomes S
shaped in the pericardial cavity. The lumen of the heart is
divided into chambers by the development of valves. These
champers are sinus venosus, atrium ( receive the blood
from the bodyorgans), ventricle, and conus arteriosus (

distributed the blood to every part of the body.
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Development of chick

Development in terrestrial environments

Reptiles (class Reptilia), birds (class Aves), and mammals
(class Mammalia) develop on land rather than in the water.
Embryos that develop on land require protection from
desiccation, which a series of extraembryonic membranes
provides. The longer developmental periods of these
animals reflect their lack of independent larval stages.
(Larval stages, such as those of amphibians, allow
individuals to achieve increased complexity in spite of short
embryonic periods.)

Reproductive organs

Testes

The male bird or rooster, possess a pair testes, each testis
is an oval body, cream white in colour and attached by
mesentery to the inner border of the anterior lobe of
corresponding kidney. From its inner border, a vas deferens
emerges to run backwards, lateral to the ureter to open into
the cloaca. Just before its opening, its dilates forming a
small vesicular seminalis.

Ovaries

In the adult of most flying birds only one ovary of the left
side, the right one degenerates. This seems to be of

advantage to the flying birds.
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The structure of ovum

Gradually the oocyte grows and this increasment in the size
is due to the accumulation of yolk in it. As the yolk is laid
down in the oocyte, the cytoplasm finally become localized
at the animal pole in which the nucleus remain embedded.
The ovarian ovum of hen is large because of the presence
of large amount of yolk to sustain development fore about
three weeks. Type of egg according the amount of yolk is
macrolecithal, and according to the distribution of yolk is
telolecithal.

The mature ovarian follicle migrate towards the periphery
and finally buldged out from the ovry, connected with the

ovary only by means of stalk.

The structure of the egg

The fully formed egg contains a large amount of yolk and it
is macrolecithal or telolecithal. The cytoplasm is very little
and is in the form of a small disc ( the blastodisc or germinal
disc).

After fertilization the ovum is surround by various envelopes
added to the delicate vitelline membrane. Secondly, the
cleavage starts immediately in the germinal disc. The fully
formed and laid egg is surrounded on the outer side by a

calcareous shell. The shell consisting chiefly of calcium
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carbonate. The colour of this calcareous shell may be white
or more or less brown or may have dark-brown circular

patches interspersed in the lighter brown shell.

Beneth the shell, there is a shell membrane, which consists
of outer shell membrane and inner shell membrane. The
two shell membranes adhere closely over most of the
surface of the gg but are separated at the broad end of the
egg to form the air-space. This air-space grows larger as
development proceeds and is considered to be important for
respiration, at it is an intermediate region between the

embryo and the external medium.

Beneath the shell membrane the albumen or white of egg is
secreted by a glandular wall of the oviduct. In it lie two
spirally-twisted cords or chalaza produced by the rotation of
the egg in the oviduct. One chalaza is situated on the broad
side of the egg, while another chalaza lies at the narrow end
of the egg. The chalaza help in keeping the ovum in the
center of the albuminous mass. Around the chalaza, there is

a thick coat of dense albumen.
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Fertilization

Shortly after the ovum has been released from the hen's
ovary in to the coelomic cavity , it is picked up by the funnel
or infundibulum. Sperm from the male are found in the folds
of the infundibulum. Soon after the ovum is picked up by the
infundibulum, many sperm contact the germinal disc, but
only one unites with the germ. Thus fertilization occurs
about 24 hours before the egg is laid. As a fertilized egg
passes downward inside the oviduct two events occur
simultaneously, firstly, the fertilized egg undergoes the
process of cleavage, blastulation and even gastrulation, and
secondly various accessory covering are added to the

developing egg by the oviduct wall.

Since the fertilized germinal disc, or blastoderm, spends
about 24 hours in the warmth of the hen's body (about 1070
F (42 C) while the egg is being completed, certain stages of
embryonic development occur during that time. About three
hours after fertilization the newly formed single cell divides
and makes two cells. Then there are four, eight, sixteen,
and more. Cell division continues until there are many cells
grouped in a small, whitish spot visible on the upper surface

of the egg yolk.
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When the egg is laid and its temperature drops below about
800 F (27 C), cell development ceases. Cooling at ordinary
temperatures will not kill the embryo, and it will begin to
develop again when the egg is placed in the incubator.
Keeping eggs at temperatures above about 800 F (27 C)
prior to incubation will cause a slow growth which leads to a

weakening and eventual death of the embryo.

Cleavage and Blastulation

The cleavage in birds is a discoidal meroblastic cleavage,
cleavage is restricted to the blastodisc and the yolk remains
uncleaved. Blastodisc is actually very small and is the
portion where the embryo will form. All of the rest of the egg
is extra-embryonic.

The first Cleavage is meridional near the center of the
germinaldisc and results in two blastomeres, the cleavage
don’t even pass entirely through the blastodisc.

The second cleavage is meridional and at right angle to
the first results in four blastomeres.

The third cleavage is two parallel vertical furrows lies at
right angles to the second cleavage and parallel to the first
result in 8 blastomeres.The furrows do not even reach the

edge of the blastodisc.
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The fourth cleavage also vertical and two furrows to form
four central blastomeres surrounded by twelve marginal
blastomeres. Thus the meridional and vertical cleavages
separate the daughter blastomeres from each other, but not
form the vyolk, so that the central blastomeres are
continuous with the underlying yolk at their lower ends, and
the blastomeres lying on the circumference are, in addition,
continuous with the uncleaved cytoplasm at their outer
edges. A narrow space or cavity called subgerminal cavity.
Thus, cleavage converts the germinal disc into a disc-
shaped blastula, called discoblastula which float atop the
yolk mass. Some of the cells of the blastoderm above the
subgerminal space, (randomly scattered at first) are
somewhat more heavily laden with yolk than others. they

migrate down closer to the subgerminal space

The discoblastula of chick

It results in a two-layered embryo. The discoblastula of
chick has an upper layer (epiblast) and the lower layer
(hypoblast).Then, a space develops between the epiblast
and the hypoblast, called blastoceol. Superficially the
central area of discoblastula appears more transparent due
to two reasons- the central cells has less or no yolk and

beneath the central cellsis occurring the blastocoel,
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therefore, central area of discoblastula is called area
pellucida. The peripheral area of discoblastula is opaque
because, the large yolk laden blastomeres rest directly on

the yolk. It is called area opaca.

FIGURE 5-14

Surface aspect of blastoderm of bird’s egg at various stages of cleavage. The blastoderm and
the immediately surrounding yolk are viewed directly from the animal pole, the shell and albumen
having been removed. The order in which the cleavage furrows have appeared is indicated on
the diagrams by Roman numerals. (A) First cleavage; (B) second cleavage; (C) third cleavage; (D)
fourth cleavage; (E) fifth cleavage; (F) early morula. (Based on Blount’s photomicrographs of the

pigeon’s egg.)
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(B) Hypoblast cells
Slaminats

(C) Koller s sickle

Blastocoel  Epiblast
KR A region

Hypoblast cells migrate from
[ © 2000 Sonsa Acsociatas, Inc.| deep cells of the posterior region
P — o b 8

Fate map of chick embryo (Discoblastula)

The blastoderm in birds consists of two parts: the area
pellucida and the area opaca. The area pellucida gives rise
to the body of the embryo. The area opaca gives rise to the
extra-embryonic membranes and blood vessels of area

vasculosa.

Gastrulation

Gastrulation is a complex process where the simple blastula
Is transformed into a complex gastrula. There are two steps

in gastrulation. They are

-va.




1-The formation of endoderm and

2- The formation of primitive streak , and mesoderm.

Formation of Endoderm

The endoderm or hypoblast develops as a single layer of
cells inside the primary blastocoel. After the formation of he
endoderm the upper layer is called epiblast or ectoderm.
The space lying between them forms blastocoel. The cavity
lying below the hypoplast and above the periplastis called

archenteron.

Hypoblast

Endoderm

Migrating cells

® 2000 Sinauer Associates, Inc.

Formation of primitive streak and mesoderm

The second step in gastrulation is the development of
primitive streak and the subsequent formation of mesoderm.

The primitive streak appears as a thickened area in the




middorsal line at the posterior region of area pellucida at
about eight hours after incubation. The thickening is due to
the convergence of the cells of blastoderm towards the
center. In the early stage the primitive streak is broad and
short. It gradually extends forwards and reaches the middle
of the blastoderm. The primitive streak is well developed at

about 18 to 19 hours of incubation.

Along the middle of the primitive streak, there runs a narrow
furrow called the primitive groove. The edges of the
groove are thick and are named primitive folds. At the
anterior end of the primitive groove , there is a mass of
closely packed cells called Hensen’s node or primitive
knot. The center of Hensen’s node has a funnel-shaped

depression called primitive pit.

The mesoderm cells migrate as two sheets on either side

of the primitive streak inside the blastocoel (inbetween the
epiblast and hypoblast). The mesoderm cells will not
migrate anterior to the primitive streak. This mesoderm free
area is called proamnion. This region is site for the
development of the head.

The notochordal cells are proliferated from Hensen’s node.

The notochordal cells spreads under the epiblast infront of
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the primitive streak. Theses cells arrange themselves to
form a cylindrical rod called head process or notochordal

process. By the end of gastrulation, the primitive streak is

reduced. The residue becomes partly incorporate into the
tail bud.
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Primitive groove

Primitive ridge

Caudal end

FIGURE 6-17 .
Dorsal view (X 14) of entire chick embryo in the primitive-streak stage
(about 16 hours of incubation).

primitive ridge . E
(Surface view aw i)

(Formation of mesoderm oyl &
X 2 N 1

Stages of chick embryo development

Between Laying and Incubation: No growth; stage of

inactive embryonic life.
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On the second day of incubation, the blood islands begin
linking and form a vascular system, while the heart is being
formed elsewhere. By the 44th hour of incubation, the heart
and vascular systems join, and the heart begins beating.
Two distinct circulatory systems are established, an
embryonic system for the embryo and a vitelline system

extending into the egg.

At the end of the third day of incubation, the beak begins
developing and limb buds for the wings and legs are seen.

Torsion_and flexion continue through the fourth day. The

chick's entire body turns 900 and lies down with its left side
on the yolk. The head and tail come close together so the
embryo forms a "C" shape. The mouth, tongue, and nasal
pits develop as parts of the digestive and respiratory
systems. The heart continues to enlarge even though it has
not been enclosed within the body. It is seen beating if the
egg is opened carefully. The other internal organs continue

to develop.

By the end of the fourth day of incubation, the embryo
has all organs needed to sustain life after hatching, and
most of the embryo's parts can be identified. The chick
embryo cannot, however, be distinguished from that of

mammals.
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By the seventh day. The embryo grows and develops
rapidly, digits appear on the wings and feet, the heart is
completely enclosed in the thoracic cavity, and the embryo

looks more like a bird.

After the tenth day of incubation, feathers and feather
tracts are visible, and the beak hardens. On the fourteenth
day, the claws are forming and the embryo is moving into
position for hatching. After twenty days, the chick is in the
hatching position, the beak has pierced the air cell, and

pulmonary respiration has begun.

Air cell is the air-filled pocket between the white and shell
at the large end of the egg.The air cell in an egg provides
the chick with air when it is ready to start breathing on its
own and hatch from the egg. As the chick starts breathing,
there is a buildup of carbon dioxide in the egg, which
prompts the chick to break through the egg to get fresh air.
Twentieth day - yolk sac completely drawn into body cavity;
embryo occupies practically all the space within the egg

except the air cell.

After 21 days of incubation, the chick finally begins its
escape from the shell. The chick begins by pushing its beak

through the air cell. The allantois, which has served as its
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lungs, begins to dry up as the chick uses its own lungs. The
chick continues to push its head outward. The sharp horny
structure on the upper beak (egg tooth) and the muscle on
the back of the neck help cut the shell. The egg tooth makes

the initial break in the shell.

Embryonic development of mammals

Gametes

The sperm: It is microscopic. It is formed of a head, a
middle piece and a tail.

- The head is pear-shaped. It has a nucleus and an
acrosome surrounded by a plasma membrane.

- The middle piece is connected with head by a neck , and
contain two centrioles and the mitochondria.

- The talil is long. Its central core is occupied by an axial

filament.

The egg: is spherical in shape. In therian mammals (both
marsupials and placentals) the eggs are very small.
Placentals: range from 0.1 - 0.2 mm. (Humans ~0.15 mm).
Eggs - microlecithal - cleavage - holoblastic. the egg is
released from the ovary surrounded by three membranes

1- Corona radiate ( formed of follicle cells)

2 - A middle zona pellucida
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3 - An inner plasma membrane.

There is a fluid-filled space between zona pellucida and the

surface of the egg and it is called perivitelline space.

Cumulus

Qocyte

Ovary

Immature
follicle

Remaining
follicle cells #

Early cleavage in mammals

Cell division occurs with travel down the tube and into the

uterus. First Cleavage - takes place while embryo is still in

the uterine tubes of the mother.
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Second Cleavage:  Mammals have what's known as
rotational cleavage wherein one of the blastomeres divides
meridianally, and the other equatorially. Subsequent
cleavages are relatively less organized. Once the zygote
has reached the two-cell stage, it undergoes a series of
mitotic divisions, increasing the numbers of cells.These cells
(blastomeres) become smaller with each cleavage division.
After the third cleavage, blastomeres maximize their contact
with each other, forming a compact ball of cells held

together by tight junctions.

Cleavage
plane I

Cleavage
plane I

Cleavage
plane IIA

Cleavage
plane II

=

7 Cleavage
= plane IIB

ECHINODERM MAMMAL
AND AMPHIBIAN
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Development of the zygote from the two-cell stage to the
late morula stage. The two-cell stage is reached
approximately 30 hours after fertilization; the four-cell stage,
at approximately 40 hours; the 12- to 16-cell stage, at
approximately 3 days; and the late morula stage, at
approximately 4 days. During this period, blastomeres are
surrounded by the zona pellucida, which disappears at the
end of the fourth day.

Approximately 3 days after fertilization, cells of the
compacted embryo divide again to form a 16-cell morula.
the developing organism has usually reached the uterus. It
is about the size of a head of a pin. Inner cells of the morula
constitute the inner cell mass, and surrounding cells

compose the outer cell mass.

-AQ




Inner cell mass

or embryoblast

¢ I Blastocyst cavity
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Scanning electron micrographs of uncompacted (B) and
compacted (C) eight-cell mouse embryos. In the
uncompacted state, outlines of each blastomere are distinct,
whereas after compaction cell-cell contacts are maximized

and cellular outlines are indistinct.

Blastocyst Formation

About the time the morula enters the uterine cavity, fluid
begins to penetrate through the zona pellucida into the
intercellular spaces of the inner cell mass.

Gradually the intercellular spaces become confluent, and
finally a single cavity, the blastocele, forms. this cavity is
eccentrically placed. At this time, the embryo is a
blastocyst. Cells of the inner cell mass, now called the
embryoblast, are at one pole, and those of the outer cell

mass, or trophoblast, flatten and form the epithelial wall of

.




the blastocyst. The inner cell mass gives rise to tissues of
the embryo proper the embryoblast, and the outer cell mass
forms the trophoblast, which later contributes to the

placenta.

Implantation

At the 6th day, the zona pellucida become lysed after the
blastula reached to the proper side of the endometrium and
disappeare (Hatching of blastula) allowing implantation to
begin. At the time of implantation, the mucosa of the uterus
is in the secretory phase, In the human, trophoblastic cells
over the embryoblast pole begin to penetrate between the
epithelial cells of the uterine mucosa about the sixth day.
The trophoblast cells exert microvilli which exert a histolytic
action on the endometrium epithelium facilitating penetration
and implantation. By the end of 8 days implantation is
completed. After implantation the endometrium is closed by
fibrin clott.

- Abnormal site of implantation (Ectopic pregnancy):Tubal

pregnancy, ovarian pregnancy and abdominal pregnancy.
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[Cleavage of Human Emibryo |
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9 days 9-10 days

1 = uterine epithelium 2 and 5 = inner cell (mass or

future embryo )

3 and 4 = trophoblast or future placenta 3 =
syncytiotrophoblast 4 = cytotrophoblast

6 = yolk sac cavity 8 = Amnion 9 = Fibrin plug

10 = Intervillous spaces

Week 2
Inner cell mass divides into epiblast and hypoblast, two fluid
filled sacs amniotic sac from epiblast and yolk sac from

hypoblast. Bilaminar embryonic disc.
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Cavity of uterus

(b) Day 6

Inner cell
mass

Trophoblast

(c) Day 7

Trophoblast

Inner cell
mass

(d) Day ©

Amniotic
sac cavity

(e) Day 11

Epiblast
Amniotic o b G Bilaminar embryonic disc

Amniotic

Cytotrophc

Extraembr
Definitive mesode
yolk sac

A
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Week 3
Bilaminar to Trilaminar disc :Three primary germ layers: all
body tissues develop from these layers, ectoderm,
endoderm and mesoderm.
1- Primitive streak (groove) on dorsal surface of epiblast
2- Grastrulation: invagination of epiblast cells
3- Days 14-15: they replace hypoblast becoming endoderm
4- Day 16: mesoderm (a new third layer) formed in between

5- Epiblast cells remaining on surface: ectoderm

Ectoderm and endoderm are epithelial tissue (form sheets
of tissue). Mesoderm is a mesenchyme tissuem,
mesenchyme cells are star shaped and do not attach to one
another, therefore migrate freely.

Primitive Primitive
node streak

Epiblast Amnioblasts

2 X \ q Yolk
sac
v
Invaginating

B mesoderm cells Hypoblast
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Primitive
streak Hypoblast

disc, Right

laloral—superior’view

Right

Primitiv.
node

Primitive
streak

{f) Bilaminar embryonic
disc, superior view

m
(h) 16 days endoderm

Organogenesis

Many different structures are derived from the three
embryonic germ layers during organogenesis. By 8 weeks,
about 2 months, all major organs are in place in at least a
rudimentary form; this is why drugs early in pregnancy are

so important to avoid many cause birth defects.
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Primordial
germ cells

ML

| 2YGOTE | )W)W)| GASTRULATION

R

MESODERM |

* Quter epithelium of body and derivatives
Hair, nails, epithelial glands, lining of mouth, enamel of teeth,
lens of eye, inner ear, nasal and olfactory epithelium

* Neural tube
Brain, spinal cord, motor nerves

* Neural crest
Sensory ganglia and nerves, adrenal medulla,
sympathetic ganglia, skull, gill arches, dentine of teeth

* Notochord

* Lining of thoracic and abdominal cavities

* Circulatory system
Blood, bone marrow, endothelium
of blood vessels, lymphatics

* Somites
Skeletal muscle, bone and cartilage of
skeleton (except skull), dermis, connective tissues

* Organs of urogenital system
Ureter, kidney, gonads, reproductive ducts

+ Epithelium of respiratory tract
* Pharynx
Pharyngeal pouches,
PRIMITIVE GUT thyroid, parathyroid
* Liver, pancreas

* Epithelium of urogenital system

Notochord

Days 16-18. Primitive node epiblast cells invaginate and

migrate anteriorly with some endoderm cells. Rod defining

the body axis is formed extends cranially and caudally (from

head to tail or crown to rump). Future site of the vertebral

column.

Derivatives of Ectoderm

Nervous System (Neurulation)
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Just above the notochord (mesoderm), the ectoderm
thickens to form a neural plate. (Notochord signals overlying
ectoderm). Edges of the neural plate fold up to create an
elongated, hollow neural tube. Anterior end of neural tube
enlarges to form the brain and cranial nerves. Posterior end
forms the spinal cord and spinal motor nerves. Closure of
neural tube: begins at end of week 3; complete by end of

week 4 (folic acid important for this step)

Head
= Surface Neural Future Amnion
ectoderm plate neural \
/. crest Amniotic cavity z
{ \ 8 5 Neural plate
1§ "‘(;"» - T ‘,[,‘,__‘:va,.,
Left | Right i ST Ectoderm
\
\ @ Notochord Mesoderm
Cut " T
edge of A :{:?a':ve Notochord
amnion
= Endoderm
Tail
(a) 17 days Yolk sac
Neural Neural-) Somite Intermediate
:Lekl’!ral crest mesoderm
Neural
groove
Somite
(covered by | Lateral plate:
ectoderm) [
Coelom
Primitive J Spla:;: o
streak N mesoderm
{c) 20 days Somatic

mesoderm
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(d) 22 days

Cranial

Neural fold
4 M\ Pericardial bulge

g /“OQIC placode
£ /_Cutline

g i
A Caudal
22 Days
Dorsal View

Surface
ectoderm

Dorsal
Neural groove

Cranial
Neural )
fold Anterior neuropore

Amniotic
cavity

Ventral

Dorsal Closed neural
tube

cavit:
2 =7-Posterior
AXks/ neuropore
Caudal
23 Days
Dorsal View

Mesoderm

Closing
gut tube

Yolk sac

—
Ventral

Neural crest lateral ectodermal cells pinch off from the

neural tube. Give rise to Portions of cranial nerves , Pigment

cells , Cartilage , Bone Ganglia of the autonomic system |,

Medulla of the adrenal gland , Parts of other endocrine

glands. Neural

crest cells are unique to vertebrates.

Important in evolution of the vertebrate head and jaws.
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At Week3, mesoderm begins to differentiate lateral to

notochord. Division of mesoderm into three regions by

end week 4,

- Somites: 40 pairs of body segments (repeating units, like

building blocks).

- Intermediate mesoderm: just lateral to somites.

- Lateral plate: splits to form coelom (cavity)

Divisions of the mesodermal lateral plate

1- Somatic mesoderm: apposed to the ectoderm

2- Splanchnic mesoderm: apposed to the endoderm,

Coelom in between will become the serous cavities of the

ventral body cavity: Peritoneal , Pericardial , Pleural
Derivatives of Endoderm: Digestive Tube and Gill

Arches

During gastrulation,the archenteron forms as the primitive

gut. This endodermal cavity eventually produces: Digestive

tract, Lining of pharynx and lungs, most of the liver and

pancreas, thyroid, parathyroid glands and thymus.

Pharyngeal pouches are derivatives of the digestive tract.

Arise in early embryonic development of all vertebrates.

During development, endodermally-lined pharyngeal

pouches interact with overlying ectoderm to form gill arches.

In fish, gill arches develop into gills.




In terrestrial vertebrates: No respiratory function, 1st arch
and endoderm-lined pouch form upper and lower jaws, and
inner ear. 2nd, 3rd, and 4th gill pouches form tonsils,

parathyroid gland and thymus.

Brain Thyroid gland
Esophagus

%\
~A&‘\‘\\ Notochord

W
o \\\‘” Thymus
ME:/t:r |“ Trachea

Stomach

o~ 4
— //I// Pancreas
3 ;, , Intestine

Anus
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uired for reproduction or display.
Trophoblast

Amniotic
cavity

Amniotic

cavity Embryo

Epiblast Early
Ji~— Hypoblast

& chorionic
%g’ villi

— Yolk sac

7

Chorion

Placenta Uterine cavity

N Cervix
' 4

2 weeks

Endometrium

Myometrium
4 weeks

Ear
//— Pharyngeal arches

) /— Upper limb bud

Tail

Lower limb bud

\ Somites (soon to
; give rise to myotomes)

(a) (b)
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29 day embryo (this is when the heart starts pumping, about
4 weeks or 1 month, ¥2 cm size)

Prenatal period (before birth): 38 weeks from conception to
birth. Date of conception has been difficult to time.
Gynecologic timing has been from LMP (last menstrual
period) LMP is on average two weeks before ovulation.
(therefore refers to 40 weeks “gestational” age. By
convention, pregnancies are dated in weeks starting from

the first day of a women s last menstrual peroid (LMP) . If
her menstrual periods are regular and ovulation occurs on
day 14 of her cycle, conception takes place about 2 weeks
after her LMP. A women is therefore considered to be 6
weeks pregnant 2 weeks after her first missed period. A
women s obstetric date is different from the embryologic

date ( the age of the embryo ). The obstetric date is about
2 weeks longer than the embryologic date. Traditional
(artificial) division:

- Embryonic” period: first 8 weeks - All major organs formed
- Fetal” period: remaining 30 weeks - Organs grow larger

and become more complex
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Embryonic Period

Duration: First 8 weeks after

conception.

Major embryological events:

Organs form

from three primary
germ tissues.
Emergence of the
basic body plan.

3.5mm

25 days

Fetal Period
Duration: Weeks 9 to

38 after conception
(or until birth).

Major fetal

events: Organs grow
in size and
complexity.

20-week fetus

7

,

36 days
185cm

10 mm - 30 mm

h'g
y "
56 days
Placenta

Amnion

Wall of
uterus

Vagina——
Nine months,
shown in mother’'s
womb (uterus)
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Second part

Animal ecology




Animal ecology
305 schio
The Aim

This course aims to:

1- introduce the student to the different animal
habitats within the global ecosystem, the animal
organisms that inhabit them, their physiological,
morphological and behavioral suitability for those

environments.

1- Studying the existence, numbers and distribution

of animals in ecological areas.

2- Knowing the ecological relationships that develop

between animals

3- Studying the effect of different environmental
conditions on the presence, numbers and

reproduction of animals
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4- |dentify the behavioral and functional adaptations

of animals in different environments

Intellectual Skills

- Learn how animals are distributed in a particular

area and - why are animals located in this area

without other

- How do environmental conditions affect animals
and the methods that animals have developed to

adapt to the environment?

- Develop the student's ability to recall what he
learned about the animal environment in his previous

studies.

- Developing ability, improving the level of
comprehension, understanding, interpretation,

prediction and conclusion.

- Application (Developing applied capabilities and

providing the student with the ability to analyze and
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developThe student's ability to integrate ideas and

information is the opposite of analysis.

- Develop the student's ability to make a judgment on

the value of the learned material
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Introduction

Animal ecology concerns the relationships of
individuals to their environments, including physical
factors and other organisms. The consequences of
these relationships for evolution, population growth
and regulation, interactions between species. The
composition of biological communities, and energy
flow and nutrient cycling through the ecosystem.
From the standpoint of population, the individual
organism is the fundamental unit of ecology. Factors
influencing the survival and reproductive success of
individuals form the basis for under-standing

population processes.
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https://www.encyclopedia.com/earth-and-environment/ecology-and-environmentalism/environmental-studies/energy-flow
https://www.encyclopedia.com/earth-and-environment/ecology-and-environmentalism/environmental-studies/energy-flow
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Ecology:
The branch of biology that deals with the interactions
between organisms and the relationship between

organisms and the environment.

Ecology is the study of how living organisms relate to

and interact with their environments.

—In order to understand animal ecology, we must
understand their physiological and behavioral

mechanisms.

WHAT DO YOU MEAN BY ENVIRONMENT?

The environment is made
up of two factors:

Biotic factors- all living
organisms inhabiting the
Earth

Abiotic factors- nonliving

parts of the environment

(i.e. temperature, soil, light,
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moisture, air currents).

Levels of organization

[ Biosphere 1

]!

[ Ecosystem }

il

Community

]!

population

!

[ organism




) Levels of organization
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system

Organism

Animals typically live in populations

—A group of interacting populations makes up a
community
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*The number of different species making up a

community is known as its species diversity

—As a rule, more diverse communities are more

stable

Organism - any unicellular or multicellular form
exhibiting all of the characteristics of life, an

individual.

The lowest level of organization




What is a species?

Species: A group of organisms that can interbreed
freely giving fertile offspring.

Ex: Homo sapiens
Homo habilus
Canis lupus

Canis familiaris

POPULATION:

a group of organisms of one species living in the

same place at the same time that interbreed &
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compete with each other for resources (food, mates,

shelter, etc.)

Ex: waterlillies in a pond




Community - several interacting populations that
inhabit a common environment and are
interdependent

Community Ecology

AP Biology

»|Includes several interacting populations that inhabit

a common environment and are interdependent

=Ex: all plants, animals, and microorganisms make

up a pond community.
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»Ecosystem - all the populations in a community and

the abiotic factors with which they interact (ex.

marine, terrestrial).

Biomes :
Large geographical areas of distinctive plant and
animal groups, which are adapted to that particular

environment. Determined by climate and geography.

R




Biosphere:

» The portion of the earth in which life exists.

»The biosphere is composed of many complex

ecosystems that include water, soil, and air.

=Biosphere - life supporting portions of Earth, water,

and atmosphere.

»The highest level of organization
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Ecosystem? Community? Population? Organism?
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Ecosystem:

= |s the structural and functional unit studied in

Ecology.

*(A) Requirements for a Stable Ecosystem:

»The ecosystem involves interactions between living
and nonliving things. Certain requirements must be

met for a stable ecosystem to exist:

1. There must be a constant supply of energy

(sunlight for photosynthesis).

2. There must be living organisms that can
incorporate the energy into organic compounds
(food).

3. There must be a recycling of materials between
organisms and the environment.
(B) Abiotic Factors:

»Nonliving factors.

The abiotic factors of an ecosystem include the

-=\YY.




physical and chemical factors that affect the
capacity of an organism to live and reproduce.
These factors are:

= Intensity and duration of light

»Temperature range

» Amount of moisture

=Type of substrate

= Availability of inorganic substances and gases
-pH

Limiting Factors:

Determines the types of organisms which may exist

in that environment.

Examples are:

»A low temperature common to northern latitudes
determines in part what species of plants can exist

in that area.
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»The amount of oxygen dissolved in a body of
water will help determine which species of fish will

exist there.

Variation in environmental conditions:

= All organisms live in a varying physical enviroment
of temperature, moisture, light and nutrients.

=In an ever changing physical enviroment,
organisms must maintain a fairly constant internal
enviroment.

»For example, the human body must maintain
internal temperature within a narrow range around
37°C.

Range of tolerance

» The range of the enviromental conditions within
which the organism can tolerate.

= The minimum and maximum values of the
enviroment are refered to as the enviromental
tolerance of the organism.

» The point along the X axis where the response of
the organism is the highest is called the optimum.
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= Homeostasis:

The maintenance of conditions within the range that
the organism can tolerate.

1- Light

1- Visible light ( It includes the well known 7 colours)

2- Invisible light ( It includes two types):

A- Ultra-Violet light:
B- Thermal radiation (Infra-Red)

Importance of light for life on earth:

+¢ Light is considered as the most important factor for
living on earth.

+» Light affects the biological activities of animals

Photoperiod affects the growth of glandsand
migration of birds. Also it affects reproduction in
goats and deer.
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Light affects the behavior of animals

» Some animals are active during day time (diurnal),
while some;others are activeduring night (nocturnal).

» It was proved that the migratory loctust stops at
sun set and the migratory fish- snake stops at night.

It was observed that sun-light is an important factor
to push Bees going to fields and gardens for
collecting food.

It was noticed that most micro-arthropods avoid light
by vertical migration.
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Some

Nocturnal

__| Animals
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Fish snake

U Light affects the color of animals:

» Amphibians and reptiles change their colors to
match that of the habitat.

» Some fishes have a dark dorsal color and silver
ventral color.
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ULight affects the morphology of animals:

> Those animals inhabiting caves or live in deep
seas or oceans are blind or have vestigial eyes or
depend on other other sense organs

- e
Cave animals

Salamander

» Light affects the distribution of animals:

The distribution and abundance of some sessile
crustaceans which inhabit rocky shores depend on
light in their distribution.
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+» The distribution of some Lamellibranches
(Mollsca) and some Hydra species depend on algae
for producing carbohydrates depend on light for
distribution.

Life without sun:

¢ The producers in these ecosystems are special
kinds of chemo-autotrophic bacteria.

+ These bacteria take energy from the oxidation of
hydrogen sulfide and fix carbon dioxide into organic
carbon.

% Some animals like mollusks feed on bacteria by
filtering

2-Temperature
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Temperature is considered as one of the physical
environmental factor which has been studied
intensively due to the following:

1-1t is easily controlled and easily measured.

2-1t is highly effective on animals.

3- It has a bifold effect on organisms because it is
indirectly affects other environmental factors like
humidity, pressure, density and viscosity of water, air
and water current.

Source of temperature and its importance:

47% of solar radiation converts to heat and absorbed
by earth and penetrates into soil through air and rain.

About 30% of solar radiation reflects again into
sphere by the effects of opposing currents.

The thermal energy consumed in photosynthesis is
nearl 3% from the total solar energy.

Animals can control their temperature by:

1- Changing the rate of production of energy in their
bodies.

2- Changing the rate of loss of energy through their
skin and lungs.
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Effect of temperature on animals:

Heat gain (solar radiation + thermal radiation +
food energy storage + conduction + convection ) =

Heat loss (thermal radiation + conduction +
convection + evaporation ).

Physiological groups of animals:

1- Homeotherms(warm-blooded): They depend on
internal heat production ( Endothermy) include birds
keep constant internal temperatures.

2- A second group controls body temperature by
external means (ectothermy) poikilotherms, called
cold — blooded". They include invertebrates,
amphibians, fish and reptiles.

3- Heterotherms: Species that sometimes
regulate their body temperature and sometimes do
not.

Insulation:

To regulate the exchange of heat, homeotherms and
certain poikilotherms use some forms of insulation —
fur, feather or body fat.

A) Eutherms: Are those which have a wide range of
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tolerance for temperature , so they are widely
distributed.

B) Stenotherms: Are those which have a narrow
range of tolerance for temperature. So, they are
restricted in distributed.

1- The temperature affects the physiology of
animals.

2- The temperature affects the morphology of
animals.

3- The temperature affects the distribution of
animals.

12 Most Important Effects of Temperature on
Living Organisms:

1- Temperature and cell.

2- Temperature and metabolism.

3- Temperature and reproduction.

4- Temperature and sex ratio.

5- Temperature and ontogenetic development.
6- Temperature and growth.

7- Temperature and colouration.

8- Temperature and morphology.

9- Temperature and cyclomorphosis.
10-Temperature and animal behavior.
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11-Temperature and animal distribution.
12-Temperature and moisture.

Thermal pollution:

The cause of thermal pollution:

1- Constructing dams and barrages on rivers and
freshwater canals.

2- The modern irrigating technology and the wastes
of many industries increase the temperature of
water.

Effects of thermal pollution on animals:

1- It raises the basal metabolism of animals.
2-Increasing basal metabolism will increase the
demands for oxygen. So, the oxygen in water will
decrease.

3-In fish, the hemoglobin affinity for oxygen
decreases.

4- Thermal pollution may affect the elements of the
ecosystem and may eliminate most fish species and
invertebrates.

5-May increase diseases and parasites as well as
the decomposition of organic matter and depletion in
oxygen especially in summer.
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*Causes of death at high temperatures:

1- Coagulation of proteins.

2- Melting of fats and releasing of Calcium (Ca+)
lons

3- Destruction of enzymes.

4- Decreasing in the affinity of hemoglobin to
combine with oxygen which affects respiration.

5- Evaporation of liquids of the body which leads to
dryness.

6- Decreasing the efficiency of absorption of
intestine.
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3-MOISTURE

Pollution

thermal
pollution

Types of moisture and effects on living organisms:

* Air humidity: is the water present in air in the form

of vapor.

* Absolute humidity: refers to the absolute quantity of

water vapor present in air.
* The relative humidity is expressed as follows:
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The percent between the quantity of water vapor in
a unit of volume and that required for the saturation
of that volume at fixed temperature and pressure.
Dry: less than 50%.

Medium: more than 50% and less 70%.

Very humid: 70% -100%.

The role of moisture in the requlation of earth's
temperature:

1- It absorbs a large part from the thermal invisible
light (Infra red).

2- The water vapor will emit a part of the absorbed
light which causes rising of the air temperature.
Importance of water for organisms and the problems
rises from the invasion of organisms to terrestrial
habitat:

It constitutes a high percentage which may reach
more than 80% from its weight.

The animals take water by two ways:

a- Directly by drinking or eating food containing
water.

b- Indirectly as a result of metabolism inside the
body.

There is an equilibrium between water take and
water loss.

Water balance in animals:
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Examples of some modification in animals toward
moisture:

1- Flight insects: have a hard cover.

2- by evaporating some water through lungs or skin.
3- Animals having a low percentage of water in their
bodies can withstand changes in temperatures and
humidity.

4- Some mammalian animals reserve water in their
bodies like Camels.

Some animals which can not prevent evaporation of
water from their bodies, they burrow tunnels and
crevices. E.g., Earthworms, mites and collembolan
(insects ).
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Camel and adaptations toward water

« Actually, camels store water in small, flask-shaped
bags that line the insides of their stomachs, which
have three sections. *Camels can exist with very
little food and water if they need to.

« Strong digestive systems help them get the most
water and nutrients from the thorny plants, leaves,
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twigs, shrubs, and dried grasses they eat (and that
most other animals wouldn’t think of eating).

* When there is plenty of food, they eat a lot and
store fat in their humps.

* And when they are thirsty, they can drink as much
as 25 gallons of water in 10 minutes!

* They conserve water because they hardly ever
sweat, and because their nostrils remove moisture
from their breath and recirculate it through their
bodies.

HEAT CAN EASILY ESCAVE
THE MUSCLES TO HELP €00k
owN  Booy

< LEPN
MUSCLES
EVERY WHERE




(C) Biotic Factors:

=L iving factors

»These factors directly or indirectly affect the
environment.

»Thus, the organisms, their presence, parts,
interaction, and wastes all act as biotic factors.

s These interactions include:

o Nutritional relationships.
o Symbiotic relationships.

1.Nutritional Relationships:

»|Involves the transfer of nutrients from one organism
to another within an ecosystem.

=|n terms of nutrition, organisms are either
autotrophs or heterotrophs.
Types of Heterotrophs:
1. Saprophytes- include heterotrophic plants, fungi,
and bacteria which feed on dead organisms.

Ex: mushrooms are saprophytes that feed off
dead plants.
2. Herbivores- animals that feed on plants.

Ex: deer
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3. Carnivores- animals that consume other animals.
Two types:
a) predator — which kills and consume their prey.
b) scavenger- which feed on the remains of
animals they did not Kill.
4. Omnivores- animals that consume both plants
and animals (humans

These are some examples of herhivores:
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2. Symbiotic Relationships

Different organisms may live together in a close
association.

This is known as symbiosis.
There are three types:

1. Commensalism 2. Mutualism 3. Parasitism

KEY: + = Dbenefits
- = harmed
0 = not affected

Many species live in symbiotic relationships:

In a mutualistic relationship, both organisms benefit
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*In a commensalistic relationship, one benefits while
the other is neither helped nor harmed

+In a parasitic relationship, one benefits at the
expense of the other

Commensalism:

> (+,0)

> In this relationship, one
organism benefits and the
other is not affected. :
> Ex: barnacles on a whale ¥

Mutualism:

(+, )

In this relationship both organisms benefit from
each other.

Ex: protozoan living in the digestive tract of
termites.

Wood eaten by termites is digested by the
protozoan. The nutrients released supply both
organisms.
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Parasitism:

> (+,-)

> In this relationship, the parasite benefits at the
expense of the host.

> Ex: athlete’s foot fungus on humans

> tapeworm and heartworm in dogs.

II) Energy Flow Relationships

» For an ecosystem to be self-sustaining, there must
be a flow of energy between organisms.

» The pathway of energy flow through the living
components of an ecosystem are represented by
food chains and food webs.
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producer herbivore/ omnivore/ carnivore/
consumer consumer consumer

A food chain shows the path of energy from one living thing to another.
Decomposers - like bacteria, are necessary for all food chains.

(A) Food Chains:

» Green plants and other photosynthetic
organisms are the organisms in an ecosystem
that can convert radiant energy from sunlight
into food.

» A food chain involves the transfer of energy
from green plants through a series of
organisms with repeated stages of eating and
being eaten.
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Trophic Levels

Food chain- simple model that shows how matter
and energy move through an ecosystem.
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Raccoons

Fish

\

Aquatic crustaceans

Algae and floating plants

Sun :
Food Chain
Producer i Tertiary
ST Secondary Consumer
Consumer R
; ‘. L
Grasshopper Snake j
Nutrients Decomposer
Water

Trophic Levels

« Each link in a food chain is known as a trophic
level.
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« Trophic levels represent a feeding step in the
transfer of energy and matter in an ecosystem.

Biomass- the amount of organic matter comprising a
group of organisms in a habitat.

* As you move up a food chain, both available energy
and biomass decrease.

* Energy is transferred upwards but is diminished with
each transfer.

E Tertiary
consumers- top
N carnivores

Secondary consumers-small carnivores

Primary consumers- Herbivores

Autotrophs- Producers
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Typical ecosystem

consumer 2 1%

consumer 1 10%

producers (plants)  100%

energy’hiomass

(B) Food Webs:

In a natural community, most organisms eat
more than one species and may be eaten, in
turn, by more than one species.

Thus, the various food chains in a community
are interconnected forming a food web.




Trophic Levels

Food web- shows all possible feeding relationships
in a community at each trophic level

* Represents a network of interconnected food
chains

Food web Food chain -
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Killer Whale

Marsh Hawk Bald Eagle Harbour Seal

/ Herrmg Salmon

Grasshoeper

\ L

Marsh Vegetation (includes many species
of sedges, grasses, bull rushes, algae, etc.)

Snow Geese

Snails— \Vole

Mosquito

The Soil Food Web
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microbes
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-\ov.




vulture

leopard

- .(
%
v o
o
[
g
; 0
0
2
3 3
8 s
@
L)

@\frican

skunk

;42:&::; 5 o
\

-=\ot .




(X1,000,000)
w

(X1000)

FUR RETURNS HUNTING ESTIMATES
r o

o

T Y L ol - “‘.
1932 36 0 4 48 52 5
. !'A’. ¢
/ .
. .- P " ,’ . .
T ) 4 A .‘_‘ ‘J" L 4 ) 4
1932 36 0 4 48 52 5

There are three basic classes of organisms in a

food web:
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1)Producers

2)Consumers

2a) Primary consumers

2b)Secondary consumers

3)Decomposers

There are three basic classes of organisms in a food
web:

1- Producers- include green plants and other
photosynthetic organisms that synthesize the
organic nutrients that supply energy to other
members in the community.

There are three basic classes of organisms in a
food web:
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Consumer- all heterotrophs: they ingest food
containing the sun’s energy

Herbivores

Carnivores

Omnivores

Decomposers

2. Consumers- include all heterotrophic organisms.
Organisms that feed on green plants are primary
consumers, or herbivores. Secondary consumers,
or carnivores, feed on other consumers.

Decomposers — are the organisms (saprophytes)
that break down wastes and dead organisms so that
chemical materials are returned to the environment
for use by other living organisms.
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(C) Pyramid of Energy:

Energy Available
to Consumers: m,LE,.

Consumers

i

Energy of the Praducers

Pyramid of Energy

» The greatest amount of energy in a community is
present in the organisms that make up the producer
level.
» Only a small portion of this energy is passed on to
primary consumers, and only a smaller portion is
passed on to secondary consumers.
» A pyramid of energy can be used to illustrate the
loss of usable energy at each feeding level.
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Biomass of
Consumers: Teftiary
Secondary

Biomass of Producers

Pyramid of Biomass

Biomass Energy flow
(grams/m?) (calories/m?/day)

Carnivores

1 Herbivores




Properties of Populations

A population is a group of potentially interbreeding
and interacting individuals of the same species living
in the same place at the same time. It is
reproductively isolated from other such groups.

* They have an age structure, density, and
distribution in time and space.

* They exhibit a birth rate, a death rate, and a growth
rate.

Density can be characterized as the number of
individuals per unit of space.

Dispersion:

* Individuals of a population may be distributed
randomly, uniformly, or in clumps

* Individuals are distributed randomly if the position
of each is independent of the other’s

* Uniformly are more or less evenly spaced.

Age structure: prereproductive, reproductive, and
postreproductive.
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Life History Patterns

Reproduction is the major drive of all living
organisms.

*The ability of an organism to accomplish that
successfully is termed its fitness.

Reproduction:
Asexual and sexual.
Parthenogenesis

* Monogamy is the formation of a pair bond
between one male and one female.
Polygamy is the acquisition by an individual of two or
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more mates, non of which is mated to other
individuals:

In polygyny, an individual male gains two or more
females.

In polyandry, an individual female gains two or
more males.

Reproductive effort:

Energy which the organism spend in reproduction.
Energy investment and parental care.

The same energy can produce many small young or
one or two large ones.

If the parent produces a large number of young, it
can afford only minimal investment in each one.

Parents that produce few youngs are able to
expend more energy on each individual.

Environmental conditions and number of young:

* Organisms living in variable environment or facing
heavy predation produce numerous offspring.
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« A large number of young is characteristic of short-
lived mammals, insects, and species which
reproduce only once in their life.

 Population Growth

« The study of populations reviews the ways
populations change in size. Birth (natality) and
deaths (mortality) account for most changes in the
population. The differences between the two rates
determines its growth or decline.

« The number of births in a given time period is
called “natality rate”.

« The number of individual dying in a given time
period in called “mortality rate”.

» The rate of increase (or decrease) is
(b+i)—(d+e).

* Db: births. d:deaths (i) immigration
« emigration (e).
« Maximum population growth :

* * The maximum rate at which a population could
increase under ideal conditions is known as its
‘biotic potential”
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» * Different species have different biotic potentials.

Rapid growth Slow growth Zoro growth/decrease
Kenya United States Italy
Male  Female Age Male  Female  Yearof birth Male  Female
[ 80+ N Before 1915 I]ijrl
75-19 1915-1919
70-74 [ 1920-1924
65-69 1925-1929
60-64 1930-1934
55-59 1935-1939 |
50-54 1940-1944 l
45-49 1945-1949
40-44 1950-1954
35-39 | 1955-1959
30-34 | 1960-1964 |
%529 | | 19651969 |
20-24 | 1970-1974
15-19 | 1975-1979
l | 10-14 | 1980-1984
l 5-9 1985-1989
L1 o e Ll 19901994 | | |
8 6 42024628 642024°6 6 4 20246
Percent of population Percent of population Percent of population

Copyright @ Poarson Educalion, Inc, publishing as Benjamin Cummings,

Microorganisms have the greatest biotic potentials.
Limitation of population growth:

1- “environmental resistance”

2-The “carrying capacity” represents the highest
population that can be maintained for an indefinite
period of time by a particular environment.
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Intraspecific Population Regulation

At low density, there is no influence. Above that
point, the larger the population becomes, the greater
is the proportion of individuals affected.

« If the proportion of individuals affected is the same
at any density, then the influence is density —
independent.

» One aspect of population regulation is competition
among individuals of the same species for
environmental resources (Intraspecific competition

» Scramble competition occurs when no individual
receives enough of the resource for growth and
reproduction, as long as the population remains
dense. (el )il

» Contest competition takes place when some
individuals claim enough resources while denying
others a share. &bue Ll

* Intraspecific competition retards growth and
reproduction

« It affects individual survival and reproduction.
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« Social behavior: The degree to which individuals of
the same species tolerate one another.

» Social behavior appears to be a mechanism that
limits the number of animals living in a particular
habitat.

» Territoriality and population regulation:

» Territoriality is a situation in which an animal
defends an exclusive area not shared with rivals.

» Populations Interactions
> Interspecific Competition
» Outcomes of interspecific competition

Competitive exclusion principle: .«&8uil) slady) 4, Jai

Coexistence: (il

Two or more competing species can coexist,
although such competition reduces the fitness of all
parties.

Predation:

Predation is the eating of one living organism (prey)
by another (predator).
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Cannibalism i:

is killing and eating an individual of the same
species.

Parasitism:

one deriving its nourishment at the expense of the
other .

Commensalism:

A “Commensal” organism lives on or around the
individuals of some other species (which may be
called host) and derives benefit from the association.
The host suffers no negative effects.

Exponential Growth Curve
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Logistic Growth Curve:

Breeding male fur seals
(thousands)

1915 1925 1935 1945

Year

Community and Ecosystem

Community Structure

Biological structure: The mix of species, including
their number and relative abundance, defines the
biological structure of a community.

Dominancey: Itis not easy to determine the
dominant species.

May be the most numerous, possess the highest
biomass, occupy the most space, make the largest
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contribution to energy flow or nutrient cycling or by
some other means control or influence the rest of the
community.

Physical structure

It incudes:

* abiotic factors, such as the depth and flow of water
in aquatic environments. * biotic factors, such as the
spatial configuration of organisms.

Vertical structure :

Each community has a distinctive vertical structure

* The canopy, which is the primary site of energy
fixation through photosynthesis

» The understory consists of tall shrubs, understory
trees and younger trees.

* The final forest floor is the site where the important
process of decomposition takes place and where
decaying organic matter release nutrients for reuse
by the forest plants .

* Aquatic ecosystems such as lakes and oceans
have strata determined by light penetration.
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e an upper zone, the trophogenic zone dominated by
phytoplankton.

 a lower zone, the tropholytic zone in which
decomposition is most active.

> Horizontal structure:

> Niche

» Every organism has its own role within the
structure and functions of an ecosystem, this role is
its ecological niche.

» Production in Ecosystems
» Basic components of ecosystems : (Fig. 6)
» The producers, or autotrophs

»The consumers, or heterotrophs

»The third, or abiotic, component consists of the saill,
sediments, particulate matter, dissolved organic
matter in aquatic ecosystems, and litter in terrestrial
ecosystems

»Laws of thermodynamics govern energy flow
»Production in ecosystems involves the fixation and
transfer of energy from the sun.

= Ecological Pyramids :
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= A pyramid of numbers

A pyramid of biomass

A pyramid of energy

Variation in Productivity of Ecosystems
Community Succession

Community changes overtime

Primary Succession:

Secondary Succession:

Carbon-Hydrogen-Oxygen Cycle

Carbon, hydrogen, and oxygen are recycled
through the environment by the processes of
respiration and photosynthesis.

PHOTOSYNTHESIS RESPIRATION
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Water Cycle

Here water moves between the earth’s surface and
the atmosphere.

Evaporation- liquid water on earth’s surface
changes to gas by the process of evaporation and
enters the atmosphere in the form of water vapor.

Condensation- water vapor is returned to liquid
state and falls as precipitation.

Some water vapor is added to the atmosphere by
aerobic respiration in plants and animals and by
transpiration in plants.
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Water cycle-

Evaporation, transpiration, condensation,
precipitation

» Water cycle-

Condensation
i 1.51 e

|
' | 1 ‘ l "
Precipitation Transpiration Brapomtion

Frecipitation

Peroktion

34

- \Vé o




Carbon cycle-

* Photosynthesis and respiration cycle carbon
and oxygen through the environment.

. CO inatmosphere

Burning

Cellular respiration

Photosynthesis

= | il
é ‘ | Plants, algae,
£ 4

1 ~ 2 N cyanobacteria
= ol 4 5. Higher-level
W and Sy ‘ consumers
fossli fuels 8 e &
it - N = e s
Pre——-v £ ,"ﬁ . Primary

% B = consumers
BT L e % i =
! ~J
Metabolic

breakdown Detritivores 3 ‘
(soil microbes
and others) :

10UD Acowon PGy Lengman. ine

Nitrogen cycle-

Atmospheric nitrogen (N,) makes up nearly 78%-
80% of air. Organisms can not use it in that form.

Lightning and bacteria convert nitrogen into usable f
orms.
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Only certain bacteria and industrial technologies can
“fix” nitrogen.

Nitrogen fixation-convert atmospheric nitrogen (N,)
into ammonium (NH,4") which can be used to make
organic compounds like amino acids.

N> NH,"

Nitrogen-fixing bacteria:

Some live in a symbiotic relationship with plants of
the legume family (e.g., soybeans, clover, peanuts).

« Some nitrogen-fixing bacteria live free in the soil.
Nitrogen-fixing cyanobacteria are essential to
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maintaining the fertility of semi-aquatic environments
like rice paddies.

Nitrogen in -~ N
at here (N
// mosphere (N3)

Nitrogen-fixing
bacteria in
root nodules
of legumes

(aerobic and anaerobic
bacteria and fungi)

@ Nitrifying
Ammonification Nitrification bacteria

QD Ammonium (NH*) &

Nitrogen-fixing Nitrifying
soil bacteria bacteria
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Atmospheric Nitrogen CYCle’
nitrogen
Denitrification
by bacteria
Nitregen
fixing bacteria Plants
ecomposers

——

Ammonium "“""'F"m“."" Nitrites itrates
by bacteria

Nitrogen Cycle:

* Nitrogen is needed by all living things because it is
part of the structure of amino acids and proteins.

* In this cycle, nitrogenous wastes and the remains of
dead organisms are converted by decomposers and
soil bacteria into compounds that can be used by
autotrophs.

* The Nitrogen cycle includes the following reactions:

1. Atmospheric nitrogen is converted into nitrates by
the nitrogen-fixing bacteria.

2. Nitrates are used by plants for the synthesis of
proteins.
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3. Animals feed on plants and convert plant proteins
to animal proteins.

4. Nitrogenous wastes and dead organisms are
decomposed and ammonia is released.

5. Ammonia is converted to nitrates by nitrifying
bacteria.

6. Denitrifying bacteria break down nitrogen
compounds and release nitrogen gas into the
atmosphere.

The Nitrogen Cycle

Atmospheric N 5

Nitrogen fixing
soil bacteria

Nitrifying bacteria

(IV) Ecosystem Formation:

* Ecosystems tend to change over a long period of
time until a stable ecosystem is formed.
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* Both the living and nonliving parts of an ecosystem
change.

(Il1) Cycle of Materials:

*In a self-sustaining ecosystem, various
materials are recycled between organisms and
the abiotic environment.

*The recycling process allows materials to be
used over and over again.

*Three examples are:

1. Carbon-Hydrogen-Oxygen cycle
2. Water cycle
3. Nitrogen cycle

(A) Ecological Succession:

* The replacement of one kind of community with
another is called ecological succession.

* The kind of stable ecosystem that develops in a
particular geographical area depends on climate.

* Pioneer organisms- are the first plants to populate
an area. Lichens and algae may be pioneer
organisms on bare rock.
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* Climax Communities- Succession ends with the

development of a climax community in which the
populations of plants and animals exist in balance
with each other and the environment.

2V N —
forest cut faminuwe 2vyears later
forest and cleared (2-3 years) pioneers 1S years 60years

(B) Competition:

1. Different species living in the same environment,
or habitat, may require the same resources _) s«ll,
When the resources are limited, competition occurs
among the species.

2. Competition- is the struggle between different
species for the same limited resources. The more
similar the needs of the species, the more intense
the competition.

3. Each species occupies a niche in the community.
A niche is the role the species plays, and includes
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the type of food it eats, where it lives, where it
reproduces, and its relationships with other species.

4. When two different species compete for the same
niche in a community, the weaker species is usually
eliminated establishing one species per niche in a
community.
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P. aurelia in mixed
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0
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(C) Biomes:

* The earth can be divided into broad geographic
regions by climate.

* The kind of climax ecosystem that develops in
these regions are called biomes sty sl
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Biomes can be terrestrial or aquatic.

Equator

| 30°s
mmm Tropical evergreen forest mmm Chaparral mmm Boreal forest
mmE Tropical deciduous forest Bod Cold desert =1 Tundra

N f @ Temperate grassiand — Alpine
= Tropical thorn forest 3 Savanna

mmm Temperate evergreen forest

OIE Hot desert .
s Temperate deciduous forest

- Polar ice cap

Tundra

* Permanently frozen
subsoil. \\I{
* Plants consist of lichens, | || |
mosses, and grasses. L [ Tundr |
Examples of animals ——
consist of caribou and

snowy owls

|

=i
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Taiga
Long severe winters.

Summers with thawing
subsaoil.

Major plants are
<L suall conifers.

Animals consist of the
moose and black bear.

* Moderate precipitation.
« Cold winters with warm
summers.

* Plants consist of
deciduous trees (maple,
oak, and beech).
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Grassland (Prairie)

Variability in rainfalland 07
temperature. 5
Strong winds. ‘ ‘ |
Plants consist of tall and :
short grasses. l (4
Pronghorn antelope, '

prairie dogs, bison.

Heavy rainfall, constant
warmth.

Consist of many species
of broad-leaf plants.
Some animals are
snakes, monkeys, and
the leopard.
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Desert

Sparse rainfall

Extreme daily temperature
fluctuations.

Plants consist of drought-
resistant shrubs and
succulent plants.
Examples of animals are
kangaroo rat and lizards,
rattlesnakes.

Biosphere and Humans

Past and Present:

* Humans, in exercising a unique and powerful
influence on the physical and living world, have
modified their environment.

1. Negative Aspects:

» Natural systems have been upset because
humans have not realized that they not only
influence other individuals, other species, and the
nonliving world, but are, in turn, influenced by them.
» Although most ecosystems are capable of
recovering form the impact of minor disruptions,
human activities have sometimes increased the

=\AT -




magnitude of such disruptions so as to bring about a
more lasting and less desirable change in the
environment upon which all life depends.
= Such disruptions will directly affect at least one of
the components of an ecosystem and this, in turn,
may affect the remaining components.
Examples of Negative Aspects:
a) Human Population Growth
b) Human Activities

- Overhunting

- Importation of Organisms

- Exploitation

- Poor Land Use Management

- Technological Oversight
Biological Control:
* Biological control of insect pests continues to be
encouraged.
* This method is less likely to affect those species
which are beneficial to humans, disrupt food webs,
and contaminate the land.
* Examples include the use of sex hormones and
natural parasites.

a)Human Population Growth
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*The total population of
humans has risen at a
rapid rate, partly because
of the removal of natural
checks on the population,
such as disease.

This continued increase in

the human population has

far exceeded the food-
producing capacities of
many ecosystems of the
world

Billions of people

b
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* Some human activities

have led to the extinction or o
endangerment of numerous '—_.puuu-IIUN',_—'
species of plants and e
animals as well as
producing less favorable
living conditions for many
species, including humans.
* The following slides
represent a list of human
activities that negatively
affect our environment.

1. Overhunting

*Uncontrolled hunting,
trapping, and fishing
still occur in many parts
of the world.

*The extinction of the
dodo bird and the
passenger pigeon
resulted from such
activities.
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2. Importation of Organisms

Humans have
accidentally and/or
intentionally imported
organisms to areas
where they have no
natural enemies leading
to the disruption of
existing ecosystems.
Examples include the
Japanese beetle and the
Gypsy moth,

3. Exploitation

The exploitation of wildlife for their products and pet
trade has led to threatened populations and
ecosystem disruptions.

Examples include: the African elephant—ivory; the
Colombian parrot—pet trade; Tropical rain forest—

plywood.

4. Poor Land Use Management

* Increased urbanization/ suburbanization claims
increasing amounts of agricultural lands, modifies
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watersheds, disrupts natural habitats (including
wetlands), and threatens the existence of wildlife
species.

»= Poor land management practices have led to
overcropping, overgrazing, and failure to use cover
crops. This has resulted in the loss of valuable soil
nutrients and topsoill.

= 5 Technological Oversight

» Have led to unplanned
consequences which have
contributed to the pollution of
the water, air, and land.
« Examples are:

a) Water Pollution

b) Air Pollution

c) Biocide Use

d) Disposal Problems
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Water Pollution

Major water pollutants
include: heat, sewage, and
chemicals such as
phosphates, heavy metals,
and PCB'’s

Air Pollution

* Major air pollutants include: carbon monoxide,
hydrocarbons, and particulates. Nitrogen oxides and
sulfur dioxide combine with water vapor creating acid
rain problems.

Concept Map on the Effect of Major Air Pollutants on Environment

Air Pollution
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Biocide Use

* The use of some biocides
(such as pesticides) without
a complete assessment of
their environmental impact
has contaminated the soil,
atmosphere, water supply,
and has disrupted food
webs.

. Ex: DDT

Disposal Problems

The affluent lifestyle of humans currently requires
increasing supplies of products and energy, the
production of which produces considerable wastes:
solid, chemical, and nuclear.
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2. Positive Aspects

Through increased awareness of ecological
interactions, humans have attempted to prevent
continued disruptions of the environment and to
counteract the results of many of our negative
practices.

Examples of Positive Aspects:

1. Population Control
Conservation of Resources
Pollution Control

Species Preservation

Biological Control

o g B~ W N

Laws

Species Preservation

* A species goes out of
existence every 20
seconds. Surely a new
species must come into
existence every 20
seconds.”

Idaho representative Helen
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Chenoweth in a House
Resources Committee on
proposed changes to the
endangered species act.

North American

" Peregrine Falcons
Population
1940's - 1990's

40s 50s 60s 70s 80s 90s
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Population Control

Methods of controlling the human reproductive rate
have been, and continue to be developed.

Conservation of Resources

Soil cover plantings
(reforestation and
covercropping) serve as erosion
controls.

Water and energy conserving
measures are currently being
implemented.

The economic significance of
recycling is now being realized.
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Pollution Control

 Attempts are being made to control air and water
pollution by laws and by the development of new
techniques of sanitation.

aws

* There are laws which regulate and guide the use of
natural habitats.

*Example: SEQR-

A New York State law designed to provide the
opportunity for citizen review and comment of the
environmental impact of any proposed development
that has been determined to have significant effect
on the environment.

EXAMPLE ENDANGERED SPECIES ACT
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Questions
What is ecology?

What are the different levels of ecology?
What are the different types of ecology?
How are ecology and evolution related?
Who devised the word ecology?

What is habitat ecology?

What is a niche?

How ecosystems form.

How and why organisms act/behave/distribute
as they do.

How we as humans are affecting the world
around us.
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